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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
19 February 2009 (19.02.2009) PCT WO 2009/023818 Al

(51) International Patent Classification: (74) Agents: HAN, Johney, U. et al; Levine Bagade Han LLP,
A61L 2/00 (2006.01) 2483 E. Bayshore Road, Suite 100, Palo Alto, CA 94303

(US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/US2008/073279 kind of national protection available): AE, AG, AL, AM,
AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

(22) International Filing Date: 15 August 2008 (15.08.2008) CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FT, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

(25) Filing Language: English
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

(26) Publication Language: English
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

(30) Priority Data: RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

60/964,822 15 August 2007 (15.08.2007) US TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW

(71) Applicant (for all designated States except US): THERA- (84) Designated States (unless otherwise indicated, for every
NOVA,LLC [US/US] ; 2686 Middlefield Rd, Suite F, Red kind of regional protection available): ARIPO (BW, GH,
wood City, CA 94063 (US). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(72) Inventor; and European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(75) Inventor/Applicant (for US only): BURNETT, Daniel, FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,

R. [US/US]; 588 Teresita Blvd, San Francisco, CA 94127 NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
(US). CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title:

(57) Abstract: The current invention provides this advance
in infection control via its unique application of active
sterilization to a catheter or implant. While most catheters,
and many implants, are passive devices, the current invention
will provide an active component as a integral part of the
implanted catheter or device to continuously or intermittently
sterilize the exposed surfaces/areas of the device. This
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METHOD AND APPARATUS FOR AUTOMATED ACTIVE STERILIZATION OF
FULLY IMPLANTED DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Prov. Pat. App.

60/964,822 filed August 15, 2007, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of medical devices, in particular

catheters and other implantable devices in the body that are susceptible to infection.

BACKGROUND OF THE INVENTION

[0003] In the last few decades, there has been incredible progress in a variety of

medical fields. At the same time, though, many fields have stymied and remained stagnant.

Once such field is the treatment and prevention of catheter and implant infections. Despite

many of the issues associated with indwelling catheters and implants, the primary of which

is infection in many cases, there has been little effort put forth to solve these problems and

the medical community at large just accepts these complications as a fact of life. What

effort has been put forth to combat this problem has been directed at the sterilization of

externalized catheters and devices. These devices typically are highly prone to infection,

but they can be sterilized through the external application of anti-infective measures. The

prior art in this field, then, mostly consists of devices and methods for sterilizing

indwelling catheters and devices through the external application of bactericidal measures.

[0004] Fully implantable devices for the prevention of infection, though, have been

limited to bactericidal and bacteriostatic coatings or the application of a small

current/voltage to prevent bacterial adhesion. The use of an electronegative field to prevent

bacterial adhesion, though, has been in development for quite some time and there is still

no device that has been successfully commercialized with this feature due to the energy

demands and poor cost-efficacy. The present innovation, then, provides a fully implantable

novel device and method capable of actively preventing and treating infection of an

indwelling catheter or implant.



SUMMARY OF THE INVENTION

[0005] The current invention provides this advance in infection control via its

unique application of active sterilization to a catheter or implant. While most catheters,

and many implants, are passive devices, the current invention will provide an active

component as a integral part of the implanted catheter or device to continuously or

intermittently sterilize the exposed surfaces/areas of the device. This active sterilization

may be accomplished by a variety of mechanisms, including, application of heat, RF,

microwave, ultrasound, ultraviolet radiation or other energy capable of sterilizing the

device or dislodging any problematic biofilm that may form. The active sterilization may

also employ the pumping of a sterilizing chemical from an attached drug reservoir, the use

of electricity or freezing temperatures or any other mechanism for either inhibiting, killing

or dislodging any infectious material in contact with the implant. One major advantage of

this design is that through the use of a small, battery powered or inductively powered

sterilization element, the implanted catheter or device can be effectively sterilized without

requiring the standard removal surgery, waiting period, then replacement of the infected

device. This is expected to translate into greatly improved outcomes (particularly for

devices where infection may be catastrophic, ie a prosthetic knee or hip), greatly improved

costs, and greatly improved longevity of susceptible devices (ie IV ports, etc.).

[0006] In its preferred catheter (or any device with no moving parts) embodiment,

an ultrasonic energy generator (including batter, circuit board, etc.) may incorporated into

the base of an intravascular injection port and the port and catheter may be intermittently

subjected to a vigorous ultrasonic wave to break free any potential biofilm that may have

formed in the interim. This wave may, preferably, be powered by an internal battery and

run on a programmed schedule. The device may also alert the user or healthcare

practitioner that the battery charge is low by simple vibration or other communication

mechanisms. Other sources of energy may be utilized, as well, including ultraviolet

radiation, temperature extremes (ie freezing/heating), EMF, RF, microwave (or other

energy source) and/or actively pumped drug. In its ideal and most practical embodiments,

the internally powered sterilization device may also be transcutaneously activated and/or

recharged (ie inductive recharging through the use of an external coil providing pulsed

magnetic fields) so that it need not be removed simply due to battery depletion. This is a

critical feature for devices with long-term implantation and not as essential for devices with

short-term residence. As long-term implants are the most susceptible to infection, though,

these are also the devices that will need this protection the most, so in its preferred



embodiment the device will incorporate an inductive recharging element. The device may

also be capable of communicating to the user the status of the device and/or usage statistics

for the device i.e. number of times the port has been accessed, pressure inside the port (an

indication of clogging, etc.)

[0007] In its preferred fluid pumping embodiment, the device of the present

invention may entail one or more sterilization features. In its ideal embodiment, the device

of the present invention provides for an in-line sterilization element capable of sterilizing

fluid that passes through its conduits to prevent spread of infection. This may entail

ultrasonic energy, mechanical energy (i.e. a rapidly spinning wire), ultraviolet radiation,

temperature extremes (ie freezing or heating by liquid nitrogen, Peltier junction, or other

means), EMF, RF, microwave (or other energy source) and/or actively pumped drug. The

outside of the conduit may also be sterilized continuously or intermittently via one or more

of these mechanisms. In its ideal embodiment, the tubing of the fluid pump may be

exposed to an ultraviolet LED that has low current draw but which is capable of sterilizing

stagnant fluid or low volume flow. This design is optimal when used to prevent retrograde

spread of infection (ie when a pump is parked or is in line with a backcheck valve).

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1- Side view of the catheter sterilizing element.

[0009] Figure 2- Side view of the fluid flow sterilization with pump apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1- Side view of the catheter sterilizing element 14. In this

illustration, a modification to a typical subcutaneous peritoneal port 10 is shown. In this

instance, though, the device is shown equipped with an implanted sterilization element 14

(optionally inductively rechargeable) which contains all the circuitry, etc. required to

provide effective sterilization of the catheter 12 and/or port 10. In this illustration the

sterilization element is shown as manufactured into the device. In addition the sterilization

element 14 may also be a device which may be coupled with the implantable device at the

time of implantation. In this illustration, as well, an intra peritoneal catheter 12 is shown

connected to a subcutaneous port 10, but may include: an IV catheter port, a CNS catheter

port, a bladder catheter port, a PICC catheter, a central venous catheter, etc. There may be

elements within the catheter 12, as well, to transmit energy, etc., for example, fiberoptics to



transmit sterilizing UV or wires to transmit mechanical, ultrasonic or electrical energy.

The devices illustrated in this Figure may all be inductively rechargeable.

[0011] Figure 2- Side view of the fluid flow sterilization embodiment with pump

apparatus. In this illustration, the sterilization element 14 is shown inside of the pump 20

and it may transmit anti-infective to one or both catheters (e.g., ultrasound) or apply anti-

infective directly to fluid in the pump 20, e.g., UV sterilization of fluid flow or direct

ultrasound to fluid flow or sterilize the surface of the device itself. In this embodiment, as

well, the peritoneal catheter 22 may receive active sterilization along with the bladder

catheter 26 or on its own or indirectly via the pump 20. The bladder catheter 26 may also

receive active sterilization along with the peritoneal catheter 22 or on its own or indirectly

via the pump 20. Any of the aforementioned sterilization methods or devices may be used

to sterilize the fluid flow and the surface of the device, as well. In this embodiment, the

sterilization element 14 may preferably be inductively rechargeable as the implantable

pump 20, itself, will likely be rechargeable.

[0012] These are but some of the potential embodiments and should not restrict the

scope of the invention. The invention described here may be utilized in any implant that

requires intermittent or continuous active sterilization to prevent colonization and/or spread

of infection from the implant. Other devices for which this technology may be utilized

include: pacemakers, Implantable Cardioverter Defibrillators, CNS shunts, bladder

catheters, suprapubic catheters, cardiovascular valves, mechanical valves, stents, prosthetic

joints (knee, hip, etc), plates, screw or other orthopedic devices, electrical stimulators,

neuromodulators or other devices.



CLAIMS

What is claimed is:

1. A sterilization system for sterilizing an implanted prosthesis, comprising a

housing sized for implantation within a patient body and having an energy generator

therewithal, wherein the energy generator is configured to deliver anti-infective energy or

agents through one or more catheters fluidly coupled to the housing.

2. The system of claim 1 wherein the one or more catheters comprise an intra¬

peritoneal catheter.

3. The system of claim 2 further comprising a catheter fluidly coupled to a bladder

within the patient body.

4. The system of claim 1 further comprising a subcutaneous port fluidly coupled to

the housing.

5. The system of claim 1 further comprising fiberoptics optically coupled to the

energy generator.

6. The system of claim 1 wherein the energy generator is configured to generate

energy in a form selected from the group consisting of ultrasound, ultraviolet radiation,

temperature, electromagnetic energy, radio frequency, microwave, and anti-infective

agents.

7. The system of claim 1 further comprising a pump coupled to the energy

generator.

8. The system of claim 1 further comprising a charging coil for inductively

charging the energy generator.

9. The system of claim 1 further comprising a battery electrically coupled to the

energy generator.

10. A method of sterilizing an implanted prosthesis, comprising:



activating an energy generator implanted within a patient body; and

applying energy from the generator to a prosthesis implanted within the body such

that the prosthesis is sterilized.

11. The method of claim 10 wherein activating comprises generating energy in a

form selected from the group consisting of ultrasound, ultraviolet radiation, temperature,

electromagnetic energy, radio frequency, microwave, and anti-infective agents

12. The method of claim 10 wherein applying energy comprises applying the

energy to one or more catheters coupled to the energy generator.

13. The method of claim 12 wherein applying the energy comprises applying

energy to fluid passing through the one or more catheters.
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