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Description

BACKGROUND

[0001] WO 2008/055229 discloses a system and a
method for sensing for the rupture of an implant (such
as a breast implant) that has been implanted in body
tissues or in an organ of a patient.
[0002] WO 2008/014283 discloses a device and meth-
od capable of providing minimally invasive insertion of
implants with saline, aqueous or other fluid fillers while
preventing deflation and/or migration, as well as moni-
toring for leakage from, or leakage into, implants (such
as breast implants, pacemakers, implantable cardiovert-
er defibrillators, other inflatable devices and other related
devices).
[0003] US5376117 discloses a breast implant provid-
ed with multiple layers of different densities and porosi-
ties. It does not disclose embedded sensors.
[0004] US2011/044694 discloses an implanted sensor
system provided with external optical powering means.

SUMMARY

[0005] In some aspects, a breast implant includes but
is not limited to: a shell configured to be substantially
filled with a viscous material; and a plurality of sensor
modules attached to the shell and positioned at a dis-
tance from each other, each of the plurality of sensor
modules oriented to detect one or more analytes in a fluid
adjacent to the shell, wherein each of the plurality of sen-
sor modules includes a unique identifier and is configured
to utilize energy transmitted from an external source. In
some aspects, a breast implant includes but is not limited
to: a shell configured to be substantially filled with a vis-
cous material; a plurality of sensor modules attached to
the shell and positioned at a distance from each other,
each of the plurality of sensor modules oriented to detect
one or more analytes in a fluid adjacent to the shell,
wherein each of the plurality of sensor modules includes
a unique identifier; at least one antenna; an energy har-
vesting unit attached to the at least one antenna; and at
least one connection between the energy harvesting unit
and each of the plurality of sensor modules. In some as-
pects, a breast implant includes but is not limited to: a
shell configured to be substantially filled with a viscous
material; a plurality of sensor modules attached to the
shell, the plurality of sensor modules oriented to detect
one or more analytes in a fluid adjacent to the shell and
wherein each of the plurality of sensor modules includes
a unique identifier; at least one optically powered trans-
ducer configured to harvest optical energy from a source
external to the breast implant; and at least one connector
operably connecting the at least one optically powered
transducer and the plurality of sensor modules. In some
aspects, a breast implant includes but is not limited to: a
shell configured to be substantially filled with a viscous
material; at least one energy-harvesting unit configured

to receive non-electrical energy from an external source
and convert the received energy into electrical energy; a
plurality of sensor modules attached to the shell, the sen-
sor modules configured to detect one or more biological
analytes arising from biological tissue; a connector be-
tween the at least one energy-harvesting unit and the
plurality of sensor modules, the connector configured to
transmit electrical energy from the at least one energy-
harvesting unit to the plurality of sensor modules; and at
least one transmission unit attached to the plurality of
sensor modules, the at least one transmission unit con-
figured to initiate a signal in response to one or more of
the plurality of sensor modules.
[0006] In some aspects, a breast implant includes but
is not limited to: a shell configured to be substantially
filled with a viscous material; at least one fluid-permeable
cover, the cover completely enveloping the shell; and a
plurality of sensor modules attached to the shell and po-
sitioned at a distance from each other, each of the sensor
modules oriented to detect one or more analytes in a fluid
between the shell and the cover, wherein each of the
plurality of sensor modules includes a unique identifier
and is configured to utilize energy transmitted from an
external source. In some aspects, a breast implant in-
cludes but is not limited to: a shell configured to be sub-
stantially filled with a viscous material; at least one fluid-
permeable cover, the cover completely enveloping the
shell; a plurality of sensor modules attached to the shell
and positioned at a distance from each other, each of the
plurality of sensor modules oriented to detect one or more
analytes in a fluid between the shell and the cover, where-
in each of the plurality of sensor modules includes a
unique identifier; at least one antenna; an energy har-
vesting unit attached to the at least one antenna; and at
least one connection between the energy harvesting unit
and each of the plurality of sensor modules. In some as-
pects, a breast implant includes but is not limited to: a
shell configured to be substantially filled with a viscous
material; at least one fluid-permeable cover, the cover
completely enveloping the shell; a plurality of sensor
modules attached to the shell, the sensor modules ori-
ented to detect one or more analytes in a fluid between
the shell and the cover, and wherein each of the plurality
of sensor modules includes a unique identifier; at least
one optically powered transducer configured to harvest
optical energy from a source external to the breast im-
plant; and at least one connector operably connecting
the at least one optically powered transducer and the
plurality of sensor modules. In some aspects, a breast
implant includes but is not limited to: a shell configured
to be substantially filled with a viscous material; at least
one fluid-permeable cover, the cover completely envel-
oping the shell; at least one energy-harvesting unit con-
figured to receive non-electrical energy from an external
source and convert the received energy into electrical
energy; a plurality of sensor modules attached to the
shell, the sensor modules configured to detect one or
more biological analytes arising from biological tissue; a
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connector between the at least one energy-harvesting
unit and the plurality of sensor modules, the connector
configured to transmit electrical energy from the at least
one energy-harvesting unit to the plurality of sensor mod-
ules; and at least one transmission unit attached to the
plurality of sensor modules, the at least one transmission
unit configured to initiate a signal in response to one or
more of the plurality of sensor modules.
[0007] In some aspects, a breast implant includes but
is not limited to: a shell configured to be substantially
filled with a viscous material; a plurality of projections
extending from an external surface of the shell, the pro-
jections forming a plurality of compartments adjacent to
the external surface of the shell; at least one fluid-per-
meable cover attached to the projections, the cover com-
pletely enveloping the shell and the plurality of projec-
tions; and a plurality of sensor modules attached to the
shell, each of the sensor modules oriented to detect one
or more analytes in a fluid within one of the plurality of
compartments, wherein each of the plurality of sensor
modules includes a unique identifier and is configured to
utilize energy transmitted from an external source. In
some aspects, a breast implant includes but is not limited
to: a shell configured to be substantially filled with a vis-
cous material; a plurality of projections extending from
an external surface of the shell, the projections forming
a plurality of compartments adjacent to the external sur-
face of the shell; at least one fluid-permeable cover at-
tached to the projections, the cover completely envelop-
ing the shell and the plurality of projections; a plurality of
sensor modules attached to the shell, each of the sensor
modules oriented to detect one or more analytes in a fluid
within one of the plurality of compartments, wherein each
of the plurality of sensor modules includes a unique iden-
tifier; at least one antenna; an energy harvesting unit at-
tached to the at least one antenna; and at least one con-
nection between the energy harvesting unit and each of
the plurality of sensor modules. In some aspects, a breast
implant includes but is not limited to: a shell configured
to be substantially filled with a viscous material; a plurality
of projections extending from an external surface of the
shell, the projections forming a plurality of compartments
adjacent to the external surface of the shell; at least one
fluid-permeable cover attached to the projections, the
cover completely enveloping the shell and the plurality
of projections; a plurality of sensor modules attached to
the shell, each of the sensor modules oriented to detect
one or more analytes in a fluid within one of the plurality
of compartments, wherein each of the plurality of sensor
modules includes a unique identifier; at least one optically
powered transducer configured to harvest optical energy
from a source external to the breast implant; and at least
one connector operably connecting the at least one op-
tically powered transducer and the plurality of sensor
modules. In some aspects, a breast implant includes but
is not limited to: a shell configured to be substantially
filled with a viscous material; a plurality of projections
extending from an external surface of the shell, the pro-

jections forming a plurality of compartments adjacent to
the external surface of the shell; a plurality of sensor mod-
ules attached to the shell, each of the sensor modules
configured to detect one or more biological analytes aris-
ing from biological tissue, the fluid within one of the plu-
rality of compartments; at least one antenna; an energy
harvesting unit attached to the at least one antenna; and
at least one connection between the energy harvesting
unit and each of the plurality of sensor modules.
[0008] In addition to the foregoing, other device and
system aspects are described in the claims, drawings,
and text forming a part of the present disclosure.
[0009] In one aspect, a method of monitoring informa-
tion from a breast implant includes but is not limited to:
receiving first information from a first sensor module at-
tached to a shell of a breast implant within an individual,
wherein the first information includes a first unique sensor
module identifier and sensor data from the first sensor
module; receiving second information from a second sen-
sor module attached to the shell of the breast implant
within the individual, wherein the second information in-
cludes a second unique sensor module identifier and
sensor data from the second sensor module; forming an
initial record from the first information and the second
information; calculating deviation limits regarding the in-
itial record; setting deviation parameters based on the
deviation limits and a predetermined set of standards;
saving the initial record and the deviation parameters in
memory in a computing device; receiving third informa-
tion from the first sensor module attached to the shell of
the breast implant within the individual, wherein the third
information includes the first unique sensor module iden-
tifier and sensor data from the first sensor module; re-
ceiving fourth information from the second sensor mod-
ule attached to the shell of the breast implant within the
individual, wherein the fourth information includes the
second unique sensor module identifier and sensor data
from the second sensor module; updating the initial
record with the third information and the fourth informa-
tion; saving the updated record in memory in the com-
puting device; comparing the updated record to the initial
record and to the deviation parameters; and indicating if
the updated record is within the deviation parameters of
the initial record. In one aspect, a method of monitoring
information from a breast implant includes but is not lim-
ited to: sending a signal from a transmission unit attached
to one or more sensor modules attached to a breast im-
plant in vivo, wherein the signal contains information re-
garding the detection of one or more biological analytes
by the one or more sensor modules. In one aspect, a
method of monitoring information from a breast implant
includes but is not limited to: directing, from an ex-vivo
device, a non-electrical power source to a breast implant
in-vivo; sending, from a remote device, a query signal to
at least one transmission unit attached to the breast im-
plant in vivo, the at least one transmission unit attached
to one or more sensor modules configured to detect bi-
ological analytes in fluid from biological tissue; receiving,
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from a remote device, a response signal from the at least
one transmission unit attached to the breast implant, the
response signal including information from the one or
more sensor modules; processing, in a computing de-
vice, the response signal to identify information from the
one or more sensor modules; and identifying, for each
of the one or more sensor modules, a detection result
and a unique identifier. In one aspect, a method of mon-
itoring information from a breast implant includes but is
not limited to: directing, from an ex-vivo device, a non-
electrical power source to a breast implant in vivo; send-
ing a signal from at least one transmission unit attached
to the breast implant in vivo, the signal including infor-
mation regarding one or more sensor modules config-
ured to detect biological analytes in fluid from biological
tissue, the at least one transmission unit attached to the
one or more sensor modules; receiving, at a remote de-
vice, the signal from the at least one transmission unit
attached to the breast implant; processing, in a comput-
ing device, the signal to identify information from the one
or more sensor modules; and identifying, for each of the
one or more sensor modules, a detection result and a
unique identifier. In addition to the foregoing, other meth-
od aspects are described in the claims, drawings, and
text forming a part of the present disclosure.
[0010] In one or more various aspects, related systems
include but are not limited to circuitry and/or programming
for effecting the herein-referenced method aspects; the
circuitry and/or programming can be virtually any com-
bination of hardware, software, and/or firmware config-
ured to effect the herein- referenced method aspects de-
pending upon the design choices of the system designer.
[0011] In addition to the foregoing, various other de-
vice, method and system aspects are set forth and de-
scribed in the teachings such as text (e.g., claims and
detailed description) and drawings of the present disclo-
sure. The invention is defined in the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0012]

FIG. 1 is a schematic of a breast implant in vivo.
FIG. 2 is a schematic of a breast implant ex vivo from
an external view.
FIG. 3 is a schematic of a breast implant ex vivo in
cross-section view.
FIG. 4 is a schematic of a breast implant ex vivo in
cross-section view.
FIG. 5 is a schematic of a breast implant ex vivo in
cross-section view.
FIG. 6 is a schematic of a breast implant ex vivo in
cross-section view.
FIG. 7 is a schematic of a sensor module.
FIG. 8 is a schematic of a breast implant ex vivo in
cross-section view.
FIG. 9 is a schematic of a breast implant in vivo in
cross-section view in communication with a remote

device.
FIG. 10 is a schematic of a remote device.
FIG. 11 is a schematic of a sensor module.
FIG. 12 is a schematic of a breast implant ex vivo in
cross-section view.

DETAILED DESCRIPTION

[0013] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise. Other examples may be utilized, and other
changes may be made, without departing from the spirit
or scope of the subject matter presented herein.
[0014] The use of the same symbols in different draw-
ings typically indicates similar or identical items.
[0015] With reference now to Figure 1, shown is an
example of a breast implant in vivo that may serve as a
context for introducing one or more devices and proc-
esses described herein. The breast implants and related
systems and methods described herein can be utilized
in breast augmentation (e.g. for cosmetic purposes) as
well as in breast reconstruction (e.g. after mastectomy
or lumpectomy). The breast implants and related sys-
tems and methods described herein can be utilized in a
low-profile implant device, for example configured for use
after lumpectomy or in a male patient. Figure 1 illustrates
a breast implant 140 in vivo within an individual person’s
body. Figure 1 shows a cross-section view through the
side of a person, including a cross-section of the individ-
ual’s ribs 130 in the chest wall 122, 120, 124. Figure 1
depicts a cross-section view of the breast implant 140 in
situ within a breast 100. The breast implant 140 includes
a shell 145 configured to be substantially filled with a
viscous material. The viscous material can be selected
for a combination of non-toxicity as well as to provide
structural support to the surrounding tissue while main-
taining a natural feel. For example, the viscous material
can include saline or a silicone gel. In some examples,
the breast implant 140 includes a fluid-permeable cover
155, the cover completely enveloping the shell 145. As
illustrated in Figure 1, there is a gap 160 between the
fluid-permeable cover 155 and the shell 145. A series of
projections 165 extend from the external surface of the
shell 145. The projections 165 are located between the
sensor modules 150 on the surface of the shell 145. As
illustrated in Figure 1, the projections 165 are positioned
on the on the surface of the shell 145 to form a compart-
ment around each of the sensor modules 150. The pro-
jections 165 form a plurality of compartments adjacent
to the external surface of the shell 145 within the gap
160. The series of projections 165 extend from the ex-
ternal surface of the shell 145 to the fluid-permeable cov-
er 155 and are attached to both the external surface of
the shell 145 to a surface of the fluid-permeable cover
155. Some examples include a cover 155 configured to
completely envelop the shell 145 with a uniform gap 160
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between the cover 155 and the shell 145, wherein the
projections 165 are approximately the same height as
the width of the gap 160.
[0016] The breast implant 140 includes a plurality of
sensor modules 150 A, B, C, D, E, F and G. Each of the
sensor modules 150 A, B, C, D, E, F and G is attached
to the shell 145 and oriented to detect one or more ana-
lytes in a fluid adjacent to the shell 145, such as within
one of the plurality of compartments adjacent the shell
145. The compartments are configured to allow for fluid
flow from the adjacent tissue into the compartments
through the fluid-permeable cover 155, as illustrated in
Figure 1 by the dotted arrows. The sensor module 150
located within each compartment is oriented to detect
analytes in the fluid from the adjacent tissue. Each sensor
module is positioned to detect one or more analytes in
fluid from tissue in its surrounding regions. For example,
sensor module 150 C is oriented to detect one or more
analytes in fluid from tissue in its surrounding regions,
identified in Figure 1 as 112 and 110. Also by way of
example, sensor module 150 D is oriented to detect one
or more analytes in fluid from tissue in its surrounding
regions, identified in Figure 1 as 110 and 114. As another
example, sensor module 150 E is oriented to detect one
or more analytes in fluid from tissue in its surrounding
regions, identified in Figure 1 as 114 and 124. Also for
example, sensor module 150 F is oriented to detect one
or more analytes in fluid from tissue in its surrounding
regions, identified in Figure 1 as 120 and 124. Also by
way of example, sensor module 150 G is oriented to de-
tect one or more analytes in fluid from tissue in its sur-
rounding regions, marked 120 and 122.
[0017] The term "analytes," as used herein, includes
biological analytes arising from biological tissue. Ana-
lytes can be indicative of neoplasia in breast tissue. An-
alytes can be detected by the sensor modules described
herein. For example, analytes include proteins, polypep-
tides, peptides, nucleic acids, polysaccharides, lipids,
saccharides, oligosaccharides, glycoproteins, glycolip-
ids, and proteoglycans. In some examples, analytes can
include lipid-protein combinations, anchored proteins, li-
poproteins, proteolipids and fatty acids. The specific an-
alyte or analytes detected by a particular implant system
depend on the sensor modules employed in that exam-
ple. In particular, analytes of interest include those that
are indicative of abnormal cellular growth (e.g., neo-
plasms, malignancies, metastases, cancer) in or proxi-
mate to the breast although analytes can also indicate
other cellular changes of medical interest in breast tissue.
For example, analytes can include those indicative of the
presence of breast cancer, the progression of breast can-
cer, or the initiation of breast cancer. For example, ana-
lytes can include those indicative of the presence of met-
astatic breast cancer and the translocation of breast can-
cer cells. For example, genetic amplification of the Her-
2/neu oncogene is associated with some metastatic
breast cancers, and analytes associated therewith in-
clude regions of the extracellular domain of the Her-2/neu

protein (see Chourb et al., "Enhanced Immuno-detection
of Shed Extracellular Domain of Her-2/neu," Science Re-
search 1(4): 325-329 (2009)). For example, some matrix
metalloproteinases have been shown to be markers for
breast cancers (see Roy et al., "Matrix Metalloproteinas-
es as Novel Biomarkers and Potential Therapeutic Tar-
gets in Human Cancer," Journal of Clinical Oncology,
27(31): 5287-5297 (2009)). For example, analytes can
include cancer markers such as calreticulin, cellular retin-
oic acid-binding protein II, chloride intracellular channel
protein 1, EF-1-beta, galectin 1, peroxiredoxin-2, plate-
let-derived endothelial cell growth factor, protein disulfide
isomerase and ubiquitin carboxyl-terminal hydrolase 5
(see Gromov et al., "Up-regulated Proteins in the Fluid
Bathing the Tumour Cell Microenvironment as Potential
Serological Markers for Early Detection of Cancer of the
Breast," Molecular Oncology 4: 65-89 (2010)). For ex-
ample, an analyte can include cancer antigen 15-3 (CA
15-3) (see Chourb et al., "Improved Detection of the
MUC1 Cancer Antigen CA 15-3 by ALYGNSA Fluorim-
munoassay," Science Research 3(8): 524-528 (2011).
An analyte can include circulating microRNAs. For ex-
ample, circulating microRNAs have been found that are
indicative of breast cancer cells (see Vilaamil et al., "Mi-
croRNA for circulating tumor cells detection in breast can-
cer: In silico and in vitro analysis," 2009 ASCO Annual
Meeting Abstract No. e22027, J Clin Oncol 27, (2009)
(suppl). An analyte can include secreted exosomes. For
example, secreted exosomes are indicative of some tu-
mors (see Koga et al., "Purification, Characterization and
Biological Significance of Tumor-derived Exosomes" An-
ticancer Research 25: 3703-3708 (2005). For example,
an analyte can be Maspin (see Luppi et al., "Sensitive
Detection of Circulating Breast Cancer Cells by Reverse-
Transcriptase Polymerase Chain Reaction of Maspin
Gene" Annals of Oncology, 7: 619-624 (1996). For ex-
ample, analytes can include mammaglobin and B305D-
C (see Reinholz et al., "Evaluation of a Panel of Tumor
Markers for Molecular Detection of Circulating Cancer
Cells in Women with Suspected Breast Cancer," Clinical
Cancer Research 11: 3722-3732 (2005)). See: US Pat-
ent No. 5,668,267 to Watson and Fleming, "Polynucle-
otides Encoding Mammaglobin, a Mammary-specific
Breast Cancer Protein;" US Patents No. 5,855,889 and
5,968,754 to Watson and Fleming "Mammaglobin, a
Mammary-specific Breast Cancer Protein;" US Patent
No. 5,922,836 to Watson and Fleming "Mammaglobin
Antigens;" US Patent No. 6,004,756 to Watson and Flem-
ing "Method for Detecting the Presence of Breast Cancer
by Detecting an Increase in Mammaglobin mRNA Ex-
pression;" and US Patents No. 6,566,072 and 6,677,428
to Watson and Fleming "Mammaglobin, a Secreted
Mammary-specific Breast Cancer Protein".
[0018] The term "analytes," as used herein, also in-
cludes analytes that are indicators, or markers, for tissue
characteristics associated with tissue changes and neo-
plasia, such as: excessive cellular growth; inflammation;
oxygen use; vascularization; and necrosis. For example,
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it has been demonstrated that hypoxic regions of breast
cancer masses excrete the analyte lactate (see Semen-
za, "Tumor Metabolism: Cancer Cells Give and Take Lac-
tate," Journal of Clinical Investigation, 118(12):
3835-3837 (2008)). Other markers for hypoxia in solid
tumors have been found (see Favaro et al., "Gene Ex-
pression and Hypoxia in Breast Cancer," Genome Med-
icine, 3(55) (2011)). For example, multiple markers, in-
cluding VPF/VEGF, flt-1, KDR, thrombospondin-1, col-
lagen type I, fibronectin, versican and decorin, indicate
the generation of vascular stroma in invasive breast car-
cinoma, breast carcinoma in situ and metastatic breast
carcinoma (see Brown et al., "Vascular Stroma Forma-
tion in Carcinoma in Situ, Invasive Carcinoma, and Met-
astatic Carcinoma of the Breast," Clinical Cancer Re-
search 5: 1041-1056, (1999)). For example, analytes can
include human epidermal growth factor receptor (hEG-
FR: see Li et al., "Inhibition of Cell Proliferation by an
Anti-EGFR Aptamer," PLoS One, 6(6): e20299 (2011)).
For example, analytes can include markers of a reactive
tumor stroma (see Radisky and Radisky, "Stromal Induc-
tion of Breast Cancer: Inflammation and Invasion," Rev
Endocr Metab Disord. 8: 279-287 (2007)). In some ex-
amples, analytes include biochemical markers for inflam-
mation, which can indicate a physiological reaction to the
implant itself or a change in the tissue independent of
the implant.
[0019] Information from the plurality of sensor modules
150 A, B, C, D, E, F and G integrated with the breast
implant 140 described herein can assist in monitoring of
breast tissue health and potential changes in breast tis-
sue over time. By virtue of its capability of detecting an-
alytes in fluid proximate to the breast implant 140, devices
and systems described herein can monitor a significant
portion of the total breast tissue over time from the interior
of the breast for cellular changes, such as the develop-
ment of neoplasia and cancer. The plurality of sensor
modules 150 A, B, C, D, E, F and G integrated with the
breast implant 140 can detect analytes present in inter-
stitial fluid. The plurality of sensor modules 150 A, B, C,
D, E, F and G integrated with the breast implant 140 can
be configured to detect analytes present in interstitial fluid
proximal to the breast implant 140. For example, infor-
mation from the plurality of sensor modules 150 A, B, C,
D, E, F and G integrated with the breast implant 140
described herein can assist in monitoring for breast can-
cer, hyperplasia, and related changes in breast tissue.
For example, information from the plurality of sensor
modules 150 A, B, C, D, E, F and G integrated with the
breast implant 140 described herein can assist in moni-
toring for cell changes within the tissue. Information from
the plurality of sensor modules 150 A, B, C, D, E, F and
G integrated with a breast implant 140 as described here-
in can be used by an individual and the individual’s med-
ical team to inform decisions regarding further screening,
such as mammography, magnetic resonance imaging
(MRI) exams, and needle biopsies. Some examples of
the breast implants described herein are configured to

be compatible for further screening modalities. For ex-
ample, some examples of the breast implants described
herein are configured to include minimal ferromagnetic
material. For example, some examples of the breast im-
plants described herein are configured to be radiolucent.
Some examples of the breast implants described herein
include internal shielding. Information from the plurality
of sensor modules 150 A, B, C, D, E, F and G integrated
with the breast implant 140 described herein can be used
by an individual and the individual’s medical team to de-
cide if further screening is warranted, or if such additional
screening is not indicated at a particular time. In an em-
bodiment, each of the plurality of sensor modules (e.g.,
sensor modules 150 A, B, C, D, E, F and G as shown in
Fig. 1) has its own unique identifier, information can be
specified as arising from that specific module and, there-
fore, being relevant to the adjacent tissue. This informa-
tion informs as to the appropriate region of the breast
tissue that can warrant further screening.
[0020] It is envisioned that the sensor modules utilized
in the examples described herein can functionally persist
in vivo for a period of years. Although a direct estimate
of the duration of the functionality of a specific sensor
module depends on the specific embodiment, some em-
bodiments envisioned herein are estimated to provide
information regarding analytes for a period of no less
than 5 years after the implantation surgery, while some
are envisioned to provide information regarding analytes
in breast tissue for approximately 5 to approximately 10
years after implantation and initiation of use. Examples
including a number of sensor units that are uncovered or
activated over time can provide analyte detection over
an extended period of time. For example, some of the
sensor units described herein are estimated to provide
functional analyte detection for a period of years. For
example, some of the sensor units described herein may
be recharged or refreshed. In some situations, a partic-
ular patient using a breast implant such as those de-
scribed herein may choose to not have her breast implant
replaced when it ceases to function to monitor analytes
from adjacent breast tissue. The implant structure itself
will persist and continue to provide aesthetic benefits
even without operational sensor modules. The used or
depleted sensor modules will be inert, and not require
removal. For example, a woman undergoing breast re-
construction after mastectomy may be most interested
in analyte detection in the first five years after the initial
cancer diagnosis, as such detection may indicate a re-
lapse or the persistence of cancer that was not adequate-
ly removed at the initial surgery. An implant such as de-
scribed herein may be desirable to monitor the five year
post-cancer diagnosis interval in a cancer patient after
reconstruction. See The American Cancer Society,
Breast Cancer Facts & Figures 2011-2012: Atlanta:
American Cancer Society, Inc.
[0021] In some examples, breast implants can be con-
figured to minimally interfere with further screening
through other modalities. For example, a breast implant
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can be fabricated with no or minimal amounts of ferro-
magnetic materials, so as to not potentially interfere with
later screening techniques that employ magnetic reso-
nance, such as MRI screening. See, for example, US
Patent Application Publication No. 2011/077736 to Ro-
fougaran, "Breast Implant System Including Bio-Medical
Units,". For example, a breast implant can be configured
to form minimal shadowing in mammography, such as
being fabricated with materials that do not reflect or re-
fract X-rays. For example, a breast implant can be con-
figured for compatibility with ultrasound screening, such
as being fabricated with materials that do not reflect or
refract ultrasound waves. In some examples, breast im-
plants include shielding for one or more features. For
example, a breast implant may include shielding of a pow-
er source. For example, a breast implant may include
shielding of a wire connector. A breast implant can in-
clude shielding to minimize disruption of the breast im-
plant by other screening modalities. See, for example,
US Patent Application Publication No. 2007/0106332,
"MRI Compatible Implanted Electronic Medical Device,"
to Denker et al.
[0022] Breast implants configured to detect different
analytes will be of interest to different patients, for exam-
ple women who have previously had a breast cancer di-
agnosis (e.g. reconstructive surgery patients) in compar-
ison with women who have not had a breast cancer di-
agnosis (e.g. augmentation surgery patients). A woman
who has had a previous history of breast cancer can
choose a breast implant with sensor modules configured
to detect the type of cancer that she had previously, e.g.
to monitor for a reoccurrence. In contrast, a woman who
has been never diagnosed with breast cancer can
choose a breast implant with sensor modules that are
configured to detect cellular changes indicative of breast
cancer more generally, or other tissue changes that may
have medical consequences. For example, a woman
who has been previously diagnosed with HER-2/Neu
positive breast cancer may be concerned with a recur-
rence of the original cancer after mastectomy (i.e. re-
growth of the tumor from a small number of tumor cells
not removed at surgery) and, therefore, may choose a
breast implant including sensor modules configured to
respond to Her-2/Neu. For example, a woman who has
previously been diagnosed with estrogen receptor-pos-
itive breast cancer (ER+) may be concerned with recur-
rence of the original tumor after lumpectomy and there-
fore, can choose a breast implant including sensor mod-
ules configured to respond to the presence of ER+ cells.
For example, sensor modules in a breast implant can be
configured to respond to the presence of abnormally high
levels of estrogen receptor, such as found in some cancer
tissues. For example, a woman without a history of breast
cancer diagnosis can choose a breast implant for use in
augmentation surgery that is configured to detect indica-
tors of breast cancer generally, such as mammoglobin,
maspin, or matrix metaloproteinases. For example, a
woman without a history of breast cancer diagnosis can

choose a breast implant for use in augmentation surgery
that is configured to detect indicators of tissue inflamma-
tion in the breast. For example, a woman without a history
of breast cancer diagnosis can choose a breast implant
for use in augmentation surgery that is configured to de-
tect indicators of neoplastic growth, such as vasculariza-
tion, hypoxia, increased cellular division, and necrosis.
See also: American Cancer Society, Breast Cancer Facts
& Figures 2011-2012: Atlanta: American Cancer Society,
Inc. The analytes detected by the sensor modules are
present in the fluid in the tissue adjacent to the breast
implant, which can include interstitial or extracellular fluid,
lymph, and blood. Multiple studies have indicated that
cells, including cancer cells, release cellular components
into the interstitial or extracellular fluid in tissue, and that
such cellular components are indicative of the originating
cell type. Proteins secreted from tumor cells, or a portion
of the "secretome," can serve as markers for the pres-
ence of tumor cells. See, for example: Kulasingham and
Diamandis, "Tissue Culture-based Breast Cancer Bi-
omarker Discovery Platform," International Journal of
Cancer 123: 2007-2012 (2008); and Wiig et al., "Intersti-
tial Fluid: the Overlooked Component of the Tumor Mi-
croenvironment?" Fibrogenesis & Tissue Repair 3:12
(2010). Surface proteins shed from cells can also serve
as markers for the presence of tumor cells. In some em-
bodiments, whole or partial cancer cells, such as meta-
static cells, can be detectable via their specific surface
proteins.
[0023] Referring again to Figure 1, the breast implant
140 includes a shell 145, which is substantially filled with
a viscous material configured to impart shape and texture
to the breast 100. Some examples include low profile
implants. The viscous material is compatible with biolog-
ical implants. For example, the shell 145 can be substan-
tially filled with a saline solution. For example, the shell
145 can be a silicone-based barrier layer substantially
filled with silicone gel. For example, the breast implant
140 can include a shell 145 fabricated from a single gel
barrier layer configured to surround an elastomeric gel,
as described in US Patent No. 8,043,373 "All-Barrier
Elastomeric Gel-Filled Breast Prosthesis," to Schuessler
and Powell. For example, the breast implant 140 can
include a shell 145 configured to include a variable co-
hesive gel, such as described in US Patent No. 8,070,808
"Variable Cohesive Gel Form-Stable Breast Implant" to
Maxwell et al. For example, the breast implant 140 can
include a shell 145 that includes internal partitions con-
figured to be surrounded by a fluid gel, such as described
in US Patent No. 3,559,214 "Compound Prosthesis" to
Pangman. The breast implant 140 can include other in-
ternal features, such as reservoirs, ports, expandable re-
gions, sealing regions and stabilizing features. See, for
example, US Patent Application No. 2011/0208302 "Re-
constructive Breast Prosthesis" to Glicksman. The breast
implant 140 can include a minimally invasive profile dur-
ing implantation surgery, such as described in Interna-
tional PCT Publication No. WO 2008/014283 to Burnett,
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"Method and Apparatus for Minimally Invasive Implants".
The shell 145 of the breast implant 140 can include a
single layer, such as of elastomeric polymer or firm sili-
cone. The shell 145 of the breast implant 140 can be
fabricated from a bio-compatible material. The shell 145
is configured to maintain the structural integrity of the
implant without rupture or leakage of the viscous material
inside the shell 145. In some embodiments, a breast im-
plant 140 includes a shell 145 that includes at least two
barrier layers. For example, a breast implant 140 can
include a shell 145 made up of two or more layers of
silicone. For example, a breast implant 140 can include
a shell 145 fabricated from two or more sheets of elas-
tomeric polymer. A shell 145 of a breast implant 140 can
include a plurality of barrier layers, or layers of material
configured to maintain the structural integrity of the im-
plant without rupture or leakage. The breast implant 140
can include a shell with electrically insulating properties
surrounding a low-conductance filler material, such as
described in International PCT Publication No. WO
2008/014283 to Burnett, "Method and Apparatus for Min-
imally Invasive Implants,". The breast implant 140 can
include a shell with properties that inhibit tumor cell
growth. See, for example, Zhang and Webster, "Poly-
lactic-glycolic-acid surface nanotopographies selectively
decrease breast adenocarcinoma cell functions," Nan-
otechnology 23: 155101 (2012). In some examples, the
breast implant 140 includes at least one fluid-permeable
cover 155 completely enveloping the shell 145. For ex-
ample, as illustrated in Figure 1, a cover 155 surrounds
the shell 145 with a gap 160 between the cover 155 and
the shell 145. In some embodiments, a cover 155 is con-
figured to completely envelop the shell 145 with a uniform
gap 160 between the cover 155 and the shell 145. In
some examples, a cover 155 has an internal diameter
that is larger than the largest exterior diameter of the shell
145. As shown in Figure 1, in some examples, a cover
155 is approximately the same shape as the shell 145 to
maintain a uniform gap 160 between the shell 145 and
the cover 155. During use, interstitial fluid from the tissue
adjacent to the breast implant 140 (e.g. as identified as
112, 110, 114, 124, 120 and 122 in Figure 1) will move
into the gap 160 adjacent to the sensor modules 150 A,
B, C, D, E, F and G oriented around the exterior of the
breast implant 140 (illustrated with the dotted arrows in
Figure 1). The cover 155 can be configured to filter ex-
cess cellular material from the breast implant 140, includ-
ing the sensor modules 150, and therefore prevent clog-
ging or fouling of the sensor modules 150. The cover 155
can be configured to prevent lymphocytes and other im-
mune response cells from interacting with the surface of
the shell 145 and the sensor modules 150, thereby min-
imizing immune response to the breast implant 140 over
time. The cover 155 can be configured to encourage nor-
mal cellular growth in the tissue adjacent to the breast
implant 140, thereby increasing fluid flow through the re-
gion and minimizing the formation of scar tissue. The
breast implant 140 can include a cover 155 fabricated

from an analyte-permeable material. For example, the
cover 155 may include pores or openings of sufficient
size and shape to allow analytes detectable by the sensor
modules 150 to flow through the cover 155. In a particular
example, the cover 155 can be permeable to one or more
type of analytes corresponding to types of analytes de-
tected by the sensor modules 150 and largely imperme-
able to other analytes. For example, the cover 155 can
include pores or holes of a size and shape to exclude
material present in interstitial fluid that is larger than the
analyte(s) detected by the sensor modules 150 attached
to the shell 145. For example, the cover 155 can include
pores or holes of a size and shape to exclude whole lym-
phocyte or epithelial cells, while permitting the movement
of proteins, nucleic acids, polysaccharides, and other cel-
lular components through the cover 155. The breast im-
plant 140 can include a cover 155 fabricated from an
analyte-permeable material that promotes the movement
of a specific analyte or type of analytes through the cover
155. For example, the cover 155 can include a surface
charge that attracts types of analytes corresponding to
analytes detected by the sensor modules 150 in a par-
ticular example, and repelling other types of analytes.
The breast implant 140 can include a cover 155 fabricat-
ed from a variety of materials, depending on the example.
For example, the breast implant 140 can include a cover
155 fabricated from a plastic material, or from a fabric
material. For example, the cover 155 can include poly-
tetrafluoroethylene (PTFE) (e.g. Teflon™ or Gore-tex™
materials). For example, the breast implant 140 can in-
clude a cover 155 fabricated from a bio-compatible ma-
terial. The breast implant 140 can include a cover 155
fabricated from a mesh structure. The breast implant 140
can include a cover 155 fabricated from a porous struc-
ture. For example, a cover 155 with a porous structure
can include pores that are configured to form a biocom-
patible layer between the cover 155 and the adjacent
tissue. See, for example, US Patent Application No.
2011/0282444 to Liu et al., "Porous Materials, Methods
of Making and Uses". The breast implant 140 can include
a cover 155 with a fluid control film component oriented
to permit directional flow of interstitial fluid into and out
of the gap 160. See, for example, US Patent No.
6,420,622 to Johnston et al., "Medical Article Having Flu-
id Control Film,". The breast implant 140 can include a
cover 155 with properties that inhibit tumor cell growth.
See, for example, Zhang and Webster, "Poly-lactic-gly-
colic-acid surface nanotopographies selectively de-
crease breast adenocarcinoma cell functions," Nanote-
chnology 23: 155101 (2012). In some examples, a breast
implant 140 can include a cover 155 with a three dimen-
sional conformation or architectural structure at the host
interface that promotes close vascularization from the
tissue immediately surrounding the implant 140 (e.g. as
identified as 112, 110, 114, 124, 120 and 122 in Figure
1), thereby increasing the adjacent fluid available for
sampling. See, for example, US Patent No. 5,800,529 to
Brauker et al., "Close Vascularization Implant Material".
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A cover 155 can include a biointerface membrane con-
figured to improve the biointerface between implantable
devices and the adjacent tissue. See, for example, US
Patent No. 7,364,592 to Carr-Brendel et al., "Biointerface
Membrane with Macro- and Micro-Architecture". A cover
155 can include an additional coating. See US Patent
Nos. 6,119,028 and 6,477,395, "Implantable Enzyme-
Based Monitoring Systems Having Improved Longevity
Due to Improved Exterior Surfaces," to Schulman et al.
A cover 155 can be fabricated from materials expected
to provide a natural feel to the breast implant 140, for
example silicone or soft polymer. A cover can be config-
ured to provide texture or cushioning to a breast implant
140 to improve the aesthetics of the breast implant 140.
A cover can be configured to be transmissible by a type
of wave or energy. For example, cover can be configured
to be optically transmissible. For example, cover can be
configured to be acoustically transmissible. For example,
cover can be configured to be electrically transmissible.
For example, cover can be configured to be transmissible
to a magnetic field.
[0024] A plurality of projections 165 extend from an
external surface of the shell 145, the projections 165
forming a plurality of compartments adjacent to the ex-
ternal surface of the shell 145. The projections 165 can
be configured as partitions. The plurality of projections
165 can be configured as a plurality of membranes at-
tached to the external surface of the shell 145. For ex-
ample, the plurality of projections 165 can be configured
as a plurality of membranes attached to the external sur-
face of the shell 145 with a fluid-resistant seal at the junc-
tion between the external surface of the shell 145 with
the plurality of projections 165. The projections 165 can
include a first end surface sealed to the external surface
of the shell, and a second end surface sealed to a surface
of the cover. The projections 165 form a series of com-
partments adjacent to the surface of the shell 145, for
example around the sensor modules 150 on the surface
of the shell 145. Some examples include one sensor
module 150 in each compartment. Some examples in-
clude a plurality of sensor modules 150 in each compart-
ment. The compartments can include a region of the cov-
er forming a side of each of the compartments, the region
including at least one set of influx microchannels config-
ured to direct fluid into the compartment, and including
at least one set of efflux microchannels configured to
direct fluid out of the compartment. The compartments
can be substantially sealed from each other. For exam-
ple, each of the compartments can be impenetrable to
direct transfer of fluid from compartment to compartment.
The compartments can be oriented with an approximate
axis from the top of the breast implant to the bottom, with
direction as expected during in vivo use. For example,
the compartments can be oriented with an approximate
axis from the top of the breast implant to the bottom, so
that gravity can be expected to assist in fluid flow from
the top to the bottom through each compartment during
in-vivo use. The compartments can be substantially

sealed from each other. For example, the compartments
can be positioned and configured to minimize fluid flow
directly between the compartments.
[0025] Figure 1 also illustrates that the breast implant
140 includes a plurality of sensor modules 150 A, B, C,
D, E, F and G oriented around the exterior of the breast
implant 140. It will be appreciated that even though Figure
1 depicts seven sensor modules, any number of sensor
modules can be used. The sensor modules 150 A, B, C,
D, E, F and G are oriented to detect one or more analytes
in a fluid in position between the shell 145 of the breast
implant 140 and the cover 155, such as in interstitial fluid
from the surrounding tissue. The sensor modules 150 A,
B, C, D, E, F and G are positioned at a distance from
each other around the exterior surface of the shell 145.
The sensor modules 150 A, B, C, D, E, F and G can be
positioned in a substantially regular orientation around
the circumference of the shell 145. As discussed further
below, some of the sensor modules 150 A, B, C, D, E, F
and G can be clustered around the surface of the shell
145 to more fully monitor a region or area of adjacent
breast tissue. In some examples, the sensor modules
can be positioned in an irregular orientation, for example
to more comprehensively monitor a specific adjacent re-
gion of tissue, such as a previous cancer site or another
region of interest. The sensor modules 150 A, B, C, D,
E, F and G can be oriented to function as an array, a web
or as part of a nodal network. The sensor modules 150
A, B, C, D, E, F and G are oriented and positioned to
monitor analytes in fluid from the breast tissue surround-
ing the breast implant 140. The sensor modules 150 A,
B, C, D, E, F and G can be configured to detect one or
more biological analytes arising from biological tissue,
such as the breast tissue adjacent to a specific sensor
module. The sensor modules 150 A, B, C, D, E, F and G
can be oriented and positioned to monitor analytes in
fluid from a comprehensive sampling of the breast tissue
surrounding the breast implant 140. The region of breast
tissue monitored and the sensitivity of the monitoring de-
pends on factors including the type of sensor modules,
the position of the sensor modules, the orientation of the
sensor modules, and the density of the sensor modules.
The sensor modules 150 A, B, C, D, E, F and G shown
in Figure 1 are positioned and oriented to detect analytes
in interstitial fluid substantially around the entire periph-
ery of the breast implant 140.
[0026] Devices and systems described herein can
monitor a significant percentage of the tissue within the
total interior of a breast over time for cellular changes,
such as the development of cancer, by detecting analytes
in interstitial fluid around the entire periphery of the breast
implant 140. In some examples, the sensor modules are
positioned to enhance monitoring of tissue in one or more
regions of particular interest. Although the size and po-
sitioning of particular breast implants will vary depending
on the specific individual patient and breast tissue mor-
phology, a breast implant 140 includes a shell 145 and
a cover 155 with an external surface that is positioned

15 16 



EP 2 861 184 B1

10

5

10

15

20

25

30

35

40

45

50

55

within and adjacent to breast tissue.
[0027] Different breast implants will be fashioned in dif-
ferent sizes and shapes, and sensor modules can be of
any range of sizes. The positioning and total number of
sensor modules attached to a breast implant will vary
depending on the example. As breast implant sizes de-
pend on the specific example, the corresponding space
available for the placement of sensor modules depends
on the specific implant. The breast implant 140 illustrated
in Figure 1 is depicted as an elongated teardrop shape
with a flattened back region, but in some embodiments
a breast implant 140 will be configured as an ellipse, an
ovoid, a disk or other shape. Therefore, depending on
the shape and size of the breast implant 140 utilized in
a given example, the potential positions and numbers of
sensor modules 150 will vary. However, for a breast im-
plant 140 of any given shape and size, the number and
position of sensor modules 150 around the circumfer-
ence of the shell 145 will be selected to provide sampling
of fluid adjacent to the periphery of the shell 145 and/or
cover 155.
[0028] In some examples, sensors may be clustered
or oriented to provide additional monitor capability in re-
gions of breast tissue of particular interest. For example,
a region of a breast implant 140 adjacent to the original
tumor locus can have additional sensor modules 150 for
use in reconstructive surgery. For example, a region of
the breast implant 140 that may be adjacent to a breast
tissue region difficult to visualize through mammography,
such as a region of the implant 140 positioned adjacent
to the chest wall (e.g. regions 122, 120 and 124 in Figure
1) can have additional sensor modules 150 to provide
additional monitoring capability in that tissue region.
[0029] In some examples, such as illustrated in Figures
1 and 2, sensor modules 150 of a single type are attached
to and approximately equally distributed around the ex-
ternal surface of the shell 145 of the breast implant 140.
However, in some examples, regions of unequal density
and/or sensor module types may be fabricated and im-
plemented. In some embodiments, sensor modules 150
are positioned on a breast implant 140 in a region of
interest for monitoring. For example, in an example
wherein the region adjacent to the chest wall is of partic-
ular interest in monitoring for cellular changes, the region
of the shell 145 of the breast implant 140 configured to
be positioned adjacent to the chest wall may have a high-
er density of sensor modules 150 attached than other
regions of the breast implant 140.
[0030] In some examples, sensor modules 150 of par-
ticular types may be attached to particular regions of the
shell 145 of the breast implant 140. For example, sensor
modules 150 configured to detect changes in ductal
breast tissue may be attached to the region of the shell
145 of the implant 140 adjacent to most of the ductal
tissue (e.g. a front-facing portion of the implant 140) in a
particular individual. For example, sensor modules 150
configured to detect changes in breast tissue in the re-
gions of the chest wall may be attached to the region of

the shell 145 of the implant 140 adjacent to the chest wall
(e.g. a rear-facing portion of the implant 140) in a partic-
ular individual. In some examples, some regions of the
shell 145 of the breast implant 140 are left with few or
none sensor modules 150 and other regions include a
dense coverage of sensor modules 150.
[0031] In some embodiments and as in an example
illustrated in Figure 1, each of the sensor modules 150
includes a unique identifier for that sensor module 150.
For example, Figure 1 includes sensor modules 150 A,
B, C, D, E, F and G, wherein each of the letter designa-
tions represents a unique identifier for that sensor module
150. A unique identifier for a sensor module 150 is a
specific identifier that denotes that sensor module 150
(e.g. 150 A) and no other sensor module 150 (e.g. 150
B, C, D, E, F and G). As an additional example, Figures
3, 4, 5 and 6 include sensor modules 150 A, B, C, and
D, wherein each of the letter designations represents a
unique identifier for that sensor module 150. In some
embodiments, a unique identifier associated with a sen-
sor module includes an alphanumeric code. An alphanu-
meric code is made up of some combination of letters
and numbers, such as 123, ABC, 12B34, AB34CD, or
similar codes. In some examples, a unique identifier for
a sensor module includes a positional identifier. A posi-
tional identifier includes information relative to the spe-
cific size and shape of a particular breast implant 140.
For example, a positional identifier for a sensor module
may include positional information such as "upper right
front corner" or "lower center of rear face" or similar in-
formation. For example, a positional identifier for a sensor
module may include positional information such as "grid
location 1A" or "intersection of gridlines X and Y." In some
embodiments, a unique identifier for a sensor module
includes an electronic code, such as a radio frequency
identification (RFID) identifier code. In some examples,
a unique identifier for a sensor module includes a digital
code. In some examples, a unique identifier for a sensor
module includes an analog code. In some examples, a
unique identifier for a sensor module includes a machine
code. In some examples, sensor modules of a particular
type can have a common identifier; wherein such identi-
fier is different from those of sensor modules of a different
type.
[0032] Figure 2 illustrates further aspects of a breast
implant 140 with a plurality of attached sensor modules
150 A, B, C, D, E, F, G, H, I, J, K and L. Illustrated in
Figure 2 is an external, ex-vivo view of a breast implant
140. Figure 2 illustrates an example wherein the plurality
of sensor modules 150 A, B, C, D, E, F, G, H, I, J, K and
L attached to the shell 145 of the breast implant 140 are
substantially equally positioned over the surface of the
shell. In some examples, the cover 155 completely sur-
rounds and envelops the shell 145. A gap 160 is located
between the cover 155 and the shell 145. A series of
projections 165 are arranged in a grid-like array over the
surface of the shell 145. In the view shown in Figure 2,
the projections are configured as flat sheets surrounding
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the circumference of the shell 145 and positioned at ap-
proximate right angles to the shell 145. Figure 2 illustrates
the projections 165 as partitions between the plurality of
compartments 200. In the view shown in Figure 2, the
projections form a plurality of compartments 200, each
of the compartments 200 including a sensor module 150.
The plurality of sensor modules 150 150 A, B, C, D, E,
F, G, H, I, J, K and L attached to the shell 145 of the
breast implant 140 shown in Figure 2 are attached in an
approximately even distribution on the shell 145 surface.
The plurality of sensor modules 150 A, B, C, D, E, F, G,
H, I, J, K and L attached to the shell 145 of the breast
implant 140 shown in Figure 2 are attached in a grid-like
array. The flat view illustrated in Figure 2 is a depiction
of a plurality of sensor modules 150 A, B, C, D, E, F, G,
H, I, J, K and L attached to the shell 145 of the breast
implant 140 and does not fully represent the 3-dimen-
sional nature of the distribution of the sensor modules
150 A, B, C, D, E, F, G, H, I, J, K and L on a shell 145
that is substantially curved or includes an arc structure.
[0033] A breast implant 140 can include a grid over the
surface of the shell 145 of the breast implant 140. A grid
can be visible, invisible to a standard observer, or virtual.
Position-indicating lines can serve to describe regions of
the surface of the shell 145 of a breast implant 140. For
example, intersecting lines can indicate the location on
the surface of the shell 145 corresponding to the location
of a particular sensor module. The location of the partic-
ular sensor module can be identified as the "intersection
of line X and line Y." Similarly, regions of a shell 145
surface including more than one sensor module 150 can
be identified by the positional lines surrounding that re-
gion of the shell 145 surface. Some examples can include
grid lines in an irregular or uneven pattern, for example
to correspond to the surface shape of a breast implant
140 of an irregular or uneven shape. Some examples
can include other positional marks, such as edge identi-
fiers, quadrant positional marks, or similar identifiers of
position on the surface of the shell 145. Some examples
can include positional marks that are not visible, such as
virtual marks based on physical features of the breast
implant 140, such as "a location 3 cm from the upper right
quadrant" or similar positional information. Some exam-
ples can include fiducial markers.
[0034] Further aspects of a breast implant 140 are il-
lustrated in Figure 3. Figure 3 shows a cross-sectional
view of a breast implant 140 ex-vivo. Figure 3 illustrates
a breast implant 140 with an outer shell 145 and an in-
terior 300 configured to be substantially filled with a vis-
cous material. In the example illustrated, a cover 155
completely surrounds and envelops the shell 145 with a
gap 160 between the shell 145 surface and the cover
155 surface. A plurality of projections 165 extend from
an external surface of the shell 145, the projections 165
forming a plurality of compartments 200 A, B, C, D adja-
cent to the external surface of the shell 145. In the view
shown in Figure 3, sensor modules 150 A, 150 B, 150 C
and 150 D are distributed approximately equally around

the external surface of the shell 145. Figure 3 illustrates
an example wherein the breast implant 140 has been cut
approximately in half along a plane corresponding to the
widest part of the breast implant 140. In general, the im-
plant 140 is of a size and shape desirable in a particular
example and the sensor modules 150 A, B, C and D are
correspondingly positioned relative to each other. For ex-
ample, a breast implant 140 that is approximately 12.5
cm across (e.g. in a straight line between sensor modules
150 D and 150 B) and approximately 12 cm long (e.g. in
a straight line between sensor modules 150 A and 150
C), the total perimeter of the breast implant 140 would
be approximately 76 cm and the distance between the
center of each sensor module 150 (e.g. 150 A) and its
adjacent sensor modules 150 (e.g. 150 D and 150 B)
would be approximately 19 cm along the surface of the
shell 145. For example, embodiments can include breast
implants including a plurality of sensor modules attached
to the shell, and wherein the centers of the sensor mod-
ules attached to the shell are separated by distances of
approximately 5 cm to approximately 8 cm. Examples
can include breast implants including a plurality of sensor
modules attached to the shell, and wherein the centers
of the sensor modules attached to the shell are separated
by distances of approximately 3 cm to approximately 6
cm. For example, examples can include breast implants
including a plurality of sensor modules attached to the
shell, and wherein the centers of the sensor modules
attached to the shell are separated by distances of ap-
proximately 1 cm to approximately 4 cm. Examples can
include breast implants including a plurality of sensor
modules attached to the shell, and wherein the centers
of the sensor modules attached to the shell are separated
by distances of less than approximately 1 cm. Some ex-
amples that include sensor modules fabricated on a mi-
crosensor scale or a nanosensor scale, with correspond-
ing small distances between the sensor modules.
[0035] Figure 3 illustrates that each of the sensor mod-
ules 150 A, B, C, D are positioned and oriented on the
shell 145 of the breast implant 140 so that each sensor
module 150 A, B, C, D can monitor analytes in fluid from
a specific region of breast tissue. Each of the sensor mod-
ules 150 A, B, C, D is positioned on the surface of the
shell 145 at a distance from each other. Each of the sen-
sor modules 150 A, B, C, D is oriented on the surface of
the shell 145 to detect one or more analytes in a fluid
within one of the plurality of compartments 200 A, B, C,
D. As shown in Figure 3, sensor module 150 A is posi-
tioned to monitor analytes in fluid in compartment 200 A,
the fluid arising from tissue in the adjacent region iden-
tified as 310. Figure 3 also illustrates that sensor module
150 B is oriented to monitor analytes in fluid in compart-
ment 200 B, the fluid originating from tissue in the adja-
cent region identified as 395. Figure 3 shows sensor mod-
ule 150 C oriented to monitor analytes in fluid in com-
partment 200 C, the fluid originating from the adjacent
tissue region indicated as 350. Figure 3 also illustrates
sensor module 150 D positioned to monitor analytes in
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fluid in compartment 200 D, the fluid arising from tissue
in the adjacent region 370.
[0036] Since each of the sensor modules 150 A, B, C,
D can also include its own unique identifier, any informa-
tion regarding detected analytes in fluid while the breast
implant 140 is in use is also informative for the corre-
sponding adjacent region of tissue. For example, during
in-vivo use an analyte in a fluid detected by sensor mod-
ule 150 A can be expected to have arisen from adjacent
tissue region 310. As an additional example, during in-
vivo use a positive signal for an analyte arising from sen-
sor module 150 B and including the specific identifier of
sensor module 150 B can be assumed to come from an
analyte flowing to the sensor module 150 B in fluid from
tissue region 395. Also for example, if sensor module
150 C detects an analyte, that analyte can be expected
to have arisen in the region of adjacent tissue identified
as 350. As a further example, if information from sensor
module 150 D indicates that an analyte has been detect-
ed, the analyte can be expected to have come from fluid
in region 370. Identification of the region of tissue that an
analyte is expected to have arisen from provides an in-
dividual and the individual’s health care team information
as to where a possible change in breast tissue has oc-
curred, and therefore a region to focus further screening
efforts. For example, a region of breast tissue with a pos-
itive indicator may be further screened through palpation
or biopsy of the region. For example, a region of breast
tissue with a positive indicator may be further screened
through focused imaging such as ultrasound, MRI or
mammography.
[0037] As illustrated in Figure 3, the sensor modules
150 A, B, C, D can be positioned so that there is some
overlap in the adjacent tissue that the sensor modules
150 A, B, C, D are reasonably expected to monitor fluid
from during the expected use of the breast implant 140.
Positioning the sensor modules 150 A, B, C, D in close
enough proximity for overlapping regions of tissue to
monitor fluid arising from them can reduce the chance
that an analyte in tissue fluid adjacent to the breast im-
plant 140 will fail to be detected by at least one of the
sensor modules 150 A, B, C, D. Positioning the sensor
modules 150 A, B, C, D with overlapping regions of sen-
sitivity can also assist in locating the region of adjacent
breast tissue that is a candidate for further screening.
For example, if a system provides information that both
sensor modules 150 A and 150 B have detected an an-
alyte in fluid, the fluid can be expected to have been in
the overlapping monitoring tissue region for both sensor
modules A and B (illustrated in Figure 3 as region 320).
For example, if sensor modules 150 B and 150 C both
detect an analyte in fluid from adjacent tissue, further
screening can be focused on the tissue region that in-
cludes the sensitivity region of both sensor module 150
B and 150 C (e.g. region 390 in Figure 3). As a further
example, if both sensor modules 150 C and 150 D provide
information that they have detected an analyte at a similar
time, the analyte can have arisen in fluid from tissue re-

gion 360, and that region of breast tissue can be the focus
of further screening. Also by way of example, if informa-
tion arising from sensor modules 150 D and 150 A indi-
cates that an analyte is present in the adjacent tissue of
both sensor modules, an adjacent region such as indi-
cated at 380 in Figure 3 can be the subject of further
screening.
[0038] Sensor modules can be attached to the surface
of the shell using a variety of techniques. In examples
wherein the sensor modules are attached to an external
surface of the 150 A, B, C, D, such as illustrated in Figure
3, the sensor modules can be affixed to the surface using
an adhesive. In some examples, one or more aspects of
sensor modules are directly printed onto the surface of
the shell.
[0039] Figure 4 illustrates further aspects of a breast
implant 140. The breast implant 140 depicted in Figure
4 is shown in cross-section, a similar view as Figure 3.
However, the breast implant illustrated in Figure 4 is a
different example than that illustrated in Figure 3. Figure
4 shows a breast implant 140 including a shell 145 con-
figured to be substantially filled with a viscous material
300. In the example illustrated in Figure 4, a cover 155
completely surrounds and envelops the shell 145 with a
gap 160 between the shell 145 surface and the cover
155 surface. A plurality of projections 165 extend from
an external surface of the shell 145, the projections 165
forming a plurality of compartments 200 A, B, C, D adja-
cent to the external surface of the shell 145. The breast
implant 140 illustrated in Figure 4 includes a plurality of
sensor modules 150 A, B, C and D positioned at approx-
imately equal distances from each other around the sur-
face of the shell 145. Each compartment 200 A, B, C, D
includes a sensor module 150 A, B, C, D. Each of the
sensor modules 150 A, B, C, D is oriented to detect one
or more analytes in a fluid within one of the plurality of
compartments 200 A, B, C, D adjacent to the shell 145.
Each of the sensor modules 150 A, B, C and D includes
a unique identifier (not shown in Figure 4). Each of the
sensor modules 150 A, B, C and D is configured to utilize
energy transmitted from an external source. Each of the
sensor modules 150 A, B, C and D can be configured to
utilize energy transmitted from an ex-vivo source. As
shown in Figure 4, a breast implant 140 can include a
plurality of energy transfer units 450 A, 450 B. The breast
implant 140 illustrated in Figure 4 includes two energy
transfer units 450 A, 450 B. Each of energy transfer units
450 A, 450 B are attached to the exterior of the shell 145.
Each of the energy transfer units 450 A, 450 B includes
an antenna 420 A, 420 B and each of the energy transfer
units includes an energy harvesting unit 440 A, 440 B.
As shown in Figure 4, a breast implant 140 can include
a plurality of energy transfer units 450 A, B, C, D. Each
of energy transfer units 450 A, B, C, D are attached to
the exterior of the shell 145. Each of the energy transfer
units 450 A, B, C, D includes an antenna 420 A, B, C, D
and each of the energy transfer units includes an energy
harvesting unit 440 A, B, C, D. As shown in Figure 4, one
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energy transfer unit, 450 A, is operably attached to sensor
module 150 A with a wire connection 430 A. Also as
shown in Figure 4, one energy transfer unit, 450 B, is
operably attached to sensor module 150 B with a wire
connection 430 B. Figure 4 illustrates one energy transfer
unit, 450 C, operably attached to sensor module 150 C
with a wire connection 430 C. Figure 4 also depicts one
energy transfer unit, 450 D, connected to sensor module
150 D with a wire connection 430 D. The wire connections
430 A, B, C, D are positioned adjacent to the exterior
surface of the shell 145. Although not illustrated in Figure
4, in some examples the energy transfer unit 450 can
include memory. For example, an energy transfer unit
450 can include a passive data logger, as described in
Yeager et al., "Wirelessly-Charged UHF Tags for Sensor
Data Collection," 2008 IEEE International Conference on
RFID, April 16-17, 2008, pages 320-327. Although not
illustrated in Figure 4, in some examples the energy
transfer unit 450 can include a processor. For example,
the energy transfer unit 450 can include a passive RFID
unit and an associated processor.
[0040] The specific type of energy transfer unit 450 A,
B, C, D included in a specific example depends on the
type of energy utilized in the example. Correspondingly,
an antenna 420 and energy harvesting unit 440 are con-
figured to utilize an energy source relevant to a specific
example. Representative examples of energy sources
include electromagnetic waves in the radio frequency
range(s) and the infrared range of the spectrum, as well
as ultrasound energy.
[0041] An energy transfer unit 450 A, B, C, D can in-
clude a radio frequency identification (RFID) antenna 420
and associated power harvesting unit 440. See, for ex-
ample, Bradford et al., "Wireless Power and Data Trans-
mission for a Pressure Sensing Medical Implant," BMT
October 2010. Radio frequency energy can be in the UHF
band, or approximately 902-928 MHz in the United
States. See the "Worldwide RFID UHF Map" by Intelleflex
Corporation (© 2009). Radio frequency energy can be in
a frequency range less than approximately 135 KHz, or
consistent with the ISO 11784, ISO 11785, ISO/IEC
18000-2 and ISO 14223-1 standards. Radio frequency
energy can be in a frequency range of approximately
13.56 MHz, or consistent with the ISO/IEC 18000-3, EPC
class-1, ISO 15693 and ISO 14443 (A/B) standards. See
Chawla and Ha, "An Overview of Passive RFID," IEEE
Applications and Practice, 11-17 (September 2007). The
antenna 420 can be an antenna configured to operate in
the radio frequency (e.g. RFID) spectrum. In some em-
bodiments an antenna 420 can include a self-compen-
sating antenna. See, for example, US Patent No.
7,055,754 to Forster, titled "Self-Compensating Anten-
nas for Substrates Having Differing Dielectric Constant
Values,". An antenna 420 can include dielectric material
configured to electrically interact with one or more anten-
nas. See, for example, US Patent No. 7,055,754 to For-
ster, titled "Self-Compensating Antennas for Substrates
Having Differing Dielectric Constant Values,". In some

examples, the energy transfer unit 450 A, B, C, D is a
photovoltaic collector. See, for example, US Patent Ap-
plication No. 2011/0044694, "Systems and Methods for
Optically Powering Transducers and Related Transduc-
ers," to Scherer et al.. See also Ayazian and Hassibi,
"Delivering Optical Power to Subcutaneous Implanted
Devices," 33rd Annual International Conference of the
IEEE EMBS, Boston MA August 30- September 3, 2011,
pages 2874-2877. In some embodiments, the energy
transfer unit 450 A, B, C, D is an inductive power har-
vesting unit. For example, an energy transfer unit can
include an inductive power harvesting unit such as de-
scribed in US Patent Application No. 2010/0070003,
"Systems configured to power at least one device dis-
posed in a living subject, and related apparatuses and
methods," to Hyde et al.. For example, an energy transfer
unit can include an inductive power harvesting unit such
as described in US Patent Application No.
2010-0295372, "Methods, devices and systems for
transmission between an implanted device and an exter-
nal device," to Hyde et al.. For example, an energy trans-
fer unit can include an inductive power harvesting unit
such as described in US Patent Application No.
2010-0070002, "Systems configured to locate a photonic
device disposed in a living subject, and related appara-
tuses and methods," to Hyde et al.. For example, an en-
ergy transfer unit can include an inductive power harvest-
ing unit such as described in US Patent Application No.
2010-0065097, "Systems configured to deliver energy
out of a living subject, and related apparatuses and meth-
ods," to Hyde et al.. For example, an energy transfer unit
can include an inductive power harvesting unit such as
the inductive coupling units described in Laskovsi and
Yuce, "Class-E Oscillators as Wireless Power Transmit-
ters for Biomedical Implants" 3rd International Symposi-
um on Applied Sciences in Biomedical and Communica-
tion Technologies, ISABEL 2010, (2010) and Laskovski
et al., "Wireless Power Technology for Biomedical Im-
plants," Biomedical Engineering, In-Tech, Vukovar,
Croatia, 119-132 (2009). An antenna 420 can include
dielectric material configured to electrically interact with
one or more antennas. See, for example, US Patent No.
7,055,754 to Forster, titled "Self-Compensating Anten-
nas for Substrates Having Differing Dielectric Constant
Values,". In some examples, the energy transfer unit 450
A, B, C, D is a photovoltaic collector. See, for example,
US Patent Application No. 2011/0044694, "Systems and
Methods for Optically Powering Transducers and Relat-
ed Transducers," to Scherer et al.. See also Ayazian and
Hassibi, "Delivering Optical Power to Subcutaneous Im-
planted Devices," 33rd Annual International Conference
of the IEEE EMBS, Boston MA August 30- September
3, 2011, pages 2874-2877. In some examples, the en-
ergy transfer unit 450 A, B, C, D is a microelectricalme-
chanical device configured to harvest ambient energy
from in vivo sources. See, for example, Lueke and Mous-
sa, "MEMS-Based Power Generation Techniques for Im-
plantable Biosensing Applications," Sensors 11:
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1433-1460 (2011) In the example illustrated in Figure 4,
the entire energy transfer unit 450, including the antenna
420 and the energy harvesting unit 440, is positioned on
the shell 145. In the illustration of Figure 4, the entire
energy transfer unit 450 is positioned within the sphere
of the cover 155. A cover 155 for an example such as
illustrated in Figure 4 should be chosen to allow the an-
tenna 420 to receive the signals required for the embod-
iment to function, with minimal disruption and effective
propagation of the relevant signals through the cover. In
some examples, an antenna 420 can be positioned in
whole or relevant part outside of the outer surface of the
cover 155 to allow for propagation of signals to and from
the antenna 420 without disruption by the cover 155. In
some examples, the energy harvesting unit 440 in whole
or in part can be positioned to maximize propagation of
signals to and from relevant regions of the energy har-
vesting unit 440. In some embodiments, the energy har-
vesting unit 440 in whole or in part can be embedded
within the cover 155. In some examples, the energy har-
vesting unit 440 can be positioned in whole or in part
within an aperture in the cover 155. The energy harvest-
ing unit 440 can be attached to a surface of the cover 155.
[0042] Figure 4 also illustrates a breast implant 140
wherein the shell 145 comprises a plurality of barrier lay-
ers. The different layers can provide, for example, addi-
tional protection against leakage of the interior viscous
material 300 out of the breast implant 140 over a single
barrier layer. The different layers can provide, for exam-
ple, additional structure, such as for support for the sen-
sor modules 150 A, B, C, D and the energy transfer units
450 A, B, C, D. The different layers can provide, for ex-
ample, structure to stabilize the projections 165. The shell
145 illustrated in Figure 4 includes two barrier layers 400,
410. The barrier layers 400 410 are substantially similar
sizes and shapes, with the inner barrier layer 400 within
and slightly smaller than the outer barrier layer 410. In
Figure 4, the barrier layers 400, 410 are in a nesting con-
figuration relative to each other with a minimal volume of
space between the layers 400, 410. In some embodi-
ments, a plurality of barrier layers can be of different siz-
es, with a larger volume of space between the layers.
The plurality of layers may be of different shapes with
relative sizes to allow the layers to nest within each other.
Structural features of the breast implant 140 may be po-
sitioned between barrier layers of the shell 145, and may
be attached to one or more of the barrier layers. For ex-
ample, all or part of one or more energy transfer unit 450
A, B, C, D may be positioned within the barrier layers
400, 410 of the shell 145 (e.g. between layer 400 and
layer 410 as shown in Figure 4). For example, one or
more wire connections 340 A, 340 B can be positioned
within the barrier layers 400, 410 of the shell 145 (e.g.
between layer 400 and layer 410 as shown in Figure 4).
[0043] Figure 5 illustrates aspects of a breast implant
140 including a plurality of sensor modules 150 A, 150
B, 150 C and 150 D. The breast implant 140 depicted in
Figure 5 is shown in cross-section, a similar view as in

Figures 3 and 4. The breast implant 140 includes interior
viscous material 300. In the illustrated example, a cover
155 completely surrounds and envelops the shell 145
with a gap 160 between the shell 145 surface and the
cover 155 surface. Projections 165 traverse the gap 160
between the shell 145 and the cover 155. The projections
define the edges of the compartments 200 A, B, C, D.
The shell 145 includes at least one barrier layer including
at least one cavity, the at least one cavity configured to
reversibly mate with a surface of at least one of a plurality
of sensor modules. In the illustration of Figure 5, the bar-
rier layer is identical to the shell 145; however, in some
examples, there is a distinct barrier layer adjacent to the
interior or exterior surface of the shell 145. The shell 145
includes a barrier layer with a cavity 500 A configured to
reversibly mate with the surface of sensor module 150
A. Although Figure 5 depicts a gap between the surface
of the cavity 500 A and the surface of the sensor module
150 A, this gap is present for illustrative purposes in the
Figure. In many examples, the surface of the cavity 500
A and the surface of the sensor module 150 A would be
positioned in direct contact with each other. An adhesive
or other fastener in the gap between the surface of the
cavity 500 A and the surface of the sensor module 150
A can be included to ensure that the sensor module 150
A is secure relative to the cavity 500 A. As shown in Figure
5, at least one surface of the sensor module 150 A is
configured to align within the corresponding cavity 500
A in the shell 145. Similarly, the sensor modules 150 B,
150 C and 150 D include surfaces configured to reversibly
mate with the corresponding cavities 500 B, 500 C and
500 D in the shell 145. Although the cavities 500 A, B,
C, D illustrated in Figure 5 are all substantially the same
shape (i.e. rectangular), in some embodiments the shell
145 can include a plurality of cavities 500 of different
sizes and shapes to correspond in size and shape to a
plurality of sensor modules 150.
[0044] Some examples include one or more tethers.
Tethers are located in the gap between the shell and the
cover. The tethers connect the shell and the cover, for
example to retain the relative position of the shell and
the cover over time while the breast implant is in use. A
tether can be fabricated of a suitable flexible material with
sufficient strength to maintain the relative positions of the
shell and the cover during use of the breast implant. For
example, a tether can be fabricated from a suitable pol-
ymer material.
[0045] Some embodiments include a porous cover po-
sitioned over a sensor module. In some examples, the
porous cover is separate from the breast implant, but in
actual use the porous cover could be positioned against
the edge of the cavity. In some examples, a porous cover
is positioned adjacent to only a section of a sensor mod-
ule. A porous cover can include a substantial region that
is porous, such as being entirely fabricated from a mesh-
like material. A porous cover can include specific regions
that are porous, such as regions configured to be posi-
tioned adjacent to the analyte binding regions of the sen-
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sor module. The size of the holes, or pores, in the porous
cover can be selected to improve the efficiency of the
sensor module. In some examples, the porous mem-
brane can be a selective membrane. For example, the
porous cover can include pores of a size to minimize the
presence of unwanted cellular debris that may be present
adjacent to the breast implant. For example, the porous
cover can include pores that are configured to form a
biocompatible layer between the sensor module and the
adjacent tissue. See, for example, US Patent Application
No. 2011/0282444 to Liu et al., "Porous Materials, Meth-
ods of Making and Uses,". For example, the porous cover
can include material having a configuration which pro-
motes the growth of vascular tissue adjacent to the sen-
sor module, thereby increasing the adjacent fluid avail-
able for sampling. See, for example, US Patent No.
5,800,529 to Brauker et al., "Close Vascularization Im-
plant Material,". For example, the porous cover can in-
clude a biointerface membrane configured to improve
the biointerface between implantable devices and the ad-
jacent tissue. See, for example, US Patent No. 7,364,592
to Carr-Brendel et al., "Biointerface Membrane with Mac-
ro- and Micro- Architecture,". An adhesive or other fas-
tener, such as a clip, at the edge of the cavity and the
surface of the porous cover can be included to ensure
that the porous cover is secure relative to the cavity. Sim-
ilarly, if a porous cover is configured to be positioned
adjacent to only a region of a sensor module, and adhe-
sive or clip can be included to secure the porous cover.
The porous cover can be configured to be removable and
replaceable. The porous cover can be configured to be
modular, and to fit on a plurality of cavities with edge
regions the same size and shape.
[0046] Figure 6 illustrates aspects of a breast implant
140 including a plurality of sensor modules 150 A, 150
B, 150 C and 150 D. The breast implant 140 depicted in
Figure 6 is shown in cross-section, a similar view as in
Figures 3, 4 and 5. The breast implant 140 includes in-
terior viscous material 300. In some examples, a cover
155 completely surrounds and envelops the shell 145
with a gap 160 between the shell 145 surface and the
cover 155 surface. A plurality of projections 165 extend
from an external surface of the shell 145, the projections
165 forming a plurality of compartments 200 A, B, C, D
adjacent to the external surface of the shell 145. As
shown in Figure 6, the shell 145 includes at least one
barrier layer including at least one aperture 600, the at
least one aperture 600 with a rim surface 610 configured
to reversibly mate with a surface of at least one of the
plurality of sensor modules 150. As shown in Figure 6,
at least one surface of the sensor module 150 A is con-
figured to align within the corresponding rim surface 610
of an aperture 600 A in the shell 145. Similarly, the sensor
modules 150 B, 150 C and 150 D include surfaces con-
figured to reversibly mate with the rim surfaces 610 of
the corresponding apertures 600 B, 600 C and 600 D in
the shell 145. As illustrated in Figure 6, the shell 145
includes an aperture 600A with rim surface 610 config-

ured to reversibly mate with the outer surface of sensor
module 150 A. Similarly, Figure 6 illustrates that the shell
145 includes a plurality of apertures 600 A, 600 B, 600
C, 600 D, each of which include rim surfaces 610 con-
figured to reversibly mate with the outer surface of a cor-
responding sensor module 150 A, 150 B, 150 C, 150 D.
An adhesive or other fastener can be included on the rim
surface 610 to ensure that a sensor module 150 is secure
relative to the rim surface 610 of an aperture 600. Al-
though the apertures 600 A, B, C, D illustrated in Figure
6 are all substantially the same shape (i.e. rectangular),
in some embodiments the shell 145 can include a plurality
of apertures 600 of different sizes and shapes to corre-
spond in size and shape to a plurality of sensor modules
150.
[0047] As illustrated in Figures 5 and 6 as well as the
associated text, the plurality of sensor modules 150 op-
erably attached to the shell 145 can be modular. The
plurality of sensor modules 150 operably attached to the
shell 145 can be configured to be replaceable. For ex-
ample, a breast implant 140 can include a plurality of
cavities 500 in the shell 145 (e.g. as shown in Figure 5)
configured to reversibly mate with the surface of a plu-
rality of sensor modules 150 of different types, allowing
substitution of different types of sensor modules 150 with
specific breast implants 140 as desired in a specific sit-
uation. For example, a standard breast implant 140 with
cavities 500 of a standard size and shape can be man-
ufactured and sensor modules 140 inserted as desired
to suit a particular medical situation. For example, a
breast implant 140 can include a plurality of apertures
600 in the shell 145 (e.g. as shown in Figure 6) with rim
surfaces configured to reversibly mate with the surface
of a plurality of sensor modules 150 of different types,
allowing substitution of different types of sensor modules
150 with specific breast implants 140 as desired in a spe-
cific situation. For example, a standard breast implant
140 with apertures 600 of a standard size and shape can
be manufactured and sensor modules 140 inserted as
suitable for a particular patient. For example, sensor
modules 140 configured to respond to Her2/neu proteins
may be included in a breast implant 140 intended for use
in a reconstructive surgery with a patient who has a his-
tory of a Her2/neu positive breast cancer diagnosis. For
example, sensor modules 140 configured to respond to
markers of breast cancer tissue abnormalities, such as
hypoxia, necrosis and inflammation, may be included in
a breast implant 140 intended for use in a augmentation
surgery in a person without a history of breast cancer
diagnosis. Although Figures 5 and 6 do not specifically
illustrate an energy transfer unit 450, one or more energy
transfer unit can be included, with connections to the sen-
sor modules that are configured to be reversible. For ex-
ample, if the connection between an energy transfer unit
450 and a replaceable sensor module 150 includes a
wire connection 340, a socket or other connection site
can be included on the sensor module 150 at a location
configured to mate with the wire connection 340 at a cav-
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ity 500 or aperture 600. For example, one or more energy
transfer unit 450 can be positioned within an aperture.
For example, one or more energy transfer unit 450 can
be positioned within a cavity. For example, one or more
energy transfer unit 450 can be positioned adjacent to
the shell 145.
[0048] Figure 7 illustrates aspects of a sensor module
150. As illustrated in Figure 7, the sensor module 150
includes two individual sensor units, 700, 710. In some
examples, a sensor module 150 can include a single sen-
sor unit or more than two sensor units. Each sensor unit
700, 710 includes a sensor configured to detect at least
one analyte. Each sensor module 150 can be configured
to respond to a specific analyte, or a group of analytes.
The individual sensor units 700, 710 illustrated in Figure
7 can be configured to detect the same or different ana-
lytes, depending on the example. The individual sensor
units 700, 710 illustrated in Figure 7 can be configured
to detect analytes of different types. For example, a sen-
sor unit 700 can be configured to detect the presence of
maspin protein in the fluid originating adjacent to the im-
plant 140 and a sensor unit 710 can be configured to
detect the presence of Her2/neu protein in the fluid orig-
inating adjacent to the implant 140. In some examples,
the sensor units 700, 710 in a sensor module 150 can
include sensor units that are configured to be activated
at different times. For example, the sensor units 700, 710
can include long term analyte sensors, such as described
in US Patent No. 7,577,470, "Long Term Analyte Sensor
Array" to Shah et al.. See also European Patent Appli-
cation No. 06718063.8 to Shah et al., "Fabrication of Mul-
ti-Sensor Arrays,". For example, the sensor units 700,
710 can include a plurality of sensors, each of which are
isolated and inactive until an opening is formed in a cov-
ering over the respective sensor, such as described in
European Patent Application No. 01926347.4, "Micro-
fabricated Devices and Methods for Storage and Selec-
tive Exposure of Chemicals," to Santini et al., and US
Patent No. 5,797,898, "Microchip Drug Delivery Devic-
es," to Santini et al.. See also US Patent Application No.
2011/0082356 to Yang et al., "Analyte Sensor Appara-
tuses Having Interference Rejection Membranes and
Methods for Making and Using Them,". In some exam-
ples, a sensor unit can include a recognition element and
a transducer. See, e.g. Bohunicky and Mousa, "Biosen-
sors: The New Wave in Cancer Diagnosis," Nanotech-
nology, Science and Applications, 4 (2011). A recognition
element is configured to detect an analyte. In some em-
bodiments, a recognition element detects an analyte
through molecular binding to the analyte. For example,
some recognition elements include proteins, antibodies,
antibody fragments, aptamers, or nucleic acids that bind
to specific analytes. Recognition elements can include,
for example, aptamers, molecularly imprinted polymers,
antibodies, antibody mimics, or antibody synthetics. A
transducer within a sensor unit can convert a signal from
the recognition element that an analyte has been detect-
ed to an output, such as an electrical output. In some

examples, the transducer is an electrochemical trans-
ducer that converts a chemical signal to an electrical out-
put. In some embodiments, the transducer is an optical
transducer that converts an optical signal to an electrical
output. In some examples, the transducer is responsive
to mass change, and converts a mass change into an
electrical signal. For example, the transducer can include
a piezoelectric element. In some examples, the trans-
ducer is a calorimetric transducer that converts a thermal
signal to an electrical output.
[0049] In some embodiments, a sensor module can
include a processor. For example, a sensor module can
include a micromechanical system (MEMS) device, in-
cluding a microprocessor and microsensor units. In some
embodiments, a sensor module can include an antenna.
For example, the antenna can be configured to respond
to electromagnetic energy in the radio-frequency (RF)
range. In some embodiments, a sensor module can in-
clude an energy harvesting unit. For example, a sensor
module can include a passive RFID energy harvesting
unit. In some embodiments, a sensor module can include
a radio frequency identification (RFID) unit. In some ex-
amples, a sensor module can include a programmable
RFID device such as the Wireless Identification and
Sensing Platform (WISP). See, for example, Sample et
al., "Design of an RFID-Based Battery-Free Programma-
ble Sensing Platform," IEEE Transactions of Instrumen-
tation and Measurement, 57:11, 2608-2615 (2008). In
some embodiments, the sensor module can include a
switch. For example, the sensor module can include a
switch configured to change the state of a processor
when an analyte is detected. For example, the sensor
module can include a switch configured to enable a trans-
mission unit when an analyte is detected.
[0050] In some embodiments, a sensor module in-
cludes a plurality of reservoirs. For example, the sensor
units can be operably attached to one or more reservoirs
configured to provide reagent(s) required by the sensor
units during use. For example, the sensor units can be
operably attached to one or more reservoirs configured
to provide protection to the sensor units during use. For
example, the sensor units 700, 710 may be operably at-
tached to one or more reservoirs configured to provide
protection to the sensor units 700, 710 during use. Each
of the reservoirs can include a removable cover config-
ured to be removed prior to use of that specific reservoir.
For example, each of the reservoirs can include a remov-
able cover configured to dissolve slowly over time and
thereby provide the internal reagent(s). For example,
each of the reservoirs can include a removable cover
configured to be removed by a specific signal. See, for
example, European Patent Application No. 01926347.4,
"Microfabricated Devices and Methods for Storage and
Selective Exposure of Chemicals," to Santini et al., and
US Patent No. 7,410,616, "Device for the Controlled Ex-
posure of Reservoir-Based Sensors," to Santini et al..
See also US Patent Application No. 2011/0082356 to
Yang et al., "Analyte Sensor Apparatuses Having Inter-
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ference Rejection Membranes and Methods for Making
and Using Them,". The reservoir covers can be remov-
able, fluid-impermeable covers.
[0051] The sensor units 700, 710 in a sensor module
150 such as illustrated in Figure 7 can include a variety
of sensor types. In some examples, a sensor module 150
includes sensor units 700, 710 of different types. For ex-
ample, sensor unit 700 can be configured to detect an
analyte ("A") and sensor unit 710 can be configured to
detect a different analyte ("B"). Sensor units 700, 710
can be selected based on the analyte(s) of interest in a
particular example. Sensor units 700, 710 can be select-
ed based on factors such as cost, performance, durabil-
ity, size and energy requirements. A sensor module 150
can include a recognition element that detects an analyte.
In some examples, the sensor units 700, 710 in a sensor
module 150 can include at least one recognition element.
In some embodiments, the sensor units 700, 710 in a
sensor module 150 can include a hydrogel-based sensor.
In some examples, the sensor units 700, 710 in a sensor
module 150 can include sensor units that include crys-
talline colloidal array of polymer spheres polymerized
within a hydrogel. See, for example, Holtz and Asher,
"Polymerized Colloidal Crystal Hydrogel Films as Intelli-
gent Chemical Sensing Materials," Nature 389: 829-832
(1997). In some examples, the sensor units 700, 710 in
a sensor module 150 can include sensor units that in-
clude an integrated biosensor system for the simultane-
ous detection of a plurality of different types of targets.
See, for example, US Patent No. 6,743,581, "Multifunc-
tional and Multispectral Biosensor Devices and Methods
of Use" to Vo-Dinh. In some examples, the sensor units
700, 710 in a sensor module 150 can include sensor units
that include at least one wireless complementary metal
oxide semiconductor (CMOS) sensor. See, for example,
US Patent Application Publication No. 2009/0298704 to
Anwar, "Wireless CMOS Biosensor,". See also: Daniel
et al., "Implantable Diagnostic Device for Cancer Moni-
toring," Biosens. Bioelectron. 24:11, 3252-3257 (2009);
and Ling et al., "Implantable Magnetic Relaxation Sen-
sors Measure Cumulative Exposure to Cardiac Biomar-
kers," Nature Biotechnology 29: 3 273-278. In some ex-
amples, the sensor units 700, 710 in a sensor module
150 can include sensor units that include magnetic par-
ticles, wherein the extent of aggregation of the magnetic
particles are indicative of the presence or absence of an
analyte. See, for example, US Patent Application Publi-
cation No. 2010/0072994 to Lee and Berry, "NMR Sys-
tems for In Vivo Detection of Analytes,". In some embod-
iments, the sensor units 700, 710 in a sensor module 150
can include sensor units that include a hydrogel matrix
with sensor particles. See, for example, US Patent Ap-
plication Publication No. 2010/0331634 to Müller et al.,
"Hydrogel Implant for Sensing Metabolites in Body Tis-
sue,". In some embodiments, the sensor units 700, 710
in a sensor module 150 can include sensor units that
include an optical-based sensor including light-absorbing
indicator molecules. See, for example, US Patent No.

6,304,766 to Colvin, "Optical-Based Sensing Devices,
Especially for In-Situ Sensing in Humans,"
[0052] In some examples, the sensor units 700, 710 in
a sensor module 150 can include sensor units that in-
clude an optically readable polydeoxy-nucleotide array
with integral fluorescence excitation and fluorescence
emission channels. See, for example, US Patent No.
7,302,289 to Crowley, "Readable Probe Array for In-Vivo
Use,". In some examples, a sensor unit 700, 710 can be
refreshed or recharged for long-term use. A sensor mod-
ule can include a recognition element including at least
one aptamer configured to bind to an analyte. A sensor
module can include a recognition element including at
least one nucleic acid configured to bind to an analyte.
A sensor module can include a recognition element in-
cluding at least one antibody configured to bind to an
analyte. In some examples the sensor units 700, 710 in
a sensor module 150 can include sensor units that in-
clude a plurality of analyte binding domains, with each
binding domain being capable of specifically and revers-
ibly binding to at least one target analyte. See, for exam-
ple, US Patent No. 7,951,605 to Pitner and Vonk, "Multi-
analyte Sensor,". In some examples, the sensor units
700, 710 in a sensor module 150 can include sensor units
that include materials that produce a detectable change
when the sensor unit is exposed to an analyte, such as
the release of an infrared (IR) detectable dye. See, for
example, US Patent No. 7,964,390 to Rozakis et al.,
"Sensor System,". In some examples, the sensor units
700, 710 in a sensor module 150 can include sensor units
that include graphene-based nanosensors. See, for ex-
ample, Mannoor et al., "Graphene-based Wireless Bac-
teria Detection on Tooth Enamel," Nature Communica-
tions, 3:763 doi: 10.1038/ncommsl767 (2012).
[0053] In some examples, the sensor units 700, 710 in
a sensor module 150 can include sensor units utilizing
recognition elements that are nucleic acid ligands, such
as aptamers, configured to bind to specific target proteins
that are analytes. A sensor module can include a recog-
nition element including at least one aptamer configured
to bind to an analyte. In some examples, aptamers can
be recognition elements for specific analytes. In some
examples, aptamers specific to particular analytes can
be generated using an in vitro selection process referred
to as SELEX (Systematic Evolution of Ligands by Expo-
nential enrichment). See, for example U.S. Patent No.
5,475,096, "Nucleic Acid Ligands," to Gold et al., and US
Patent No. 5,270,163, "Methods for Identifying Nucleic
Acid Ligands," to Gold et al.. In some examples, one or
more sensor units include chemiresistors with aptamers.
Aptamers can be thiol-functionalized during fabrication
of a chemiresistor with aptamers configured as functional
elements. Thiol-functionalized binding aptamers can be
obtained from commercial sources such as Integrated
DNA Technology, Inc. (Coralville, IA). Examples of a thi-
ol-functionalized aptamers for breast cancer analytes
can be found, for example, in Da Pieve et al., "Develop-
ment of Anti-MUCl DNA Aptamers for the Imaging of
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Breast Cancer," Breast Cancer Res, 10(Suppl 2):P62,
(2008). The chemoresistor sensor units carrying recog-
nition elements can be configured, for example, to detect
analytes that are proteins or protein fragments, such as
MUC1 protein, Her2 protein, or PDGF-AA protein (see,
e.g., Chourb et al., "Enhanced Immuno-Detection of
Shed Extracellular Domain of Her-2/Neu," Sci. Res. 1:4,
325-329 (2009)). As shown in Figure 7, a sensor module
150 can include a structural region 730. The structural
region 730 can be fabricated from a variety of materials,
depending on the example. For example, the structural
region 730 can be fabricated from a polymer, a silicone-
based material, a fabric, or a resin. The structural region
730 can be fabricated from flexible materials, or config-
ured for flexibility. The structural region 730 can be fab-
ricated to be bio-compatible. The structural region 730
can be fabricated to be small and lightweight to minimize
added weight on the shell 145 from the sensor modules
150. The structural region 730 can include a base or sup-
port for various portions of the sensor module 150. The
structural region 730 can include adhesive to affix the
sensor module 150 to the surface of a shell of a breast
implant. The structural region 730 can include one or
more surfaces configured to reversibly mate with a sur-
face of a cavity in a barrier layer in a shell of a breast
implant. The structural region 730 can include one or
more apertures. The structural region 730 can include
an outer shell or cover over the entirety or a part of the
various portions of the sensor module 150. For example,
the structural region 730 can include one or more areas
configured to allow analytes to flow from the tissue fluid
adjacent to the breast implant into the sensor module
150, such as illustrated as regions 750 and 760 in Figure
7. For example, one or more areas of the structural region
730 configured to allow analytes to flow from the tissue
fluid adjacent to the breast implant into the sensor module
150 can include one or more mesh-like or porous regions.
For example, the structural region 730 can include a re-
gion of film configured with microchannels to direct fluid
from the adjacent tissue to a position adjacent to the sen-
sor units 700, 710. See, for example, US Patent No.
6,420,622 "Medical Article Having Fluid Control Film," to
Johnston et al.. For example, the structural region 730
can include a polymeric cover. For example, the struc-
tural region 730 can include an additional coating. See
US Patent Nos. 6,119,028 and 6,477,395, "Implantable
Enzyme-Based Monitoring Systems Having Improved
Longevity Due to Improved Exterior Surfaces," to Schul-
man et al.. For example, the structural region 730 can
include a cover that can be opened in response to a spe-
cific signal, such as described in European Patent Appli-
cation No. 01926347.4, "Microfabricated Devices and
Methods for Storage and Selective Exposure of Chemi-
cals," to Santini et al.. For example, the structural region
730 can include a surface configured to interface with a
surface of a cover.
[0054] Although the sensor module 150 illustrated in
Figure 7 includes a structural region 730, in some em-

bodiments a structural module does not include a distinct
structural region 730 surrounding the sensor module 150.
For example, in some examples, the sensor module 150
includes elements that are directly attached to the sur-
face of the shell. For example, in some examples, the
sensor module 150 includes elements that are embed-
ded within the shell.
[0055] The sensor module 150 shown in Figure 7 in-
cludes a unique identifier, 720. A unique identifier is con-
figured to identify a particular sensor module 150 from
any other sensor modules 150 attached to a shell 145 of
a particular breast implant 140. For example, a unique
identifier can include an alphanumeric code. For exam-
ple, a unique identifier can include a positional identifier.
For example, a unique identifier can include an electronic
code, such as a radio frequency identification (RFID)
identifier code. For example, a unique identifier can in-
clude an electronic code, such as a radio frequency iden-
tification (RFID) identifier code. For example, a unique
identifier can include an electronic code, such as a binary-
based code.
[0056] A sensor module 150 can include an energy
harvesting unit 440. For example, an energy harvesting
unit can be a passive RFID energy harvesting unit. For
example, an energy harvesting unit can be a photovoltaic
cell configured for subcutaneous use. A sensor module
150 can include an antenna 420. A sensor module 150
can include a switch. For an example of a switch that can
be connected to a sensor, see US Patent No. 7,411,505
"Switch Status and RFID Tag" to Smith. For example, a
switch can be operably positioned between a sensor unit
700, 710 and an antenna 420, and configured to allow a
signal to be transmitted from the antenna 420 only when
the switch is in a permissive state. In some examples, a
sensor module 150 includes a switch configured to acti-
vate a processor. For example, a sensor module 150 can
include a switch controlling a processor, so that the proc-
essor is activated when the sensor module detects an
analyte. In some examples, a sensor module 150 in-
cludes a switch configured to activate a transmission unit.
For example, a sensor module 150 can include a switch
controlling a transmission unit, so that the transmission
unit initiates a signal when the sensor module detects an
analyte.
[0057] Figure 8 illustrates additional aspects of an ex-
ample of a breast implant 140. The breast implant 140
depicted in Figure 8 is shown as an ex-vivo external view.
The breast implant 140 includes interior viscous material
300. In some examples a cover 155 completely sur-
rounds and envelops the shell 145 with a gap 160 be-
tween the surface of the shell 145 and the surface of the
cover 155. For the purposes of illustration, the cover 155
is shown in a cross-section view around the shell 145
surface. A plurality of projections 165 extend from an
external surface of the shell 145, the projections 165
forming a plurality of compartments 200 A, B, C, D adja-
cent to the external surface of the shell 145. Each of the
compartments 200 A, B, C, D includes a sensor module
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150 A, B, C, D. Figure 8 shows a breast implant 140
including shell 145 and a plurality of sensor modules 150
A, B, C, D attached to the exterior of the shell 145. Each
of the sensor modules 150 A, B, C, D attached to the
exterior of the shell 145 are oriented to detect one or
more analytes in a fluid adjacent to the shell. Each of the
sensor modules 150 A, B, C, D attached to the exterior
of the shell 145 includes a unique identifier (not illustrated
in Figure 8). Also attached to the exterior of the shell 145
is an optically powered transducer 800 configured to har-
vest optical energy from a source external to the breast
implant. For example, the optically powered transducer
800 can include a photovoltaic cell configured for subcu-
taneous use. See, for example, US Patent Publication
No. 2011/0044694 to Scherer et al., "Systems and Meth-
ods for Optically Powering Transducers and Related
Transducers,". See also Ayazian and Hassibi, "Deliver-
ing Optical Power to Subcutaneous Implanted Devices,"
33rd Annual International Conference of the IEEE EMBS,
Boston MA August 30- September 3, 2011, pages
2874-2877. In the illustrated example the cover 155 is
transparent to the wavelength of optical waves utilized
by the optically powered transducer 800. In some exam-
ples, the optically powered transducer 800 is positioned
to correspond with an aperture in the cover 155. In some
examples the optically powered transducer 800 is posi-
tioned with the relevant portions on an external face of
the cover 155. For example, the optically powered trans-
ducer 800 can be positioned within an aperture of the
cover 155. A wire connector 810 is positioned to transmit
the power harvested by the optically powered transducer
800 to each of the sensor modules 150 A, B, C, D at-
tached to the exterior of the shell 145. Although the wire
connector 810 is illustrated in Figure 8 as external to the
shell 145, in some examples the wire connector 810 may
be positioned internally to the shell 145.
[0058] Figure 8 illustrates an example of a breast im-
plant 140 including a optically powered transducer 800
ex-vivo. The optically powered transducer 800 is posi-
tioned on the shell 145 in a position to allow for optical
waves (i.e. light) to transmit through the breast tissue to
the optically powered transducer 800. In some examples,
the optically powered transducer 800 is positioned on an
external surface of the cover 155. In some examples, the
optically powered transducer 800 is positioned on an ex-
ternal surface of the shell 145 in a position adjacent to a
corresponding aperture or set of apertures, in the cover
155. An appropriate position of the optically powered
transducer 800 depends on the size and shape of a par-
ticular breast implant 140 and its intended position within
the tissue of a particular patient. For example, it can be
desirable to position the optically powered transducer
800 at a location on the surface of the breast implant 140
that is likely to have minimal tissue between the surface
of the optically powered transducer 800 and the external
surface of the patient’s skin. For example, it can be de-
sirable to position the optically powered transducer 800
at a location on the surface of the breast implant 140 that

will be adjacent to the underside of the breast in vivo (e.g.
adjacent to a location such as the one labeled 114 in
Figure 1). The specific configuration of the optically pow-
ered transducer 800 can be selected based on the ex-
pected tissue thickness and composition that the light
will travel through to reach the optically powered trans-
ducer 800. See, for example, Ayazian and Hassibi, "De-
livering Optical Power to Subcutaneous Implanted De-
vices," 33rd Annual International Conference of the IEEE
EMBS, Boston MA August 30- September 3, 2011, pages
2874-2877. For example, it can be undesirable to position
the optically powered transducer 800 at a location on the
surface of the breast implant 140 that will be adjacent to
the chest wall in vivo (e.g. adjacent to a location such as
the ones labeled 122, 120 and 124 in Figure 1). A breast
implant 140 including an optically powered transducer
800 can be powered with a light source placed adjacent
to the skin at times to be desired for routine screening,
for example during regular medical office visits. At other
times, the sensor system of the breast implant 140 can
be left dormant or minimally powered.
[0059] In some examples, a breast implant 140 includ-
ing an optically powered transducer 800 can be config-
ured to be compatible with magnetic resonance imaging
(MRI) screening for breast cancer and related tissue
changes. For example, a breast implant 140 including an
optically powered transducer 800 can be fabricated with-
out ferromagnetic materials. A breast implant 140 includ-
ing an optically powered transducer 800 fabricated with-
out ferromagnetic materials can include a silicon-based
complementary metal-oxide-semiconductor (CMOS)
based optically powered transducer 800 as well as sen-
sor modules 150 fabricated without ferromagnetic mate-
rials. See, for example, Ayazian and Hassibi, "Delivering
Optical Power to Subcutaneous Implanted Devices,"
33rd Annual International Conference of the IEEE EMBS,
Boston MA August 30-September 3, 2011, pages
2874-2877. A breast implant 140 including an optically
powered transducer 800 fabricated without ferromagnet-
ic materials can also be desirable for use with routine
mammographic screening to minimize scatter on the re-
sulting mammogram image.
[0060] Figure 9 illustrates aspects of a breast implant
140 in use. Figure 9 depicts a cross-section view of the
breast implant 140 in situ within a breast 100. The view
of the breast implant 140 in vivo is similar to the view
depicted in Figure 1. Figure 9 shows a cross-section view
through the side of an individual person, including a
cross-section view of the individual’s ribs 130 in the chest
wall 122, 120, 124. A fluid-permeable cover 155 com-
pletely surrounds and envelops the shell 145 with a gap
160 between the shell 145 surface and the cover 155
surface. A plurality of projections 165 extend from an
external surface of the shell 145, the projections 165
forming a plurality of compartments 200 A, B, C, D, E, F,
G adjacent to the external surface of the shell 145. Each
of the compartments 200 A, B, C, D, E, F, G includes a
sensor module 150 A, B, C, D, E, F, G. The breast implant
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140 includes a plurality of sensor modules 150 A, B, C,
D, E, F and G. Each of the sensor modules 150 A, B, C,
D, E, F and G is attached to the shell 145 and oriented
to detect one or more analytes in a fluid adjacent to the
shell 145. In the example illustrated, a cover 155 com-
pletely surrounds and envelops the shell 145, with a gap
160 between the surface of the shell 145 and the surface
of the cover 155. An energy transfer unit 450 including
an antenna 420 and an energy harvesting unit 440 are
attached to the surface of the shell 145 of the breast
implant 140. Although for the purposes of illustration con-
nections are not explicitly shown between the energy
transfer unit 450 and the sensor modules 150 A, B, C,
D, E, F and G, such connections are present in the illus-
trated example. Information regarding the status of the
sensors is conveyed from the individual sensor modules
150 A, B, C, D, E, F and G to the energy transfer unit 450
through connections, such as wire connections (not illus-
trated in Figure 9, but see Figure 4). The energy transfer
unit 450 then causes a signal 910 to be sent from the
antenna 420 to a remote device 920. In some examples,
the energy transfer unit 450 can be a passive RFID de-
vice, wherein a signal 900 originating from the remote
device 920 provides the energy to transmit the corre-
sponding signal 910 from the implant 140.
[0061] In some examples, the energy transfer unit 450
can operate as a transmission unit. A "transmission unit,"
as used herein, is a unit that functions to transmit a signal
out of the implant region to a region distant from the in-
dividual carrying the implant. A energy transfer unit 450
can be configured to transmit a signal in response to an
interrogation signal. For example, an energy transfer unit
450 can be configured to transmit a signal after receiving
an interrogation signal originating from a remote device.
An energy transfer unit 450 can include a transponder
utilizing electromagnetic waves, for example as de-
scribed in "Fundamental Operating Principles," in Chap-
ter 3 of the RFID Handbook: Fundamentals and Applica-
tions in Contactless Smart Cards and Identification,
Klaus Finkenzeller, John Wiley & Sons, (2003). An en-
ergy transfer unit 450 can include an oscillator and en-
coder configured to generate a programmable pulse po-
sition-modulated signal in the radio frequency range.
See, for example, US Patent No. 4,384,288 to Walton,
titled "Portable Radio Frequency Emitting Identifier,". An
energy transfer unit 450 can include a radio frequency
identification device (RFID). An energy transfer unit 450
can be configured to be a transmitter of signals in the
UHF range. An energy transfer unit 450 including an
RFID device can be configured to transmit signals in the
UHF standard range utilized in a global region, as illus-
trated in the "Worldwide RFID UHF Map" by Intelleflex
Corporation (©2009). An energy transfer unit 450 can
include a radio frequency identification device (RFID),
which can be a passive RFID device, or a semi-passive
RFID device, depending on the example. See, for exam-
ple, Chawla and Ha, "An Overview of Passive RFID,"
IEEE Applications and Practice, 11-17 (September

2007). An energy transfer unit 450 can include an optical
transmitter unit. An energy transfer unit 450 can be con-
figured to transmit at approximately 13.56 megahertz
(MHz), or within the ISO 14443 standard parameters.
See Patauner et al., "High Speed RFID/NFC at the Fre-
quency of 13.56 MHz," presented at the First Internation-
al EURASIP Workshop on RFID Technology, pages 1-4,
24-25 September 2007, Vienna Austria. An energy trans-
fer unit 450 can include a hybrid backscatter system con-
figured to function in an RFID, IEEE 802.11x standard
and Bluetooth system. See, for example, US Patent No.
7,215,976 to Brideglall, titled "RFID Device, System and
Method of Operation Including a Hybrid backscatter-
based RFID Protocol Compatible with RFID, Bluetooth
and/or IEEE 802.11x Infrastructure,". An energy transfer
unit 450 can include a near field communication (NFC)
device. An energy transfer unit 450 can include a Wire-
less Identification and Sensing Platform (WISP) device,
manufactured by Intel Corporation, such as described in
the "WISP: Wireless Identification and Sensing Platform"
webpage (downloaded on October 28, 2011). An energy
transfer unit 450 can include an infrared (IR) source (ap-
proximately 0.74 mm to 300 mm in wavelength). An en-
ergy transfer unit 450 can include a light source in the
visible wavelengths (approximately 380 nm to 740 nm in
wavelength).
[0062] A user 930, such as a medical professional, op-
erates the remote device 920. Although user 930 is
shown/described herein as a single illustrated figure, us-
er 930 can be representative of a human user, a robotic
user (e.g., computational entity), and/or substantially any
combination thereof (e.g., a user can be assisted by one
or more robotic agents) unless context dictates other-
wise. In general, the same may be said of "sender" and/or
other entity-oriented terms as such terms are used herein
unless context dictates otherwise.
[0063] The remote device 920 can be integrated into
a multifunctional device, such as a cell phone, medical
scanner, nursing personal digital assistant (PDA), or oth-
er device. In some examples, the remote device 920 is
integrated into a piece of medical equipment, such as a
medical monitor device. In some examples, the remote
device 920 is a stand-alone device. The remote device
920 can include an indicator unit 950, such as a display,
touchscreen, light indicator, auditory indicator, vibration
emitter, or similar units. The remote device 920 can in-
clude a user interface 940 such as a keyboard, one or
more buttons, a touchscreen, or similar units. The remote
device 920 can include a transmitter configured to trans-
mit signals 900 configured to be received by the breast
implant 140. For example, signals 900 transmitted from
the remote device 920 can be configured to be received
by the antenna 420. In some examples, the signal 900
may be a radio-frequency wave, an IR wave, or ultra-
sound.
[0064] Although the remote device 920 is illustrated in
Figure 9 as a distance away from the surface of the breast
100, in some embodiments the remote device 920 may

37 38 



EP 2 861 184 B1

21

5

10

15

20

25

30

35

40

45

50

55

have an operational range that is no more than approx-
imately 5-10 cm in linear distance. Therefore, in some
examples the remote device 920 can be placed in contact
with the surface of the breast 100, or in close proximity
to the breast 100 (i.e. no more than 10 cm away from the
surface), during use. For example, in some examples the
remote device 920 can be configured to transmit light
transdermally to the breast implant 140, and the remote
device 920 may be placed in contact with the skin surface
in a desired location for optimal transdermal transmis-
sion.
[0065] Figure 10 illustrates aspects of a remote device
920. The remote device 920 is configured to receive sig-
nals 910 from a breast implant in situ (not depicted). The
remote device 920 is operated by a user 930, such as a
medical professional. The remote device 920 includes
an indicator unit 950 that is a display. The remote device
920 includes a user interface 940 that is a keyboard. The
remote device 920 includes circuitry 1000 configured for
receiving information from a breast implant. For example,
the remote device 920 can include a receiver. For exam-
ple, the remote device 920 can include an antenna. For
example, the remote device 920 can include a processor.
For example, the remote device 920 can include non-
volatile memory. For example, the remote device 920
can include logic. For example, the remote device 920
can include instructions for operations relating to moni-
toring information from a breast implant. For example,
the remote device 920 can include look-up tables and
other stored information that can be associated with a
stored signal, such as the relative location on a breast
implant for the sensor module associated with each spe-
cific identification code.
[0066] Figure 11 depicts a sensor module 150. In the
illustrated example, a circuitry region 1100 of the sensor
module 150 is printed on to the surface of a breast implant
(as described in Example 1, below). The circuitry region
1100 includes an RFID unit 1110, including an antenna
420 and an identification code 1130 specific for the sen-
sor module 150. The circuitry region 1100 includes an
antenna 420. The sensor module 150 also includes an
array 1120 of sensor units 700. Although sensor units
700 are all depicted similarly, they can include sensors
configured to identify different analytes (see Example 1).
Each sensor unit 700 in the array 1120 is part of a set
1130, 1135, 1140, 1145, 1150, 1155, 1160, 1165, 1170,
1175, 1180, 1185. As shown in Figure 11, each set 1130,
1135, 1140, 1145, 1150, 1155, 1160, 1165, 1170, 1175,
1180, 1185 of sensor units 700 in the array includes 7
sensor units 700. Each of the sets set 1130, 1135, 1140,
1145, 1150, 1155, 1160, 1165, 1170, 1175, 1180, 1185
can include its own cover (not illustrated). Each cover
can be fabricated so as to be disrupted when electrical
current is applied across the cover (see e.g., US Patent
No. 7,577,470, "Long Term Analyte Sensor Array" to
Shah et al.. Each cover can be operably connected to
the RFID unit 1110, for example through a wire connec-
tion (not illustrated).

[0067] In some embodiments, a breast implant in-
cludes: a shell configured to be substantially filled with a
viscous material; at least one energy-harvesting unit con-
figured to receive non-electrical energy from an external
source and convert the received energy into electrical
energy; a plurality of sensor modules attached to the
shell, the sensor modules configured to detect one or
more biological analytes arising from biological tissue; a
connector between the at least one energy-harvesting
unit and the plurality of sensor modules, the connector
configured to transmit electrical energy from the at least
one energy-harvesting unit to the plurality of sensor mod-
ules; and at least one transmission unit attached to the
plurality of sensor modules, the at least one transmission
unit configured to initiate a signal in response to one or
more of the plurality of sensor modules. In some embod-
iments, a breast implant includes a shell configured to
be substantially filled with a viscous material, wherein
the plurality of sensor modules are positioned on the shell
with a distance between the sensor modules. In some
examples, a breast implant includes at least one switch
attached to both the at least one transmission unit and
the plurality of sensor modules, the at least one switch
configured to activate the transmission unit in response
to a signal from one or more of the sensor modules.
[0068] In some examples, a breast implant includes: a
shell configured to be substantially filled with a viscous
material; at least one fluid-permeable cover, the cover
completely enveloping the shell; at least one energy-har-
vesting unit configured to receive non-electrical energy
from an external source and convert the received energy
into electrical energy; a plurality of sensor modules at-
tached to the shell, the sensor modules configured to
detect one or more biological analytes arising from bio-
logical tissue; a connector between the at least one en-
ergy-harvesting unit and the plurality of sensor modules,
the connector configured to transmit electrical energy
from the at least one energy-harvesting unit to the plu-
rality of sensor modules; and at least one transmission
unit attached to the plurality of sensor modules, the at
least one transmission unit configured to initiate a signal
in response to one or more of the plurality of sensor mod-
ules. Some embodiments include breast implants where-
in the plurality of sensor modules are positioned on the
shell with a distance between the sensor modules. Some
examples include at least one switch attached to both
the at least one transmission unit and the plurality of sen-
sor modules, the at least one switch configured to activate
the transmission unit in response to a signal from one or
more of the sensor modules.
[0069] In some examples, a breast implant includes: a
shell configured to be substantially filled with a viscous
material; a plurality of projections extending from an ex-
ternal surface of the shell, the plurality of projections form-
ing a plurality of compartments adjacent to the external
surface of the shell; a plurality of sensor modules at-
tached to the shell, each of the sensor modules config-
ured to detect one or more biological analytes arising
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from biological tissue, the fluid within one of the plurality
of compartments; at least one antenna; an energy har-
vesting unit attached to the at least one antenna; and at
least one connection between the energy harvesting unit
and each of the plurality of sensor modules. In some em-
bodiments, the breast implant includes a plurality of sen-
sor modules attached to the shell, wherein the plurality
of sensor modules are positioned on the shell with a dis-
tance between the sensor modules. In some examples,
the breast implant includes at least one switch attached
to both the at least one transmission unit and the plurality
of sensor modules, the at least one switch configured to
activate the transmission unit in response to a signal from
one or more of the sensor modules.
[0070] A method of monitoring information from a
breast implant, such as those described herein, includes:
receiving first information from a first sensor module at-
tached to a shell of a breast implant within an individual,
wherein the first information includes a first unique sensor
module identifier and sensor data from the first sensor
module; receiving second information from a second sen-
sor module attached to the shell of the breast implant
within the individual, wherein the second information in-
cludes a second unique sensor module identifier and
sensor data from the second sensor module; forming an
initial record from the first information and the second
information; calculating deviation limits regarding the in-
itial record; setting deviation parameters based on the
deviation limits and a predetermined set of standards;
saving the initial record and the deviation parameters in
memory in a computing device; receiving third informa-
tion from the first sensor module attached to the shell of
the breast implant within the individual, wherein the third
information includes the first unique sensor module iden-
tifier and sensor data from the first sensor module; re-
ceiving fourth information from the second sensor mod-
ule attached to the shell of the breast implant within the
individual, wherein the fourth information includes the
second unique sensor module identifier and sensor data
from the second sensor module; updating the initial
record with the third information and the fourth informa-
tion; saving the updated record in memory in the com-
puting device; comparing the updated record to the initial
record and to the deviation parameters; and indicating if
the updated record is within the deviation parameters of
the initial record. Some examples of the method of mon-
itoring information from a breast implant include: receiv-
ing fifth information from the first sensor module attached
to the shell of the breast implant within the individual,
wherein the fifth information includes the first unique sen-
sor module identifier and sensor data from the first sensor
module; receiving sixth information from the second sen-
sor module attached to the shell of the breast implant
within the individual, wherein the sixth information in-
cludes the second unique sensor module identifier and
sensor data from the second sensor module; updating
the initial record with the fifth information and the sixth
information; saving the updated record in memory in the

computing device; comparing the updated record to the
initial record and to the deviation parameters; and indi-
cating if the updated record is within the deviation pa-
rameters of the initial record. This method can be carried
out, for example, by a remote device. In some examples,
the deviation parameters include no information or insuf-
ficient information from at least one sensor module.
[0071] In some examples, a method of monitoring in-
formation from a breast implant includes: sending a sig-
nal from a transmission unit attached to one or more sen-
sor modules attached to a breast implant in vivo, wherein
the signal contains information regarding the detection
of one or more biological analytes by the one or more
sensor modules. The signal can be received, for exam-
ple, by a remote device. Information regarding the re-
ceived signal can be processed, for example, by a remote
device or by a remote computing device. A display in-
cluding at least a portion of the processed information
can be initiated by the remote device. A display including
at least a portion of the processed information can be
initiated by the remote device. The signal can be saved
in memory in a remote device or in a remote device. Proc-
essed information regarding the signal can be saved in
memory in a remote device or in a remote device. In some
examples, a detection result for each of the one or more
sensor modules includes a positive result, a negative re-
sult, or a null result. For example, a positive result can
indicate the detection of an analyte by a specific sensor
module. For example, a negative result can indicate no
detection of an analyte by a specific sensor module. For
example, a null result can indicate no information, or in-
sufficient information, regarding detection of an analyte
by a specific sensor module.
[0072] In some examples, a method of monitoring in-
formation from a breast implant includes: sending, from
a remote device, a query signal to at least one transmis-
sion unit attached to a breast implant in vivo, the at least
one transmission unit attached to one or more sensor
modules configured to detect biological analytes in fluid
from biological tissue; receiving, from a remote device,
a response signal from the at least one transmission unit
attached to the breast implant, the response signal in-
cluding information from the one or more sensor mod-
ules; processing, in a computing device, the response
signal to identify information from the one or more sensor
modules; and identifying, for each of the one or more
sensor modules, a detection result and a unique identi-
fier. In some examples, the detection result for each of
the one or more sensor modules includes a positive re-
sult, a negative result, or a null result. For example, a
positive result can indicate the detection of an analyte by
a specific sensor module. For example, a negative result
can indicate no detection of an analyte by a specific sen-
sor module. For example, a null result can indicate no
information, or insufficient information, regarding detec-
tion of an analyte by a specific sensor module. Some
examples include initiating a display of the detection re-
sult and the unique identifier for at least one of the sensor
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modules. For example, initiating a display can include
initiating a display on a computer screen or touchpad.
For example, initiating a display can include initiating a
printout. Some examples include initiating a graphic dis-
play of the breast implant, the graphic display including
a position for each of the sensor modules and the detec-
tion result for at least one of the sensor modules. For
example, initiating a graphic display of the breast implant
can include initiating a diagram or illustration of the breast
implant on a computer screen, the graphic display includ-
ing representations of the sensor modules, and the de-
tection result for at least one of the sensor modules. For
example, initiating a graphic display of the breast implant
can include initiating a diagram or illustration of the breast
implant created as a computer printout. Some examples
include saving at least one result in a remote device or
a remote computing device. Some examples include sav-
ing, for each of the one or more sensor modules, a de-
tection result in a remote device or a remote computing
device. Some examples include saving the response sig-
nal in a remote device or a remote computing device.
[0073] The state of the art has progressed to the point
where there is little distinction left between hardware,
software, and/or firmware implementations of aspects of
systems; the use of hardware, software, and/or firmware
is generally (but not always, in that in certain contexts
the choice between hardware and software can become
significant) a design choice representing cost vs. efficien-
cy tradeoffs. There are various vehicles by which proc-
esses and/or systems and/or other technologies de-
scribed herein can be effected (e.g., hardware, software,
and/or firmware), and the preferred vehicle will vary with
the context in which the processes and/or systems and/or
other technologies are deployed. For example, if an im-
plementer determines that speed and accuracy are par-
amount, the implementer may opt for a mainly hardware
and/or firmware vehicle; alternatively, if flexibility is par-
amount, the implementer may opt for a mainly software
implementation; or, yet again alternatively, the imple-
menter may opt for some combination of hardware, soft-
ware, and/or firmware. Hence, there are several possible
vehicles by which the processes and/or devices and/or
other technologies described herein may be effected,
none of which is inherently superior to the other in that
any vehicle to be utilized is a choice dependent upon the
context in which the vehicle will be deployed and the spe-
cific concerns (e.g., speed, flexibility, or predictability) of
the implementer, any of which may vary. Optical aspects
of implementations will typically employ optically-orient-
ed hardware, software, and or firmware.
[0074] In some implementations described herein, log-
ic and similar implementations may include software or
other control structures. Electronic circuitry, for example,
may have one or more paths of electrical current con-
structed and arranged to implement various functions as
described herein. In some implementations, one or more
media may be configured to bear a device-detectable
implementation when such media hold or transmit device

detectable instructions operable to perform as described
herein. In some variants, for example, implementations
may include an update or modification of existing soft-
ware or firmware, or of gate arrays or programmable
hardware, such as by performing a reception of or a trans-
mission of one or more instructions in relation to one or
more operations described herein. Alternatively or addi-
tionally, in some variants, an implementation may include
special-purpose hardware, software, firmware compo-
nents, and/or general-purpose components executing or
otherwise invoking special-purpose components. Spec-
ifications or other implementations may be transmitted
by one or more instances of tangible transmission media
as described herein, optionally by packet transmission
or otherwise by passing through distributed media at var-
ious times.
[0075] Alternatively or additionally, implementations
may include executing a special-purpose instruction se-
quence or invoking circuitry for enabling, triggering, co-
ordinating, requesting, or otherwise causing one or more
occurrences of virtually any functional operations de-
scribed herein. In some variants, operational or other log-
ical descriptions herein may be expressed as source
code and compiled or otherwise invoked as an executa-
ble instruction sequence. In some contexts, for example,
implementations may be provided, in whole or in part, by
source code, such as C++, or other code sequences. In
other implementations, source or other code implemen-
tation, using commercially available and/or techniques
in the art, may be compiled, implemented, translated,
and/or converted into a high-level descriptor language
(e.g., initially implementing described technologies in C
or C++ programming language and thereafter converting
the programming language implementation into a logic-
synthesizable language implementation, a hardware de-
scription language implementation, a hardware design
simulation implementation, and/or other such similar
mode(s) of expression). For example, some or all of a
logical expression (e.g., computer programming lan-
guage implementation) may be manifested as a Verilog-
type hardware description (e.g., via Hardware Descrip-
tion Language (HDL) and/or Very High Speed Integrated
Circuit Hardware Descriptor Language (VHDL)) or other
circuitry model which may then be used to create a phys-
ical implementation having hardware (e.g., an Applica-
tion Specific Integrated Circuit). Those skilled in the art
will recognize how to obtain, configure, and optimize suit-
able transmission or computational elements, material
supplies, actuators, or other structures in light of these
teachings.
[0076] The foregoing detailed description has set forth
various examples of the devices and/or processes via
the use of block diagrams, flowcharts, and/or examples.
Insofar as such block diagrams, flowcharts, and/or ex-
amples contain one or more functions and/or operations,
each function and/or operation within such block dia-
grams, flowcharts, or examples can be implemented, in-
dividually and/or collectively, by a wide range of hard-
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ware, software, firmware, or virtually any combination
thereof. In one example, several portions of the subject
matter described herein may be implemented via Appli-
cation Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs), digital signal proces-
sors (DSPs), or other integrated formats. However, some
aspects of the examples disclosed herein, in whole or in
part, can be equivalently implemented in integrated cir-
cuits, as one or more computer programs running on one
or more computers (e.g., as one or more programs run-
ning on one or more computer systems), as one or more
programs running on one or more processors (e.g., as
one or more programs running on one or more micro-
processors), as firmware, or as virtually any combination
thereof, and that designing the circuitry and/or writing the
code for the software and or firmware would be well within
the skill of one of skill in the art in light of this disclosure.
In addition, the mechanisms of the subject matter de-
scribed herein are capable of being distributed as a pro-
gram product in a variety of forms, and that an illustrative
example of the subject matter described herein applies
regardless of the particular type of signal bearing medium
used to actually carry out the distribution. Examples of a
signal bearing medium include, but are not limited to, the
following: a recordable type medium such as a floppy
disk, a hard disk drive, a Compact Disc (CD), a Digital
Video Disk (DVD), a digital tape, a computer memory,
etc.; and a transmission type medium such as a digital
and/or an analog communication medium (e.g., a fiber
optic cable, a waveguide, a wired communications link,
a wireless communication link (e.g., transmitter, receiver,
transmission logic, reception logic, etc.), etc.).
[0077] In a general sense, those skilled in the art will
recognize that the various aspects described herein
which can be implemented, individually and/or collective-
ly, by a wide range of hardware, software, firmware,
and/or any combination thereof can be viewed as being
composed of various types of "electrical circuitry." Con-
sequently, as used herein, "electrical circuitry" includes,
but is not limited to, electrical circuitry having at least one
discrete electrical circuit, electrical circuitry having at
least one integrated circuit, electrical circuitry having at
least one application specific integrated circuit, electrical
circuitry forming a general purpose computing device
configured by a computer program (e.g., a general pur-
pose computer configured by a computer program which
at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a
computer program which at least partially carries out
processes and/or devices described herein), electrical
circuitry forming a memory device (e.g., forms of memory
(e.g., random access, flash, read only, etc.)), and/or elec-
trical circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.). The subject matter described herein may be
implemented in an analog or digital fashion or some com-
bination thereof.
[0078] At least a portion of the devices and/or process-

es described herein can be integrated into an image
processing system. A typical image processing system
generally includes one or more of a system unit housing,
a video display device, memory such as volatile or non-
volatile memory, processors such as microprocessors or
digital signal processors, computational entities such as
operating systems, drivers, applications programs, one
or more interaction devices (e.g., a touch pad, a touch
screen, an antenna, etc.), control systems including feed-
back loops and control motors (e.g., feedback for sensing
lens position and/or velocity; control motors for mov-
ing/distorting lenses to give desired focuses). An image
processing system may be implemented utilizing suitable
commercially available components, such as those typ-
ically found in digital still systems and/or digital motion
systems.
[0079] At least a portion of the devices and/or process-
es described herein can be integrated into a data
processing system. A data processing system generally
includes one or more of a system unit housing, a video
display device, memory such as volatile or non-volatile
memory, processors such as microprocessors or digital
signal processors, computational entities such as oper-
ating systems, drivers, graphical user interfaces, and ap-
plications programs, one or more interaction devices
(e.g., a touch pad, a touch screen, an antenna, etc.),
and/or control systems including feedback loops and
control motors (e.g., feedback for sensing position and/or
velocity; control motors for moving and/or adjusting com-
ponents and/or quantities). A data processing system
may be implemented utilizing suitable commercially
available components, such as those typically found in
data computing/communication and/or network comput-
ing/communication systems.
[0080] The herein described components (e.g., oper-
ations), devices, objects, and the discussion accompa-
nying them are used as examples for the sake of con-
ceptual clarity and that various configuration modifica-
tions are contemplated. Consequently, as used herein,
the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more
general classes. In general, use of any specific exemplar
is intended to be representative of its class, and the non-
inclusion of specific components (e.g., operations), de-
vices, and objects should not be taken limiting.
[0081] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be un-
derstood that such depicted architectures are merely ex-
emplary, and that in fact many other architectures may
be implemented which achieve the same functionality.
In a conceptual sense, any arrangement of components
to achieve the same functionality is effectively "associ-
ated" such that the desired functionality is achieved.
Hence, any two components herein combined to achieve
a particular functionality can be seen as "associated with"
each other such that the desired functionality is achieved,
irrespective of architectures or intermedial components.
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Likewise, any two components so associated can also
be viewed as being "operably connected", or "operably
coupled," to each other to achieve the desired function-
ality, and any two components capable of being so as-
sociated can also be viewed as being "operably coupla-
ble," to each other to achieve the desired functionality.
Specific examples of operably couplable include but are
not limited to physically mateable and/or physically inter-
acting components, and/or wirelessly interactable,
and/or wirelessly interacting components, and/or logical-
ly interacting, and/or logically interactable components.
[0082] In some instances, one or more components
may be referred to herein as "configured to," "configured
by," "configurable to," "operable/operative to," "adapt-
ed/adaptable," "able to," "conformable/conformed to,"
etc. Such terms (e.g. "configured to") can generally en-
compass active-state components and/or inactive-state
components and/or standby-state components, unless
context requires otherwise.

Example 1. A Breast Implant System Constructed with 
Ink-Jet Printing and Including Multiple Sensor Modules

[0083] A patient has a total reconstruction of the breast
employing a breast implant system. The breast implant
system includes a gel-filled breast implant prostheses
containing multiple long-lived sensor modules to monitor
the tissues surrounding the implant for any new or recur-
rent breast cancers that may arise. The long-lived sensor
modules detect analytes that are breast cancer markers
and include a power source, a transmitter, and an iden-
tification code for each sensor module. The implant sys-
tem also includes an external, remote device with a re-
ceiver operable to receive transmissions from the sensor
modules and to alert the patient and medical personnel
if breast cancer markers are detected.
[0084] The breast implant prosthesis is a gel-filled
hemispherical or crescent-shaped implant with a shell.
The implant includes, on the surface of the shell, sensor
modules able to detect analytes that are breast cancer
markers. The flexible gel-filled implant is fabricated by
forming an exterior shell from a silicon elastomer using
a mold. The exterior shell is configured to be filled with
a viscous material, such as a gel. Methods and compo-
sitions to make elastomeric breast prostheses that can
be filled with gel are described (see e.g., US Patent No.
8,043,373 "All-Barrier Elastomeric Gel-Filled Breast
Prosthesis," to Schuessler and Powell). For example, the
exterior or outer shell may be formed from polydimethyl-
siloxane containing approximately 15 mole percent
diphenylsiloxane (polysiloxanes are available from NuSil
Technology, Carpenteria, CA). A two-piece rotational
mold with a liner may be used to cast the outer shell. A
hemispherical seamless, breast implant shell with a wall
thickness of approximately 0.456 mm and a base diam-
eter of approximately 12 cm may be manufactured with
a rotational mold (see e.g., U.S. Patent No. 8,043,373,
Ibid.). The shell can be filled at a later time with silicone

gel (see e.g., U.S. Patent No. 8,043,373, Ibid.). Multiple
sensor modules able to detect analytes that are breast
cancer markers are fabricated on the surface of the im-
plant shell to monitor the tissue exudates and interstitial
fluids surrounding the implant.
[0085] Sensor modules are printed on the surface of
the breast implant shell to detect multiple analytes and,
therefore, different biomarkers associated with breast
cancer. Long-lived sensor modules which signal elec-
tronically when they encounter analytes are deposited
on the implant shell surface by an ink-jet printing process.
Methods and materials to fabricate long-lived analyte
sensor modules are described (see e.g., US Patent No.
7,577,470, "Long Term Analyte Sensor Array" to Shah
et al., and US Patent Application No. 2010/0276302,
"Chemiresistor for Use in Conducting Electrolyte Solu-
tion," to Raguse and Chow. For example chemiresistor
sensor units may be printed on the polysiloxane shell
using an aerosol-jet printer (see e.g., U.S. Patent No.
7,485,345, "Apparatuses and Methods for Maskless
Mesoscale Material Deposition," to Renn et al.. Initially,
gold aerosols are printed to form parallel band electrodes
that are approximately 3 mm long and 5 mm wide sepa-
rated by a gap of approximately 5 mm. Chemiresistor
sensor units are printed using dimethylamino pyridine
(DMAP) coated gold nanoparticles (see e.g., U.S. Patent
Appl. 2010/0276302, Ibid.) to create a circular nanopar-
ticle film approximately 300 mm in diameter which coats
a portion of both bands of the gold band electrodes. Next
a ligand containing a thiol group is added to the DMAP-
gold particles to bind analyte. For example, the DMAP-
gold nanoparticles are exposed to hexanethiol gas to
yield a functional chemiresistor.
[0086] Additional electronic components of the sensor
module can include: a potentiostat; a battery; a RFID tag;
and integrated circuitry. All are printed onto the polysi-
loxane shell. Methods and materials to print metal traces,
inductive coils, interdigitated capacitors, resistor termi-
nations and antennas are described (see e.g., U.S. Pat-
ent No. 7,485,345, Ibid.). Additionally a battery is printed
onto the shell attached to each sensor module using
known methods and materials (see e.g., U.S. Patent No.
7,129,166, "Method of Forming an Electronic Device," to
Speakman. For example, a battery can be printed onto
the polysiloxane shell by layering Li-Al to form the neg-
ative electrode, polyimide to form a containment well,
LiBF4 as an electrolyte separator, and lastly a metallic
positive electrode. The layered battery can be coated
with acrylate to form a barrier layer over the battery.
[0087] A RFID unit that includes antennas and circuitry
to receive and transmit radio frequency signals that iden-
tify each sensor module on the breast implant is fabricat-
ed on the implant shell. The RFID unit can be constructed
by printing conductive ink (e.g., polymer with flecks of
silver) to create circuitry. Conductive ink is used to print
RFID antennas and to connect electronic components
on the device. For example, an integrated circuit defining
the RFID circuitry for the device is printed on the substrate

47 48 



EP 2 861 184 B1

26

5

10

15

20

25

30

35

40

45

50

55

with conductive epoxy in connection with the conductive
ink. The antenna can be a dipole antenna with a capacitor
built in to store some of the electrical energy harvested
from incident radio waves. The device can have a trans-
mit circuit and a receive circuit to control radio wave com-
munications through the antenna, a power harvester cir-
cuit to provide power to the device and a control circuit.
Encapsulating epoxy material is used to cover the inte-
grated circuit, the conductive ink and conductive epoxy.
Methods and materials to construct RFID tags connected
to sensors are described (see e.g.: U.S. Patent No.
7,479,886, "Antenna Capacitance for Energy Storage,"
to Burr; and U.S. Patent No. 7,411,505, "Switch Status
and RFID Tag," to Smith et al.. The RFID device with an
antenna for transmitting signals to a RFID reader can be
constructed with circuitry able to send an identification
signal that includes location information, and to transmit
an alert when an analyte that is a breast marker is de-
tected (see e.g., Sample et al., "Design of an RFID-Based
Battery-Free Programmable Sensing Platform," IEEE
Trans. Instr. Meas. 57: 2608-2615, (2008).
[0088] Sensor modules are printed over the surface of
the implant shell to detect analytes that are breast cancer
markers arising in breast tissue near exterior surfaces of
the implant. For example, a hemispherical breast implant
shell with a base diameter of approximately 12 cm will
have a total surface area of approximately 300 cm2,
which can have approximately 50 to 100 sensor modules
printed with approximately 3 cm to 6 cm between the
midpoints of each sensor module and uniformly distrib-
uted over the surface of the implant. The chemiresistor
sensor units are fabricated to detect different analytes,
and, therefore, multiple breast cancer markers. Different
thiol ligands and thiol ligand mixtures are used to func-
tionalize the nanoparticle films to create distinct chemire-
sistor sensor units responsive to different breast cancer
markers. For example, chemiresistor sensor units con-
taining DMAP-gold nanoparticle films are functionalized
by exposure to different ligands (e.g., 1-hexanethiol and
4-mercaptophenol) and to mixtures of these ligands that
modulate the sensor unit response to different analytes
(see e.g., chemiresistor sensors responsive to the ana-
lytes, toluene and ethanol, in U.S. Patent Appl.
2010/0276302 Ibid.). Multiple chemiresistor sensor units
functionalized with different thiol ligands and ligand mix-
tures may be screened with breast cancer markers to
identify sensor units responsive to the breast cancer
markers. Thiol-functionalized binding aptamers can be
obtained from commercial sources such as Integrated
DNA Technology, Inc. (Coralville, IA). For example, a
panel of 7 different metabolites associated with breast
cancer may be screened to identify responsive chemire-
sistor sensor units. Increased levels of the metabolites
formate, histidine, proline, choline, glutamic acid, N-
acetyl-glycine, and 3-hydroxy-2-methyl-butanoic acid
are correlated with the recurrence of breast cancer (see
e.g., Asiago et al., "Early Detection of Recurrent Breast
Cancer Using Metabolite Profiling," Cancer Research 70:

8309-8318, 2010).
[0089] Sensor modules can contain replicate sets of
different chemiresistor sensor units which respond to dif-
ferent breast cancer markers (see Figure 11). Moreover,
the replicate sensor units can be protected with covers
that can be removed as needed to monitor breast cancer
markers over several years. For example, sensor mod-
ules containing multiple sets of sensor units for 7 breast
cancer markers (see Figure 11) may be covered with an
analyte sensor membrane (e.g., a thin gold foil) that pro-
tects the sensors from exposure to interstitial fluid and
cells. When a set of sensor units becomes nonfunctional,
i.e., no longer signals, it may be deactivated and a new
set of sensor units may be activated by disrupting the
protective membrane and engaging the circuitry to the
new set of sensor units. The protective membrane is dis-
rupted by the application of an electric current or potential
which disrupts the gold foil and exposes the set of sensor
units to the surrounding interstitial fluid and tissues (see
e.g., U.S. Patent No. 7,577,470 Ibid.). Replicate sets of
sensor units, each containing 7 different chemiresistor
sensor units configured to detect analytes that are breast
cancer markers, can be sequentially exposed to monitor
the regions surrounding the breast cancer implant over
a period of approximately 5 years.
[0090] The breast implant with multiple sensor mod-
ules printed onto its surface is filled with an elastic silicone
gel and treated with a coating to reduce encapsulation
of the implant and to promote vascularization of the sur-
rounding tissue. Following molding and printing of the
breast implant shell with multiple sensor arrays on the
shell surface, a silicone gel is injected into the implant
through an orifice at the base of the implant. Methods
and materials to inject the silicone gel and to seal the
orifice with siloxane elastomer are described (see e.g.,
U.S. Patent No. 8,043,373 Ibid.).
[0091] Finally, to prevent fibrous capsule formation
and to promote vascularization around the breast im-
plant, a semiporous membrane is used to coat the im-
plant. For example, a membrane of Gore® Teflon (avail-
able from W. L. Gore & Associates, Inc., Newark, DE)
with a pore size of approximately 3 mm is used to coat
the breast implant and to promote a vascularized inter-
face with the implant and to prevent capsule formation
(see e.g., US Patent No. 5,800,529 to Brauker et al.,
"Close Vascularization Implant Material".
[0092] The breast implant system including the breast
implant prosthesis with multiple, distributed sensor mod-
ules and an external, remote device including a receiver
is used to reconstruct the patient’s breast and to monitor
tissue exudates and interstitial fluids for breast cancer
markers. The remote device can be a cell phone which
is configured to send signals to control the sensor units
(e.g., activating specific sensor units distributed over the
surface of the breast implant shell) and receive signals
initiated by the sensor modules when changes in breast
cancer analytes are detected. The cell phone may alert
the patient and or the patient’s physician when breast
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cancer analytes are detected or sensor units become
dysfunctional or the system is otherwise in need of at-
tention.

Example 2. A Breast Implant System for Breast Augmen-
tation Including Sensor Modules with Attached RFID 
Units for Transmission of Sensor Module Information

[0093]

1. A patient undergoes breast augmentation surgery
employing a breast implant system that includes
breast implant prostheses with sensor modules able
to monitor for cancer biomarkers in tissue exudates
and interstitial fluids surrounding the breast implants.
The breast implant system detects shed or secreted
breast cancer analytes with a network of sensor
modules (see Figure 2) distributed on the surface of
the implant. The sensor modules signal wirelessly
to an external, remote device when interrogated by
the device, and the remote device alerts the patient
and the patient’s medical team when analytes that
are breast cancer biomarkers are detected.
2. The breast implant prosthesis shell structure is
fabricated as described in Example 1. Sensor mod-
ules configured to detect breast cancer analytes of
interest are fabricated containing electrochemical
sensors with aptamer-based recognition elements.
Methods to select and produce aptamers (i.e., oligo-
nucleotides with high affinity binding to molecular tar-
gets such as breast cancer antigens) are known (see
e.g., U.S. Patent No. 5,475,096, "Nucleic Acid Lig-
ands," to Gold. The construction of electrochemical
sensors using micro fabrication methods and em-
ploying aptamers to recognize specific biomolecules
has been described. See e.g.: U.S. Patent No.
8,145,434, "Method and Apparatus for Forming a
Homeostatic Loop Employing an Aptamer Biosen-
sor," to Shachar et al.; Lee et al., "Aptamers as Mo-
lecular Recognition Elements for Electrical Nanobi-
osensors," Anal. Bioanal. Chem. 390: 1023-1032,
(2008); and U.S. Patent No. 8,138,005 "Method for
Fabricating Novel High-Performance Field-Effect
Transistor Biosensor Based on Conductive Polymer
Nanomaterials Functionalized with Anti-VEGF
Adapter," to Jang et al.. For example, aptamers can
be selected which bind with high affinity and specif-
icity to breast cancer biomarker proteins, such as
those produced by HER2 expressing ("HER-2+")
cells (see, e.g.: Thiel et al., "Delivery of Chemo-Sen-
sitizing siRNAs to HER2+-Breast Cancer Cells Using
RNA Aptamers," Nucleic Acids Research,
doi:10.1093/nar/gks294, 1-19 (2012) and the Sup-
plementary Methods appendix thereof, including the
aptamer sequences in Supplementary Table 1; and
International Patent Application No.
WO2011/142970, "HER2 Nucleic Acid Aptamers,"
to Gingrande et al.. For example, aptamers can be

selected which bind with high affinity and specificity
to breast cancer biomarker proteins, such as those
produced by HER3 expressing cells. For example,
aptamers configured to specifically bind to HER3
proteins expressed from breast cancer cells have
been described (see, e.g.: Chen et al., "Inhibition of
Heregulin Signaling by an Aptamer that Preferential-
ly Binds to the Oligomeric Form of Human Epidermal
Growth Factor Receptor-3," PNAS 100(16),
9226-9231 (2003)).
Each sensor unit (see Figure 7) can be fabricated to
include multiple electrodes with different aptamers
bound. For example, aptamers that specifically rec-
ognize HER2 proteins, HER3 proteins and VEGF
(see: Thiel et al., ibid; International Patent Applica-
tion No. WO2011/142970, ibid. Chen et al., ibid; and
US Patent No. 8,138,005 to Jang et al., ibid can be
immobilized on different electrodes in the same sen-
sor unit. The sensor modules can contain multiple
electrodes coated with capture reagents, i.e., aptam-
ers, to form capacitive plates. Aptamers can be at-
tached to the electrodes using a chemical linker,
(e.g., succinic anhydride) which first bonds to the
electrodes using amino-sialanization and then cov-
alently couples with the aptamers during fabrication.
The sensor modules include electronic components
which form a capacitance detector circuit. The ca-
pacitance detector circuit can include: an amplifier
buffer, a current to voltage amplifier, resistors, and
integration circuits. Binding of biomolecules, e.g.,
proteins, to the immobilized aptamers changes the
impedance at the electrode-solution interface, and
changes in impedance can be correlated with the
amount of protein analyte bound to the immobilized
aptamers (see e.g., U.S. Patent No. 8,145,434,
Ibid.).
4. The sensor modules (see Figure 7) configured to
detect breast cancer analytes are machined on sili-
con chips and each include transmission units with
RFID units and related circuitry. Fabrication of RFID
devices with integrated sensors as microchips ap-
proximately 2 cm x 2 cm has been described (see
e.g., Sample et al., "Design of an RFID-Based Bat-
tery-Free Programmable Sensing Platform," IEEE
Trans. Instr. Meas. 57: 2608-2615, (2008). For ex-
ample, sensors requiring less than approximately
500 mA of surface space can be integrated and em-
powered with an RFID device. Each RFID unit is con-
figured to provide wireless communication with a re-
mote device including an external RFID reader. Each
RFID unit is configured to harvest power from a sig-
nal transmitted from the remote device to empower
the sensor modules (i.e., a "passive RFID"). Each
RFID unit is configured to transmit a signal identifying
the specific RFID unit, and by extension, the at-
tached sensor module. Each RFID unit includes at
least one antenna and associated circuitry to receive
and transmit radio frequency signals. Methods and
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materials to construct RFID units with antennas,
transmitters, and power harvesters are described
(see e.g: U.S. Patent No. 7,479,886, "Antenna Ca-
pacitance for Energy Storage," to Burr; and U.S. Pat-
ent No. 7,411,505, "Switch Status and RFID Tag,"
to Smith et al.. The antenna can be a dipole antenna
with a capacitor built in to store some of the electrical
energy harvested from incident radio waves. The de-
vice can include a transmit circuit and a receive cir-
cuit to control radio wave communications through
the antenna, a power harvester circuit to provide
power to the device and a control circuit. The RFID
unit can be constructed with circuitry to send an iden-
tification signal for that unit, and to transmit an alert
when the sensor module detects the analyte.
5. The sensor modules with aptamer-based sensors
and RFID devices are attached to the shell of the
breast implant in a uniformly distributed network. The
sensor units can be attached, for example, using an
adhesive. For example, a hemispherical breast im-
plant shell with a diameter of approximately 12 cm
will have a total surface area of approximately 300
cm2 and can include approximately 50 to 100 sensor
units attached approximately 3 to 6 cm apart and
uniformly distributed over the surface of the implant.
6. Sensor modules contain multiple, replicate aptam-
er-based sensor units able to detect a set of breast
cancer markers. For example, each sensor module
can include 56 replicate sensor units with each sen-
sor unit detecting 3 different cancer analytes. See
Figure 11. Sensor modules containing multiple sen-
sor units have been described (see e.g., U.S. Patent
No. 7,577,470, Ibid). The 56 sensor units present on
each sensor module can be protected with covers
that can be individually removed as needed to mon-
itor breast cancer antigens over several years. For
example, the individual sensor units can be covered
with analyte sensor membranes (e.g., thin gold foil)
that protect the sensors from interstitial fluid, cells,
and biofouling. When a new sensor unit is needed
on a sensor module, the protective membrane over
one sensor unit is removed by the application of an
electric current which disrupts the gold foil cover and
exposes the new sensor unit to surrounding intersti-
tial fluid and tissues (see e.g., U.S. Patent No.
7,577,470 Ibid.). Replicate sensor units for breast
cancer markers can be sequentially exposed in order
to monitor the regions surrounding the breast cancer
implant over a period of approximately 5 years. If a
sensor becomes nonfunctional, i.e., no longer sig-
nals, a signal can be received from a remote device
that initiates deactivation of the nonfunctional sensor
unit and disruption of the protective membrane to
expose a new sensor unit as well as engaging cir-
cuitry to activate the new sensor unit.
7. As described above in Figure 1, the breast implant
shell is filled with an elastic silicone gel and treated
with a coating to reduce encapsulation of the implant

and to promote vascularization of the surrounding
tissue. Following molding of the breast implant shell
and attachment of multiple sensor modules on the
shell surface with an appropriate adhesive, a silicone
gel is injected into the implant through an orifice at
the base of the implant. Methods and materials to
inject the silicone gel and to seal the orifice with si-
loxane elastomer are described (see e.g., U.S. Pat-
ent No. 8,043,373 Ibid.).
8. The breast implant system including the breast
implant prostheses with multiple sensor modules is
used to aesthetically augment the individual’s
breasts and also used in combination with a remote
device including an external RFID reader to function-
ally monitor tissue exudates and interstitial fluids for
breast cancer analytes. The remote device that in-
cludes an external RFID reader can be part of a cell
phone. The remote device that includes an external
RFID reader can send signals to control the sensor
modules (e.g., activating specific sensor units dis-
tributed over the surface of the breast implant shell)
and receive signals from the sensor modules when
changes in breast cancer markers are detected. The
cell phone can alert the patient and the patient’s phy-
sician when analytes that are breast cancer markers
are detected or when sensor modules become dys-
functional or need attention.

Example 3. A Breast Implant System with Directed Flow 
Configured for Breast Reconstruction and Monitoring of 
Interstitial Fluids for Analytes that are Breast Cancer Bi-
omarkers

[0094]

9. A patient with breast cancer undergoes a total
mastectomy of the affected breast, and after suitable
medical treatment the breast is reconstructed with a
breast implant system. The breast implant system
includes a gel-filled breast implant prostheses in-
cluding multiple long-lived sensor modules config-
ured to monitor the tissues surrounding the implant
for any new or recurrent breast cancers that may
arise. The breast implant includes an enveloping
membrane including microchannels configured to di-
rect interstitial fluids surrounding the implant to po-
sitions adjacent to sensor modules on the implant
shell. The long lived sensor modules are configured
to detect analytes that are breast cancer markers.
The long lived sensor modules each include a power
source, a transmitter, an identification code and a
unique identifier. The implant system also includes
a remote device with an external receiver configured
to receive transmissions from the sensor modules
and to alert the patient and medical personnel if
breast cancer markers are detected.
10. The breast implant prosthesis shell with attached
sensor modules is fabricated as described in Exam-
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ple 1. Multiple analyte sensor modules are printed
on the surface of the breast implant shell and con-
figured to detect analytes associated with breast
cancer.
11. Additional electronic components of the sensor
module can include: a potentiostat; a battery; a RFID
unit; and integrated circuitry. All components are
printed onto the polysiloxane shell of the breast im-
plant. Methods and materials to print metal traces,
inductive coils, interdigitated capacitors, resistor ter-
minations and antennas are described (see e.g.,
U.S. Patent No. 7,485, 345 Ibid.). Additionally, at
least one battery is printed onto the shell and at-
tached to each sensor module using known methods
and materials (see e.g., U.S. Patent No. 7,129,166,
"Method of Forming an Electronic Device," to Speak-
man. See also Example 1.
12. Following molding and printing of the breast im-
plant shell with multiple sensor modules on the shell
surface, a silicone gel is injected into the implant
through an orifice at the base of the implant. Methods
and materials to inject the silicone gel and to seal
the orifice with siloxane elastomer are described
(see e.g., U.S. Patent No. 8,043,373 Ibid.).
13. A fluid transport film is fabricated to correspond
to the external surface of the breast implant and con-
figured to transport interstitial fluid from the periphery
of the implant to the sensor modules on the implant
shell. Fluid transport films constructed from polyole-
fins by molding microchannels into a polymer film
are described. See, for example, US Patent No.
6,420,622 "Medical Article Having Fluid Control
Film," to Johnston et al. For example, a polymer film
of polypropylene is cast with replicated parallel mi-
crochannels that are rectilinear and have a width less
than 1500 mm and a depth of approximately
100-1000 mm. Interstitial fluids are wicked through
microchannels of the fluid transport film, collected in
a manifold and directed via a connector to proximal
sensor modules. Fluid transport films with micro-
channels, a manifold, a connector and a vacuum
source are described (see e.g., U.S. Patent No.
6,420,622, Ibid.). A fluid transport film is fabricated
with microchannels to collect interstitial fluid from all
surfaces of the implant shell and to deliver the fluids
to sensor modules proximal to the collection sites.
The fluid transport film is substantially the same
shape as the implant, configured to correspond to
the outer surface of the shell with a gap between the
film and the outer surface of the shell. The fluid trans-
port film is positioned around the outer surface of the
shell. At least one tether may be fabricated to con-
nect the film and the outer surface of the shell, the
tether(s) adhered to both the film and the outer sur-
face of the shell with a suitable adhesive.

Example 4. A Breast Implant System for Breast Augmen-
tation Configured to Permit Magnetic Resonance Imag-
ing

[0095] A patient undergoes breast augmentation sur-
gery employing a breast implant system that includes
breast implant prostheses with sensor modules config-
ured to monitor for cancer biomarkers in tissue exudates
and interstitial fluids surrounding the breast implants. The
breast implant system detects shed or secreted breast
cancer analytes with a network of sensor modules (see,
e.g. Figure 2) distributed on the surface of the implant.
The sensor modules are configured to signal wirelessly
to an external receiver when interrogated by an external
device including a reader. The external device including
the receiver can send alerts to the patient and to the
patient’s physician when breast cancer analytes are de-
tected.
[0096] The breast implant prosthesis is a gel-filled
hemispherical or crescent-shaped implant including a
shell. The implant includes sensor modules attached to
the surface of the shell. The sensor modules are config-
ured to detect analytes that are breast cancer markers.
See Examples 1-3.
[0097] Sensor modules are fabricated containing anti-
body-based electrochemical sensor units, with remova-
ble covers, as described (see, e.g. US Patent No.
7,577,470, "Long Term Analyte Sensor Array," to Shah
et al.. Antibodies directed to specific recognition of breast
cancer analytes are commercially available. For exam-
ple, multiple antibodies directed to the breast cancer an-
alyte HER-2 (also known as ErbB2) are available from
R&D Systems, Minneapolis MN. For example, multiple
antibodies directed to the breast cancer analyte matrix
metalloproteinase-2, or "MMP-2," are available from No-
vus Biologicals, Littleton, CO. For example, antibodies
directed to the breast cancer analyte CA 15-3 are avail-
able from Lee Biosolutions, St. Louis, MO. Each sensor
module includes: at least one sensor unit configured to
detect HER-2 with a HER-2 specific antibody; at least
one sensor unit configured to detect MMP-2 with a MMP-
2 specific antibody; and at least one sensor unit config-
ured to detect CA 15-3 with a CA 15-3 specific antibody.
Each sensor module is attached to a transmission unit
configured to receive signals from the sensor units when
analytes are detected, and to send a signal to a remote
device external to the body including the implant (see,
e.g. US Patent No. 7,577,470, ibid). The sensor modules
configured to detect breast cancer antigens are ma-
chined on silicon chips, and constructed with non-ferro-
magnetic materials (i.e., paramagnetic or diamagnetic)
and/or metal alloys that are minimally affected by an ex-
ternal magnetic field in order to be compatible with mag-
netic resonance imaging (MRI).
[0098] A transmission unit is fabricated to attach to
each sensor module. Each transmission unit includes at
least one antenna and circuitry to receive and transmit
radio frequency signals. A transmission unit can be con-
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figured to send and receive signals in the radio frequency
spectrum and including a unique identifier, i.e. to be a
"RFID unit." Each transmission unit includes a unique
identifier to identify information from a particular sensor
module on the breast implant. Methods and materials to
construct transmission units with antennas, transmitters,
and power harvesters are described (see e.g: U.S. Patent
No. 7,479,886, "Antenna Capacitance for Energy Stor-
age," to Burr; and U.S. Patent No. 7,411,505, "Switch
Status and RFID Tag," to Smith et al.). Each transmission
unit is fabricated from MRI-compatible materials. Trans-
mission units constructed from non-ferromagnetic mate-
rials which are compatible with MRI studies are described
(see e.g., U.S. Patent Application No. 2011/0077736,
"Breast Implant System Including Bio-Medical Units," to
Rofougaran and U.S. Patent Application No.
2007/0106332, "MRI Compatible Implanted Electronic
Medical Device," to Denker et al.).
[0099] The sensor modules are attached to the shell
of the breast implant in a uniformly distributed network.
For example, a hemispherical breast implant shell with
a diameter of approximately 12 cm will have a total sur-
face area of approximately 300 cm2 and can include ap-
proximately 50 to 100 sensor modules attached with their
midpoints approximately 3 to 6 cm apart and uniformly
distributed over the surface of the implant. The sensor
modules and transmission units are attached using suit-
able adhesive.
[0100] The breast implant shell is filled with an elastic
silicone gel. Following molding of the breast implant shell
and attachment of multiple sensor modules on the shell
surface, a silicone gel is injected into the implant through
an orifice at the base of the implant. Methods and mate-
rials to inject the silicone gel and to seal the orifice with
siloxane elastomer are described (see e.g., U.S. Patent
No. 8,043,373 Ibid.).
[0101] Sensor modules can contain multiple, replicate
antibody-based sensor units which detect a set of breast
cancer markers. For example, each sensor module can
include approximately 70 replicate sensor units with each
sensor unit detecting 3 different cancer antibodies (e.g.,
HER-2, MMP-2 and CA 15-3). See Figure 11. Sensor
modules containing multiple sensor units have been de-
scribed (see e.g., U.S. Patent No. 7,577,470, Ibid.). The
70 sensor units present in each sensor module can be
protected with covers that can be individually removed
as needed to monitor breast cancer antigens over several
years. For example, the individual sensor units can be
covered with membranes (e.g., thin gold foil) that protect
the sensors from interstitial fluid, cells, and biofouling.
When a new sensor unit is needed on a sensor module,
the protective membrane over one sensor unit is re-
moved by the application of an electric current which dis-
rupts the gold foil cover and exposes the new sensor unit
to surrounding interstitial fluid and tissues (see e.g., U.S.
Patent No. 7,577,470, Ibid.). Replicate sensor units con-
figured to detect the same breast cancer analyte can be
sequentially exposed to monitor the regions surrounding

the breast cancer implant over a period of approximately
5 years. If a sensor becomes nonfunctional, i.e., no longer
signals, it can be deactivated by wireless signaling from
a remote device. A new sensor unit can be activated by
disrupting its protective membrane and engaging circuit-
ry to the new sensor unit.
[0102] The breast implant system including the breast
implant prostheses with multiple sensor modules is used
to augment the patient’s breasts. After surgery, an exter-
nal device is used monitor the sensor modules detection
of analytes that are breast cancer markers in tissue fluids.
The external device can be configured to transmit radi-
owaves that signal the sensor modules and provide a
source of power. External devices to communicate with
sensor modules are described (see e.g., U.S. Patent Ap-
pl. No. 2011/0077736, Ibid.). The external device can be
a cell phone configured to receive signals from the trans-
mission units when breast cancer analytes are detected.
For example, an external device installed in the patient’s
home may interrogate and empower the sensor modules
on the breast implants daily when the patient arrives
home. The external device can be configured to control
the sensor modules, such as by triggering activation of
specific sensor units distributed over the surface of the
breast implant shell through removal of a specific cover
or set of covers. The external device can alert the patient
and the patient’s physician when breast cancer markers
are detected, or sensor modules become dysfunctional,
or the system otherwise needs attention.

Example 5. A Breast Implant System with Compartments 
Containing Localized Sensor Modules Configured to De-
tect Breast Cancer Analytes

[0103] A patient has a total reconstruction of the breast
employing a breast implant system. The breast implant
system includes a gel-filled breast implant prosthesis in-
cluding a shell (see Example 1, above). The breast im-
plant includes external projections forming a series of
compartments on the surface of the implant shell. The
external projections are configured like a plurality of
membranes projecting at substantially right angles from
the exterior surface of the implant shell, creating a series
of compartments on the shell surface. Breast implant
prosthesis with membranes attached to the surface are
described. See, e.g. US Patent No. 3,559,214, "Com-
pound Prosthesis," to Pangman. The projections at-
tached to the instant example are adjacent to the outer
surface of the shell. The projections can be fabricated
from a similar material as the shell, and attached to the
shell at approximately right angles to the shell surface.
The projections are substantially planar sheets of soft,
bio-compatible material attached to the exterior surface
of the shell with a suitable adhesive. The projections form
a series of compartments adjacent to the surface. Each
compartment has a depth approximately equivalent to
the height of the projections forming the compartment.
The projections are approximately 2 to approximately 10
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mm in height, as measured from the surface of the shell
to the distal edge of the projection.
[0104] For example, Figure 12 illustrates a breast im-
plant 140 including a shell 145. The view illustrated in
Figure 12 is an external, frontal view of a breast implant
140 ex-vivo. The exterior of the shell 145 includes a plu-
rality of projections 1400 extending at substantially right
angles from the face of the external surface of the shell
145. The projections 1400 are substantially planar,
sheet-like projections. Since the breast implant 140 is
depicted in a frontal view, the projections 1400 are de-
picted as lines over the surface of the shell 145. The
projections 1400 continue beyond the surface of the shell
145, which is illustrated 1410. The plurality of projections
1400 form a series of compartments 1420 on the surface
of the shell 145. Each of the compartments 1420 includes
sensor modules 150. In the illustration shown in Figure
14, each compartment 1420 includes two sensor mod-
ules 150. The compartments 1420 are substantially rec-
tangular with their long axis oriented approximately ver-
tically relative to the expected position of the breast im-
plant 140 in vivo. This position facilitates gravity enhanc-
ing the flow of interstitial fluid from the top to the bottom
through each compartment 1420 when the breast implant
140 is in situ (see dotted arrows).
[0105] Each compartment includes at least one long-
lived sensor module configured to monitor the tissues
surrounding the implant, more specifically those adjacent
to the compartment, for analytes indicating any new or
recurrent breast cancers that may arise. Each compart-
ment includes at least one transmission unit attached to
a sensor module. See Example 2 for a description of the
sensor modules and attached transmission units. Sensor
modules and transmission units are attached to the shell
of the breast implant within the compartments and con-
figured to monitor the interstitial fluids entering each com-
partment. For example, a hemispherical breast implant
shell with a diameter of approximately 12 cm and a total
surface area of approximately 300 cm2 can include ap-
proximately 15 compartments with each circumscribing
approximately 20 cm2. Each compartment can contain
1-3 sensor modules to monitor the region proximal to the
compartment. The implant can include a total of approx-
imately 30-45 sensor modules to monitor interstitial fluids
from tissues surrounding the breast implant. Each sensor
module and transmission unit is attached to the surface
of the shell with a suitable adhesive in a compartment
region formed between the projections. See Figure 12.
[0106] Following molding of the breast implant shell
with exterior partitions and attachment of multiple sensor
modules on the shell surface, a silicone gel is injected
into the implant through an orifice at the base of the im-
plant. Methods and materials to inject the silicone gel and
to seal the orifice with siloxane elastomer are described
(see e.g., U.S. Patent No. 8,043,373 Ibid.).
[0107] The breast implant system including the breast
implant prosthesis with compartments containing sensor
modules and transmission units is used to reconstruct

the patient’s breast. Over time, the implant and an exter-
nal, remote device is used to monitor tissue exudates
and interstitial fluids for analytes that are breast cancer
biomarkers. The implant system includes an external,
remote device with a receiver operable to receive trans-
missions from the transmission units and a display that
can be activated to alert the patient and medical person-
nel if the analytes are detected. The external, remote
device can be a cell phone configured to receive signals
from the transmission units. The external, remote device
can be configured to send signals that control the sensor
modules, such as by triggering activation of specific sen-
sor units distributed over the surface of the breast implant
shell through removal of a specific cover or set of covers.
The external, remote device can alert the patient and the
patient’s physician when breast cancer analytes are de-
tected, or sensor modules become dysfunctional, or the
system needs attention. 14.

Example 6. A Breast Implant System with Compartments 
Containing Localized Sensor Modules Configured to Per-
mit Magnetic Resonance Imaging

[0108]

15. A patient undergoes breast augmentation sur-
gery employing a breast implant system. The breast
implants include projections forming compartments,
as described in Example 5. Attached to the surface
of the shell within each compartment is at least one
sensor module and an attached transmission unit
configured to harvest operating power from incoming
RF signals. See Example 4. The transmission units
each include an identification code specific to that
unit. The transmission units are configured to signal
wirelessly to an external receiver when interrogated
by remote device. The remote device includes a dis-
play to alert the patient and the patient’s physician
when breast cancer analytes are detected.

[0109] The breast implant system is fabricated to be
MRI-compatible. The breast implant shell, projections
and interior viscous material are selected to be MRI-com-
patible. In addition, each sensor module and attached
transmission unit is fabricated from MRI-compatible ma-
terials. See e.g., U.S. Patent Application No.
2011/0077736, "Breast Implant System Including Bio-
Medical Units," to Rofougaran and U.S. Patent Applica-
tion No. 2007/0106332, "MRI Compatible Implanted
Electronic Medical Device," to Denker et al.. For example,
the implanted system, including sensor units and trans-
mission units, can be fabricated from non-ferromagnetic
materials. For example, the electrical connections of the
sensor modules and attached transmission units can be
made with silica or plastic based fibers.
[0110] Following molding of the breast implant shell
with exterior partitions and attachment of multiple sensor
modules on the shell surface, a silicone gel is injected

59 60 



EP 2 861 184 B1

32

5

10

15

20

25

30

35

40

45

50

55

into the implant through an orifice at the base of the im-
plant. Methods and materials to inject the silicone gel and
to seal the orifice with siloxane elastomer are described
(see e.g., U.S. Patent No. 8,043,373 Ibid.).
[0111] The breast implant shell is encased in at least
one fluid transport film to enclose the compartments on
their outer sides, distal to the surface of the shell. The
film is configured to promote fluid flow into the compart-
ments from the adjacent tissue region. Following molding
of the breast implant shell with exterior projections and
attachment of multiple sensor modules and transmission
units on the shell surface, a fluid transport film is fabri-
cated to enclose the compartments on the breast implant
shell. The fluid transport film is configured to transport
interstitial fluid into the compartments and into proximity
with the sensor modules. Fluid transport films construct-
ed from polyolefins by molding microchannels into a pol-
ymer film are described (see e.g, US Patent No.
6,420,622 "Medical Article Having Fluid Control Film," to
Johnston et al.. For example, a polymer film of polypro-
pylene can be cast with replicated parallel microchannels
which are rectilinear with a width less than 1500 mm and
a depth of approximately 100-1000 mm. Interstitial fluids
are wicked through microchannels of the fluid transport
film, collected in a manifold and directed via a connector
to proximal sensor modules. The fluid transport film is
substantially the same shape as the implant, configured
to correspond to the outer surface of the shell with a gap
between the film and the outer surface of the shell. The
fluid transport film is positioned around the outer surface
of the shell. At least one tether may be fabricated to con-
nect the film and the outer surface of the shell, the teth-
er(s) adhered to both the film and the outer surface of
the shell with a suitable adhesive. The implant can also
be enveloped with coatings to reduce encapsulation of
the implant and to promote vascularization of the sur-
rounding tissue (see above Examples).

Example 7. A Breast Implant System Harvesting Optical 
Power

[0112]

16. A patient with breast cancer undergoes a total
mastectomy of the affected breast, and after suitable
medical treatment the breast is reconstructed with a
breast implant system. The breast implant system
includes a gel-filled breast implant and multiple at-
tached long-lived sensor modules configured to
monitor the tissues surrounding the implant for any
new or recurrent breast cancers that may arise. See
Example 2. The long lived sensor modules can de-
tect analytes that are breast cancer markers and re-
port the detection via attached transmission units.
The long lived sensor modules are each operably
attached to an optical power collector affixed to the
shell. An optical power converter attached to each
sensor module converts harvested optical power into

electrical power for the sensor module and attached
transmission unit. The implant system also includes
a remote device with an external receiver configured
to receive transmissions from the implant and to alert
the patient and medical personnel if breast cancer
analytes are detected.

[0113] Multiple analyte sensor modules are attached
to the surface of the breast implant shell and configured
to detect analytes associated with breast cancer. The
implant also includes at least one optical power collector
configured to harvest optical energy and a series of op-
tical fibers connecting the optical power collector to op-
tical power converters attached to each sensor module.
The breast implant prosthesis shell with attached sensor
modules and attached transmission units is fabricated
as described in Example 2, with the exception that each
of the attached sensor modules and attached transmis-
sion units also includes an attached optical power con-
verter configured to convert the transmitted optical power
into electrical energy to power the sensor modules and
attached transmission units. See e.g.: U.S. Patent Appl.
2011/0044694, "Systems and Methods for Optically
Powering Transducers and Related Transducers," to
Scherer et al.; US Patent Application No. 2010/0070003,
"Systems configured to power at least one device dis-
posed in a living subject, and related apparatuses and
methods," to Hyde et al.; and Ayazian et al., "Delivering
Optical Power to Subcutaneous Implanted Devices,"
Conf. Proc. IEEE Eng. Med. Biol. Soc. 2011: 2874-2877
(2011). Each optical power converter is configured to re-
ceive optical power from an optical power collector
through an optic fiber attached to both the optical power
collector and the power converter.
[0114] Sensor modules are empowered by an optical
power converter that supplies electric current to the sen-
sor module. Optically powered transducers and convert-
ers suitable for medical implants have been described
(see e.g.: U.S. Patent Appl. 2011/0044694, "Systems
and Methods for Optically Powering Transducers and
Related Transducers," to Scherer et al.; US Patent Ap-
plication No. 2010/0070003, "Systems configured to
power at least one device disposed in a living subject,
and related apparatuses and methods," to Hyde et al.;
and Ayazian et al., "Delivering Optical Power to Subcu-
taneous Implanted Devices," Conf. Proc. IEEE Eng. Med.
Biol. Soc. 2011: 2874-2877 (2011). For example, a pho-
tovoltaic collector and electronic circuitry can be fabricat-
ed using a standard CMOS (Complementary metal-ox-
ide-semiconductor) process in a silicon foundry. A pho-
tovoltaic collector irradiated with 10 mW/cm2 of light input
power yields approximately 3.1 mW/cm2 power output,
i.e., an efficiency of about 31%. The optical power col-
lector is attached to an outer surface of the implant shell
with suitable adhesive. The optical power collector(s) are
attached to an outer surface of the implant shell at a lo-
cation where minimal tissue is expected to be positioned
between the optical power collector and the exterior skin
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surface of the patient. For example, the optical power
collector is attached to an outer surface of the implant
shell at a location expected to correspond with the front
region of the patient’s breast.
[0115] During medical exams, the optical power col-
lectors are irradiated by an optical reader that generates
optical energy with a near-IR semiconductor laser using
a wavelength between approximately 680 nm and 980
nm. An external optical reader with a near IR laser can
provide optical energy to the implant optical power col-
lectors through as much as several centimeters of tissue.
The optical reader, an external component of the breast
implant system, can be periodically utilized to empower
the sensor modules and attached transmission units,
such as during medical visits, to monitor the breast im-
plant for the potential detection of breast cancer analytes.

Claims

1. A breast implant (140) comprising:

a shell (145) configured to be substantially filled
with a viscous material;
a plurality of sensor modules (150 A, B, C, D, E,
F, G) attached to the shell and positioned at a
distance from each other, wherein each of the
plurality of sensor modules includes a unique
identifier;
a cover (155) positioned over at least one of the
plurality of sensor modules, each of the plurality
of sensor modules oriented to detect one or
more analytes in a fluid between the shell and
the cover;
at least one antenna (420);
an energy harvesting unit (440) attached to the
at least one antenna, the energy harvesting unit
configured to receive energy from an external
source and convert the received energy into
electrical energy; and
at least one connection between the energy har-
vesting unit and each of the plurality of sensor
modules;
characterised in that;
the cover (155) is porous; and
the energy harvesting unit (440) is configured to
receive optical energy.

2. The breast implant of either claim 1, wherein the shell
comprises:
the viscous material substantially filling an interior
region of the shell.

3. The breast implant of claim 1 or claim 2, wherein the
shell comprises:
at least one silicone-based barrier layer substantially
filled with silicone gel.

4. The breast implant of claim 1 or claim 2, wherein the
shell comprises:
at least two barrier layers.

5. The breast implant of claim 1 or claim 2, wherein the
shell comprises at least one of:

one or more barrier layers including at least one
cavity, the at least one cavity with an outer sur-
face configured to reversibly mate with a surface
of at least one of the plurality of sensor modules;
one or more barrier layers including at least one
aperture, the at least one aperture with a rim
surface configured to reversibly mate with a sur-
face of at least one of the plurality of sensor mod-
ules.

6. The breast implant of any one of the preceding
claims, wherein the plurality of sensor modules at-
tached to the shell are at least one of:

attached in an approximately even distribution;
attached to an external surface of the shell and
wherein the plurality of sensor modules attached
to the shell are separated by distances of ap-
proximately 5 to approximately 8 centimeters
(cm).

7. The breast implant of any one of the preceding
claims, wherein the plurality of sensor modules at-
tached to the shell comprise at least one of:

one or more of the plurality of sensor modules
configured to detect at least two analytes in the
fluid adjacent to the shell, wherein the at least
two of the one or more analytes are of different
types;
two or more sensor units in each of the plurality
of sensor modules;
one or more of a hydrogel-based sensor, a
CMOS sensor, or an optical-based sensor;
a plurality of reservoirs, each of the plurality of
reservoirs including a removable cover;
a plurality of sensor units.

8. The breast implant of any one of the preceding
claims, wherein the plurality of sensor modules are
configured to at least one of:

detect one or more biological analytes arising
from biological tissue;
be replaceable.

9. The breast implant of any one of the preceding
claims, wherein the plurality of sensor modules are
at least one of:

entirely attached to the shell outer surface;
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positioned within a plurality of cavities in the
shell;
positioned within a plurality of apertures in the
shell.

10. The breast implant of any one of the preceding
claims, wherein the unique identifier for each of the
plurality of sensor modules comprises at least one of:

an alphanumeric code;
a positional identifier.

11. The breast implant of any one of the preceding
claims, comprising a further energy harvesting unit
and at least one further antenna, wherein the further
energy harvesting unit attached to the at least one
further antenna comprises one of:

a radio frequency identification (RFID) unit;
an inductive energy harvesting unit.

12. The breast implant of any one of the preceding
claims, wherein the energy harvesting unit attached
to the at least one antenna is configured to harvest
energy originating ex-vivo when the breast implant
is in use.

13. The breast implant of any one of the preceding
claims, comprising at least one of:

a processor operably attached to the at least
one antenna;
a switch operably attached to the at least one
antenna.

14. A method of monitoring information from a breast
implant, comprising:

receiving first information from a first sensor
module attached to a shell of a breast implant
within an individual, wherein the first information
includes a first unique sensor module identifier
and sensor data from the first sensor module;
receiving second information from a second
sensor module attached to the shell of the breast
implant within the individual, wherein the second
information includes a second unique sensor
module identifier and sensor data from the sec-
ond sensor module;
forming an initial record from the first information
and the second information;
calculating deviation limits regarding the initial
record;
setting deviation parameters based on the de-
viation limits and a predetermined set of stand-
ards;
saving the initial record and the deviation pa-
rameters in memory in a computing device;

receiving third information from the first sensor
module attached to the shell of the breast im-
plant within the individual, wherein the third in-
formation includes the first unique sensor mod-
ule identifier and the sensor data from the first
sensor module;
receiving fourth information from the second
sensor module attached to the shell of the breast
implant within the individual, wherein the fourth
information includes the second unique sensor
module identifier and the sensor data from the
second sensor module;
updating the initial record with the third informa-
tion and the fourth information;
saving an updated record in the memory in the
computing device;
comparing the updated record to the initial
record and to the deviation parameters; and
indicating if the updated record is within the de-
viation parameters of the initial record.

Patentansprüche

1. Brustimplantat (140), umfassend:

eine Hülle (145), die dafür ausgelegt ist, im We-
sentlichen mit einem viskosen Material gefüllt
zu sein;
mehrere Sensormodule (150 A, B, C, D, E, F,
G), angebracht an der Hülle und unter einem
Abstand voneinander positioniert, wobei jedes
der mehreren Sensormodule eine eindeutige
Kennung aufweist;
eine Abdeckung (155), die über mindestens ei-
nem der mehreren Sensormodule positioniert
ist, wobei jedes der mehreren Sensormodule
eingerichtet ist zum Detektieren eines oder
mehrerer Analyte in einem Fluid zwischen der
Hülle und der Abdeckung;
mindestens eine Antenne (420);
eine Energieernteeinheit (440), die an der min-
destens einen Antenne angebracht ist, wobei
die Energieernteeinheit ausgelegt ist zum Emp-
fangen von Energie von einer externen Quelle
und zum Umwandeln der empfangenen Energie
in elektrische Energie; und
mindestens eine Verbindung zwischen der En-
ergieernteeinheit und jedem der mehreren Sen-
sormodule;
dadurch gekennzeichnet, dass:

die Abdeckung (155) porös ist; und
die Energieernteeinheit (440) ausgelegt ist
zum Empfangen optischer Energie.

2. Brustimplantat nach Anspruch 1, wobei die Hülle um-
fasst:
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das viskose Material füllt im Wesentlichen einen In-
nenbereich der Hülle.

3. Brustimplantat nach Anspruch 1 oder Anspruch 2,
wobei die Hülle umfasst:
mindestens eine silikonbasierte Sperrschicht, die im
Wesentlichen mit Silikongel gefüllt ist.

4. Brustimplantat nach Anspruch 1 oder Anspruch 2,
wobei die Hülle umfasst:
mindestens zwei Sperrschichten.

5. Brustimplantat nach Anspruch 1 oder Anspruch 2,
wobei die Hülle mindestens eines der Folgenden
umfasst:

eine oder mehrere Sperrschichten, aufweisend
mindestens einen Hohlraum, wobei der mindes-
tens eine Hohlraum eine Außenoberfläche auf-
weist, die dafür ausgelegt ist, reversibel mit einer
Oberfläche von mindestens einem der mehre-
ren Sensormodule zusammenzupassen;
eine oder mehrere Sperrschichten, aufweisend
mindestens eine Öffnung, wobei die mindestens
eine Öffnung eine Randoberfläche aufweist, die
dafür ausgelegt ist, reversibel mit einer Oberflä-
che von mindestens einem der mehreren Sen-
sormodule zusammenzupassen.

6. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die mehreren an der Hülle ange-
brachten Sensormodule mindestens eines der Fol-
genden sind:

angebracht mit einer ungefähr gleichmäßigen
Verteilung;
angebracht an einer Außenoberfläche der Hülle
und wobei die mehreren an der Hülle ange-
brachten Sensormodule mit Abständen von un-
gefähr 5 bis ungefähr 8 Zentimeter (cm) getrennt
sind.

7. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die mehreren an der Hülle ange-
brachten Sensormodule mindestens eines der Fol-
genden umfassen:

ein oder mehrere der mehreren Sensormodule,
die ausgelegt sind zum Detektieren von mindes-
tens zwei Analyten in dem an die Hülle angren-
zenden Fluid, wobei die mindestens zwei des
einen oder der mehreren Analyte von unter-
schiedlicher Art sind;
zwei oder mehr Sensoreinheiten in jedem der
mehreren Sensormodule;
ein oder mehrere von einem auf Hydrogel ba-
sierenden Sensor, einem CMOS-Sensor oder
einem auf Optik basierenden Sensor;

mehrere Reservoire, wobei jedes der mehreren
Reservoire eine entfernbare Abdeckung auf-
weist;
mehrere Sensoreinheiten.

8. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die mehreren Sensormodule zu min-
destens einem der Folgenden ausgelegt sind:

Detektieren eines oder mehrerer biologischer
Analyte, die von biologischem Gewebe ausge-
hen;
Ersetzbarsein.

9. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die mehreren Sensormodule min-
destens eines der Folgenden sind:

gänzlich an der Außenoberfläche der Hülle an-
gebracht;
innerhalb mehrerer Hohlräume in der Hülle po-
sitioniert;
innerhalb mehrerer Öffnungen in der Hülle po-
sitioniert.

10. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die eindeutige Kennung für jedes der
mehreren Sensormodule mindestens eines der Fol-
genden umfasst:

einen alphanumerischen Code;
eine Positionskennung.

11. Brustimplantat nach einem der vorhergehenden An-
sprüche, umfassend eine weitere Energieernteein-
heit und mindestens eine weitere Antenne, wobei
die an der mindestens einen weiteren Antenne an-
gebrachte weitere Energieernteeinheit eines der
Folgenden umfasst:

eine Hochfrequenzidentifikation(RFID)-Einheit;
eine induktive Energieernteeinheit.

12. Brustimplantat nach einem der vorhergehenden An-
sprüche, wobei die an der mindestens einen Anten-
ne angebrachte Energieernteeinheit ausgelegt ist
zum Ernten von Energie, welche ex-vivo entspringt,
wenn das Brustimplantat in Gebrauch ist.

13. Brustimplantat nach einem der vorhergehenden An-
sprüche, umfassend mindestens eines der Folgen-
den:

einen Prozessor, der betreibbar an der mindes-
tens einen Antenne angebracht ist;
einen Schalter, der betreibbar an der mindes-
tens einen Antenne angebracht ist.
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14. Verfahren zum Überwachen von Informationen von
einem Brustimplantat, umfassend:

Empfangen erster Informationen von einem an
einer Hülle eines Brustimplantats innerhalb ei-
ner Person angebrachten ersten Sensormodul,
wobei die ersten Informationen eine erste ein-
deutige Sensormodulkennung und Sensorda-
ten von dem ersten Sensormodul beinhalten;
Empfangen zweiter Informationen von einem an
der Hülle des Brustimplantats innerhalb der Per-
son angebrachten zweiten Sensormodul, wobei
die zweiten Informationen eine zweite eindeuti-
ge Sensormodulkennung und Sensordaten von
dem zweiten Sensormodul beinhalten;
Ausbilden eines Anfangsdatensatzes aus den
ersten Informationen und den zweiten Informa-
tionen;
Berechnen von Abweichungsgrenzen hinsicht-
lich dem Anfangsdatensatz;
Einstellen von Abweichungsparametern auf der
Grundlage der Abweichungsgrenzen und einer
vorbestimmten Menge von Standards;
Sichern des Anfangsdatensatzes und der Ab-
weichungsparameter in einem Speicher in einer
Rechenvorrichtung;
Empfangen dritter Informationen von dem an
der Hülle des Brustimplantats innerhalb der Per-
son angebrachten die ersten Sensormodul, wo-
bei die dritten Informationen erste eindeutige
Sensormodulkennung und die Sensordaten von
dem ersten Sensormodul beinhalten;
Empfangen vierter Informationen von dem an
der Hülle des Brustimplantats innerhalb der Per-
son angebrachten zweiten Sensormodul, wobei
die vierten Informationen die zweite eindeutige
Sensormodulkennung und die Sensordaten von
dem zweiten Sensormodul beinhalten;
Aktualisieren des Anfangsdatensatzes mit den
dritten Informationen und den vierten Informati-
onen;
Sichern eines aktualisierten Datensatzes in dem
Speicher in der Rechenvorrichtung;
Vergleichen des aktualisierten Datensatzes mit
dem Anfangsdatensatz und den Abweichungs-
parametern; und
Anzeigen, ob sich der aktualisierte Datensatz
innerhalb der Abweichungsparameter des An-
fangsdatensatzes befindet.

Revendications

1. Implant mammaire (140) comprenant :

une coque (145) conçue pour être sensiblement
remplie d’un matériau visqueux ;
de multiples modules de détection (150 A, B, C,

D, E, F, G) fixés à la coque et positionnés à une
distance donnée les uns des autres, chaque mo-
dule de la pluralité de modules de détection
comprenant un identifiant unique ;
un couvercle (155) positionné sur au moins un
module de la pluralité de modules de détection,
chaque module de la pluralité de modules de
détection étant orienté pour détecter un ou plu-
sieurs analytes dans un fluide comprend entre
la coque et le couvercle ;
au moins une antenne (420) ;
une unité de récupération d’énergie (440) fixée
à l’au moins une antenne, l’unité de récupération
d’énergie étant conçue pour recevoir de l’éner-
gie en provenance d’une source externe et pour
convertir l’énergie reçue en énergie électrique ;
et
au moins une connexion entre l’unité de récu-
pération d’énergie et chaque module de la plu-
ralité de modules de détection ;
caractérisé en ce que :

le couvercle (155) est poreux ; et
l’unité de récupération d’énergie (440) est
conçue pour recevoir une énergie optique.

2. Implant mammaire selon la revendication 1, dans
lequel la coque comprend :
le matériau visqueux remplissant sensiblement une
région intérieure de la coque.

3. Implant mammaire selon la revendication 1 ou la re-
vendication 2, dans lequel la coque comprend :
au moins une couche barrière à base de silicone
remplie sensiblement de gel de silicone.

4. Implant mammaire selon la revendication 1 ou la re-
vendication 2, dans lequel la coque comprend :
au moins deux couches barrières.

5. Implant mammaire selon la revendication 1 ou la re-
vendication 2, dans lequel la coque comprend :

une ou plusieurs couches barrières comprenant
au moins une cavité, l’au moins une cavité étant
dotée d’une surface externe conçue pour entrer
en contact réversible avec une surface d’au
moins un module de la pluralité de modules de
détection ; et/ou
une ou plusieurs couches barrières comprenant
au moins une ouverture, l’au moins une ouver-
ture étant dotée d’une surface de rebord conçue
pour entrer en contact réversible avec une sur-
face d’au moins un module de la pluralité de
modules de détection.

6. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel les multiples
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modules de détection fixés à la coque sont :

fixés en étant répartis de manière approximati-
vement régulière ; et/ou
fixés à une surface externe de la coque, les mul-
tiples modules de détection fixés à la coque
étant séparés par des distances d’environ 5 à
environ 8 centimètres (cm).

7. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel les multiples
modules de détection fixés à la coque comprennent :

un ou plusieurs modules de la pluralité de mo-
dules de détection conçus pour détecter au
moins deux analytes dans le fluide adjacent à
la coque, les au moins deux analytes des un ou
plusieurs analytes étant de types différents ;
et/ou
deux unités de détection ou plus dans chaque
module de la pluralité de modules de détection ;
et/ou
un ou plusieurs parmi un capteur à base d’hy-
drogel, un capteur CMOS ou un capteur
optique ; et/ou
une pluralité de réservoirs, chaque réservoir de
la pluralité de réservoirs comprenant un couver-
cle amovible ; et/ou
une pluralité d’unités de détection.

8. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel les multiples
modules de détection sont conçus afin de réaliser
au moins une des actions suivantes :

détecter un ou plusieurs analytes biologiques
venant du tissu biologique ;
être remplaçables.

9. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel les multiples
modules de détection sont :

entièrement fixés à la surface externe de la
coque ; et/ou
positionnés à l’intérieur d’une pluralité de cavi-
tés dans la coque ; et/ou
positionnés à l’intérieur d’une pluralité d’ouver-
tures dans la coque.

10. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel l’identifiant
unique pour chaque module de la pluralité de mo-
dules de détection comprend :

un code alphanumérique ; et/ou
un identifiant de position.

11. Implant mammaire selon l’une quelconque des re-
vendications précédentes, comprenant une unité de
récupération d’énergie supplémentaire et au moins
une antenne supplémentaire, l’unité de récupération
d’énergie supplémentaire fixée à l’au moins une an-
tenne supplémentaire comprenant un parmi :

une unité d’identification par radiofréquence
(RFID) ;
une unité de récupération d’énergie par induc-
tion.

12. Implant mammaire selon l’une quelconque des re-
vendications précédentes, dans lequel l’unité de ré-
cupération d’énergie fixée à l’au moins une antenne
est conçue pour récupérer l’énergie d’origine ex vivo
lorsque l’implant mammaire est utilisé.

13. Implant mammaire selon l’une quelconque des re-
vendications précédentes, comprenant :

un processeur fixé fonctionnellement à l’au
moins une antenne ; et/ou
un commutateur fixé fonctionnellement à l’au
moins une antenne.

14. Procédé de surveillance d’informations provenant
d’un implant mammaire, consistant à :

recevoir des premières informations provenant
d’un premier module de détection fixé à une co-
que d’un implant mammaire à l’intérieur d’une
personne, les premières informations compre-
nant un premier identifiant unique de module de
détection et des données de détection prove-
nant du premier module de détection ;
recevoir des deuxièmes informations provenant
d’un second module de détection fixé à la coque
de l’implant mammaire à l’intérieur de la person-
ne, les deuxièmes informations comprenant un
second identifiant unique de module de détec-
tion et des données de détection provenant du
second module de détection ;
former un enregistrement initial à partir des pre-
mières informations et des deuxièmes
informations ;
calculer des limites d’écart relatives à l’enregis-
trement initial ;
définir des paramètres d’écart sur la base des
limites d’écart et d’un ensemble de normes
prédéfini ;
mémoriser l’enregistrement initial et des para-
mètres d’écart dans la mémoire d’un dispositif
informatique ;
recevoir des troisièmes informations provenant
du premier module de détection fixé à la coque
de l’implant mammaire à l’intérieur de la person-
ne, les troisièmes informations comprenant le
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premier identifiant unique de module de détec-
tion et les données de détection provenant du
premier module de détection ;
recevoir des quatrièmes informations provenant
du deuxième module de détection fixé à la coque
de l’implant mammaire à l’intérieur de la person-
ne, les quatrièmes informations comprenant le
second identifiant unique de module de détec-
tion et les données de détection provenant du
deuxième module de détection ;
mettre à jour l’enregistrement initial avec les troi-
sièmes informations et les quatrièmes
informations ;
mémoriser un enregistrement mis à jour dans la
mémoire du dispositif informatique ;
comparer l’enregistrement mis à jour avec l’en-
registrement initial et avec les paramètres
d’écart ; et
indiquer si l’enregistrement mis à jour s’inscrit
dans les paramètres d’écart de l’enregistrement
initial.
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