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SYSTEM, DEVICES, AND METHODS
INCLUDING ACTIVELY-CONTROLLABLE
ELECTROMAGNETIC ENERGY-EMITTING
DELIVERY SYSTEMS AND
ENERGY-ACTIVATEABLE DISINFECTING
AGENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is related to and claims the
benefit of the earliest available effective filing date(s) from
the following listed application(s) (the “Related Applica-
tions™) (e.g., claims earliest available priority dates for other
than provisional patent applications or claims benefits under
35U.8.C. § 119(e) for provisional patent applications, for any
and all parent, grandparent, great-grandparent, etc. applica-
tions of the Related Application(s)). All subject matter of the
Related Applications and of any and all parent, grandparent,
great-grandparent, etc. applications of the Related Applica-
tions is incorporated herein by reference to the extent such
subject matter is not inconsistent herewith.

RELATED APPLICATIONS

[0002] For purposes of the United States Patent and Trade-
mark Office (USPTO) extra-statutory requirements, the
present application constitutes a continuation-in-part of U.S.
patent application Ser. No. 11/894,031, entitled SELF-
STERILIZING DEVICE, naming Ralph G. Dacey, Jr.; Rod-
erick A. Hyde; Muriel Y. Ishikawa; Eric C. Leuthardt; Nathan
P. Myhrvold; Dennis J. Rivet; Michael A. Smith; Clarence T.
Tegreene; Lowell L. Wood, Jr.; Victoria Y. H. Wood as inven-
tors, filed 17, Aug., 2007, which is currently co-pending, or is
an application of which a currently co-pending application is
entitled to the benefit of the filing date.

[0003] The present application is related to U.S. patent
application No. to be assigned, entitted SYSTEM,
DEVICES, AND METHODS INCLUDING ACTIVELY-
CONTROLLABLE STERILIZING EXCITATION DELIV-
ERY IMPLANTS, naming Edward S. Boyden; Ralph G.
Dacey, Jr.; Gregory J. Della Rocca; Joshua L. Dowling; Rod-
erick A. Hyde; Muriel Y. Ishikawa; Jordin T. Kare; Eric C.
Leuthardt; Nathan P. Myhrvold; Dennis J. Rivet; Paul San-
tiago; Michael A. Smith; Todd J. Stewart; Elizabeth A.
Sweeney; Clarence T. Tegreene; Lowell L. Wood; and Jr.; and
Victoria Y. H. Wood as inventors, filed 4 Dec. 2008, which is
Docket No. 0307-004-012-000000.

[0004] The present application is related to U.S. patent
application No. to be assigned, entitted SYSTEM,
DEVICES, AND METHODS INCLUDING STERILIZING
EXCITATION DELIVERY IMPLANTS WITH GENERAL
CONTROLLERS AND ONBOARD POWER, naming
Edward S. Boyden; Ralph G. Dacey, Jr.; Gregory 1. Della
Rocca; Joshua L. Dowling; Roderick A. Hyde; Muriel Y.
Ishikawa; Jordin T. Kare; Eric C. Leuthardt; Nathan P. Myht-
vold; Dennis J. Rivet; Paul Santiago; Michael A. Smith; Todd
I. Stewart; Elizabeth A. Sweeney; Clarence T. Tegreene;
Lowell L. Wood, Jr.; and Victoria Y. H. Wood as inventors,
filed 4 Dec. 2008, which is Docket No. 0307-004-018-
000000.

[0005] The present application is related to U.S. patent
application No. to be assigned, entitled CONTROLLABLE
ELECTROSTATIC AND ELECTROMAGNETIC STERIL-
[ZING EXCITATION DELIVERY SYSTEMS, DEVICE,
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AND METHODS, naming Edward S. Boyden; Ralph G.
Dacey, Jr.; Gregory J. Della Rocca; Joshua L. Dowling; Rod-
erick A. Hyde; Muriel Y. Ishikawa; Jordin T. Kare; Eric C.
Leuthardt; Nathan P. Myhrvold; Dennis J. Rivet; Paul San-
tiago; Michael A. Smith; Todd J. Stewart; Elizabeth A.
Sweeney; Clarence T. Tegreene; Lowell L. Wood, Jr.; and
Victoria Y. H. Wood as inventors, filed 4 Dec. 2008, which is
Docket No. 0307-004-019-000000.

[0006] The present application is related to U.S. patent
application No. to be assigned, entitted SYSTEM,
DEVICES, AND METHODS INCLUDING ACTIVELY-
CONTROLLABLE SUPEROXIDE WATER GENERAT-
ING SYSTEMS, naming Edward S. Boyden; Ralph G.
Dacey, Jr.; Gregory J. Della Rocca; Joshua L. Dowling; Rod-
erick A. Hyde; Muriel Y. Ishikawa; Jordin T. Kare; Eric C.
Leuthardt; Nathan P. Myhrvold; Dennis J. Rivet; Paul San-
tiago; Michael A. Smith; Todd J. Stewart; Elizabeth A.
Sweeney; Clarence T. Tegreene; Lowell L. Wood, Jr.; and
Victoria Y. H. Wood as inventors, filed 4 Dec. 2008, which is
Docket No. 0307-004-021-000000.

[0007] The present application is related to U.S. patent
application No. to be assigned, entitted SYSTEM,
DEVICES, AND METHODS INCLUDING STERILIZING
EXCITATION DELIVERY IMPLANTS WITH CRYPTO-
GRAPHIC LOGIC COMPONENTS, naming Edward S.
Boyden; Ralph G. Dacey, Jr.; Gregory J. Della Rocca; Joshua
L. Dowling; Roderick A. Hyde; Muriel Y. Ishikawa; Jordin T.
Kare; Eric C. Leuthardt; Nathan P. Myhrvold; Dennis J.
Rivet; Paul Santiago; Michael A. Smith; Todd J. Stewart;
Elizabeth A. Sweeney; Clarence T. Tegreene; Lowell L.
Wood, Jr.; and Victoria Y. H. Wood as inventors, filed 4 Dec.
2008, which is Docket No. 0307-004-022-000000.

[0008] The USPTO has published a notice to the effect that
the USPTO’s computer programs require that patent appli-
cants reference both a serial number and indicate whether an
application is a continuation or continuation-in-part. Stephen
G. Kunin, Benefit of Prior-Filed Application, USPTO Official
Gazette Mar. 18, 2003, available at http://www.uspto.gov/
web/offices/com/sol/og/2003/week11/patbene.htm. The
present Applicant Entity (hereinafter “Applicant”) has pro-
vided above a specific reference to the application(s) from
which priority is being claimed as recited by statute. Appli-
cant understands that the statute is unambiguous in its specific
reference language and does not require either a serial number
or any characterization, such as “continuation” or “continu-
ation-in-part,” for claiming priority to U.S. patent applica-
tions. Notwithstanding the foregoing, Applicant understands
that the USPTO’s computer programs have certain data entry
requirements, and hence Applicant is designating the present
application as a continuation-in-part of its parent applications
as set forth above, but expressly points out that such designa-
tions are not to be construed in any way as any type of
commentary and/or admission as to whether or not the
present application contains arty new matter in addition to the
matter of its parent application(s).

[0009] Allsubject matter of the Related Applications and of
any and all parent, grandparent, great-grandparent, etc. appli-
cations of the Related Applications is incorporated herein by
reference to the extent such subject matter is not inconsistent
herewith.

SUMMARY

[0010] In one aspect, the present disclosure is directed to,
among other things, an implantable device. The implantable
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device includes, but is not limited to, a first outer surface and
an actively-controllable excitation component. In an embodi-
ment, the actively-controllable excitation component is con-
figurable to deliver a sterilizing stimulus, in vivo, to tissue
proximate the first outer surface of the implantable device. In
an embodiment, the actively-controllable excitation compo-
nent is configured to deliver at least one of an electrical
sterilizing stimulus, an electromagnetic sterilizing stimulus,
an ultrasonic sterilizing stimulus, or a thermal sterilizing
stimulus, in vivo, to tissue proximate tissue proximate the
implantable device. The implantable device can include, but
is not limited to, a control means. In an embodiment, the
control means is operably coupled to the actively-controllable
excitation component. In an embodiment, the control means
is configurable to control (electrical, electromechanical, soft-
ware-implemented, firmware-implemented, or other control,
or combinations thereof) at least one parameter associated
with the delivery of the sterilizing stimulus. The implantable
device can include, but is not limited to, a power source. In an
embodiment, the power source includes, for example, at least
one of a thermoelectric generator, a piezoelectric generator, a
microelectromechanical systems (MEMS) generator, or a
biomechanical-energy harvesting generator.

[0011] In an aspect, the present disclosure is directed to,
among other things, an implantable device. The implantable
device includes, but is not limited to, an actively-controllable
excitation component configured to deliver a sterilizing
stimulus, in vivo, to a target tissue proximate at least a portion
of the actively-controllable excitation component. The
implantable device can include, but is not limited to, means
for controlling at least one sterilizing stimulus delivery
parameter associated with the delivery of the sterilizing
stimulus, in response to at least one characteristic associated
with the tissue proximate the actively-controllable excitation
component.

[0012] Inanaspect, amethod includes, but is not limited to,
sending information to an implantable device. In an embodi-
ment, the method includes sending information, prior, during,
or after delivery of a sterilizing stimulus, in vivo, to tissue
proximate a first outer surface of the implantable device. The
method can include, but is not limited to, generating a
response based on the sent information.

[0013] Inanaspect, amethod includes, but is not limited to,
sending information to an implantable device having a first
outer surface, an actively-controllable excitation component
configured to deliver a sterilizing stimulus, in vivo, to tissue
proximate the first outer surface of the implantable device,
and a controller operably coupled (e.g., electrically, induc-
tively, capacitively, wirelessly, electromagnetically, magneti-
cally, ultrasonically, optically, and the like) to the actively-
controllable excitation component. The method can include,
butis not limited to, receiving information from the implant-
able device.

[0014] Inanaspect, amethod includes, but is not limited to,
sending a first information stream to an implantable device.
The method can include, but is not limited to, sending a
second information stream to the implantable device. In an
embodiment, the method can include, but is not limited to,
sending a second information stream to the implantable
device based on a response to the sent first information
stream.

[0015] Inanaspect, amethod includes, but is not limited to,
receiving information from an implantable device that
includes a first outer surface, an actively-controllable excita-
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tion component, and a controller. In an embodiment, the
method includes receiving information from an implantable
device that includes an actively-controllable excitation com-
ponent that is configured to deliver a sterilizing stimulus, in
vivo, to tissue proximate a first outer surface of the implant-
able device. In an embodiment, the method includes receiving
information from an implantable device that includes a con-
troller that is communicatively coupled to the actively-con-
trollable excitation component.

[0016] Inanaspect, amethod includes, but is not limited to,
providing one or more parameters associated with the
actively-controlled delivery of a sterilizing stimulus to an
implantable device. The method can include, but is not lim-
ited to, actively controlling one or more parameters associ-
ated with the actively-controlled delivery of a sterilizing
stimulus to an implantable device.

[0017] Inanaspect, amethod includes, but is not limited to,
providing a first information to an implantable device. The
method can include, but is not limited to, obtaining a second
information from the implantable device. In an embodiment,
the method can include, but is not limited to, obtaining a
second information from the implantable device based on a
response to the first information. The method can include, but
1s not limited to, providing information to the implant based
on the second information.

[0018] In an aspect, a method includes but is not limited
receiving information from an implantable device, before
delivery of a sterilizing stimulus, in vivo, to tissue proximate
afirst outer surface of the implantable device. The method can
include, but is not limited to, generating a response based on
the received information.

[0019] Inanaspect, amethod includes, but is not limited to,
receiving information from an implantable device, during
delivery of a sterilizing stimulus, in vivo, to tissue proximate
afirst outer surface of the implantable device. The method can
include, but is not limited to, generating a response based on
the received information.

[0020] Inanaspect, amethod includes, but is not limited to,
receiving information from an implantable device, after
delivery of a sterilizing stimulus, in vivo, to tissue proximate
afirst outer surface of the implantable device. The method can
include, but is not limited to, generating a response based on
the received information.

[0021] In an aspect, the present disclosure is directed to,
among other things, an implantable device including an ster-
ilizing stimulus providing portion, an actively-controllable
excitation component, a controller, and a power source. In an
embodiment, the actively-controllable excitation component
is configured to deliver a sterilizing stimulus, in vivo, to tissue
proximate the sterilizing stimulus providing portion of the
implantable device. In an embodiment, the actively-control-
lable excitation component is configured to deliver at least
one of an electrical sterilizing stimulus, an electromagnetic
sterilizing stimulus, an ultrasonic sterilizing stimulus, or a
thermal sterilizing stimulus, in vivo, to tissue proximate tis-
suie proximate the implantable device. In an embodiment, the
controller is communicatively coupled to the actively-con-
trollable excitation component. In an embodiment, the power
source is electromagnetically, magnetically, ultrasonically,
optically, inductively, electrically, or capacitively-coupled to
the actively-controllable excitation component.

[0022] In an aspect, the present disclosure is directed to,
among other things, an implantable device. The implantable
device includes, but is not limited to, a first outer surface and
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an actively-controllable excitation component configured to
concurrently or sequentially deliver a first sterilizing stimulus
and a sterilizing stimulus, in vivo, to atleast a portion oftissue
proximate the first outer surface. In an embodiment, at least
one of the first sterilizing stimulus or the second sterilizing
stimulus includes a peak emission wavelength in the x-ray,
ultraviolet, visible, infrared, near infrared, microwave, or
radio frequency spectrum. In an embodiment, the implantable
device can include, but is not limited to, a controller commu-
nicatively coupled to the actively-controllable excitation
component. In an embodiment, the controller is configured to
regulate at least one parameter associated with the delivery of
the sterilizing stimulus.

[0023] Inan aspect, a systen includes, but is not limited to,
an implantable medical device. In an embodiment, the
implantable medical device includes a body having at least
oneouter surface. In an embodiment, theimplantable medical
device includes one or more energy-emitting elements. In an
embodiment, the implantable medical device includes a dis-
infecting agent assembly including at least one disinfecting
active agent reservoir. In an embodiment, the disinfecting
agent assembly is configured to deliver at least one energy-
activateable disinfecting agent from the at least one disinfect-
ing active agent reservoir to tissue proximate the at least one
outer surface of the implantable medical device. The implant-
able medical device can include, but is not limited to, a
controller. In an embodiment, the controller is communica-
tively coupled to the one or more energy-emitting elements.

[0024] Inanaspect, amethod includes, but is not limited to,
treating scar formation post surgery. In an embodiment, the
method includes implanting or inserting a surgical implant
comprising a photoactivateable steroid composition into a
biological subject. In an embodiment, the method includes
photoactivating the photoactivateable steroid composition.

[0025] Inanaspect, amethod includes, but is not limited to,
treating scar formation post surgery. The method includes
photoactivating a photoactivateable steroid composition car-
ried by an implanted surgical implant.

[0026] In an aspect, the present disclosure is directed to,
among other things, a powered surgical implant. In an
embodiment, the powered surgical implant includes, but is
not limited to, a plurality of electrodes and a power source. In
an embodiment, the plurality of electrodes are configured to
energize an aqueous salt composition in the presence of an
applied potential. In an embodiment, the power source is
electromagnetically, magnetically, ultrasonically, optically,
inductively, electrically, or capacitively-coupled to one or
more of the plurality of electrodes. In an embodiment, the
powered surgical implant can include, but is not limited to, a
power source including at least one of a thermoelectric gen-
erator, a piezoelectric generator, a microelectromechanical
systems (MEMS) generator, or a biomechanical-energy har-
vesting generator. In an embodiment, the powered surgical
implant can include, but is not limited to, a control means. In
an embodiment, the powered surgical implant can include,
but is not limited to, a power source including a generator for
harvesting energy generated by a biological subject. In an
embodiment, the control means is operably coupled to the
plurality of electrodes. In an embodiment, the control means
can be adapted to apply a potential across the plurality of
electrodes from the power source. In an embodiment, the
applied potential is sufficient to produce superoxide water
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from an aqueous salt composition proximate the plurality of
electrodes, when the powered surgical implant is implanted
within a biological subject.

[0027] In another aspect, a method includes, but is not
limited to, forming an antimicrobial agent, in vivo. The
method includes providing an interstitial fluid with a suffi-
cient amount of electrical energy, via an indwelling implant
including a plurality of electrodes, to elicit the formation of
superoxide water.

[0028] Inanaspect, amethod includes, but is not limited to,
forming an antimicrobial agent, in vivo. The method includes
delivering an energy-activateable antimicrobial agent com-
position to tissue proximate an implanted or inserted surgical
implant. In an embodiment, the implanted or inserted surgical
implant can include, but is not limited to, at least one antimi-
crobial agent reservoir. In an embodiment, the antimicrobial
agent reservoir is configured to deliver an energy-activateable
antimicrobial agent composition to tissue proximate an outer
surface of the surgical implant. The implanted or inserted
surgical implant can include, but is not limited to, a plurality
of electrodes. In an embodiment, the plurality of electrodes
are operable to energize an energy-activateable antimicrobial
agent composition in the presence of an applied potential. In
an embodiment, the method includes applying a sufficient
potential to the delivered energy-activateable antimicrobial
agent composition and to elicit the formation of superoxide
species.

[0029] In an aspect, the present disclosure is directed to,
among other things, an implantable device. The implantable
device can include, but is not limited to, an actively-control-
lable excitation component, a control means, a sterilizing
stimulus, and a cryptographic logic component. In an
embodiment, the cryptographic logic component is config-
ured to implement one or more cryptographic processes, one
or more cryptographic logics, or combinations thereof. In an
embodiment, the actively-controllable excitation component
is configured to deliver a sterilizing stimulus, in vivo, to tissue
proximate the first outer surface of the implantable device. In
an embodiment, the control means is operably coupled to the
actively-controllable excitation component, and is configured
to control (electrical, electromechanical, software-imple-
mented, firmware-implemented, or other control or combina-
tions thereof) at least one parameter associated with the deliv-
ery of the sterilizing stimulus. In an embodiment, the at least
one parameter is associated with at least one of a sterilizing
stimulus delivery regimen, a spaced-apart sterilizing stimulus
delivery pattern, a spatial electric field modulation, a spatial
electric field magnitude, or a spatial electric field distribution.

[0030] In an aspect, the present disclosure is directed to,
among other things, an implantable device. The implantable
device can include, but is not limited to, an actively-control-
lable excitation component configured to deliver an electrical
sterilizing stimulus, in vivo, to tissue proximate at least a first
outer surface of the implantable device. The implantable
device can include, but is not limited to, circuitry for control-
ling the actively-controllable excitation component. The
implantable device can include, butis not limited to, circuitry
for implementing one or more cryptographic protocols.

[0031] In an aspect, the present disclosure is directed to,
among other things, an implantable system. The implantable
system can include, butis not limited to, circuitry for actively-
controlling an excitation component configurable to deliver a
sterilizing stimulus, in vivo, to tissue proximate an implant-
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able device. The implantable system can include, but is not
limited to, circuitry for implementing one or more crypto-
graphic protocols.

[0032] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0033] FIG.1isaperspective view of a system including an
implantable device in the form of a replacement joint, accord-
ing to one illustrated embodiment.

[0034] FIG.2isaschematic diagram of a system including
an implantable device according to one illustrated embodi-
ment.

[0035] FIG. 3A is a top plan view of one or more energy-
emitting elements in the form of a patterned electrode,
according to one illustrated embodiment.

[0036] FIG. 3B is a top plan view of one or more energy-
emitting elements in the form of a patterned electrode,
according to one illustrated embodiment.

[0037] FIG. 4A is a top plan view of one or more energy-
emitting elements in the form of a patterned electrode,
according to one illustrated embodiment.

[0038] FIG. 4B is a top plan view of one or more energy-
emitting elements in the form of a patterned electrode,
according to one illustrated embodiment.

[0039] FIG. 5 is a perspective view of an energy-emitting
component according to one illustrated embodiment.

[0040] FIG. 6isa schematic diagram of a system including
an implantable device according to one illustrated embodi-
ment.

[0041] FIG.7isaschematic diagram of a system including
an implantable device according to one illustrated embodi-
ment.

[0042] FIG. 8isa schematic diagram of a system including
an implantable device according to one illustrated embodi-
ment.

[0043] FIG.9isaschematic diagram of a system including
an implantable device according to one illustrated embodi-
ment.

[0044] FIG. 10 is a flow diagram of a method according to
one illustrated embodiment.

[0045] FIG. 11 is a flow diagram of a method according to
one illustrated embodiment.

[0046] FIG. 12 is a flow diagram of a method according to
one illustrated embodiment.

[0047] FIG. 13 is a flow diagram of a method according to
one illustrated embodiment.

[0048] FIGS. 14A and 14B are flow diagrams of a method
according to one illustrated embodiment.

[0049] FIG. 15 is a flow diagram of a method according to
one illustrated embodiment.

[0050] FIG. 16 is a flow diagram of a method according to
one illustrated embodiment.

[0051] FIG. 17 is a flow diagram of a method according to
one illustrated embodiment.

[0052] FIG. 18 is a flow diagram of a method according to
one illustrated embodiment.

[0053] FIG. 19 is a schematic diagram of a system includ-
ing an implantable medical device according to one illus-
trated embodiment.
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[0054] FIG. 20 is a flow diagram of a method of treating
scar formation post surgery according to one illustrated
embodiment.

[0055] FIG. 21 is a flow diagram of a method of treating
scar formation post surgery according to one illustrated
embodiment.

[0056] FIG. 22 is a schematic diagram of a system includ-
ing a powered surgical implant according to one illustrated
embodiment.

[0057] FIG. 23 is a schematic diagram of a system includ-
ing an implantable device in the form of a cerebrospinal fluid
shunt, according to one illustrated embodiment.

[0058] FIG. 24 is a flow diagram of a method of forming an
antimicrobial agent, in vivo, according to one illustrated
embodiment.

[0059] FIG. 25 is a flow diagram of a method of forming an
antimicrobial agent, in vivo, according to one illustrated
embodiment.

DETAILED DESCRIPTION

[0060] 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 otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

[0061] Infections account for one of the many complica-
tions associated with surgery and pose tremendous conse-
quences for patients. During an infection, an infecting agent
(e.g., fungi, micro-organisms, parasites, pathogens (e.g., viral
pathogens, bacterial pathogens, and the like), prions, viroids,
viruses, and the like) generally interferes with the normal
functioning of a biological subject, and causes, in some cases,
chronic wounds, gangrene, loss of an infected tissue, loss of
an infected limb, and occasionally death of the biological
subject.

[0062] Implant-associated infections account for a signifi-
cant amount of nosocomial infections and despite steriliza-
tion and aseptic procedures, remain as a major impediment to
medical implants including artificial hearts, artificial joints,
artificial prosthetics, breast implants, catheters, contact lens,
mechanical heart valves, subcutaneous sensors, vertebral
spacers, and the like. Implant-associated infections are often
difficult to detect, problematic to cure, and at times expensive
to manage. For example, in cases where the infection does not
quickly subside, it sometimes becomes necessary to remove
the implant.

[0063] Implant-associated infections can result from bac-
terial adhesion and subsequent biofilm formation proximate
an implantation site. For example, biofilm-forming microor-
ganisms sometimes colonize implants. Once a biofilm-in-
duced infection takes hold, it can prove difficult to treat.
[0064] As a non-limiting example, certain systems,
devices, methods, and compositions described herein provide
an actively-controllable disinfecting implantable device con-
figured to, for example, treat or prevent an infection (e.g., an
implant-associated infection, hematogenous implant-associ-
ated infection, and the like), a hematological abnormality, and
the like. One non-limiting approach for treating or preventing
an infection, a hematological abnormality, and the like
includes systems, devices, and methods for administrating a
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perioperative antibiotic prophylaxis to a patient. Another
non-limiting approach includes systems, devices, methods,
and compositions for actively-forming an antimicrobial
agent, in vivo. Another non-limiting approach includes sys-
tems, devices, methods, and compositions for impeding bac-
terial adherence to the implant surface. Another non-limiting
approach includes systems, devices, methods, and composi-
tions for actively-impeding biofilm formation on an implant.
Another non-limiting approach includes systems, devices,
and methods including coating an implant with active agent
compositions having, for example, anti-biofilm activity.
Another non-limiting approach includes systems, devices,
methods, and compositions for providing an implant with a
scaffold-forming material. Another non-limiting approach
includes systems, devices, and methods including coating an
implant with one or more coatings having self-cleaning prop-
erties. Another non-limiting approach includes systems,
devices, and methods including an implant with a self-clean-
ing coating having self-cleaning, and anti-bacterial activity.
Another non-limiting approach includes systems, devices,
and methods including an implant having one or more self-
cleaning surfaces.

[0065] Another non-limiting approach includes systems,
devices, and methods including an implant configured to
provide a sterilizing stimulus (e.g., one or more of an electri-
cal sterilizing stimulus, an electromagnetic sterilizing stimu-
lus, an ultrasonic sterilizing stimulus, or a thermal sterilizing
stimulus, or the like) to a biological subject. Another non-
limiting approach includes systems, devices, and methods
including implants configured to sense an infection. Another
non-limiting approach includes systems, devices, and meth-
ods for powering an implantable device by harvesting energy
from a biological subject having the implantable device
implanted within. Yet another non-limiting approach includes
systems, devices, and methods configured to treat or reduce
the concentration of an infecting agent in the immediate
vicinity of an implant.

[0066] FIG. 1 shows a system 100 in which one or more
methodologies or technologies may be implemented such as,
for example, actively, sensing, treating, or preventing an
infection (e.g., an implant-associated infection, hematog-
enous implant-associated infection, and the like), a hemato-
logical abnormality, and the like. In an embodiment, the sys-
tem 100 is configured to, among other things, treat a condition
associated with an infection. In an embodiment, the system
100 is configured to, among other things, reduce the concen-
tration of, for example, an infecting agent in the immediate
vicinity of an implant. In an embodiment, the system 100 is
configured to, among other things, reduce the risk of infec-
tion.

[0067] The system 100 can include, but is not limited to,
one or more implantable devices 102. An implantable device
102 may be configured to, among other things, have numer-
ous configurations. In an embodiment, the implantable device
102 is configured to, among other things, treat or prevent an
infection (e.g., an implant-associated infection, hematog-
enous implant-associated infection, and the like), a hemato-
logical abnormality, and the like. In an embodiment, the
implantable device 102 is configured to, among other things,
form an agent, in vivo. The agent formed in vivo can include
an antimicrobial, antibiotic, antibacterial, fungicide, a sani-
tizer, a disinfectant, an antiseptic, a bactericide, a fungicide, a
substances that acts against, for example, a microorganisms,
or the like. In an embodiment, the implantable device 102 is
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configured to, among other things, impede bacterial adher-
ence to the implant surface. In an embodiment, the implant-
able device 102 is configured to, among other things, impede
biofilm formation on an implantable device 102. In an
embodiment, the implantable device 102 is configured to,
among other things, provide a sterilizing stimulus to a bio-
logical subject. In an embodiment, the implantable device
102 is configured to, among other things, detect (e.g., sense,
monitor, and the like) an infection agent (e.g., fungi, micro-
organisms, parasites, pathogens (e.g., viral pathogens, bacte-
rial pathogens, and the like), prions, viroids, viruses, and the
like) present in, for example, tissue proximate the implantable
device 102. Pathogenic viruses may include viruses from the
Adenoviridae, Picornaviridae, Herpesviridae, Hepadnaviri-
dae, Filoviridae, Flaviviridae, Retroviridae, Orthomyxoviri-
dae, Paramyxoviridae, Papovaviridae, Rhabdoviridae, and
Togaviridae family, and the like); Pathogenic bacteria may
include Mycobacterium tuberculosi, Staphylococcus epider-
midis, S. aureus, S. warneri, and the like. In an embodiment,
the implantable device 102 is configured to, among other
things, detect (e.g., sense, monitor, and the like) an infectious
agent marker (e.g., a pathogen marker, a pathogen/microbial
counts, an infectious disease marker, and the like). Examples
of markers include, but are not limited to, polypeptides, poly-
nucleotides, surface proteins, soluble proteins, polysaccha-
ride coatings, pathogen-associated molecular patterns
(PAMPs), single-stranded DNA (ssDNA), double-stranded
RNAs (dsRNA), and the like. Further examples of markers
include nuclei acid markers indicative of infections (e.g.,
bacterial or viral infections), inflammatory responses, bacte-
rial replication, cell turnover (e.g., white blood cell turnover),
or the like.

[0068] In an embodiment, the implantable device 102 is
configured to, among other things, treat or reduce the concen-
tration of an infecting agent in the immediate vicinity of the
implant. In an embodiment, the implantable device 102 can,
among other things, replace a biological structure. For
example, in an embodiment, the implantable device 102 is
configured to, among other things, replace or function as a
missing biological structure. In an embodiment, the implant-
abledevice 102 is configured to, among other things, augment
a biological function. In an embodiment, the implantable
device 102 is configured to, among other things, perform a
biological function. In an embodiment, the implantable
device 102 is configured to, among other things, permit the
movement of fluid from one part or region of the body to
another.

[0069] In an embodiment, the implantable device 102 is
configured to, among other things, detect an altered expres-
sion levels of one or more markers indicative of infections
(e.g., bacterial or viral infections), inflammatory responses,
bacterial replication, cell turnover (e.g., white blood cell turn-
over). Inan embodiment, a method includes, but is not limited
to, detecting altered expression levels of one or more markers
indicative of infections (e.g., bacterial or viral infections),
inflammatory responses, bacterial replication, cell turnover
(e.g., white blood cell turnover), or the like.

[0070] In an embodiment, the implantable device 102
includes at least an outer surface 104, such as at least a first
outer surface 104a, and at least one actively-controllable
excitation component 106. In an embodiment, one or more
surfaces 104 of the implantable device 102 that contacts a
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biological subject can comprise a biomedical material such,
for example, titanium or biocompatible alloys thereof, sili-
cone, and the like.

[0071] Inanembodiment, the actively-controllable excita-
tion component 106 is configurable to deliver a sterilizing
stimulus, in vivo, to tissue 109 proximate the implantable
device 102. In an embodiment, the actively-controllable exci-
tation component 106 is configured to deliver one or more
electrical energy sterilizing stimuli, electromagnetic energy
sterilizing stimuli, thermal energy sterilizing stimuli, ultra-
sonic energy sterilizing stimuli, or the like, or combinations
thereof. In an embodiment, the actively-controllable excita-
tion component 106 is configured to concurrently or sequen-
tially deliver one or more electrical energy sterilizing stimuli,
electromagnetic energy sterilizing stimuli, thermal energy
sterilizing stimuli, ultrasonic energy sterilizing stimuli, or the
like, or combinations thereof. In an embodiment, the actively-
controllable excitation component 106 is configured to
deliver a sterilizing stimulus, in vivo, to at least a portion of
tissue 109 proximate the implantable device 102. In an
embodiment, the actively-controllable excitation component
106 is configured to deliver a sterilizing stimulus of a char-
acter and for a time sufficient to induce electroporation of a
plasma membrane in at least a portion of cells of the tissue
109 proximate the implantable device 102. In an embodi-
ment, the actively-controllable excitation component 106 is
configured to deliver a sterilizing stimulus of a character and
for a time sufficient to induce pore formation in a plasma
membrane of at least a portion of infecting agents proximal to
implantable device 102. In an embodiment, the actively-con-
trollable excitation component 106 is configured to deliver a
sterilizing stimulus of a character and for a time sufficient to
induce pore formation in a plasma membrane in at least a
portion of cells of the tissue 109 proximate the implantable
device 102.

[0072] In anembodiment, the actively-controllable excita-
tion component 106 is configured to deliver a sterilizing
stimulus of a character and for a time sufficient to induce
electroporation of a plasma membrane in at least a portion of
cells of the tissue proximate a first outer surface 104 of the
implantable device 102. In an embodiment, the actively-con-
trollable excitation component 106 is configured to deliver a
sterilizing stimulus of a character and for a time sufficient to
generate a potential of greater than about 650 millivolts (mV)
in aregion of the tissue proximate the implantable device 102.
In an embodiment, the actively-controllable excitation com-
ponent 106 is configured to deliver a sterilizing stimulus of a
character and for a time sufficient to generate a potential of
greater than about 800 millivolts (mV) inaregion of the tissue
109 proximate the implantable device 102. In an embodi-
ment, the actively-controllable excitation component 106 is
configured to deliver a sterilizing stimulus of a character and
for a time sufficient to generate a potential of greater than
about 950 mV in a region of the tissue 109 proximate the
implantable device 102.

[0073] In an embodiment, the actively-controllable excita-
tion component 106 is configured to deliver an electromag-
netic stimulus, in vivo, to at least a portion of tissue proximate
the first outer surface 104 of the implantable device 102. In an
embodiment, the actively-controllable excitation component
106 is configured to deliver a sterilizing stimulus of a char-
acter and for a time sufficient to reduce the concentration of at
least one infecting agent in at least a portion of tissue proxi-
mate the implantable device 102.
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[0074] Among implantable devices 102 examples include,
butare not limited to, bio-implants, bioactive implants, breast
implants, cochlear implants, dental implants, neural
implants, orthopedic implants, ocular implants, prostheses,
implantable electronic device, implantable medical devices,
and the like. Further non-limiting examples of implantable
devices 102 include replacements implants (e.g., joint
replacements implants such, for example, elbows, hip (an
example of which is shown on FIG. 1), knee, shoulder, wrists
replacements implants, and the like), subcutaneous drug
delivery devices (e.g., implantable pills, drug-eluting stents,
and the like), shunts (e.g., cardiac shunts, lumbo-peritoneal
shunts, cerebrospinal fluid (CSF) shunts, cerebral shunts, pul-
monary shunts, portosystemic shunts, portacaval shunts, and
the like), stents (e.g., coronary stents, peripheral vascular
stents, prostatic stents, ureteral stents, vascular stents, and the
like), biological fluid flow controlling implants, and the like.
Further non-limiting examples of implantable devices 102
include artificial hearts, artificial joints, artificial prosthetics,
catheters, contact lens, mechanical heart valves, subcutane-
ous sensors, urinary catheters, vascular catheters, and the like.

[0075] In an embodiment, at least a portion of an outer
surface of the implantable devices 102 may include one or
more coatings, functionalized surfaces, surface treatments,
immuno-stimulating coatings, and the like. Among the one or
more coatings, functionalized surfaces, surface treatments,
immuno-stimulating coatings, and the like, examples
include, but are not limited to, polymeric compositions that
resist bacterial adhesion, antimicrobial coating, coatings that
controllably-release antimicrobial agents, quaternary ammo-
nium silane coatings, chitosan coatings, and the like. Further
non-limiting examples of coatings, functionalized surfaces,
surface treatments, immuno-stimulating coatings, and the
like may be found in, for example, the following documents
(the contents of which are incorporated herein by reference):
U.S. Pat. Nos. 7,348,021 (issued Mar. 25, 2008), 7,151,139
(issued Dec. 19, 2006), and 7,143,709 (issued Dec. 5, 2006).
In an embodiment, at least a portion of an outer surface of the
implantable devices 102 may include one or more self-clean-
ing coating materials. Examples of self-cleaning coating
(e.g., Lotus Effect) materials include, but are not limited to
titanium dioxide, superhydrophobic materials, carbon nano-
tubes with nanoscopic paraffin coating, or the like. Further
examples of self-cleaning (e.g., non fouling) coating materi-
als include, but are not limited to, antimicrobial, and nonfoul-
ing zwitterionic polymers, zwitterionic surface forming
materials, zwitterionic polymers, poly(carboxybetaine meth-
acrylate) (pCBMA), poly(carboxybetaine acrylic amide)
(pCBAA), poly(oligo(ethylene glycol) methyl ether meth-
acrylate) (pOEGMA), poly(N,N-dimethyl-N-(ethoxycarbo-
nylmethyl)-N-[2'-(methacryloyloxy)ethyl]-ammonium bro-
mide), cationic pC8NMA, switchable pCBMA-1 C2,
pCBMA-2, and the like. See e.g., WO 2008/083390 (pub-
lished Jul. 10, 2008) (the contents of which are incorporated
herein by reference)

[0076] Referring to FIG. 2, in an embodiment, the implant-
able device 102 includes, but is not limited to, at least one
actively-controllable excitation component 106. The
actively-controllable excitation component 106 can include,
but is not limited to, one or more energy-emitting elements
108. Among the one or more energy-emitting elements 108
examples include, but are not limited to, electric circuits,
electrical conductors, electrodes (e.g., nano- and micro-elec-
trodes, patterned-electrodes, electrode arrays (e.g., multi-
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electrode arrays, micro-fabricated multi-electrode arrays,
patterned-electrode arrays, and the like), electrocautery elec-
trodes, and the like), cavity resonators, conducting traces,
ceramic patterned electrodes, electro-mechanical compo-
nents, lasers, quantum dots, laser diodes, light-emitting
diodes (e.g., organic light-emitting diodes, polymer light-
emitting diodes, polymer phosphorescent light-emitting
diodes, microcavity light-emitting diodes, high-efficiency
UV light-emitting diodes, and the like), arc flashlamps, con-
tinuous wave bulbs, ultrasound emitting elements, ultrasonic
transducers, thermal energy emitting elements, and the like.
[0077] Inan embodiment, the one or more energy-emitting
elements 108 include one or more light-emitting diodes 110.
Light-emitting diodes 110 come in a variety of forms and
types including, for example, standard, high intensity, super
bright, low current types, and the like. Typically, the light-
emitting diode’s color is determined by the peak wavelength
of the light emitted. For example, red light-emitting diodes
have a peak emission ranging from about 610 nm to about 660
nm. Examples of light-emitting diode colors include amber,
blue, red, green, white, yellow, orange-red, ultraviolet, and
the like. Further non-limiting examples of light-emitting
diodes include bi-color, tri-color, and the like. Light-emitting
diode’s emission wavelength may depend on a variety of
factors including, for example, the current delivered to the
light-emitting diode. The color or peak emission wavelength
spectrum of the emitted light may also generally depends on
the composition or condition of the semi-conducting material
used, and may include, but is not limited to, peak emission
wavelengths in the infrared, visible, near-ultraviolet, or ultra-
violet spectrum, or combinations thereof.

[0078] Light-emitting diodes 110 can be mounted on, for
example, but not limited to a surface, a substrate, a portion, or
acomponent of the implantable device 102 using a variety of
methods and technologies including, for example, wire bond-
ing, flip chip, controlled collapse chip connection, integrated
circuit chip mounting arrangement, and the like. In an
embodiment, the light-emitting diodes 110 can be mounted
on a surface, substrate, portion, or component of the implant-
able device 102 using, for example, but not limited to a
flip-chip arrangement. A flip-chip is one type of integrated
circuit chip mounting arrangement that generally does not
require wire bonding between chips. In some embodiments,
instead of wire bonding, solder beads or other elements can be
positioned or deposited on chip pads such that when the chip
is mounted, electrical connections are established between
conductive traces carried by circuitry within the system 100.
[0079] Inan embodiment, the one or more energy-emitting
elements 108 include one or more light-emitting diode arrays.
In an embodiment, the one or more energy-emitting elements
108 include at least one of a one-dimensional light-emitting
diode array, a two-dimensional light-emitting diode array, or
a three-dimensional light-emitting diode array.

[0080] Inan embodiment, the one or more energy-emitting
elements 108 include one or more transducers 112 (e.g.,
ultrasonic transducers, ultrasonic sensors, and the like). In an
embodiment, the one or more transducers 112 are config-
urable to deliver an ultrasonic stimulus (e.g., an ultrasonic
sterilizing stimulus, an ultrasonic thermal sterilizing stimu-
lus, or the like) to tissue proximate the implantable device
102. In an embodiment, the one or more transducers 112 are
configurable to generate an ultrasonic stimulus to tissue
proximate the implantable device 102. In an embodiment, the
one or more transducers 112 are configurable to detect an
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ultrasonic signal. In an embodiment, the one or more trans-
ducers 112 are configured to, among other things, transmit
and receive ultrasonic waves. In an embodiment, the one or
more transducers 112 are configured to, among other things,
deliver an ultrasonic stimulus to tissue proximate the implant-
able device 102. In an embodiment, the one or more trans-
ducers 112 are configured to, among other things, deliver an
in vivo ultrasonic treatment to a biological subject. In an
embodiment, the one or more transducers 112 are configured
to, among other things, generate one or more continuous or a
pulsed ultrasonic waves, or combinations thereof.

[0081] Among transducers 112, examples include acoustic
transducers, composite piezoelectric transducers, conformal
transducers, flexible transducers, flexible ultrasonic multi-
element transducer arrays, flexible ultrasound transducers,
immersible ultrasonic transducers, integrated ultrasonic
transducers, microfabricated ultrasound transducers, piezo-
electric materials (e.g., lead-zirconate-titanate, bismuth titan-
ate, lithium niobate, piezoelectric ceramic films or laminates,
sol-gel sprayed piezoelectric ceramic composite films or
laminates, piezoelectric crystals, and the like), piezoelectric
ring transducers, piezoelectric transducers, ultrasonic sen-
sors, ultrasonic transducers, and the like. In an embodiment,
the one or more energy-emitting elements 108 include one or
more one-dimensional transducer arrays, two-dimensional
transducer arrays, or three-dimensional transducer arrays.
The one or more transducers 112 can include a single design
where a single piezoelectric component outputs one single
waveform at a time, or may be compound where two or more
piezoelectric components are utilized in a single transducer
112 or in multiple transducers 112 thereby allowing multiple
waveforms to be output sequentially or concurrently.

[0082] In an embodiment, the system 100 includes, but is
not limited to, electro-mechanical components for transmit-
ting and receiving ultrasonic waves. For example, in an
embodiment, the system 100 can include, but is not limited to,
one or more waveform generators 115, as well as any associ-
ated hardware, software, and the like. In an embodiment, the
system 100 includes one or more controllers configured to
concurrently or sequentially operate multiple transducers
112. In an embodiment, the system 100 can include, but is not
limited to, multiple drive circuits (e.g., one drive circuit for
each transducer 112) and may be configured to generate vary-
ing waveforms from each coupled transducer 112 (e.g., mul-
tiple waveform generators, and the like). The system 100 can
include, but is not limited to, an electronic timing controller
coupled to an ultrasonic waveform generator 115. In an
embodiment, one or more controller are configured to auto-
matically control one or more of a frequency, a duration, a
pulse rate, a duty cycle, or the like associate with the ultra-
sonic energy generated by the one or more transducers 112. In
an embodiment, one or more controller are configured to
automatically control one or more of a frequency, a duration,
a pulse rate, a duty cycle, or the like associate with the ultra-
sonic energy generated by the one or more transducers 112
based on at least one physiological characteristic of the bio-
logical subject, or on at least one characteristic associated
with the tissue proximate the implantable device 102.

[0083] Inan embodiment, the one or more transducers 112
can be communicatively coupled to one or more of the wave-
form generator 115. In an embodiment, a waveform genera-
tors 115 can include, but is not limited to, an oscillator 119
and a pulse generator 121 configured to generate one or more
drive signals for causing one or more transducer 112 to ultra-
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sonically vibrate and generate ultrasonic energy. In an
embodiment, one or more controller are configured to auto-
matically control least one waveform characteristic (e.g.,
intensity, frequency, pulse intensity, pulse duration, pulse
ratio, pulse repetition rate, and the like) associated with the
delivery of one or more ultrasonic energy stimuli. For
example, pulsed waves may be characterized by the fraction
of time the ultrasound is present over one pulse period. This
fraction is called the duty cycle and is calculated by dividing
the pulse time ON by the total time of a pulse period (e.g.,
time ON plus time OFF). In an embodiment, a pulse generator
121 may be configured to electronically generate pulsed peri-
ods and non-pulsed (or inactive) periods.

[0084] The effects of therapeutic ultrasound on living tis-
sues vary. For example, ultrasound typically has a greater
affect on highly organized, structurally rigid tissues such as
bone, tendons, ligaments, cartilage, and muscle. Due to their
different depths within the body, however, the different tissue
types require different ultrasonic frequencies for effective
treatment. Seee.g., U.S. Publication No. 2007/0249969 (pub-
lished Oct. 25, 2007) (the contents of which are incorporated
herein by reference). Ultrasound may cause increases in tis-
sue relaxation, local blood flow, and scar tissue breakdown. In
an embodiment, the effect of the increase in local blood flow
canbe used to, for example, aid in reducing local swelling and
chronic inflammation, as well as promote bone fracture heal-
ing. In an embodiment, applying a sufficient ultrasonic
energy to tissue infected with, for example, pathogenic bac-
teria, may lead to a reduction of the pathogenic bacteria in at
least a portion of the infected tissue. In an embodiment,
applying a sufficient ultrasonic energy to tissue infected with,
for example, pathogenic bacteria, in the presence of one or
more disinfecting agents may lead to a reduction of the patho-
genic bacteria in at least a portion of the infected tissue. In an
embodiment, applying a sufficient ultrasonic energy to tissue
infected with, for example, pathogenic bacteria, in the pres-
ence of one or more disinfecting agents may reduce biofilm
viability.

[0085] Inan embodiment, the one or more energy-emitting
elements 108 can be implanted within a biological subject. In
an embodiment, the one or more energy-emitting elements
108 are configured to apply energy (e.g., electrical energy,
electromagnetic energy, thermal energy, ultrasonic energy, or
the like, or combinations thereof) to tissue proximate an
implantable device 102 to, for example, treat or prevent an
infection (e.g., an implant-associated infection, hematog-
enous implant-associated infection, and the like), a hemato-
logical abnormality, and the like. In an embodiment, the one
or more energy-emitting elements 108 are configured to
apply energy to tissue proximate an implantable device 102 to
promote at least one of a tissue healing process, a tissue
growing process, a tissue scarring process, or the like. In an
embodiment, the one or more energy-emitting elements 108
are configured to apply energy of sufficient strength or dura-
tion to tissue proximate an implant to inhibit a tissue scarring
process. In an embodiment, the one or more energy-emitting
elements 108 are configured to apply energy to tissue proxi-
mate an implant to treat, prevent, inhibit, or reduce post-
operative adhesion, fibrin sheath formation, or scar tissue
formation. In an embodiment, the one or more energy-emit-
ting elements 108 are configured to apply energy to tissue
proximate an implantable device 102 to treat, prevent, inhibit,
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or reduce the presence or concentration of an infecting agent
within at least a portion of the tissue proximate the implant-
able device 102.

[0086] The system 100 can include, but is not limited to, at
least one spatially-patterned energy-emitting element 114
configured to provide a spatially-patterned sterilizing stimu-
lus to tissue proximate an implantable device 102. The spa-
tially-patterned sterilizing stimulus can take a variety forms,
configurations, and geometrical patterns including for
example, but not limited to, lines, circles, ellipses, triangles,
rectangles, polygons, any regular or irregular geometrical
patterns, one-dimensional patterns, two-dimensional pat-
terns, three-dimensional patterns, and the like, and any com-
bination thereof. In an embodiment, the actively-controllable
excitation component 106 includes a spatially-patterned
energy-emitting element configured to provide a spatially-
patterned sterilizing stimulus. In an embodiment, the
actively-controllable excitation component 106 includes a
spatially-patterned energy-emitting element configured to
provide a spatially-patterned sterilizing stimulus, the spa-
tially-patterned energy-emitting element having a plurality of
spaced apart electrodes 116.

[0087] Theactively-controllable excitation component 106
can include, but is not limited to, at least one patterned elec-
trode 120. In an embodiment, the at least one patterned elec-
trode 120 is configured to provide a spatially-patterned ster-
ilizing stimulus. Electrodes forming part of a patterned
electrode, such as the atleast one patterned electrode 120, can
take a variety of forms, configurations, and geometrical pat-
terns including forexample, but notlimited to, a one-, two-, or
three-dimensional arrays, a pattern comprising concentric
geometrical shapes, a pattern comprising rectangles, squares,
circles, triangles, polygons, any regular or irregular shapes,
and the like, and any combination thereof. Techniques suit-
able for making patterned electrodes include, but are not
limited to, electro-deposition, electro-deposition onto laser-
drilled polymer molds, laser cutting and electro-polishing,
laser micromachining, surface micro-machining, soft lithog-
raphy, x-ray lithography, LIGA techniques (e.g., X-ray
lithography, electroplating, and molding), conductive paint
silk screen techniques, conventional pattering techniques,
injection molding, conventional silicon-based fabrication
methods (e.g., inductively coupled plasma etching, wet etch-
ing, isotropic and anisotropic etching, isotropic silicon etch-
ing, anisotropic silicon etching, anisotropic GaAs etching,
deep reactive ion etching, silicon isotropic etching, silicon
bulk micromachining, and the like), complementary-symme-
try/metal-oxide semiconductor (CMOS) technology, deep
x-ray exposure techniques, and the like.

[0088] Referring to FIGS. 3A and 3B, in an embodiment, a
patterned electrode 300 can include, but is not limited to, one
or more conductive traces 302 that are deposited, etched, or
otherwise applied to a substrate to form one or more patterned
electrodes. For example, lithographic techniques can be use
to form a conductive trace layout 310, onto a surface of a
substrate 306. The lithographic process for forming the con-
ductive trace layouts 310 can include for example, but not
limited to, applying a resist film (e.g., spin-coating a photo-
resist film) onto the substrate, exposing the resist with an
image of a circuit layout (e.g., the geometric pattern of one or
more conductive traces), heat treating the resist, developing
the resist, transferring the layout onto the substrate, and
removing the remaining resist. Transferring the layout onto
the substrate 306 can include, but is not limited to, using
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techniques like subtractive transfer, etching, additive transfer,
selective deposition, impurity doping, ion implantation, and
the like.

[0089] Patterned electrodes 300 can be sized and shaped to
provide a spatially-patterned sterilizing stimulus to, for
example, aregion proximate an implantable device 102. Inan
embodiment, the spatially-patterned sterilizing stimulus is
adapted to provide a voltage across at least a portion of cells
of tissue proximate an outer surface of the implantable device
102. In an embodiment, the spatially-patterned sterilizing
stimulus is adapted to provide a voltage across at least a
portion of tissue proximate the implantable device 102, and to
induce pore formation in a plasma membrane of at least a
portion of infecting agents within the region proximate the
implantable device 102. In an embodiment, the voltage is of
sufficient strength or duration to exceed a nominal dielectric
strength of at least one cell plasma membrane. Referring to
FIGS. 4A and 4B, in an embodiment, the patterned electrodes
400, 410 can include, but are not limited to, two or more
electrodes 402, 404 forming a pattern. In an embodiment, the
patterned electrodes 400 can include two or more electrodes
402, 404 separated by an insulating material 406.

[0090] With continued reference to FIG. 2, the system 100
can include, but is not limited to, one or more controllers 130
such as a processor (e.g., a microprocessor) 132, a central
processing unit (CPU) 134, a digital signal processor (DSP)
136, an application-specific integrated circuit (ASIC) 138, a
field programmable gate array (FPGA) 140, and the like, and
any combinations thereof, and may include discrete digital or
analog circuit elements or electronics, or combinations
thereof. In an embodiment, the implantable device 102 can,
for example, wirelessly coupled to a controller 130 that com-
municates with the implantable device 102 via wireless com-
munication. Examples of wireless communication include
for example, but not limited to, optical connections, ultravio-
let connections, infrared, BLUETOOTH®,, Internet connec-
tions, network connections, and the like.

[0091] Inan embodiment, the system 100 includes at least
one controller 130 operably coupled to the actively-control-
lable excitation component 106. In an embodiment, the at
least one controller 130 is configured to control at least one
parameter associated with the delivery of the sterilizing
stimulus. In an embodiment, the at least one controller 130 is
configured to control at least one of a duration time, a delivery
location, or a spatial-pattern stimulation configuration asso-
ciated with the delivery of the sterilizing stimulus. In an
embodiment, the at least one controller 130 is configured to
control at least one of an excitation intensity, an excitation
frequency, an excitation pulse frequency, an excitation pulse
ratio, an excitation pulse intensity, an excitation pulse dura-
tion time, an excitation pulse repetition rate, an ON-rate, or an
OFF-rate.

[0092] The system 100 can include, but is not limited to,
one or more memories 142 that, for example, store instruc-
tions or data, for example, volatile memory (e.g., Random
Access Memory (RAM) 144, Dynamic Random Access
Memory (DRAM), and the like) non-volatile memory (e.g.,
Read-Only Memory (ROM) 146, Electrically Erasable Pro-
grammable Read-Only Memory (EEPROM), Compact Disc
Read-Only Memory (CD-ROM), and the like), persistent
memory, and the like. Further non-limiting examples of one
or more memories 142 include Erasable Programmable
Read-Only Memory (EPROM), flash memory, and the like.
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The one or more memories can be coupled to, for example,
one or more controllers 130 by one or more instruction, data,
or power buses 148.

[0093] The system 100 can include, but is not limited to,
one or more databases 150. In an embodiment, a database 150
can include, but is not limited to, at least one of inflammation
indication parameter data, infection indication parameter
data, diseased tissue indication parameter data, or the like. In
an embodiment, a database 150 can include, but is not limited
to, at least one of absorption coefficient data, extinction coef-
ficient data, scattering coefficient data, or the like. In an
embodiment, a database 150 can include, but is not limited to,
at least one of stored reference data such as infection marker
data, inflammation marker data, infective stress marker data,
sepsis marker data, or the like. In an embodiment, a database
150 can include, but is not limited to, information associated
with a disease state of a biological subject. In an embodiment,
adatabase 150 can include, but is not limited to, measurement
data.

[0094] Inflammation is a complex biological response to
insults that arise from, for example, chemical, traumatic, or
infectious stimuli. It is a protective attempt by an organism to
isolate and eradicate the injurious stimuli as well as to initiate
the process of tissue repair. The events in the inflammatory
response are initiated by a complex series of interactions
involving inflammatory mediators, including those released
by immune cells and other cells of the body. Histamines and
eicosanoids such as prostaglandins and leukotrienes act on
blood vessels at the site of infection to localize blood flow,
concentrate plasma proteins, and increase capillary perme-
ability. Chemotactic factors, including certain eicosanoids,
complement, and especially cytokines known as chemokines,
attract particular leukocytes to the site of infection. Other
inflammatory mediators, including some released by the
summoned leukocytes, function locally and systemically to
promote the inflammatory response. Platelet activating fac-
tors and related mediators function in clotting, which aids in
localization and can trap pathogens, Certain cytokines, inter-
leukins and TNF, induce further trafficking and extravasation
of immune cells, hematopoiesis, fever, and production of
acute phase proteins. Once signaled, some cells and/or their
products directly affect the offending pathogens, for example
by inducing phagocytosis of bacteria or, as with interferon,
providing antiviral effects by shutting down protein synthesis
in the host cells. Oxygen radicals, cytotoxic factors, and
growth factors may also be released to fight pathogen infec-
tion and/or to facilitate tissue healing. This cascade of bio-
chemical events propagates and matures the inflammatory
response, involving the local vascular system, the immune
system, and various cells within the injured tissue. Under
normal circumstances, through a complex process of media-
tor-regulated pro-inflammatory and anti-inflammatory sig-
nals, the inflammatory response eventually resolves itself and
subsides. For example, the transient and localized swelling
associated with a cut is an example of an acute inflammatory
response. However, in certain cases resolution does not occur
as expected. Prolonged inflammation, known as chronic
inflammation, leads to a progressive shift in the type of cells
present at the site of inflammation and is characterized by
simultaneous destruction and healing of the tissue from the
inflammatory process, as directed by certain mediators.
Rheumatoid arthritis is an example of a disease associated
with persistent and chronic inflammation.
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[0095] In an embodiment, the system 100 is configured to
compare an input associated with at least one characteristic
associated with a tissue proximate an implantable device 102
to a database 150 of stored reference values, and to generate
a response based in part on the comparison. In an embodi-
ment, the system 100 is configured to compare an input asso-
ciated with at least one physiological characteristic associ-
ated with a biological subject to a database 150 of stored
reference values, and to generate a response based in part on
the comparison.

[0096] The system 100 can include, but is not limited to,
one or more data structures 152. In an embodiment, a data
structure 152 can include, but is not limited to, at least one of
information associated with at least one parameter associated
with a tissue water content, an oxy-hemoglobin concentra-
tion, a deoxyhemoglobin concentration, an oxygenated
hemoglobin absorption parameter, a deoxygenated hemoglo-
bin absorption parameter, a tissue light scattering parameter,
a tissue light absorption parameter, a hematological param-
eter, apH level, or the like. The system 100 can include, but is
not limited to, at least one of inflammation indication param-
eter data, infection indication parameter data, diseased tissue
indication parameter data, or the like configured as a data
structure 152. In an embodiment, a data structure 152 can
include, but is not limited to, information associated with
least one parameter associated with a cytokine plasma con-
centration or an acute phase protein plasma concentration. In
an embodiment, a data structure 152 can include, but is not
limited to, information associated with a disease state of a
biological subject. In an embodiment, a data structure 152 can
include, but is not limited to, measurement data.

[0097] In an embodiment, the system 100 is configured to
compare an input associated with at least one characteristic
associated with a tissue proximate an implantable device 102
to a data structure 152 including reference values, and to
generate a response based in part on the comparison. In an
embodiment, the system 100 is configured to compare an
input associated with at least one physiological characteristic
associated with a biological subject to a data structure 152
including reference values, and to generate a response based
in part on the comparison.

[0098] The system 100 can include, but is not limited to,
one or more computer-readable media drives 154, interface
sockets, Universal Serial Bus (USB) ports, memory card
slots, and the like, and one or more input/output components
such as, for example, a graphical user interface, a display, a
keyboard, a keypad, a trackball, a joystick, a touch-screen, a
mouse, a switch, a dial, and the like, and any other peripheral
device. In an embodiment, the system 100 can include, but is
not limited to, one or more user input/output components 156
that operably-couple to at least one controller 130 to control
(electrical, electromechanical, software-implemented, firm-
ware-implemented, or other control. or combinations thereof)
at least one parameter associated with the delivery of the
sterilizing stimulus.

[0099] The computer-readable media drive 154 or memory
slotmay be configured to accept signal-bearing medium (e.g,,
computer-readable memory media, computer-readable
recording media, and the like). In an embodiment, a program
for causing the system 100 to execute any of the disclosed
methods can be stored on, for example, a computer-readable
recording medium, a signal-bearing medium, and the like.
Examples of signal-bearing media include, but are not limited
to, a recordable type medium such as a magnetic tape, floppy
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disk, a hard disk drive, a Compact Disc (CD), a Digital Video
Disk (DVD), Blu-Ray Disc, 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.). Further non-
limiting examples of signal-bearing media include, but are
not limited to, DVD-ROM, DVD-RAM, DVD+RW, DVD-
RW, DVD-R, DVD+R, CD-ROM, Super Audio CD, CD-R,
CD+R, CD+RW, CD-RW, Video Compact Discs, Super
Video Discs, flash memory, magnetic tape, magneto-optic
disk, MINIDISC, non-volatile memory card, EEPROM, opti-
cal disk, optical storage, RAM, ROM, system memory, web
server, and the like. In an embodiment, the system 100 can
include, but is not limited to, signal-bearing media in the form
of one or more logic devices (e.g., programmable logic
devices, complex programmable logic device, field-program-
mable gatearrays, application specific integrated circuits, and
the like) comprising, for example, one or more look-up tables.

[0100] In an embodiment, the implantable device 102
includes for example, but not limited to, at least a first elec-
trical sterilizing stimulus component 170 and a second elec-
trical sterilizing stimulus component 172 operably coupled to
one or more controllers 130. In an embodiment, one or more
controllers 130 are configured to control at least one param-
eter associated with the delivery of at least one of the first
sterilizing stimulus or the second sterilizing stimulus. For
example, in an embodiment, at least one controller 130 is
configured to control at least one of an excitation intensity, an
excitation frequency, an excitation pulse frequency, an exci-
tation pulse ratio, an excitation pulse intensity, an excitation
pulse duration time, or an excitation pulse repetition rate
associated with the delivery of at least one of the first steril-
izing stimulus or the second sterilizing stimulus. In an
embodiment, at least one controller 130 is configured to con-
trol at least one of a first or a second sterilizing stimulus
delivery regimen parameter, a spaced-apart sterilizing stimu-
lus delivery pattern parameter, a spatial electric field modu-
lation parameter, a spatial electric field magnitude parameter,
a spatial electric field distribution parameter, an ON-rate, or
an OFF-rate associated with the delivery of at least one of the
first sterilizing stimulus or the second sterilizing stimulus. In
an embodiment, at least one controller 130 is configured to
control at least one parameter associated with the delivery of
the first sterilizing stimulus, and at least one other controller
130 is configured to control at least one parameter associated
with the delivery of the second sterilizing stimulus.

[0101] In an embodiment, actively-controllable excitation
component 106 is configured to reduce the concentration of
an infecting agent in the immediate vicinity of an implant. In
an embodiment, actively-controllable excitation component
106 is configured to concurrently or sequentially deliver a
first sterilizing stimulus and a second sterilizing stimulus, in
vivo, to tissue proximate the first outer surface. In an embodi-
ment, at least one of the first sterilizing stimulus or the second
sterilizing stimulus comprises a peak emission wavelength in
the x-ray, ultraviolet, visible, infrared, near infrared, micro-
wave, or radio frequency spectrum; and a controller 130 com-
municatively coupled to the actively-controllable excitation
component, the controller 130 configured to regulate at least
one parameter associated with the delivery of the sterilizing
stimulus.
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[0102] Theactively-controllable excitation component 106
caninclude, but is not limited to, at least one energy-emitting
component 124. Tn an embodiment, the at least one energy-
emitting component 124 is configured to provide spatially-
patterned sterilizing stimulus. Among the at least one energy-
emitting component 124 examples include, but are not
limited to, electrical energy emitters, electromagnetic energy
emitters, optical energy emitters, energy photon emitters,
light energy emitters, and the like. In an embodiment, the
actively-controllable excitation component 106 can include,
but is not limited to, at least one spatially-patterned energy-
emitting element 114 configured to provide a spatially-pat-
terned sterilizing stimulus to tissue proximate an implantable
device 102. The spatially-patterned energy-emitting element
114 can include, but is not limited to, a plurality of spaced
apart electrodes 116. In an embodiment, the spatially-pat-
terned energy-emitting element 114 is configured to deliver a
sterilizing stimulus of a character and for a time sufficient to
provide a spatially-patterned sterilizing stimulus. The
actively-controllable excitation component 106 can include,
but is not limited to, a plurality of electrodes 118. In an
embodiment, the plurality of electrodes 118 are configured to
provide a spatially-patterned sterilizing stimulus.

[0103] Referring to FIG. 5, in an embodiment, the at least
one energy-emitting component 124 is configured to provide
an illumination pattern 500 comprising at least a first region
502 and a second region 504. In an embodiment, the second
region 504 of the illumination pattern comprises at least one
of an illumination intensity (I,,), an energy-emitting pattern, a
peak emission wavelength (a,,), an ON-pulse duration (D,
»), an OFF-pulse duration (D gpp,), or a pulse frequency (a,)
different than the first region 502. The at least one energy-
emitting component 124 can be configured to provide a spa-
tially-patterned sterilizing stimulus having a peak emission
wavelength in at least one of an x-ray, an ultraviolet, a visible,
an infrared, anear infrared, a microwave, or a radio frequency
spectrum, or combinations thereof, to at least a portion of
tissue proximate an implantable device 102. In an embodi-
ment, the at least one energy-emitting component 124 is
configured to provide a spatially-patterned optical energy
stimulus. The at least one energy-emitting component 124
can include, but is not limited to, a patterned-light emitting
source 126. In an embodiment, the patterned-light emitting
source 126 is configured to provide a spatially-patterned opti-
cal energy stimulus to tissue proximate the implantable
device 102.

[0104] With continued reference to FIG. 2, the implantable
device 102 can include, but is not limited to, at least one
energy-emitting component 124. In an embodiment, the at
least one energy-emitting component 124 is configured to
provide a spatially-patterned light energy stimulus. In an
embodiment, the at least one energy-emitting component 124
is configured to provide a spatially-patterned optical energy
stimulus. In an embodiment, the at least one energy-emitting
component-includes a patterned light source.

[0105] In an embodiment, the actively-controllable excita-
tion component 106 is operable to deliver a first electromag-
netic sterilizing stimulus and a second sterilizing stimulus, in
vivo, to tissue proximate the first outer surface, the second
electromagnetic sterilizing stimulus having at least one of an
illumination intensity, an energy-emitting pattern, a peak
emission wavelength, an ON-pulse duration, an OFF-pulse
duration, or a pulse frequency different than the first electro-
magnetic sterilizing stimulus.
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[0106] Referring to FIG. 6, in an embodiment, the system
100 can include, but is not limited to, a control means 600.
The control means 600 may include for example, but not
limited to, electrical, electromechanical, software, firmware,
or other control components, or combinations thereof. In an
embodiment, the control means 600 may include electrical
circuitry configured to for example, but not limited to, control
at least one of a sterilizing stimulus delivery regimen param-
eter, a spaced-apart sterilizing stimulus delivery pattern
parameter, a spatial electric field modulation parameter, a
spatial electric field magnitude parameter, or a spatial electric
field distribution parameter associated with the delivery of the
sterilizing stimulus. In an embodiment, the control means 600
may include electrical circuitry configured to for example,
but not limited to, control the one or more controllable-re-
lease ports configured to deliver the at least one scaffold-
forming material to the first outer surface. Further examples
of circuitry can be found, among other things, in U.S. Pat. No.
7,236,821 (issued Jun. 26, 2001), the contents of which is
incorporated herein by reference. In a general sense, those
skilled in the art will recognize that the various aspects
described herein (which can be implemented, individually
and/or collectively, 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.”
Consequently, 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 purpose computer config-
ured by a computer program which at least partially carries
out processes and/or devices described herein, or a micropro-
cessor configured by a computer program which at least par-
tially 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
electrical circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.). Those having skill in the art will recognize that the
subject matter described herein may be implemented in an
analog or digital fashion or some combination thereof.

[0107] In an embodiment, the control means 600 may
include one or more electro-mechanical systems configured
to for example, control at least one of a sterilizing stimulus
delivery regimen parameter, a spaced-apart sterilizing stimu-
lus delivery pattern parameter, a spatial electric field modu-
lation parameter, a spatial electric field magnitude parameter,
or a spatial electric field distribution parameter associated
with the delivery of the sterilizing stimulus. In an embodi-
ment, the control means 600 may include one or more electro-
mechanical systems configured to for example, but not lim-
ited to, control the one or more controllable-release ports
configured to deliver the at least one scaffold-forming mate-
rial to the first outer surface. In a general sense, the various
embodiments described herein can be implemented, indi-
vidually and/or collectively, by various types of electro-me-
chanical systems having a wide range of electrical compo-
nents such as hardware, software, firmware, and/or virtually
any combination thereof; and a wide range of components
that may impart mechanical force or motion such as rigid
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bodies, spring or torsional bodies, hydraulics, electro-mag-
netically actuated devices, and/or virtually any combination
thereof.

[0108] Consequently, as used herein “electro-mechanical
system” includes, but is not limited to, electrical circuitry
operably coupled with a transducer (e.g., an actuator, a motor,
a piezoelectric crystal, a Micro Electro Mechanical System
(MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one inte-
grated circuit, electrical circuitry having at least one applica-
tion specific integrated circuit, electrical circuitry forming a
general purpose computing device configured by a computer
program (e.g., a general purpose computer configured by a
computer program which at least partially carries out pro-
cesses 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), elec-
trical circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)), electri-
cal circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.), and/or any non-electrical analog thereto, such as
optical or other analogs. Examples of electro-mechanical sys-
tems include, but are not limited to, a variety of consumer
electronics systems, medical devices, as well as other systems
such as motorized transport systems, factory automation sys-
tems, security systems, and/or communication/computing
systems. The term, electro-mechanical, as used herein is not
necessarily limited to a system that has both electrical and
mechanical actuation except as context may dictate other-
wise.

[0109] In an embodiment, the system 100 can include for
example, but is not limited to; a control means 600 for oper-
ably coupling to the actively-controllable excitation compo-
nent 106. In an embodiment, the control means 600 is oper-
able to control at least one of component associated with the
delivery of the sterilizing stimulus. Such components may
include for example, but not limited to, a delivery regimen
component 604, a spaced-apart sterilizing stimulus delivery
pattern component 606, a spatial electric field modulation
component 608, a spatial electric field magnitude component
610, a spatial electric field distribution component 612, or the
like associated with the delivery of the sterilizing stimulus. In
an embodiment, the control means 600 is operable to control
at least of a spatial illumination field modulation component
614, a spatial illumination field intensity component 616, ora
spatial illumination delivery pattern component 618. In an
embodiment, the control means 600 is operable to control at
least one sterilizing stimulus delivery regimen parameter
selected from an excitation intensity, an excitation frequency,
an excitation pulse frequency, an excitation pulse ratio, an
excitation pulse intensity, an excitation pulse duration time,
an excitation pulse repetition rate, an ON-rate, or an OFF-
rate. A “duty cycle” includes, but is not limited to, a ratio of a
pulse duration (T) relative to a pulse period (T). For example,
apulse train having a pulse durationof 10 as and a pulse signal
period of 40 as, corresponds to a duty cycle (D=t/T) of 0.25.
In an embodiment, the control means 600 is operable to
manage a duty cycle associated with emitting an effective
amount of the electrical sterilizing stimulus from the actively-
controllable excitation component 106.

[0110] In an embodiment, the control means 600 is oper-
able to control at least one component 620 associated with the
delivery of the scaffold-forming material 402. Such compo-
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nents may include for example, but not limited to, a delivery
rate component, a delivery amount component, a delivery
composition componert, a port release rate component, a port
release amount component a port release pattern component
or the like.

[0111] The control means 600 can include, but is not lim-
ited to, one or more controllers 630 such as a processor (e.g,,
a microprocessor) 632, a central processing unit (CPU) 634,
a digital signal processor (DSP) 636, an application-specific
integrated circuit (ASIC) 638, a field programmable gate
array 640, and the like, and combinations thereof, and may
include discrete digital and/or analog circuit elements or elec-
tronics. In an embodiment, the control means 600 is config-
ured to wirelessly couple to an implantable device 102 that
commuicates via wireless communication with the control
means 600. Examples of wireless communication include for
example, optical connections, audio, ultraviolet connections,
infrared, BLUETOOTH®, Internet connections, network
connections, and the like.

[0112] In an embodiment, the control means 600 includes
at least one controller 630, which is communicably-coupled
to the actively-controllable excitation component 106. In an
embodiment, the control means 600 is configured to control at
least one of a duration time, a delivery location, or a spatial-
pattern stimulation configuration associated with the delivery
of the sterilizing stimulus.

[0113] The control means 600 can include, but is not lim-
ited to, one or more memories 642 that store instructions or
data, for example, volatile memory (e.g., random access
memory (RAM) 644, dynamic random access memory
(DRAM), and the like) non-volatile memory (e.g., read-only
memory (ROM) 646, electrically erasable programmable
read-only memory (EEPROM), compact disc read-only
memory (CD-ROM), and the like), persistent memory, and
the like. Further non-limiting examples of one or more
memories 642 include erasable programmable read-only
memory (EPROM), flash memory, and the like. The one or
more memories can be coupled to, for example, one or more
controllers by one or more instruction, data, or power buses.

[0114] The control means 600 may include a computer-
readable media drive or memory slot 652, and one or more
input/output components 654 such as, for example, a graphi-
cal user interface, a display, a keyboard, a keypad, a trackball,
a joystick, a touch-screen, a mouse, a switch, a dial, and the
like, and any other peripheral device. The control means 600
may further include one or more databases 648, and one or
more data structures 650. The computer-readable media drive
or memory slot may be configured to accept computer-read-
able memory media. In some embodiments, a program for
causing the system 100 to execute any of the disclosed meth-
ods can be stored on a computer-readable recording medium.
Examples of computer-readable memory media include
CD-R, CD-ROM, DVD, flash memory, floppy disk, hard
drive, magnetic tape, magnetooptic disk, MINIDISC, non-
volatile memory card, EEPROM, optical disk, optical stor-
age, RAM, ROM, system memory, web server, and the like.

[0115] Referring to FIG. 7, the implantable device 102 can
include, but is not limited to, one or more power sources 700.
In an embodiment, the power source 700 is electromagneti-
cally, magnetically, ultrasonically, optically, inductively,
electrically, or capacitively-coupleable to the actively-con-
trollable excitation component. In an embodiment, the power
source 700 is carried by the implantable device 102. In an
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embodiment, the power source 700 comprises at least one
rechargeable power source 702.

[0116] Among power sources 700 examples include one or
more button cells, chemical battery cells, a fuel cell, second-
ary cells, lithium ion cells, micro-electric patches, nickel
metal hydride cells, silver-zinc cells, capacitors, super-ca-
pacitors, thin film secondary cells, ultra-capacitors, zinc-air
cells, and the like. Further non-limiting examples of power
sources 700 include one or more generators (e.g., electrical
generators, thermo energy-to-electrical energy generators,
mechanical-energy-to-electrical energy generators, micro-
generators, nano-generators, and the like) such as, for
example, thermoelectric generators 704, piezoelectric gen-
erators 706, microelectromechanical systems (MEMS) gen-
erators 708, biomechanical-energy harvesting generators
710, and the like. In an embodiment, the implantable device
102 can include, but is not limited to, one or more generators
configured to harvest mechanical energy from for example,
ultrasonic waves, mechanical vibration, blood flow, and the
like. In an embodiment, the implantable device 102 can
include one or more power receivers configurable to receive
power from an in vivo power source.

[0117] In an embodiment, the implantable device 102 can
include, but is not limited to, one or more biological-subject
(e.g., human)-powered generators 712. In an embodiment,
the biological-subject-powered generator is configured to
harvest energy from for example, but not limited to, motion of
oneor more joints. In an embodiment, the biological-subject-
powered generator is configured to harvest energy generated
by the biological subject using at least one of a thermoelectric
generator 704, piezoelectric generator 706, microelectrome-
chanical systems (MEMS) generator 708, biomechanical-
energy harvesting generator 710, and the like.

[0118] In an embodiment, the biological-subject-powered
generator 712 is configured to harvest thermal energy gener-
ated by the biological subject. In an embodiment, a thermo-
electric generator 704 is configured to harvest heat dissipated
by the biological subject. In an embodiment, the biological-
subject-powered generator 712 is configured to harvest
energy generated by any physical motion or movement (e.g.,
walking,) by biological subject. For example, in an embodi-
ment, the biological-subject-powered generator 712 is con-
figured to harvest energy generated by the movement of a
joint within the biological subject. In an embodiment, the
biological-subject-powered generator 712 is configured to
harvest energy generated by the movement of a fluid within
the biological subject.

[0119] Inanembodiment, the power source 700 includes at
least one of a thermoelectric generator, a piezoelectric gen-
erator, a microelectromechanical systems (MEMS) genera-
tor, or a biomechanical-energy harvesting generator, and at
least one of a button cell, a chemical battery cell, a fuel cell, a
secondary cell, a lithium ion cell, a micro-electric patch, a
nickel metal hydride cell, silver-zinc cell, a capacitor, a supet-
capacitor, a thin film secondary cell, an ultra-capacitor, or a
zinc-air cell. In an embodiment, the power source 700
includes at least one rechargeable power source.

[0120] In an embodiment, the implantable device 102 can
include, but is not limited to, a power source 700 including at
least one of a thermoelectric generator 704, a piezoelectric
generator 706, a microelectromechanical systems (MEMS)
generator 708, or a biomechanical-energy harvesting genera-
tor 710. In an embodiment, the power source 700 is config-
ured to wirelessly receive power from a remote power supply
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712. In an embodiment, the power source 700 is configured to
manage a duty cycle associated with emitting an effective
amount of the sterilizing stimulus from the actively-control-
lable excitation component 106.

[0121] In an embodiment, the actively-controllable excita-
tion component 106 is configured to provide a voltage across
at least a portion of the tissue proximate the implantable
device 102 from a power source 700 coupled to the implant-
able device 102. In an embodiment, the voltage is sufficient to
exceed a nominal dielectric strength of a cell plasma mem-
brane without substantially interfering with a normal opera-
tion of the implantable device 102. In an embodiment, the
voltage is sufficient to reduce the concentration of an infect-
ing agent in the immediate vicinity of an implant.

[0122] The implantable device 102 may include a transcu-
taneous energy transfer system 714. In an embodiment, the
transcutaneous energy transfer system 714 is electromagneti-
cally, magnetically, ultrasonically, optically, inductively,
electrically, or capacitively-coupleable to a power supply. In
an embodiment, the transcutaneous energy transfer system
714 is electromagnetically, magnetically, ultrasonically, opti-
cally, inductively, electrically, or capacitively-coupleable to
the actively-controllable excitation component 106. In an
embodiment, the transcutaneous energy transfer system 714
includes at least one electromagnetically-coupleable power
supply 716, magnetically-coupleable power supply 718,
ultrasonically-coupleable power supply 720, optically-cou-
pleable power supply 722, inductively-coupleable power sup-
ply 724, electrically-coupleable power supply 726, or capaci-
tively-coupleable power supply 728.

[0123] The transcutaneous energy transfer system 714 can
include, but is not limited to, an inductive power supply. In an
embodiment, the inductive power supply includes a primary
winding operable to produce a varying magnetic field. The
implantable device 102 can include, but is not limited to, a
secondary winding electrically coupled to the actively-con-
trollable excitation component 106 for providing a voltage to
tissue proximate the implantable device 102 in response to the
varying magnetic field of the inductive power supply. In an
embodiment, the transcutaneous energy transfer system 714
can include, but is not limited to, a secondary coil configured
to provide an output voltage ranging from about 10 volts to
about 25 volts. In an embodiment, the transcutaneous energy
transfer system 714 is configured to manage a duty cycle
associated with emitting an effective amount of the sterilizing
stimulus from the actively-controllable excitation component
106. In an embodiment, the transcutaneous energy transfer
system 714 is configured to transfer power to the implantable
device 102 and to recharge a power source 700 within the
implantable device 102. In an embodiment, the implantable
device 102 may include a power receiver configurable to
receive power from an in vivo power source.

[0124] In an embodiment, the implantable device includes
for example, but not limited to, an electrical sterilizing stimu-
lus providing portion; an actively-controllable excitation
component 106 configured to deliver an electrical sterilizing
stimulus, in vivo, to tissue proximate the sterilizing stimulus
providing portion of the implantable device; a controller 130
communicatively coupled to the actively-controllable excita-
tion component; and a power source 700, the power source
700 electromagnetically, magnetically, ultrasonically, opti-
cally, inductively, electrically, or capacitively-coupled to the
actively-controllable excitation component.
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[0125] Referring to FIG. 8, the implantable device 102 can
include, but is not limited to, a scaffold-forming material
supply component 800 configured to deliver at least one scaf-
fold-forming material 802 to an outer surface of the implant-
able device 102. In an embodiment, the scaffold-forming
material supply component 800 is configured to deliver at
least one scaffold-forming material 802 to at least a first outer
surface 104 of the implantable device 102. In an embodiment,
the scaffold-forming material supply component 800 is con-
figured to deliver at least one scaffold-forming material 802 in
the immediate vicinity of implantable device 102.

[0126] In an embodiment, the scaffold-forming material
supply component 800 includes one or more release ports 804
to deliver the at least one scaffold-forming material 802 to the
first outer surface. In an embodiment, the scaffold-forming
material supply component 800 includes one or more con-
trollable-release ports 806 to deliver the at least one scaffold-
forming material 802 to the first outer surface 104 of the
implantable device 102. In an embodiment, the implantable
device 102 can include, but is not limited to, at least one
scaffold-forming material reservoir 808. In an embodiment,
the scaffold-forming material supply component 800
includes one or more controllable-release ports 806 to deliver
the at least one scaffold-forming material 802 form the at least
one scaffold-forming material reservoir 808 to the first outer
surface 104 of the implantable device 102.

[0127] Among scaffold-forming materials 802 examples
include, but are not limited to, scaffold-forming collagens,
scaffold-forming proteins, scaffold-forming substances, and
the like. Further non-limiting examples of scaffold-forming
materials 802 include Type I collagen, Type Il collagen, Type
1II collagen, Type VII collagen, or Type X collagen, and the
like. Further non-limiting examples of scaffold-forming
materials include elastin fibers, soluble elastin, hydrophobic
non-glycosylated proteins, and the like. Further non-limiting
examples of scaffold-forming materials 802 include aggre-
can, albumin, bone, cartilage, chondroitan sulfate proteogly-
can, collagen, fibrin, gelatin, glycosaminoglycans, globulin,
glutaraldehyde-cross-linked pericardium, heparan sulfate
proteoglycans, hide powder, hyaluronic acid, hydroxylapa-
tite, keratin, ligament, nitinol, nucleic acid polymers, poly-
ethelene, polyethylene glycol, polyethylene glycol diacry-
late, polyethylene terephthalate fiber, polyglycol, polylactate,
polytetrafluoroethylene, proteoglycans, tendon, and the like.
[0128] In an embodiment, the scaffold-forming material
802 comprises at least one of scaffold-forming collagens,
scaffold-forming proteins, or scaffold-forming substances. In
an embodiment, the scaffold-forming material 802 comprises
at least one of Type I collagen, Type II collagen, Type III
collagen, Type VII collagen, or Type X collagen. In an
embodiment, the scaffold-forming material 802 comprises at
least one of elastin fibers, soluble elastin, or hydrophobic
non-glycosylated proteins. In an embodiment, the scaffold-
forming material 802 comprises at least one of albumin, bone,
cartilage, fibrin, gelatin, globulin, glutaraldehyde-cross-
linked pericardium, hide powder, hyaluronic acid, hydroxy-
lapatite, keratin, ligament, nitinol, nucleic acid polymers,
polyethelene, polyethylene glycol, polyethylene glycol dia-
crylate, polyethylene terephthalate fiber, polyglycol, polylac-
tate, polytetrafluoroethylene, or tendon.

[0129] In an embodiment, the scaffold-forming material
802 comprises at least one growth promoting materials.
Growth promoting materials can includes any agent that func-
tions to, for example, but not limited to, promote or induce
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cell proliferation and cell survival. Examples of growth pro-
moting material (e.g., growth factor and the like) include, but
are not limited to, transforming growth factor-alpha (TGF-t),
transforming growth factor beta (TGF-f), granulocyte-
colony stimulating factor (G-CSF), granulocyte-macrophage
colony stimulating factor (GM-CSF), nerve growth factor
(NGF), other neurotrophins such as brain-derived neu-
rotrophic factor (BDNF), novel neutrophin-1 (NNT-1), neu-
rotrophin-3 (N'T-3), neurotrophin-4 (NT-4); platelet-derived
growth factor (PDGF), erythropoietin (EPO), thrombopoietin
(TPO), myostatin (GDF-8), growth differentiation factor-9
(GDF9), acidic fibroblast growth factor (aFGF or FGF-1),
basic fibroblast growth factor (bFGF, or FGF-2), epidermal
growth factor (EGF), hepatocyte growth factor (HGF), insu-
lin-like growth factors (IGF1, IGF2, IGF3), vascular endot-
helial growth factor (VEGF), human growth hormone (hGH),
placental transforming growth factor beta (PTGF-f), kerati-
nocyte growth factor (KGF), stem cell factor (SCF), mac-
rophage colony stimulating factor (M-CSF), pleiotrophin,
amphiregulin, betacellulin, heparin-binding epidermal
growth factor, heregulin (HRG), angiogenin, angiopoietin-1,
angiopoietin-2, angiostatin, endostatin, platelet-derived
endothelial cell growth factor, sonic hedgehog, and the like.
[0130] Further examples of growth promoting materials
include bone morphogenic proteins (e.g., BMP-1, BMP-2,
BMP-4, BMP-6, and BMP-7) as well as members of the
transforming growth factor beta (TGF-f) superfamily includ-
ing, but not limited to, TGF-p1, TGF-32, and TGF-p3;
growth differentiation factors (GDF1, GDF2, GDF3, GDF5,
GDF6, GDF7, myostatin/GDF8, GDF9, GDF10, GDF11,
and GDF15); and bone morphogenic proteins (BMP-1, BMP-
2, BMP-4, BMP-6, and BMP-7).

[0131] In an embodiment, the scaffold-forming material
802 comprises at least one of bone-forming agents (e.g.,
parathyroid hormones, and the like), bone-growth inducing
agents (e.g., bone growth proteins, bone morphogenic pro-
teins, osteogenic proteins, statins, statin-like compounds
(e.g., atorvastatin, cerivastatin, lovastatin, mevastatin, simv-
astatin, fluvastatin, pravastatin, rosuvastatin, saos-2 osteosa-
rcoma cells, and the like), and the like.

[0132] In an embodiment, the implantable device 102 can
include, but is not limited to, at least one processor commu-
nicably-coupled to the scaffold-forming material supply
component 800 and configured to control at least one param-
eter associated with the delivery of the scaffold-forming
material 802 to the first outer surface 104. In an embodiment,
the implantable device 102 can include, but is not limited to,
atleast one processor communicably-coupled to the scaffold-
forming material supply component 800 and configured to
control at least one of a delivery rate, a delivery amount, a
delivery composition, a port release rate, a port release
amount, or a port release pattern associated with the delivery
of the scaffold-forming material 802 to the first outer surface
104.

[0133] The implantable device 102 can include, but is not
limited to, a means for communicably-coupling to the scaf-
fold-forming material supply component 800 and means for
controlling at least one parameter associated with the delivery
of the scaffold-forming material 802 to the first outer surface.
The means for controlling the at least one parameter associ-
ated with the delivery of the scaffold-forming material 802
may include electrical circuitry configured to control at least
one of a delivery rate, a delivery amount, a delivery compo-
sition, a port release rate, a port release amount, or a port
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release pattern associated with the delivery of the scaffold-
forming material to the first outer surface.

[0134] The means for controlling at least one parameter
associated with the delivery of the scaffold-forming material
may include one or more electro-mechanical systems for
controlling one or more controllable-release ports 806 con-
figured to deliver the at least one scaffold-forming material to
the first outer surface. In a general sense, the various embodi-
ments described herein can be implemented, individually
and/or collectively, by various types of electro-mechanical
systems having a wide range of electrical components such as
hardware, software, firmware, and/or virtually any combina-
tion thereof; and a wide range of components that may impart
mechanical force or motion such as rigid bodies, spring or
torsional bodies, hydraulics, electro-magnetically actuated
devices, and/or virtually any combination thereof. Conse-
quently, as used herein “electro-mechanical system”
includes, but is not limited to, electrical circuitry operably
coupled with a transducer (e.g., an actuator, a motor, a piezo-
electric crystal, a Micro Electro Mechanical System
(MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one inte-
grated circuit, electrical circuitry having at least one applica-
tion specific integrated circuit, electrical circuitry forming a
general purpose computing device configured by a computer
program (e.g., a general purpose computer configured by a
computer program which at least partially carries out pro-
cesses 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), elec-
trical circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)), electri-
cal circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.), and/or any non-electrical analog thereto, such as
optical or other analogs. Examples of electro-mechanical sys-
tems include, but are not limited to, a variety of consumer
electronics systems, medical devices, as well as other systems
such as motorized transport systems, factory automation sys-
tems, security systems, and/or communication/computing
systems. Electro-mechanical as used herein is not necessarily
limited to a system that has both electrical and mechanical
actuation except as context may dictate otherwise.

[0135] Referring to FIGS. 9 and 10, show a system 100 in
which one or more technologies may be implemented com-
prising at least one implantable device 102. In an embodi-
ment, the implantable device 102 can include, but is not
limited to, one or more detection components including one
or more sensors 902. In an embodiment, the one or more
sensors 902 can be operable to determine (e.g., sense, mea-
sure, detect, assess, and the like) at least one of a physical
quantity, an environmental attribute, a physiologic character-
istic, and the like.

[0136] Inan embodiment, the one or more sensors 902 are
configured to determine at least one characteristic associated
with a tissue proximate the implantable device 102. In an
embodiment, the one or more sensors 902 are configured to
determine at least one characteristic associated with a tissue
proximate the implantable device 102. In an embodiment, the
one or more sensors 902 are configured to determine at least
one characteristic associated with a tissue proximate the first
outer surface 104.

[0137] Inan embodiment, the one or more sensors 902 are
configured to determine a spatial dependence associated with
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the least one characteristic. In an embodiment, the one or
more sensors 902 are configured to determine a temporal
dependence associated with the least one characteristic. In an
embodiment, the one or more sensors 902 are configured to
concurrently or sequentially determine at least one spatial
dependence associated with the least one characteristic and at
least one temporal dependence associated with the least one
characteristic.

[0138] Among the one or more sensors 902 examples
include, but are not limited to, biosensors, blood volume pulse
sensors, conductance sensors, electrochemical sensors, fluo-
rescence sensors, force sensors, heat sensors (e.g., ther-
mistors, thermocouples, and the like), high resolution tem-
perature sensors, differential calorimeter sensors, optical
sensors, oximetry sensors, potentiometric sensors, resistance
sensors, respiration sensors, sound sensors (e.g., ultrasound),
Surface Plasmon Band Gap sensor (SPRBG), physiological
sensors, surface plasmon sensors, and the like. Further non-
limiting examples of sensors include affinity sensors, bio-
probes, biostatistics sensors, enzymatic sensors, in-situ sen-
sors (e.g., in-situ chemical sensor), ion sensors, light sensors
(e.g., visible, infrared, and the like), microbiological sensors,
microhotplate sensors, micron-scale moisture sensors,
nanosensors, optical chemical sensors, single particle sen-
sors, and the like. Further non-limiting examples of sensors
include chemical sensors, cavitand-based supramolecular
sensors, deoxyribonucleic acid sensors (e.g., electrochemical
DNA sensors, and the like), supramolecular sensors, and the
like. In an embodiment, at least one sensor is configured to
detect or measure the presence or concentration of specific
target chemicals (e.g., infecting agents, infection indication
chemicals, inflammation indication chemicals, diseased tis-
sue indication chemicals, biological agents, molecules, ions,
and the like).

[0139] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one of an inflammation indication
parameter, an infection indication parameter, a diseased state
indication parameter, or a diseased tissue indication param-
eter. In an embodiment, the at least one characteristic associ-
ated with the tissue proximate the implantable device 102
includes at least one parameter associated with a diseased
state. Non-liming suitable techniques for optically measuring
a diseased state may be found in, for example, U.S. Pat. No.
7,167,734 (issued Jan. 23, 2007). In an embodiment, the at
least one characteristic associated with the tissue proximate
the implantable device 102 includes at least one of an elec-
tromagnetic energy absorption parameter, an electromagnetic
energy emission parameter, an electromagnetic energy scat-
tering parameter, an electromagnetic energy reflectance
parameter, or an electromagnetic energy depolarization
parameter. In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one of an absorption coefficient, an
extinction coefficient, or a scattering coefficient.

[0140] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one of a transmittance, an interrogation
energy frequency change, a frequency shift, an interrogation
energy phase change, or a phase shift. In an embodiment, the
atleast one characteristic associated with the tissue proximate
the implantable device 102 includes at least one of a fluores-
cence, and intrinsic fluorescence, a tissue fluorescence, or a
naturally occurring fluorophore fluorescence. In an embodi-
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ment, the at least one characteristic associated with the tissue
proximate the implantable device 102 includes at least one of
an electrical conductivity, and electrical polarizability, or an
electrical permittivity. In an embodiment, the at least one
characteristic associated with the tissue proximate the
implantable device 102 includes at least one of a thermal
conductivity, a thermal diffusivity, a tissue temperature, or a
regional temperature.

[0141] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one parameter associated with an infec-
tion marker (e.g., an infectious agent marker), an inflamma-
tion marker, an infective stress marker, or a sepsis marker.
Examples of infection makers, inflammation marks, and the
like may be found in, for example, Imam et al., Radiotracers
for imaging of infection and inflammation—A Review, World
J. Nucl. Med. 40-55 (2006), which is incorporated herein by
reference.

[0142] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one of a tissue water content, an oxy-
hemoglobin concentration, a deoxyhemoglobin concentra-
tion, an oxygenated hemoglobin absorption parameter, a
deoxygenated hemoglobin absorption parameter, a tissue
light scattering parameter, a tissue light absorption parameter,
a hematological parameter, or a pH level.

[0143] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one hematological parameter. Non-lim-
iting examples of hematological parameters include an albu-
min level, a blood urea level, a blood glucose level, a globulin
level, a hemoglobin level, erythrocyte count, a leukocyte
count, and the like. In an embodiment, the infection marker
includes at least one parameter associated with a red blood
cell count, a leukocyte count, a myeloid count, an erythrocyte
sedimentation rate, or a C-reactive protein level.

[0144] In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one parameter associated with a cytokine
plasma concentration or an acute phase protein plasma con-
centration. In an embodiment, the at least one characteristic
associated with the tissue proximate the implantable device
102 includes at least one parameter associated with a leuko-
cyte level.

[0145] Many of'the disclosed embodiments may be electri-
cal, electromechanical, software-implemented, firmware-
implemented, or other otherwise implemented, or combina-
tions thereof. Many of the disclosed embodiments may be
software or otherwise in memory, such as one or more execut-
able instruction sequences or supplemental information as
described herein. For example, in an embodiment, the
implantable device 102 can include, but is not limited to, one
or more processors configured to perform a comparison of the
atleast one characteristic associated with the tissue proximate
the implantable device 102 to stored reference data, and to
generate a response based at least in part on the comparison.
In an embodiment, the generated response includes at least
one of a response signal, a change to a sterilizing stimulus
parameter, a change in an excitation intensity, a change in an
excitation frequency, a change in an excitation pulse fre-
quency, a change in an excitation pulse ratio, a change in an
excitation pulse intensity, a change in an excitation pulse
duration time, a change in an excitation pulse repetition rate,
or a change in a sterilizing stimulus delivery regiment param-
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eter. In an embodiment, the control means is operably
coupled to the one or more sensors 902, and is configured to
determine the at least one characteristic associated with the
tissue proximate the implantable device 102.

[0146] In an embodiment, the control means is configured
to perform a comparison of the at least one characteristic
associated with the tissue proximate the implantable device
102 to stored reference data, and to generate aresponse based
at least in part on the comparison.

[0147] The implantable device 102 can include, but is not
limited to, a tissue characteristic sensor component. In an
embodiment, the tissue characteristic sensor component is
configured to perform a comparison of the at least one char-
acteristic associated with the tissue proximate the implant-
able device 102 to stored reference data, and to generate a
response based at least in part on the comparison.

[0148] The implantable device 102 can include, but is not
limited to, one or more sensors 902 configured to determine at
least one physiological characteristic associated with a bio-
logical subject. For example, physiological characteristics
such as, forexample pH may be use to assess blood flow, a cell
metabolic state (e.g., anaerobic metabolism, and the like), the
presence of an infection agent, a disease state, and the like. In
an embodiment, the implantable device 102 can include, but
is not limited to, one or more sensors 902 configured to
determine at least one of a physiological characteristic of a
biological subject. or a characteristic associated with a tissue
proximate the implantable device 102.

[0149] Among physiological characteristics examples
include, but are not limited to, at least one of a temperature, a
regional or local temperature, a pH, an impedance, a density,
asodium ion level, a calcium ion level, a potassium ion level,
a glucose level, a cholesterol level, a triglyceride level, a
hormone level, a blood oxygen level, a pulse rate, a blood
pressure, a respiratory rate, a vital statistic, and the like. In an
embodiment, the at least one physiological characteristic
includes at least one of a temperature, a pH, an impedance, a
density, a sodium ion level, a calcium ion level, a potassium
ion level, a glucose level, a cholesterol level, a triglyceride
level, a hormone level, a blood oxygen level, a pulse rate, a
blood pressure, or a respiratory rate.

[0150] In an embodiment, the at least one physiological
characteristic includes at least one hematological parameter.
In an embodiment, the hematological parameter is associated
with a hematological abnormality. In an embodiment, the at
least one physiological characteristic includes one or more
parameters associated with at least one of neutropenia, neu-
trophilia, thrombocytopenia, disseminated intravascular
coagulation, bacteremia, or viremia.

[0151] In an embodiment, the at least one physiological
characteristic includes at least one of an infection marker, an
inflammation marker, an infective stress marker, or a sepsis
marker. In an embodiment, the infection marker includes at
least one of a red blood cell count, a leukocyte count, a
myeloid count, an erythrocyte sedimentation rate, or a C—re-
active protein level. In an embodiment, the at least one physi-
ological characteristic includes at least one of a cytokine
plasma concentration or an acute phase protein plasma con-
centration.

[0152] In an embodiment, the control means is operably
coupled to the one or more sensors 902, and is configured to
determine the at least one physiological characteristic of the
biological subject. In an embodiment, the control means is
configured to perform a comparison of the determined at least
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one physiological characteristic of the biological subject to
stored reference data, and to generate a response based at least
in part on the comparison. In an embodiment, the generated
response includes at least one of a response signal, a change
to a sterilizing stimulus parameter, a change in an excitation
intensity, a change in an excitation frequency, a change in an
excitation pulse frequency, a change in an excitation pulse
ratio, a change in an excitation pulse intensity, a change in an
excitation pulse duration time, a change in an excitation pulse
repetition rate, or a change in a sterilizing stimulus delivery
regiment parameter.

[0153] The implantable device 102 can include, but is not
limited to, circuitry for performing a comparison of the deter-
mined at least one characteristic associated with the tissue
proximate the first outer surface to stored reference data fol-
lowing delivery of the sterilizing stimulus. The implantable
device 102 can include, but is not limited to, circuitry for
generating a response based at least in part on the comparison.
[0154] The implantable device 102 can include, but is not
limited to, one or more processors configured to perform a
comparison of the at least one characteristic associated with
the tissue proximate the first outer surface to stored reference
data following delivery of the sterilizing stimulus, and to
generate a response based at least in part on the comparison.
In an embodiment, the generated response can include, but is
not limited to, at least one of a response signal, a control
signal, a change to an sterilizing stimulus parameter (e.g., an
electrical sterilizing stimulus, an electromagnetic sterilizing
stimulus, an ultrasonic sterilizing stimulus, or a thermal ster-
ilizing stimulus), a change in an excitation intensity, a change
in an excitation frequency, a change in an excitation pulse
frequency, a change in an excitation pulse ratio, achange in an
excitation pulse intensity, a change in an excitation pulse
duration time, a change in an excitation pulse repetition rate,
a change to a sterilizing stimulus spatial pattern parameter
(e.g., an electrical sterilizing stimulus spatial pattern param-
eter, an electromagnetic sterilizing stimulus spatial pattern
parameter, an ultrasonic sterilizing stimulus spatial pattern
parameter, or a thermal sterilizing stimulus spatial pattern
parameter), or a change in an sterilizing stimulus delivery
regiment parameter (e.g., an electrical sterilizing stimulus
delivery regiment parameter, an electromagnetic sterilizing
stimulus delivery regiment parameter, an ultrasonic steriliz-
ing stimulus delivery regiment parameter, or a thermal ster-
ilizing stimulus delivery regiment parameter).

[0155] The system 100 can include, but is not limited to, a
physiological characteristic sensor component 810. In an
embodiment, the physiological characteristic sensor compo-
nent 810 is configured to perform a comparison of the deter-
mined at least one physiological characteristic of the biologi-
cal subject to stored reference data, and to generate a response
based at least in part on the comparison. The implantable
device 102 can include, but is not limited to, one or more
processors configured to perform a comparison of the deter-
mined at least one physiological characteristic of the biologi-
cal subject to stored reference data, and to generate a response
based at least in part on the comparison.

[0156] The system 100 can include, one or more implant-
able devices 102 including for example, but is not limited to,
circuitry for obtaining information, and circuitry for storing
the obtained information. In an embodiment, the circuitry for
obtaining information includes circuitry for obtaining infor-
mation associated with a delivery of the sterilizing stimulus.
In an embodiment, the circuitry for obtaining information
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includes circuitry for obtaining at least one of a command
stream, a software stream, or a data stream. The implantable
device 102 can include, but is not limited to, one or more
processors configured to perform a comparison ofat least one
physiological characteristic of a biological subject to the
obtained information, and to generate a response based at
least in part on the comparison.

[0157] Referring to FIG. 9, the system 100 can include, one
or more implantable devices 102 including for example, but
not limited to, at least one receiver 904 configured to acquire
information. In an embodiment, the at least one receiver 904
is configured to acquire information associated with a deliv-
ery of the sterilizing stimulus. In an embodiment, the at least
one receiver 904 is configured to acquire data. In an embodi-
ment, the at least one receiver 904 is configured to acquire
software. In an embodiment, the at least one receiver 904 is
configured to receive data from one or more distal sensors. In
an embodiment, the at least one receiver 904 is configured to
receive stored reference data.

[0158] The system 100 can include, one or more implant-
able devices 102 including for example, but not limited to,
circuitry for providing information. In an embodiment, the
circuitry for providing information includes circuitry for pro-
viding status information regarding the implantable device.
In an embodiment, the circuitry for providing information
includes circuitry for providing information regarding at least
one characteristic associated with a tissue proximate the first
outer surface. The system 100 can include, one or more
implantable devices 102 including for example, but not lim-
ited to, at least one transmitter 906 configured to send infor-
mation. The system 100 can include, one or more implantable
devices 102 including for example, but not limited to, cir-
cuitry for transmitting information.

[0159] The system 100 can include, one or more implant-
able devices 102 including for example, but not limited to,
one or more cryptographic logic components 908. In an
embodiment, at least one of the one or more cryptographic
logic components 908 is configured to implement at least one
cryptographic process, or cryptographic logic, or combina-
tions thereof. Examples of a cryptographic process include,
but are not limited to one or more process associated with
cryptographic protocols, decryption protocols, encryption
protocols, regulatory compliance protocols (e.g., FDA regu-
latory compliance protocols, or the like), regulatory use pro-
tocols, authentication protocols, authorization protocols,
delivery protocols, activation protocols, encryption proto-
cols, decryption protocols, and the like. Examples of a cryp-
tographic logic include one or more crypto-algorithms signal-
bearing media, crypto controllers (e.g., crypto-processors),
cryptographic modules (e.g., hardware, firmware, or soft-
ware, or combinations thereof for implementing crypto-
graphic logic, or cryptographic processes), and the like.

[0160] The system 100 can include, but is not limited to,
one or more modules 910 optionally operable for communi-
cation with one or more user interfaces 912 operable for
relaying user output and/or input 914. Module 910 comprises
one or more instances of (electrical, electromechanical, soft-
ware-implemented, firmware-implemented, or other control)
devices 916. Device 916 may comprise one or more instances
of memory, processors, ports, valves, antennas, power, or
other supplies; logic modules or other signaling modules;
gauges or other such active or passive detection components;
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or piezoelectric transducers, shape memory elements, micro-
electro-mechanical system (MEMS) elements, or other
actuators.

[0161] FIG. 10 shows an example of a method 1000.
[0162] At 1010, the method 1000 includes sending infor-
mation to an implantable device 102, prior, during, or after
delivery of a sterilizing stimulus, in vivo, to tissue proximate
a first outer surface 104 of the implantable device 102. In an
embodiment, sending information to an implantable device
includes sending information to an implantable device, prior,
during, or after delivery of at least one of an electrical steril-
izing stimulus, an electromagnetic sterilizing stimulus, an
ultrasonic sterilizing stimulus, or a thermal sterilizing stimu-
lus.

[0163] At 1020, the method 1000 includes generating a
response based on the sent information. At 1022, generating
the response may include at least one of generating a response
signal, activating a computer-implemented method, activat-
ing an interactive user interface, or activating a display. At
1024, generating the response may include at least one of
activating an authorization protocol display, activating an
authentication protocol display, activating a software update
protocol display, activating a data transfer protocol display,
activating an infection sterilization diagnostic protocol dis-
play.

[0164] FIG. 11 shows an example of a method 1100.
[0165] At 1110, the method 1100 includes sending infor-
mation to an implantable device that includes: a first outer
surface 104, an actively-controllable excitation component
106 configured to deliver an electrical sterilizing stimulus, in
vivo, to tissue proximate the first outer surface 104 of the
implantable device 102, and a controller 130 communica-
tively coupled to the actively-controllable excitation compo-
nent 106. At 1112, sending information may include sending
at least one of a command, software, data, ora code. At 1114,
sending information may include sending information asso-
ciated with at least one of an authentication protocol, an
authorization protocol, a sterilizing stimulus delivery proto-
col, an activation protocol, an encryption protocol, or a
decryption protocol. In an embodiment, sending information
may include sending information associated with at least one
of an electrical sterilizing stimulus delivery protocol, an elec-
tromagnetic sterilizing stimulus delivery protocol, an ultra-
sonic sterilizing stimulus delivery protocol, or a thermal ster-
ilizing stimulus delivery protocol.

[0166] At 1116, sending information may include sending
at least one of an authorization instruction, an authentication
instruction, a prescription dosing instruction, a sterilizing
stimulus administration instruction, or a prescribed regimen
instruction. At 1118, sending information may include send-
ing at least one of an instruction stream, an encrypted data
stream, an authentication data stream, or an authorization
data stream. At 1120, sending information may include send-
ing at least one of an activation code, an error code, a com-
mand code, or an authorization code. In an embodiment,
sending information may include sending at least one of
patient information, sensor information, sensed data, physi-
ological sensor data, or physiological reference data.

[0167] At 1122, sending information may include sending
at least one of a sterilizing stimulus delivery regimen param-
eter, a spaced-apart sterilizing stimulus delivery pattern
parameter, a spatial electric field modulation parameter, a
spatial electric field magnitude parameter, a spatial electric
field distribution parameter, an ON-rate, or an OFF-rate. At
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1124, sending information may include sending information
associated with at least one of a scaffold-forming material
delivery pattern parameter, a scaffold-forming material deliv-
ery regimen parameter, or a scaffold-forming material deliv-
ery rate parameter. In an embodiment, sending information
may include sending information associated with at least one
of an electrical sterilizing stimulus delivery pattern param-
eter, an electromagnetic sterilizing stimulus delivery pattern
parameter, an ultrasonic sterilizing stimulus delivery pattern
parameter or a thermal sterilizing stimulus delivery pattern
parameter. In an embodiment, sending information may
include sending information associated with at least one of an
electrical sterilizing stimulus delivery regimen parameter, an
electromagnetic sterilizing stimulus delivery regimen param-
eter, an ultrasonic sterilizing stimulus delivery regimen
parameter or a thermal sterilizing stimulus delivery regimen
parameter.

[0168] At 1130, the method 1100 may include receiving
information from the implantable device 102. At 1132,
receiving information from the implantable device 102 may
include receiving implantable device information, patient
information, user information, sterilizing stimulus delivery
information, stored information, sterilization regimen infor-
mation, regulatory compliance information, sensor informa-
tion, or implantable device use information. At 1134, receiv-
ing information from the implantable device 102 may include
receiving regulatory compliance information or regulatory
use information. In an embodiment, receiving information
may include receiving sensor data. In an embodiment, receiv-
ing information may include receiving a control signal. In an
embodiment, receiving information may include includes
receiving a request for transmission of information. In an
embodiment, receiving information may include receiving a
request for transmission of at least one of data, a command, an
authorization, an update, or a code.

[0169] FIG. 12 shows an example of a method 1200.

[0170] At 1210, the method 1200 includes sending a first
information stream to an implantable device 102. At 1212,
sending the first information stream may include includes
sending information associated with at least one ofa scaffold-
forming material delivery pattern parameter, a scaffold-form-
ing material delivery regimen parameter, or a scaffold-form-
ing material delivery rate parameter. At 1214, sending the first
information stream may include sending information associ-
ated with at least one of a cryptographic protocol, a decryp-
tion protocol, an encryption protocol, a regulatory compli-
ance protocol, or regulatory use protocol.

[0171] At1220,the method 1200 includes sending a second
information stream to the implantable device 102 based on a
response to the sent first information stream. At 1222, sending
the second information stream may include sending informa-
tion associated with at least one of a scaffold-forming mate-
rial delivery pattern parameter, a scaffold-forming material
delivery regimen parameter, or a scaffold-forming material
delivery rate parameter. At 1224, sending the second infor-
mation stream may include sending information associated
with at least one of a cryptographic protocol, a decryption
protocol, an encryption protocol, a regulatory compliance
protocol, or regulatory use protocol. At 1226, sending the
second information stream may include sending information
associated with at least one of a sterilizing stimulus delivery
regimen parameter, a spaced-apart sterilizing stimulus deliv-
ery pattern parameter, a spatial electric field modulation
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parameter, a spatial electric field magnitude parameter, or a
spatial electric field distribution parameter.

[0172] FIG. 13 shows an example of a method 1300.
[0173] At 1310, the method 1300 includes receiving infor-
mation from an implantable device 102 that includes: a first
outer surface 104, an actively-controllable excitation compo-
nent 106 configured to deliver a sterilizing stimulus, in vivo,
to tissue proximate the first outer surface of the implantable
device 102, and a controller 130 communicatively coupled to
the actively-controllable excitation component. At 1312,
receiving information may include receiving at least one of a
command, an update, data, or a code. At 1314, receiving
information may include receiving information associated
with at least one of an illumination pattern an excitation
intensity, an excitation frequency, an excitation pulse fre-
quency, an excitation pulse ratio, an excitation pulse intensity,
an excitation pulse duration time, an excitation pulse repeti-
tion rate, an ON-rate, or an OFF-rate. At 1316, receiving
information may include receiving information associated
with an electrical sterilizing stimulus delivery regimen. At
1318, receiving information may include receiving informa-
tion associated with at least one of a spaced-apart electrical
sterilizing stimulus delivery pattern parameter, a spatial elec-
tric field modulation parameter, a spatial electric field mag-
nitude parameter, or a spatial electric field distribution param-
eter. In an embodiment, receiving information may include
receiving sensor data. In an embodiment, receiving informa-
tion may include receiving a control signal. In an embodi-
ment, receiving information may include receiving a request
for transmission of information. In an embodiment, receiving
information may include receiving a request for transmission
of at least one of data, a command, an authorization, an
update, or a code.

[0174] At 1320,the method 1300 may include generating a
response based on the received information. At 1322, gener-
ating the response may include generating at least one of a
response signal, an authentication response, an authorization
response.

[0175] At 1324, generating the response may include at
least one of storing at least one parameter associated with the
received information, storing at least a portion of the received
information, or decrypting at least a portion of the received
information. At 1326, generating the response may include at
least one of initiating a cryptographic protocol, initiating a
decryption protocol, or initiating an encryption protocol. In
an embodiment, generating the response may include gener-
ating at least one of a control signal, data, a command, an
authorization, an update, or a code.

[0176] FIGS. 14A and 14B show an example of a method
1400.
[0177] At 1410, the method 1400 includes providing one or

more parameters associated with the actively-controlled
delivery of a sterilizing stimulus to an implantable device
102. In an embodiment, providing the one or more parameters
includes providing information to the implantable device, the
information associated with the actively-controlled delivery
of at least one of an electrical sterilizing stimulus, an electro-
magnetic sterilizing stimulus, an ultrasonic sterilizing stimu-
lus, or a thermal sterilizing stimulus, in vivo, to tissue proxi-
mate the implantable device. In an embodiment, providing
the one or more parameters includes providing information
associated with the actively-controlled delivery of an electri-
cal stimulus, in vivo, to tissue proximate a first outer surface
of the implantable device. At 1412, providing the one or more
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parameters may include providing information associated
with the actively-controlled delivery of an electromagnetic
stimulus, in vivo, to tissue proximate a first outer surface of
the implantable device 102. At 1414, providing the one or
more parameters may include providing information associ-
ated with at least one of an illumination pattern an excitation
intensity, an excitation frequency, an excitation pulse fre-
quency, an excitation pulse ratio, an excitation pulse intensity,
an excitation pulse duration time, an excitation pulse repeti-
tion rate, an ON-rate, or an OFF-rate. At 1416, providing the
one or more parameters may include providing one or more
parameters associated with an electrical sterilizing stimulus
delivery regimen. At 1418, providing the one or more param-
eters may include providing one or more parameters associ-
ated with at least one of a spaced-apart electrical sterilizing
stimulus delivery pattern parameter, a spatial electric field
modulation parameter, a spatial electric field magnitude
parameter, or a spatial electric field distribution parameter. In
an embodiment, providing the one or more parameters
includes providing information associated with the actively-
controlled delivery of an ultrasonic stimulus, in vivo, to tissue
proximate a first outer surface of the implantable device. In an
embodiment, providing the one or more parameters includes
providing information associated with the actively-controlled
delivery of a thermal stimulus, in vivo, to tissue proximate a
first outer surface of the implantable device. In an embodi-
ment, providing the one or more parameters includes provid-
ing information associated with a spatial-pattern of the ster-
ilizing stimulus. In an embodiment, providing the one or more
parameters includes providing information associated with a
spatial-pattern distribution of the sterilizing stimulus. In an
embodiment, providing the one or more parameters includes
providing information associated with a temporal-pattern of
the sterilizing stimulus. In an embodiment, providing the one
or more parameters includes providing the one or more
parameters based at least in part on obtained information.

[0178] At 1420 the method 1400 may includes providing
information to the implantable device 102 based on a gener-
ated response to the provided one or more parameters. In an
embodiment, providing the one or more parameters includes
providing the one or more parameters based at least in part on
obtained information. In an embodiment, providing the one
or more parameters includes providing the one or more
parameters in response to the obtained information.

[0179] At 1430, the method 1400 may include obtaining
information associated with the at least one physiological
characteristic associated with a biological subject from the
implantable device 102. At 1432, obtaining information may
include obtaining one or more parameters associated with at
least one of a temperature, an impedance, a sodium level, a
density, a glucose level, a cholesterol level, a triglyceride
level, a hormone level, a blood oxygen level, a pulse rate, a
blood pressure, or a respiratory rate associated with the bio-
logical subject. At 1434, obtaining information may include
obtaining one or more hematological parameters. At 1436,
obtaining information may include includes obtaining one or
more hematological parameters associated with a hemato-
logical abnormality. At 1438, obtaining information may
include obtaining one or more parameters associated with at
least one of neutropenia, neutrophilia, thrombocytopenia,
disseminated intravascular coagulation, bacteremia, or vire-
mia. At 1440, obtaining information may include obtaining
one or more parameters associated with at least one of an
infection marker, an inflammation marker, an infective stress
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marker, or a sepsis marker. At 1442, obtaining information
may include obtaining one or more parameters associated
with at least one of a red blood cell count, a leukocyte count,
a myeloid count, an erythrocyte sedimentation rate, or a
change of C—reactive protein level. At 1444, obtaining infor-
mation may include obtaining one or more parameters asso-
ciated with at least one of a cytokine plasma concentration or
an acute phase protein plasma concentration. At 1446, obtain-
ing information may include obtaining one or more param-
eters associated with at least one of an infection indicator, an
inflammation indicator, an infective stress indicator, or a sep-
sis indicator. At 1448, obtaining information may include
obtaining one or more parameters associated with at least one
of an infection, an inflammation, an infective stress, or a
sepsis. In an embodiment, obtaining information may include
obtaining one or more parameters associated with at least one
of an infection, an inflammation, an infective stress, or a

sepsis.
[0180] FIG. 15 shows an example of a method 1500.
[0181] At 1510, the method 1500 includes providing a first

information to an implantable device 102. At 1520, the
method 1500 includes obtaining a second information from
the implant based on a response to the first information. At
1530, the method 1500 includes providing information to the
implant based on the second information.

[0182] FIG. 16 shows an example of a method 1600.
[0183] At 1610, the method 1600 includes receiving infor-
mation from an implantable device 102, during delivery of a
sterilizing stimulus, in vivo, to tissue proximate a first outer
surface of the implantable device 102. At 1620, the method
1600 includes generating a response based on the received
information.

[0184] FIG. 17 shows an example of a method 1700.
[0185] At 1710, the method 1700 includes receiving infor-
mation from an implantable device 102, after delivery of a
sterilizing stimulus, in vivo, to tissue proximate a first outer
surface of the implantable device 102. At 1720, the method
1700 includes generating a response based on the received
information.

[0186] FIG. 18 shows an example of a method 1800.
[0187] At 1810, the method 1800 includes receiving infor-
mation from an implantable device 102, before delivery of a
sterilizing stimulus, in vivo, to tissue proximate a first outer
surface of the implantable device 102. At 1820, the method
1800 includes generating a response based on the received
information. At 1822, generating the response may include
activating a third-party device. At 1824, generating the
response may include activating an authorization protocol. At
1826, generating the response may include activating an
authentication protocol. At 1828, generating the response
may include activating a software update protocol. At 1830,
generating the response may include activating a data transfer
protocol. At 1832, generating the response may include acti-
vating an infection sterilization diagnostic protocol.

[0188] FIG. 19 shows a system 1900 in which one or more
methodologies or technologies may be implemented such as,
for example, actively, sensing, treating, or preventing an
infection (e.g., an implant-associated infection, hematog-
enous implant-associated infection, and the like), a hemato-
logical abnormality, and the like, or for implementing any of
the disclosed methods or processes.

[0189] The system 1900 can include, but is not limited to,
oneor more implantable medical devices 1902. In an embodi-
ment, the implantable medical device 1902 includes, but is
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not limited to, a body having at least one outer surface 104,
and one or more disinfecting agent assemblies 1906 including
at least one disinfecting active agent reservoir 1908. In an
embodiment, the disinfecting agent assembly 1906 is config-
ured to deliver at least one disinfecting agent 1910 from the at
least one disinfecting active agent reservoir 1908 to tissue
proximate the at least one outer surface 104 ofthe implantable
medical device 1902. In an embodiment, the disinfecting
agent assembly 1906 is configured to deliver the at least one
disinfecting agent 1910 in a spatially-patterned distribution.

[0190] In an embodiment, the disinfecting agent assembly
1906 is configured to deliver at least one energy-activateable
disinfecting agent 1912 from the at least one disinfecting
active agent reservoir 1908 to tissue proximate the at least one
outer surface 104 of the implantable medical device 1902. In
an embodiment, the disinfecting agent assembly 1906 is con-
figured to deliver the at least one energy-activateable disin-
fecting agent 1912 in a spatially-patterned distribution.

[0191] Among disinfecting agents, examples include, but
are not limited to, energy (e.g., chemical energy, electrical
resistance, laser energy, microwave energy, optical energy,
radio frequency energy. sonic energy, thermal energy, thermal
resistance heating energy or ultrasonic energy, or the like)-
activateable disinfecting agents, and the like. Non-limiting
examples of energy-activateable disinfecting agents include
radiation absorbers, light energy absorbers, X-ray absorbers,
photoactive agents, and the like. Non-limiting examples of
photoactive agents include, but are not limited to photoactive
antimicrobial agents (e.g., eudistomin, photoactive porphy-
rins, photoactive Ti0O,, antibiotics, silver ions, antibodies,
nitric oxide, and the like), photoactive antibacterial agents,
photoactive antifungal agents, and the like.

[0192] Further examples of disinfecting agents include, but
are not limited to, triplet excited-state photosensitizers, reac-
tive oxygen species, reactive nitrogen species, any other inor-
ganic or organic ion or molecules that include oxygen ions,
free radicals, peroxides, or the like.

[0193] Inanembodiment, the at least one energy-activate-
able disinfecting agent includes at least one photoactive
agent, or a metabolic precursor thereof. In an embodiment,
the at least one energy-activateable disinfecting agent
includes at least one X-ray absorber. In an embodiment, the at
least one energy-activateable disinfecting agent includes at
least one radiation absorber.

[0194] Further non-limiting examples of disinfecting
agents include compounds, molecules, or treatments that
elicit a biological response from any biological subject. Fur-
ther non-limiting examples of disinfecting agents include
therapeutic agents (e.g., antimicrobial therapeutic agents),
pharmaceuticals (e.g., a drug, a therapeutic compound, phar-
maceutical salts, and the like) non-pharmaceuticals (e.g., a
cosmetic substance, and the like), neutraceuticals, antioxi-
dants, phytochemicals, homeopathic agents, and the like.
Further non-limiting examples of disinfecting agents include
peroxidases (e.g., haloperoxidases such as chloroperoxidase,
and the like), oxidoreductase (e.g., myeloperoxidase, eosino-
phil peroxidase, lactoperoxidase, and the like) oxidases, and
the like.

[0195] Further non-limiting examples of disinfecting
agents include one or more pore-forming toxins. Non limiting
Examples of pore-forming toxins include beta-pore-forming
toxins, e.g., hemolysin, Panton-Valentine leukocidin S, aerol-
ysin, Clostridial epsilon-toxin; binary toxins, e.g., anthrax, C.
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perfringens lota toxin, C. difficile cytolethal toxins; choles-
terol-dependent cytolysins; pneumolysin; small pore-form-
ing toxins; and gramicidin A.

[0196] Further non-limiting examples of disinfecting
agents include one or more pore-forming antimicrobial pep-
tides. Antimicrobial peptides represent an abundant and
diverse group of molecules that are naturally produced by
many tissues and cell types in a variety of invertebrate, plant
and animal species. The amino acid composition, amphipath-
icity, cationic charge and size of antimicrobial peptides allow
them to attach to and insert into microbial membrane bilayers
to form pores leading to cellular disruption and death. More
than 800 different antimicrobial peptides have been identified
or predicted from nucleic acid sequences, a subset of which
have are available in a public database (see, e.g., Wang &
Wang, Nucleic Acids Res. 32:D590-D592, 2004); http://aps.
unmc.edu/AP/main.php, which is incorporated herein by ref-
erence). More specific examples of antimicrobial peptides
include, but are not limited to, anionic peptides, e.g., maximin
HS from amphibians, small anionic peptides rich in glutamic
and aspartic acids from sheep, cattle and humans, and derm-
cidin from humans; linear cationic alpha-helical peptides,
e.g., cecropins (A), andropin, moricin, ceratotoxin, and melit-
tin from insects, cecropin P1 from Ascaris nematodes, magai-
nin (2), dermaseptin, bombinin, brevinin-1, esculentins and
buforin II from amphibians, pleurocidin from skin mucous
secretions of the winter flounder, seminalplasmin, BMAP,
SMAP (SMAP29, ovispirin), PMAP from cattle, sheep and
pigs, CAP 18 from rabbits and LL37 from humans; cationic
peptides enriched for specific amino acids, e.g., praline-con-
taining peptides including abaecin from honeybees, praline-
and arginine-containing peptides including apidaecins from
honeybees, drosocin from Drosophila, pyrrhocoricin from
European sap-sucking bug, bactenicins from cattle (Bac7),
sheep and goats and PR-39 from pigs, praline- and phenyla-
lanine-containing peptides including prophenin from pigs,
glycine-containing peptides including hymenoptaecin from
honeybees, glycine- and praline-containing peptides includ-
ing coleoptericin and holotricin from beetles, tryptophan-
containing peptides including indolicidin from cattle, and
small histidine-rich salivary polypeptides, including histatins
from humans and higher primates; anionic and cationic pep-
tides that contain cysteine and from disulfide bonds, e.g.,
peptides with one disulphide bond including brevinins, pep-
tides with two disulfide bonds including alpha-defensins
from humans (HNP-1, HNP-2, cryptidins), rabbits (NP-1)
and rats, beta-defensins from humans (HBD1, DEFB118),
cattle, mice, rats, pigs, goats and poultry, and rhesus theta-
defensin (RTD-1) from rhesus monkey, insect defensins (de-
fensin A); and anionic and cationic peptide fragments of
larger proteins, e.g., lactoferricin from lactoferrin, casocidin
1 from human casein, and antimicrobial domains from bovine
alpha-lactalbumin, human hemoglobin, lysozyme, and oval-
bumin (see, e.g., Brogden, Nat. Rev. Microbiol. 3:238-250,
2005, which is incorporated herein by reference).

[0197] Further non-limiting examples of disinfecting
agents include antibacterial drugs. Non-limiting examples of
antibacterial drugs include beta-lactam compounds such as
penicillin, methicillin, nafcillin, oxacillin, cloxacillin, diclox-
acillin, ampicillin, ticarcillin, amoxicillin, carbenicillin, and
piperacillin; cephalosporins and cephamycins such as
cefadroxil, cefazolin, cephalexin, cephalothin, cephapirin,
cephradine, cefaclor, cefamandole, cefonicid, cefuroxime,
cefprozil, loracarbef, ceforanide, cefoxitin, cefinetazole,
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cefotetan, cefoperazone, cefotaxime, ceftazidine, ceftizox-
ine, ceftriaxone, cefixime, cefpodoxime, proxetil, cefdinir,
cefditoren, pivoxil, ceftibuten, moxalactam, and cefepime;
other beta-lactam drugs such as aztreonam, clavulanic acid,
sulbactam, tazobactam, ertapenem, imipenem, and mero-
penem; other cell wall membrane active agents such as van-
comycin, teicoplanin, daptomycin, fosfomycin, bacitracin,
and cycloserine; tetracyclines such as tetracycline, chlortet-
racycline, oxytetracycline, demeclocycline, methacycline,
doxycycline, minocycline, and tigecycline; macrolides such
as erythromycin, clarithromycin, azithromycin, and telithro-
mycin; aminoglycosides such as streptomycin, neomycin,
kanamyecin, amikacin, gentamicin, tobramycin, sisomicin,
and netilmicin; sulfonamides such as sulfacytine, sulfisox-
azole, silfamethizole, sulfadiazine, sulfamethoxazole, sul-
fapyridine, and sulfadoxine; fluoroquinolones such as cipro-
floxacin,  gatifloxacin,  gemifloxacin, levofloxacin,
lomefloxacin, moxifloxacin, norfloxacin, and ofloxacin; anti-
mycobacteria drugs such as isoniazid, rifampin, rifabutin,
rifapentine, pyrazinamide, ethambutol, ethionamide, capreo-
mycin, clofazimine, and dapsone; and miscellaneous antimi-
crobials such as colistimethate sodium, methenamine hippu-
rate, methenamine mandelate, metronidazole, mupirocin,
nitrofurantoin, polymyxin B, clindamyein, choramphenicol,
quinupristin-dalfopristin, linezolid, spectrinomycin, trime-
thoprim, pyrimethamine, and trimethoprim-sulfamethox-
azole.

[0198] Further non-limiting examples of disinfecting
agents include antifungal agents. Non-limiting examples of
antifingal agents include anidulafungin, amphotericin B,
butaconazole, butenafine, caspofungin, clotrimazole, econa-
zole, fluconazole, flucytosine griseofulvin, itraconazole,
ketoconazole, miconazole, micafungin, naftifine, natamycin,
nystatin, oxiconazole, sulconazole, terbinafine, terconazole,
tioconazole, tolnaftate, and/or voriconazole.

[0199] Further non-limiting examples of disinfecting
agents include anti-parasite agents. Non-limiting examples of
anti-parasite agents include antimalaria drugs such as chlo-
roquine, amodiaquine, quinine, quiriidine, mefloquine, pri-
maquine, sulfadoxine-pyrimethamine, atovaquone-progua-
nil, chlorproguanil-dapsone, proguanil, doxycycline,
halofantrine, lumefantrine, and artemisinins; treatments for
amebiasis such as metronidazole, iodoquinol, paromomycin,
diloxanide furoate, pentamidine, sodium stibogluconate,
emetine, and dehydroemetine; and other anti-parasite agents
such as pentamidine, nitazoxanide, suramin, melarsoprol,
eflomithine, nifurtimox, clindamycin, albendazole, and
tinidazole.

[0200] In an embodiment, the antimicrobial agent may be
an antimicrobial peptide. Amino acid sequence information
for a subset of these may be found as part of a public database
(see, e.g., Wang & Wang, Nucleic Acids Res. 32:D590-D592,
2004); http://aps.unmc.edu/AP/main.php, which is incorpo-
rated herein by reference). Alternatively, a phage library of
random peptides may be used to screen for peptides with
antimicrobial properties against live bacteria, fungi and/or
parasites. The DNA sequence corresponding to an antimicro-
bial peptide may be generated ex vivo using standard recom-
binant DNA and protein purification techniques.

[0201] In an embodiment, the disinfecting agents include,
but are not limited to oxidizing chemicals suitable to disrupt
or destroy cell membranes. For example, some oxidizing
chemicals may withdraw electrons from a cell membrane
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causing it to, for example, become destabilized. Destroying
the integrity of cell membranes of, for example, a pathogen
may lead to cell death.

[0202] The at least one active agent reservoir 1908 can
include, for example, but not limited to an acceptable carrier.
In an embodiment, the at least one energy-activateable disin-
fecting agent 1912 is carried by, encapsulated in, or forms part
of, an energy-sensitive (e.g., energy-activateable), carrier,
vehicle, vesicle, pharmaceutically vehicle, pharmaceutically
carrier, pharmaceutically acceptable vehicle, pharmaceuti-
cally acceptable carrier, or the like.

[0203] Non-limiting examples of carriers include any
matrix that allows for transport of, for example, a disinfecting
agent across any tissue, cell membranes, and the like of a
biological subject, or that is suitable for use in contacting a
biological subject, or that allows for controlled release for-
mulations of the compositions disclosed herein. Further non-
limiting examples of carriers include at least one of creams,
liquids, lotions, emulsions, diluents, fluid ointment bases,
gels, organic and inorganic solvents, degradable or non-de-
gradable polymers, pastes, salves, vesicle, and the like. Fur-
ther non-limiting examples of carriers include cyclic oli-
gosaccharides, ethasomes, hydrogels, liposomes, micelle,
microspheres, nisomes, non-ionic surfactant vesicles, orga-
nogels, phospholipid surfactant vesicles, phospholipid sur-
factant vesicles, transfersomes, virosomes. Further non-lim-
iting examples of energy-sensitive carriers and the like
include electrical energy-sensitive, light sensitive, pH-sensi-
tive, ion-sensitive, sonic energy sensitive, ultrasonic energy
sensitive carriers.

[0204] Inan embodiment, the at least one energy-activate-
able disinfecting agent 1912 is carried by energy-sensitive
vesicles (e.g., energy-sensitive cyclic oligosaccharides, etha-
somes, hydrogels, liposomes, micelles, microspheres,
nisomes, non-ionic surfactant vesicles, organogels, phospho-
lipid surfactant vesicles, transfersomes, virosomes, and the
like.). In an embodiment, at least one of the one or more
energy-emitting elements 108 is configured to provide energy
of a character and for a time sufficient to liberate at least a
portion of the disinfecting agent carried by the energy-sensi-
tive vesicles.

[0205] Inan embodiment, the at least one energy-activate-
able disinfecting agent includes at least one active agent that
selectively targets bacteria. For example, in an embodiment,
the at least one energy-activateable disinfecting agent 1912
includes at least one bacteriophage that may, for example,
selectively target bacteria. Bacteriophages generally com-
prise an outer protein hull enclosing genetic material. The
genetic material can be ssRNA, dsRNA, ssDNA, or dsDNA.
Bacteriophages are generally smaller than the bacteria they
destroy generally ranging from about 20 nm to about 200 nm.
Non-limiting examples of bacteriophages include T2, T4, T6,
phiX-174, MS2, and the like).

[0206] In an embodiment, the implantable medical device
1902 includes a plurality of spaced apart release ports 1914
adapted to deliver the at least one energy-activateable disin-
fecting agent 1912 in a spatially-patterned distribution. In an
embodiment, the implantable medical device 1902 includes a
plurality of spaced apart controllable-release ports 1916
adapted to deliver the at least one energy-activateable disin-
fecting agent 1912 in a spatially-patterned distribution. In an
embodiment, the controller is operably coupled to the disin-
fecting agent assembly and configured to control at least one
of a disinfecting agent delivery rate, a disinfecting agent
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delivery amount, a disinfecting agent delivery composition, a
port release rate, a port release amount, or a port release
pattern. In an embodiment, the controller is operably coupled
to the disinfecting agent assembly and configured to actively
control one or more of the plurality of spaced apart release
ports.

[0207] In an embodiment, the disinfecting agent assembly
1906 is configured to deliver at least one energy-activateable
steroid to tissue proximate the at least one outer surface 104 of
the implantable medical device 1902.

[0208] In an embodiment, the implantable medical device
1902 includes for example, but not limited to, one or more
energy-emitting elements 108. In an embodiment, a control-
ler 130 communicatively coupled to the one or more energy-
emitting elements 108, and is configured to regulate at least
one of an illumination intensity, an energy-emitting pattern, a
peak emission wavelength, an ON-pulse duration, an OFF-
pulse duration, or a pulse frequency of the one or more
energy-emitting elements 108. In an embodiment, the one or
more energy-emitting elements 108 include at least one of a
laser, a laser diode, a light-emitting diode, an arc flashlamp, or
a continuous wave bulb. In an embodiment, the one or more
energy-emitting elements 108 include at least one of a light-
emitting diode, a quantum dot, an organic light-emitting
diode, or a polymer light-emitting diode.

[0209] Inanembodiment, the one or more energy-emitting
elements 108 are configured to emit electromagnetic radia-
tion having a peak emission wavelength in the x-ray, ultra-
violet, visible, infrared, near infrared, microwave, or radio
frequency spectrum, or combinations thereof. In an embodi-
ment, the one or more energy-emitting elements 108 are
operable to emit a sufficient amount of electromagnetic radia-
tion to increase the temperature of at least a portion of the
tissue proximate the at least one outer surface 104 of the
implantable medical device 1902 by about 5° C. to about 20°
C. In an embodiment, the one or more energy-emitting ele-
ments are operable to emit optical energy having one or more
peak emission wavelengths in the infrared, visible, or ultra-
violet spectrum, or combinations thereof.

[0210] Inanembodiment, the one or more energy-emitting
elements are configured to provide a spatially-patterned ster-
ilizing stimulus. In an embodiment, the one or more energy-
emitting elements are configured to provide a sterilizing
stimulus pattern comprising at least a first region and a second
region, the second region having at least one of an illumina-
tion intensity, an energy-emitting pattern, a peak emission
wavelength, an ON-pulse duration, an OFF-pulse duration, or
a pulse frequency different than the first region.

[0211] In an embodiment, it may be possible to, for
example, monitor the delivery of the one or more disinfecting
agents. In an embodiment, it may be possible to, for example,
detect the concentration or location of the one or more disin-
fecting agents within tissue proximate the one or more
implantable medical devices 1902. In an embodiment, it may
be possible to, for example, detect the concentration or loca-
tion of the one or more disinfecting agents within tissue
proximate the one or more implantable medical devices 1902
prior, during, or after delivery, of a sterilizing stimulus. In an
embodiment, it may be possible to, for example, detect a
spatially-patterned distribution of the one or more disinfect-
ing agents using one or more tracer agents.

[0212] The system 1900 can include, but is not limited to,
one or more tracer agent delivery assemblies configured to
deliver one or more tracer agents. In an embodiment, the



US 2009/0177139 A1

disinfecting agent assembly 1906 is configured to deliver one
or more tracer agents. In an embodiment, disinfecting agent
assembly 1906 is further configured to concurrently or
sequentially deliver one or more tracer agents and one or
more one energy-activateable disinfecting agents. In an
embodiments, the disinfecting agent assembly 1906 is further
configured to deliver one or more tracer agents for indicating
the presence or concentration of one or more one energy-
activateable disinfecting agents in at least a portion of tissue
proximate the implantable medical device 1902. In an
embodiment, the disinfecting agent assembly 1906 is further
configured to deliver one or more tracer agents for indicating
the response of the one or more one energy-activateable dis-
infecting agents to energy emitted from the one or more
energy-emitting elements 108.

[0213] Among tracer agents, examples include one or more
in vivo clearance agents, magnetic resonance imaging agents,
contrast agents, dye-peptide compositions, fluorescent dyes,
or tissue specific imaging agents. In an embodiments, the one
or more tracer agent include at least one fluorescent dye. In an
embodiments, the one or more tracer agent includes indocya-
nine green.

[0214] The system can include for example, but not limited
to, a power source 700, the power source 700 including at
least one of a thermoelectric generator 704, piezoelectric
generator 706, a microelectromechanical systems (MEMS)
generator 708, or a biomechanical-energy harvesting genera-
tor 710.

[0215] The system 1900 can include for example, but not
limited to, a power source 700, the power source 700 electro-
magnetically, magnetically, ultrasonically, optically, induc-
tively, electrically, or capacitively-coupled to the actively-
controllable excitation component. In an embodiment, the
power source 700 is carried by the implantable medical
device. In an embodiment, power source 700 comprises at
least one of a button cell, a chemical battery cell, a fuel cell, a
secondary cell, a lithium ion cell, a micro-electric patch, a
nickel metal hydride cell, silver-zinc cell, a capacitor, a supet-
capacitor, a thin film secondary cell, an ultra-capacitor, or a
zinc-air cell.

[0216] The system 1900 can include for example, but not
limited to, one or more sensors 902 configured to determine at
least one characteristic associated with the tissue proximate
the at least one outer surface 104. In an embodiment, the at
least one characteristic associated with the tissue proximate
the at least one outer surface 104 includes at least one of an
inflammation indication parameter, an infection indication
parameter, a diseased state indication parameter, or a diseased
tissue indication parameter. In an embodiment, the at least
one characteristic associated with the tissue proximate the at
least one outer surface 104 includes at least one of an inflam-
mation indication parameter, an infection indication param-
eter, a diseased state indication parameter, or a diseased tissue
indication parameter. In an embodiment, the at least one
characteristic associated with the tissue proximate the at least
one outer surface 104 includes at least one parameter associ-
ated with an amount of energy-activateable disinfecting agent
present in at least a portion of the tissue proximate the at least
one outer surface 104, a sodium ion content, a chloride con-
tent, a superoxide anion content, or a hydrogen peroxide
content. In an embodiment, the at least one characteristic
associated with the tissue proximate the at least one outer
surface 104 includes at least one of an absorption coefficient,
an extinction coeflicient, or a scattering coefficient.
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[0217] In an embodiment, the at least one characteristic
associated with the tissue proximate the at least one outer
surface 104 includes at least one parameter associated with an
infection marker, an inflammation marker, an infective stress
marker, or a sepsis marker. In an embodiment, the infection
marker includes at least one of a red blood cell count, a
leukocyte count, a myeloid count, an erythrocyte sedimenta-
tion rate, or a C-reactive protein level.

[0218] In an embodiment, the at least one characteristic
associated with the tissue proximate the at least one outer
surface 104 includes at least one parameter associated with a
tissue water content, an oxy-hemoglobin concentration, a
deoxyhemoglobin concentration, an oxygenated hemoglobin
absorption parameter, a deoxygenated hemoglobin absorp-
tion parameter, a tissue light scattering parameter, a tissue
light absorption parameter, a hematological parameter, or a
pH level. In an embodiment, the at least one characteristic
associated with the tissue proximate the at least one outer
surface 104 includes at least one parameter associated with a
cytokine plasma concentration or an acute phase protein
plasma concentration. In an embodiment, the at least one
characteristic associated with the tissue proximate the at least
one outer surface 104 includes at least one parameter associ-
ated with a leukocyte level. In an embodiment, the controller
is communicatively coupled to the one or more sensors 902
configured to determine the at least one characteristic asso-
ciated with the tissue proximate the at least one outer surface
104. In an embodiment, the controller is configured to per-
form a comparison of the at least one characteristic associated
with the tissue proximate the at least one outer surface 104 to
stored reference data, and to generate a response based at least
in part on the comparison.

[0219] The system 1900 can include for example, but not
limited to, one or more processors configured to perform a
comparison of the at least one characteristic associated with
the tissue proximate the at least one outer surface 104 to
stored reference data 1918, and to generate a response based
at least in part on the comparison. In an embodiment, the
generated response includes at least one parameter associated
with delivery of the energy-activateable disinfecting agent
1912. The system 1900 can include for example, but not
limited to, circuitry for obtaining information; and circuitry
for storing the obtained information. In an embodiment, the
circuitry for obtaining information includes circuitry for
obtaining information associated with a delivery of the ster-
ilizing stimulus. In an embodiment, the circuitry for obtaining
information includes circuitry for obtaining at least one of a
command stream, a software stream, or a data stream. The
system 1900 can include for example, but not limited to, one
or more processors configured to perform a comparison of the
determined at least one physiological characteristic of the
biological subject to the obtained information, and to gener-
ate a response based at least in part on the comparison. The
system 1900 can include for example, but not limited to, at
least one receiver 1920 configured to acquire information. In
an embodiment, the at least one receiver 1920 is configured to
acquire at least one of instructions, information associated
with a delivery of the sterilizing stimulus, acquire data,
acquire software. The system 1900 can include for example,
but not limited to, circuitry for providing information. In an
embodiment, the circuitry for providing information includes
circuitry for providing information regarding at least one
characteristic associated with a tissue proximate the first
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outer surface. The system 100 can include for example, but
not limited to, at least one transmitter 1922 configured to send
information.

[0220] FIG. 20 shows an example of a method 2000 of
treating scar formation post surgery.

[0221] Following an injury to a tissue, localized release of
inflammatory mediators may occur as a result of damaged
endothelial cells and platelet aggregation at the site of injury.
This inflammatory response is a normal part of the wound
repair process, preventing infection and promoting fibrosis
and wound closure. Inflammatory mediators such as trans-
forming growth factor (TGF) p family, platelet-derived
growth factors (PDGF), and epidermal growth factors (EGF)
stimulate fibroblast proliferation and matrix secretion, and
promote leukocyte recruitment. The recruited leukocytes
release additional mediators such as fibroblast growth factors
(FGF), vascular endothelial growth factors (VEGF), and
other factors that reinforce fibroblast proliferation and differ-
entiation, fight infection, and increase vascular permeability
and ingrowth. Although important in the wound healing pro-
cess, inflammatory mediators such as TGF-p have been
implicated in scar formation. Accordingly, it may be possible
to attenuate scar formation by regulating the activity of
mediators involved in the wound repair process.

[0222] In an embodiment, astroglial cells, in their imma-
ture, activated state, may be used to reduce secondary cell
death (necrosis) glial scar formation, promote axon regenera-
tion, or promote blood vessel growth. See e.g., U.S. Pat. No.
4,900,553. For example, in an embodiment, a method of
reducing glial scar formation includes inducing apoptosis in
reactive astrocytes (e.g., microglia, endothelial cells, fibro-
blasts, or the like), providing one or more neural stem cells,
nonreactive astrocytes or the like, and providing a stimulus
(an electrical an electromagnetic an ultrasonic or a thermal
stimulus, or the like) of a character and duration to promote
growth of the one or more neural stem cells, or nonreactive
astrocytes.

[0223] At 2010, the method 2000 includes implanting or
inserting a surgical implant comprising a photoactivateable
steroid composition into a biological subject. In an embodi-
ment, implanting or inserting the surgical implant can include
implanting or inserting a surgical implant comprising a pho-
toactivateable steroid composition including one or more
growth promoting materials. At 2020, the method 2000
includes photoactivating the photoactivateable steroid com-
position. At 2022, photoactivating the photoactivateable ste-
roid composition may include controlling an actively-con-
trollable excitation component 106 so as to deliver a
sterilizing stimulus of a character and for a time sufficient to
photoactivate at least a portion of the photoactivateable ste-
roid composition. In an embodiment, photoactivating the
photoactivateable steroid composition can include control-
ling an actively-controllable excitation component so as to
deliver a sterilizing stimulus of a character and for a time
sufficient to stimulate non-scaring tissue formation.

[0224] In an embodiment, the method 2000 may further
include concurrently or sequentially delivering a first electri-
cal stimulus and a second electrical stimulus, in vivo, to target
tissue proximate the implanted or inserted surgical implant.
In an embodiment, the first electrical stimulus or the second
electric stimulus is of a character and duration to inhibit
growth of tissue of a first type, and the other of the first
electrical stimulus or the second electric stimulus is of a
character and duration to promote growth of tissue of a sec-
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ond type. In an embodiment, the method 2000 may include
concurrently or sequentially delivering a first electrical stimu-
lus and a second electrical stimulus, in vivo, to target tissue
proximate the implanted or inserted surgical implant, such
that the first electrical stimulus or the second electric stimulus
is of a character and duration to inhibit (e.g., minimize,
reduce, prevent, or the like) a scar formation process, and the
other of the first electrical stimulus or the second electric
stimulus is of a character and duration to promote growth of
tissue. In an embodiment, the method 2000 may further
include concurrently or sequentially delivering a spatially
patterned electrical stimulus including a first electrical stimu-
lus and a second electrical stimulus, in vivo, to target tissue
proximate the implanted or inserted surgical implant, the first
electrical stimulus or the second electric stimulus of a char-
acter and duration to inhibit scar formation in a first region
proximate the implanted device and the other of the first
electrical stimulus or the second electric stimulus of a char-
acter and duration to promote growth of tissue in a second
region proximate the implanted, the second region differing
in at least one of area, volume, or location of the first region.

[0225] FIG. 21 shows an example of a method 2100 of
treating scar formation post surgery.

[0226] At 2110, the method 2100 includes photoactivating
a photoactivateable steroid composition carried by an
implanted surgical implant. At 2112, photoactivating the pho-
toactivateable steroid composition may include activating an
actively-controllable excitation component 106 to deliver a
space-apart light energy patterned having asufficient strength
or duration to photoactivate at least a portion of the photoac-
tivateable steroid composition.

[0227] Referring to FIG. 22, a powered surgical implant
2202 can include for example, but not limited to, a plurality of
electrodes 118. In an embodiment, the plurality of electrodes
188 are configured to energize an aqueous salt composition in
the presence of an applied potential. The powered surgical
implant 2202 can include for example, but not limited to, a
power source 700 electromagnetically, magnetically, ultra-
sonically, optically, inductively, electrically, or capacitively
to one or more of the plurality of electrodes 118. In an
embodiment, the power source 700 is configured to deliver a
pulsed nondestructive field through tissue of the biological
subject that is adjacent to the plurality of electrodes.

[0228] The powered surgical implant 2202 can include for
example, but not limited to, a control means 2206 for oper-
ably coupling to the plurality of electrodes 118. In an embodi-
ment, the control means 2206 is adapted to apply a potential
across the plurality of electrodes 2206 from the power source
700. In an embodiment, the applied potential is sufficient to
produce superoxide water from an aqueous salt composition
proximate the plurality of electrodes 118 when the powered
surgical implant 2202 s implanted within a biological subject.
In an embodiment, the applied potential is sufficient to pro-
duce at least one of a triplet excited-state specie, a reactive
oxygen specie, a reactive nitrogen specie, a free radical, a
peroxide, or any other inorganic or organic ion or molecules
that include oxygen ions.

[0229] Inan embodiment, the control means 2206 is oper-
able to control at least one of a spaced-apart electrical steril-
izing stimulus delivery pattern component 2206, a spaced-
apart electrical sterilizing stimulus delivery pattern
component 2208, a spatial electric field modulation compo-
nent 2210, a spatial electric field distribution component
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2212, a spatial illumination field modulation component
2214, or an electrical sterilizing stimulus delivery regimen
component 2216.

[0230] The powered surgical implant 2202 can include for
example, but not limited to, at least one active agent reservoir
2209 for storing a superoxide-forming composition.

[0231] The powered surgical implant 2202 can include for
example, but not limited to one or more release ports config-
ured to deliver a superoxide-forming composition stored in
the active agent reservoir. For example, the powered surgical
implant 2202 can include for example, but not limited to one
or more controllable-release ports 2211 configured to deliver
a superoxide-forming composition stored in the active agent
reservoir. In an embodiment, the superoxide-forming compo-
sition is an aqueous salt composition. In an embodiment, one
or more electrodes of the plurality of electrodes 2206 include
a titanium or titanium alloy coating. In an embodiment, the
powered surgical implant 2202 comprises a cerebrospinal
fluid shunt (FIG. 23). In an embodiment, the powered surgical
implant comprises an artificial joint (FIG. 2 is an example of
a hip joint implant). The powered surgical implant 2202 can
include for example, but not limited to, a first outer coating
2213, the first outer coating including a superoxide-forming
composition.

[0232] The powered surgical implant 2202 can include for
example, but not limited to, one or more outer coatings. In an
embodiment, the powered surgical implant 2202 can include
a first outer coating including, for example, but not limited to,
a self-cleaning coating composition.

[0233] In an embodiment, the control means 2206 is
adapted to apply a potential across the plurality of electrodes
2206 having parameters selected to produce superoxide spe-
cies in an interstitial fluid proximate the plurality of elec-
trodes when the powered surgical implant 2202 is implanted
within the biological subject. In an embodiment, the applied
potential is sufficient to produce superoxide species in an
interstitial fluid proximate the plurality of electrodes 2206
when the powered surgical implant 2202 is implanted within
the biological subject.

[0234] Referring to FIG. 23, in anembodiment, an implant-
able device 102 comprises an actively-controllable disinfect-
ing cerebrospinal fluid (CSF) shunt (e.g., ventricular shunt)
2302. CSF shunts may be useful to treat, for example, hydro-
cephalus (a condition including enlarged ventricles). In
hydrocephalus, pressure from the cerebrospinal fluid gener-
ally increases. Hydrocephalus develops when CSF cannot
flow through the ventricular system, or when absorption into
the blood stream is not the same as the amount of CSF pro-
duced. Indicators for hydrocephalus may include headache,
personality disturbances and loss of intellectual abilities (de-
mentia), problems in walking, irritability, vomiting, abnor-
mal eye movements, a low level of consciousness, and the
like. Normal pressure hydrocephalus is associated with pro-
gressive dementia, problems in walking, and loss of bladder
control (urinary incontinence). Non-limiting examples of
shunts may be found in, for example the following documents
(the contents of which are incorporated herein by reference):
U.S. Patent Publication Nos. 2008/0039768 (published Feb.
14, 2008) and 2006/0004317 (published Jan. 5, 2006).

[0235] The CSF shunt 2302 can include for example, but is
not limitto entry conduits 2304, such as a proximal (ventricu-
lar) catheter, into cranium and lateral ventricle, subcutaneous
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conduits 2306, such as a distal catheter 23064, and one or
more valves 2308 for regulation flow of fluid out of the brain
and into a peritoneal cavity.

[0236] Among valves, examples include, but are not lim-
ited to differential pressure valves, one-way valves, flow-
regulating or restricting valves, fixed pressure valves, (e.g.,
DELTA valves by Medtronic Neurological and Spinal),
adjustable pressure valves (PS MEDICAL STRATA and
STRATA valves by Medtronic Neurological and Spinal),
CSF-flow control valves (Medtronic Neurological and Spi-
nal).

[0237] The valve can include a flow controlling mechanism
that can be non-invasively adjusted to comport, for example,
with patient’s needs. In an embodiment, The CSF shunt 2302
can include for example, but is not limit to one or more
anti-clogging devices 2310.

[0238] Inanembodiment, areservoir 2312 may beattached
to the tubing and placed under the scalp. This reservoir 2312
can permit samples of cerebrospinal fluid to be removed with
a syringe to check the pressure. Fluid from the reservoir 2312
can also be examined for bacteria, cancer cells, blood, or
protein, depending on the cause of hydrocephalus. The res-
ervoir 2312 may also be used to inject antibiotics for cere-
brospinal fluid infection or chemotherapy medication for
meningeal tumors.

[0239] Inan embodiment, the implantable device 2302 can
include, but is not limited to, at least one disinfecting agent
reservoir 2314. In an embodiment, disinfecting agent reser-
voir 2314 includes one or more controllable-release ports
2316 to deliver the atleast one disinfecting agent composition
form the at least one disinfecting agent reservoir 2314 to an
outer surface of the implantable device 2302.

[0240] The reservoir 2312 may include circuitry 2318 for,
for example, sensing at least one physical quantity, environ-
mental attribute, or physiologic characteristic associated
with, for example, a shunting process. For example, in an
embodiment, the implantable device 2302 can include, but is
not limited to, one or more sensors 2318a. In an embodiment,
the one or more sensors 2318a are configured to determine
(e.g., sense, measure, detect, assess, and the like) at least one
characteristic associated with the tissue or fluid proximate the
outer surface of the implantable device 2302. In an embodi-
ment, the one or more sensors 2318a are configured to deter-
mine (e.g., sense, measure, detect, assess, and the like) at least
one physiological characteristic of the biological subject.
[0241] FIG. 24 shows an example of a method 2400 of
forming an antimicrobial agent, in vivo.

[0242] At 2410, the method 2400 includes providing an
interstitial fluid with a sufficient amount of electrical energy,
via an indwelling implant including a plurality of electrodes,
to elicit the formation of superoxide water. In an embodiment,
the resulting superoxide water may affect one or more healing
or growth promoting properties to the tissue. At 2412, pro-
viding the interstitial fluids with the sufficient amount of
electrical energy may include applying a voltage of greater
than about 650 millivolts (mV) to at least a portion of the
interstitial fluid proximate the indwelling implant. At 2414,
providing the interstitial fluids with the sufficient amount of
electrical energy may include applying a voltage of greater
than about 800 millivolts (mV) to at least a portion of the
interstitial fluid proximate the indwelling implant. Applying a
sufficient voltage to tissue infected with, for example, patho-
genic bacteria, may lead to a reduction of the pathogenic
bacteria in at least a portion of the infected tissue.
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[0243] At 2416, providing the interstitial fluids with the
sufficient amount of electrical energy may include applying a
voltage of greater than about 950 millivolts (mV) to at least a
portion of the interstitial fluid proximate the indwelling
implant.

[0244] FIG. 25 shows an example of a method 2500 of
forming an antimicrobial agent, in vivo.

[0245] At 2510, the method 2500 includes delivering an
energy-activateable antimicrobial agent composition to tis-
suie proximate an implanted or inserted surgical implant, the
implanted or inserted surgical implant including at least one
antimicrobial agent reservoir, the antimicrobial agent reser-
voir configured to deliver an energy-activateable antimicro-
bial agent composition to tissue proximate an outer surface of
the surgical implant, and a plurality of electrodes, the plural-
ity of electrodes operable to energize an energy-activateable
antimicrobial agent composition in the presence of an applied
potential.

[0246] Among antimicrobial agent compositions,
examples include, but are not limited to, diluted solutions of
NaCl, hypochlorous acid solutions (HAS), oxidative reduc-
tion potential aqueous compositions, STERILOX TX (Puri-
Core Inc.), STERILOX Solutions (PuriCore Inc.), MICRO-
CYN (Nofil Corp.), superoxidized aqueous compositions,
superoxidized water, superoxide dismutase compositions,
physiologically balanced ionized acidic solutions, and the
like. Further non-limiting examples of antimicrobial agent
compositions may be found in, for example, the following
documents (the contents of which are incorporated herein by
reference): U.S. Pat. Nos. 7,276,255 (issued Oct. 2, 2007),
7,183,048 (issued Feb. 27, 2007), 6,506,416 (issued Jan. 14,
2003), 6,426,066 (issued Jul. 30, 2002), and 5,622,848 (Apr.
22, 1997); and U.S. Patent Nos. 2007/0196357 (published
Aug. 23,2007),2007/0173755 (published Jul. 26, 2007), and
2005/0142157 (published Jun. 30, 2005).

[0247] At 2512, delivering an energy-activateable antimi-
crobial agent composition may include delivering an energy-
activateable antimicrobial agent composition including at
least one photoactive agent, or a metabolic precursor thereof.
[0248] At 2514, delivering an energy-activateable antimi-
crobial agent composition may include delivering an energy-
activateable antimicrobial agent composition including at
least one X-ray absorber.

[0249] At 2516, delivering an energy-activateable antimi-
crobial agent composition may include delivering an energy-
activateable antimicrobial agent composition including at
least one radiation absorber.

[0250] At 2518, delivering an energy-activateable antimi-
crobial agent composition may include delivering an energy-
activateable antimicrobial agent composition including at
least one active agent that selectively targets bacteria.

[0251] At 2520, the method 2500 includes applying a suf-
ficient potential to the delivered energy-activateable antimi-
crobial agent composition to elicit the formation of superox-
ide species. At 2522, applying the sufficient potential to the
delivered energy-activateable antimicrobial agent composi-
tion may include applying a sufficient potential to generate a
potential of greater than about 650 millivolts (mV) in a region
proximate the outer surface of the surgical implant that
includes a portion of the energy-activateable antimicrobial
agent composition. At 2524, applying the sufficient potential
to the delivered energy-activateable antimicrobial agent com-
position may include applying a sufficient potential to gener-
ate a potential of greater than about 800 millivolts (mV) in a
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region proximate the outer surface of the surgical implant that
includes a portion of the energy-activateable antimicrobial
agent composition. At 2526, applying the sufficient potential
to the delivered energy-activateable antimicrobial agent com-
position may include applying a sufficient potential to gener-
ate a potential of greater than about 950 millivolts (mV) in a
region proximate the outer surface of the surgical implant that
includes a portion of the energy-activateable antimicrobial
agent composition. In an embodiment, the antimicrobial
agent compositions ranges in pH from about 5.0 to about 6.5.
[0252] At 2528, applying the sufficient potential to the
delivered energy-activateable antimicrobial agent composi-
tion may include applying a sufficient potential to a NaCl
composition proximate an implanted or inserted surgical
implant, to electrolytically generate a hypochlorous acid
solution (HAS), in vivo, in a region. In an embodiment, the
pH of the generated HAS ranges from about 5.5 to about 6.2.
[0253] At least a portion of the devices and/or processes
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, compu-
tational entities such as operating systems, drivers, graphical
user interfaces, and applications programs, one or more inter-
action 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 compo-
nents and/or quantities). A data processing system may be
implemented utilizing suitable commercially available com-
ponents, such as those typically found in data computing/
communication and/or network computing/communication
systems.

[0254] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted architectures are merely exemplary, and
that in fact, many other architectures may be implemented
thatachieve the same functionality. Ina conceptual sense, any
arrangement of components to achieve the same functionality
is effectively “associated” 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 compo-
nents. Likewise, any two components so associated can also
be viewed as being “operably connected”, or “operably
coupled,” to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably coupleable,” to each other
to achieve the desired functionality. Specific examples of
operably coupleable include but are not limited to physically
mateable and/or physically interacting components, and/or
wirelessly interactable, and/or wirelessly interacting compo-
nents, and/or logically interacting, and/or logically inter-
actable components.

[0255] Inanembodiment, one or more components may be
referred to herein as “configured to,” “configurable to,” “oper-
able/operative to,” “adapted/adaptable,” “able to,” “conform-
able/conformed to,” etc. Such terms (e.g., “configured t0”)
can generally encompass active-state components and/or
inactive-state components and/or standby-state components,
unless context requires otherwise.
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[0256] Although specific dependencies have been identi-
fied in the claims, it is to be noted that all possible combina-
tions of the features of the claims are envisaged in the present
application, and therefore the claims are to be interpreted to
include all possible multiple dependencies.

[0257] Theforegoing detailed description has set forth vari-
ous embodiments of the devices and/or processes via the use
of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or examples contain
oneor more functions and/or operations, it will be understood
by the reader that each function and/or operation within such
block diagrams, flowcharts, or examples can be implemented,
individually and/or collectively, by a wide range of hardware,
software, firmware, or virtually any combination thereof. In
one embodiment, several portions of the subject matter
described herein may be implemented via Application Spe-
cific Integrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAs), digital signal processors (DSPs), or other
integrated formats. However, some aspects of the embodi-
ments disclosed herein, in whole or in part, can be equiva-
lently implemented in integrated circuits, as one or more
computer programs running on one or more computers (e.g.,
as one or more programs runhing on one or more computer
systems), as one oOr more programs running on one or more
processors (e.g., as one or more programs running on one or
more microprocessors), as firmware, or as virtually any com-
bination thereof, and that designing the circuitry and/or writ-
ing 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
described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodi-
ment of the subject matter described herein applies regardless
of the particular type of signal-bearing medium used to actu-
ally 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 com-
munications link, a wireless communication link (e.g., trans-
mitter, receiver, transmission logic, reception logic, etc.),
etc.).

[0258] While particular aspects of the present subject mat-
ter described herein have been shown and described, it will be
apparent to the reader that, based upon the teachings herein,
changes and modifications may be made without departing
from the subject matter described herein and its broader
aspects and, therefore, the appended claims are to encompass
within their scope all such changes and modifications as are
within the true spirit and scope of the subject matter described
herein. In general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not
limited to,” etc.). Further, if a specific number of an intro-
duced claim recitation is intended, such an intent will be
explicitly recited in the claim, and in the absence of such
recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain
usage of the introductory phrases “at least one” and “one or
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more” to introduce claim recitations. However, the use of
such phrases should not be construed to imply that the intro-
duction of a claim recitation by the indefinite articles “a” or
“an” limits any particular claim containing such introduced
claim recitation to claims containing only one such recitation,
even when the same claim includes the introductory phrases
“one or more” or “at least one” and indefinite articles such as
“a” or “an” (e.g., “a” and/or “an” should typically be intet-
preted to mean “at least one” or “one or more™); the same
holds true for the use of definite articles used to introduce
claim recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, such recita-
tion should typically be interpreted to mean at least the recited
number (e.g., the bare recitation of “two recitations,” without
other modifiers, typically means at least two recitations, or
two or more recitations). Furthermore, in those instances
where a convention analogous to “at least one of A, B, and C,
etc.” is used, in general such a construction is intended in the
sense of the convention (e.g., “a system having at least one of
A, B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
one of A, B, or C, etc.” is used, in general such a construction
is intended in the sense of the convention (e.g., “a system
having at least one of A, B, or C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc.). Typically a disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms unless context dictates
otherwise. For example, the phrase “A or B” will be typically
understood to include the possibilities of “A” or “B” or “A and
B>

[0259] With respect to the appended claims, the operations
recited therein generally may be performedinany order. Also,
although various operational flows are presented in a
sequence(s), it should be understood that the various opera-
tions may be performed in orders other than those that are
illustrated, or may be performed concurrently. Examples of
such alternate orderings may include overlapping, inter-
leaved, interrupted, reordered, incremental, preparatory,
supplemental, simultaneous, reverse, or other variant order-
ings, unless context dictates otherwise. Furthermore, terms
like “responsive to,” “related to,” or other past-tense adjec-
tives are generally not intended to exclude such variants,
unless context dictates otherwise.

[0260] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments are contem-
plated. The various aspects and embodiments disclosed
herein are for purposes of illustration and are not intended to
be limiting, with the true scope and spirit being indicated by
the following claims.

”

1. A system, comprising:

an implantable medical device, the implantable medical
device including a body having at least one outer sur-
face, the implantable medical device including

one or more energy-emitting elements;

a disinfecting agent assembly including at least one disin-
fecting active agent reservoir, the disinfecting agent
assenibly configured to deliver at least one energy-acti-
vateable disinfecting agent from the at least one disin-
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fecting active agent reservoir to at least a portion of
tissue proximate the at least one outer surface of the
implantable medical device; and

a controller operably coupled to the one or more energy-

emitting elements.

2. (canceled)

3. The system of claim 1, wherein the one or more energy-
emitting elements are configured to emit electromagnetic
radiation having a peak emission wavelength in the x-ray,
ultraviolet, visible, infrared, near infrared, microwave, or
radio frequency spectrum, or combinations thereof.

4. The system of claim 1, wherein the one or more energy-
emitting elements are configured to provide a spatially-pat-
terned sterilizing stimulus.

5. The system of claim 1, wherein the one or more energy-
emitting elements are configured to provide a sterilizing
stimulus pattern comprising at least a first region and a second
region, the second region having at least one of an illumina-
tion intensity, an energy-emitting pattern, a peak emission
wavelength, an ON-pulse duration, an OFF-pulse duration, or
a pulse frequency different than the first region.

6. The system of claim 1, wherein the one or more energy-
emitting elements are operable to emit a sufficient amount of
electromagnetic radiation to increase the temperature of at
least a portion of the tissue proximate the at least one outer
surface of the implantable medical device by about 5° C. to
about 20° C.

7. (canceled)

8. (canceled)

9. The system of claim 1, wherein the at least one energy-
activateable disinfecting agent includes at least one photoac-
tive agent, or a metabolic precursor thereof.

10. The system of claim 1, wherein the at least one energy-
activateable disinfecting agent includes at least one X-ray
absorber.

11. The system of claim 1, wherein the at least one energy-
activateable disinfecting agent includes at least one radiation
absorber.

12. The system of claim 1, wherein the at least one energy-
activateable disinfecting agent includes at least one active
agent that selectively targets bacteria.

13. The system of claim 1, wherein the disinfecting agent
assembly 1s configured to deliver the at least one energy-
activateable disinfecting agent in a spatially-patterned distri-
bution.

14. The system of claim 1, wherein the controller is oper-
ably coupled to the disinfecting agent assembly and config-
ured to control at least one of a disinfecting agent delivery
rate, a disinfecting agent delivery amount, a disinfecting
agent delivery composition, a port release rate, a port release
amount, or a port release pattern.

15. The system of claim 13, wherein the implantable medi-
cal device includes a plurality of spaced apart release ports
adapted to deliver the at least one energy-activateable disin-
fecting agent in a spatially-patterned distribution.

16. The system of claim 15, wherein the controller is oper-
ably coupled to the disinfecting agent assembly and config-
ured to actively control one or more of the plurality of spaced
apart release ports.

17. (canceled)

18. The system of claim 1, wherein the disinfecting agent
assembly is further configured to deliver at least one energy-
activateable steroid to tissue proximate the at least one outer
surface of the implantable medical device.

28

Jul. 9, 2009

19. (canceled)

20. The system of claim 1, further comprising:

a power source, the power source including at least one of

a thermoelectric generator, piezoelectric generator, a
microelectromechanical systems (MEMS) generator, or
a biomechanical-energy harvesting generator.

21-25. (canceled)

26. The system of claim 1, further comprising:

one or more sensors configured to determine at least one

characteristic associated with the tissue proximate the at
least one outer surface.

27. (canceled)

28. (canceled)

29. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one parameter associated with
at least one of an amount of energy-activateable disinfecting
agent present in at least a portion of the tissue proximate the
at least one outer surface, a sodium ion content, a chloride
content, a superoxide anion content, or a hydrogen peroxide
content.

30. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one of an absorption coefli-
cient, an extinction coefficient, or a scattering coefficient.

31. (canceled)

32. (canceled)

33. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one parameter associated with
a tissue water content, an oxy-hemoglobin concentration, a
deoxyhemoglobin concentration, an oxygenated hemoglobin
absorption parameter, a deoxygenated hemoglobin absorp-
tion parameter, a tissue light scattering parameter, a tissue
light absorption parameter, a hematological parameter, or a
pH level.

34. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one parameter associated with
a cytokine plasma concentration or an acute phase protein
plasma concentration.

35. (canceled)

36. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one of a transmittance, an
interrogation energy frequency change, a frequency shift, an
interrogation energy phase change, or a phase shift.

37. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one of a fluorescence, and
intrinsic fluorescence, a tissue fluorescence, or a naturally
occurring fluorophore fluorescence.

38. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one of an electrical conductiv-
ity, and electrical polarizability, or an electrical permittivity.

39. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface includes at least one of a thermal conductivity, a
thermal diffusivity, a tissue temperature, or a regional tem-
perature.

40. The system of claim 26, wherein the at least one char-
acteristic associated with the tissue proximate the at least one
outer surface at least one of an absorption coefficient, an
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extinction coefficient, a scattering coefficient, a transmission
coefficient. a frequency change, a reflection, a phase change,
or ultrasonic energy phase change.

41. The system of claim 26, further comprising:

one or more processors configured to perform a compari-

son of the at least one characteristic associated the tissue
proximate the at least one outer surface to stored refer-
ence data following delivery of the sterilizing stimulus,
and to generate a response based at least in part on the
comparison.

42. The system of claim 26, wherein the generated
response includes at least one of a response signal, a control
signal, a change to an sterilizing stimulus parameter, a change
in an excitation intensity, a change in an excitation frequency,
a change in an excitation pulse frequency, a change in an
excitation pulse ratio, a change in an excitation pulse inten-
sity, achange in an excitation pulse duration time, a change in
an excitation pulse repetition rate, a change to a sterilizing
stimulus spatial pattern, or a change in an sterilizing stimulus
delivery regiment parameter.

43. (canceled)

44. The system of claim 26, wherein the controller is con-
figured to perform a comparison of the at least one character-
istic associated with the tissue proximate the at least one outer
surface to stored reference data, and to generate a response
based at least in part on the comparison.

45. The system of claim 26, further comprising:

one or more processors configured to perform a compari-

son of the at least one characteristic associated with the
tissue proximate the at least one outer surface to stored
reference data, and to generate a response based at least
in part on the comparison.

46. (canceled)

47. The system of claim 1, further comprising:

circuitry for obtaining information; and

circuitry for storing the obtained information.

48. The system of claim 47, further comprising:

one or more processors configured to perform a compari-

son of the determined at least one physiological charac-
teristic of the biological subject to the obtained informa-
tion, and to generate a response based at least in part on
the comparison.

49. The system of claim 47, wherein the circuitry for
obtaining information includes circuitry for obtaining infor-
mation associated with a delivery of the sterilizing stimulus.

50. The system of claim 47, wherein the circuitry for
obtaining information includes circuitry for obtaining at least
one ofa command stream, a software stream, or a data stream.

51. The system of claim 1, further comprising:

at least one receiver configured to acquire information.

52. The system of claim 51, wherein the at least one
receiver is configured to acquire at least one of instructions,
information associated with a delivery of the sterilizing
stimulus, information associated with a physiological char-
acteristic of a biological subject, acquire software.

53. The system of claim 51, wherein the at least one
receiver is configured to acquire data from one or more distal
Sensors.

54. The system of claim 51, wherein the at least one
receiver is configured to acquire stored reference data.

55. The system of claim 1, further comprising:

circuitry for providing information.

56. The system of claim 55, wherein the circuitry for pro-
viding information includes circuitry for providing informa-
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tion regarding at least one characteristic associated with a
tissue proximate the first outer surface.

57. The system of claim 55, further comprising:

at least one transmitter configured to send information.

58. The system of claim 1, wherein the disinfecting agent
assembly is further configured to deliver one or more tracer
agents.

59. The system of claim 1, wherein the one or more tracer
agents include one or more in vivo clearance agents, magnetic
resonance imaging agents, contrast agents, dye-peptide com-
positions, fluorescent dyes, or tissue specific imaging agents.

60. (canceled)

61. (canceled)

62. The system of claim 1, wherein the disinfecting agent
assembly is further configured to deliver one or more tracer
agents for indicating the presence or concentration of one or
more one energy-activateable disinfecting agents in at least a
portion of tissue proximate the implantable medical device.

63. The system of claim 1, wherein the disinfecting agent
assembly is further configured to deliver one or more tracer
agents for indicating the response of the one or more one
energy-activateable disinfecting agents to energy emitted
from the one or more energy-emitting elements.

64. The system of claim 1, wherein the disinfecting agent
assembly is further configured to concurrently or sequentially
deliver one or more tracer agents and the one or more one
energy-activateable disinfecting agents.

65. A method of treating scar formation post surgery, com-
prising:

implanting or inserting a surgical implant comprising a

photoactivateable steroid composition into a biological
subject; and

photoactivating the photoactivateable steroid composition.

66. The method of claim 65, wherein photoactivating the
photoactivateable steroid composition includes controlling
an actively-controllable excitation component so as to deliver
asterilizing stimulus of a character and for a time sufficient to
photoactivate at least a portion of the photoactivateable ste-
roid composition.

67. The method of claim 65, wherein implanting or insert-
ing the surgical implant includes implanting or inserting a
surgical implant comprising a photoactivateable steroid com-
position including one or more growth promoting materials.

68. The method of claim 65, wherein photoactivating the
photoactivateable steroid composition includes controlling
an actively-controllable excitation component so as to deliver
asterilizing stimulus of a character and for a time sufficient to
stimulate non-scaring tissue formation.

69. The method of claim 65, further comprising:

concurrently or sequentially delivering a first electrical

stimulus and a second electrical stimulus, in vivo, to
target tissue proximate the implanted or inserted surgi-
cal implant, the first electrical stimulus or the second
electric stimulus of a character and duration to inhibit
growth of tissue of a first type, and the other of the first
electrical stimulus or the second electric stimulus of a
character and duration to promote growth of tissue of a
second type.

70. The method of claim 65, further comprising:

concurrently or sequentially delivering a first electrical

stimulus and a second electrical stimulus, in vivo, to
target tissue proximate the implanted or inserted surgi-
cal implant, the first electrical stimulus or the second
electric stimulus of a character and duration to inhibit
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scar formation, and the other of the first electrical stimu-
lus or the second electric stimulus of a character and
duration to promote growth of tissue.

71. The method of claim 65, further comprising:

concurrently or sequentially delivering a spatially pat-
terned electrical stimulus including a first electrical
stimulus and a second electrical stimulus, in vivo, to
target tissue proximate the implanted or inserted surgi-
cal implant, the first electrical stimulus or the second
electric stimulus of a character and duration to inhibit
scar formation in a first region proximate the implanted
device and the other of the first electrical stimulus or the
second electric stimulus of a character and duration to
promote growth of tissue in a second region proximate

30

Jul. 9, 2009

the implanted, the second region differing in at least one
of area, volume, or location of the first region.

72. A method of treating scar formation post surgery, com-
prising:

photoactivating a photoactivateable steroid composition

carried by an implanted surgical implant.

73. The method of claim 72, wherein photoactivating the
photoactivateable steroid composition includes activating an
actively-controllable excitation component to deliver a
space-apart light energy patterned having asufficient strength
or duration to photoactivate at least a portion of the photoac-
tivateable steroid composition.
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