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METHOD AND APPARATUS FOR VALIDATION OF
STERILIZATION PROCESS

Technical Field of Invention
The present invention relates generally to the field of automated inspection, staging,
and assembly of pre-sterilized components, specifically medical components, to maintain

sterility via a low-energy electron beam field.

Background of The Invention
In general, the sterilization of medical products depends upon the ability of the

process to kill pathogenic microorganisms. The application of radiation to sterilize medical
products is widely used throughout the world and recognized as a safe, effective form of
sterilization. The first commercial application of electron beam sterilization processing for
medical devices was developed by Ethicon Inc., a subsidiary of Johnson and J ohnson in

1956. In the early 1960s the use of gamma rays from Cobalt-60 for the sterilization of ‘
disposable medical devices was being developed in the United Kingdom. Because of the
poor reliability of the early electron beam systems, the radiation sterilization of medical
products was dominated by Cobalt-60 (gamma) 1rradiators, which had no similar reliability
1ssues.

With the advent of national laboratories devoted to high-energy physics research, a
major effort was put into improving the reliability and pe1formancé of critical accelerator
components. By the 1970s, industry’s involvement in develdping radiégraphic and
oncology machines further enhanced the durability and reliability of electron accelerators.
This improvement of component performance--along with the integration of computerized
controls--encouraged reevaluation of the commercial possibilities of the technology. Soon
thereafter, interest in high-energy (>300 keV) E-beam based sterilization was rapidly
growing. --

Perhaps the largest industrial application of radiation is the modification of polymers.
Radiation is used to polymerize and cure monomers into polymers, to cross-link polymers,
and to graft different types of monomers onto polymer molecules to form new materials with
special properties. Radiation is also used for the intentional degradation of polymers and for

tailoring of molecular weight distributions to serve special industrial and commercial
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purposes. This industrial application of radiation is dominated by low energy (<300 keV)
electron beam systems. |
In 1999, use ot a low-energy (<300 KeV) E-beam system in sterilization of medical

devices was described in U.S. Patent No. 7,264,771, assigned to Baxter International. E-

- beam sterilization unit size and cost were two big factors feeding the move toward low-

energy sterilization systems. Depth of the sterilizing radiation penetration became the
trade-off. Where high-energy systems may achieve penetration depths of over a meter, low-

energy beams are limited to penetration depths of as low as only a few microns.

The significantly reduced radiation penetration of low-energy electron beams used
for medical device sterilization raised the issue of sterility validation as a processing
concern. The FDA requires that “all processes used to produce medical devices be

validated” (21 C.F.R. §820.752), including E-beam sterilization. The goal of such validation

- 18 to determine the minimum exposure dose that can be used to meet a desired sterility

assurance level and allow “dosimetric release,” which is the determination that a product is
sterile based on physical irradiation process data rather than actual sterility testing.

Therefore, validation must begin with the selection of a sterility assurance level
(SAL), a measure of the probability that one unit in a batch will remain non-sterile after
being exposed to a specific sterilant. For example, an SAL of 10 means that one device in
a thousand may be non-sterile. Selecting the proper SAL occurs during a dose-setting phase
of radiation sterilization validation. In many cases, the intended use of the device will
dictate the need for a particular SAL. The commonly accepted SAL for invasive medical
devices is 10", However, some European countries only recognize 10 SAL for a claim of
“sterile.” In such cases, the country of intended use will dictate the SAL as much as the
device's intended use.

Although both gamma and ethylene oxidegas sterilization are validated, effective
and readily available technologies, the increased focus on E-beam can be ascribed to its
having the shortest process cycle of any currently recognized sterilization method. In both
high- and low-energy E-beam processing, the products are scanned for seconds, with the
bulk of the processing time devoted to transporting the products into and out of a shielded

booth. With the use of established and recognized dosimetric release procedures, a product

under going high-energy E-beam sterilization can be released from quarantine as sterile
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within 30 minutes. The prior art, however, has not sufficiently developed a method for
validation and routine monitoring of low-energy E-beam sterilization.

As a solution to this problem, the present invention has been developed which
provides an apparatus for use in the validation of low-energy electron beam sterilization
systems. Furthermore, the invention provides a method that cost-—effectiv;:ly. and reliably
provides for the routine dosimetric monitoring of the sterilization process for low-energy

electron beam sterilization systems.

Summary of The Invention

Generally, the present invention comprises a method and apparatus for verifying thé
radiation dose delivered to achieve the sterilization of components, such as medical devices
in a low-energy electron beam sterilization system.

Specifically, as one embodiment of the present invention, a single-site dosimeter
assembly is disclosed. The assembly is comprised of a first component block having a
cavity, suitable for positioning a dosimeter therein, and a coaxially configured passage to
allow for the travel of radiation into the cavity portion. A-second component block affixes
to the first block and comprises an interior surface with a protrusion configured to abut an
interior surface of the cavity, thereby retaining the dosimeter therein. The assembly may

further comprise a mechanism to affix the first dosimeter block to the second dosimeter
block, and affix the resulting assembly to a radiation sterilization site.

A method for verifying sterilization of components in a low-energy electron-beam
sterilization system is also described. The novel method comprises the steps of placing a
component within a low-energy electron-beam sterilization system as a site to be sterilized,
designating an indicator site within the sterilization system as a site to be used to indicate
achievement of a dose level, determining a sterilization dose level which when achieved.
results in a desired sterility assurance level (SAL) of a component, establishing a correlation
between a dose achieved at the indicator site and a dose achieved at the sterilization site,
exposing the designated sites to a sterilizing source to achieve a sterilization dose at the
sterilization site and a correlated dose at the indicator site, determining the dose achieved at
the indicator site, and ascertaining the efficacy of the sterilization dose achieved at the
sterilization site based on the determined dose at the correlated indicator site.

In one embodiment of the disclosed method, the step of establishing a correlation

comprises the steps of exposing the designated sites to a sterilizing source to mimic
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operation of a sterilization system, measuring the sterilizing dose received at each site, and
repeating exposing and measuring steps to determine a relationship between the sterilizing
dose level measured at a sterilizing site and a sterilizing dose level measured at an
indication site.

An assembly capable of verifying sterilization of two components to be connected
together 1s also disclosed. The assembly comprises a first component carriage and a second
component carriage. Each carriage preferably comprises a component site requiring a
threshold sterilization dose to achieve sterility of a component, and a dosimeter site
positioned approximate the component site and having a dosimeter to receive an applied
dose which corresponds to a sterilization dose level received by the component site.

It 1s important to note that the does ultimately achieved at the indicator site is not
necessarily equal to that achieved at the sterilization site, nor is it necessary that the dose at
the indicator stte even be a sterilizing dose.

In an embodiment of the assembly, the first component carriage further comprises a
mechanism to control the sterilization dose received by the dosimeter at the dosimeter site.
T'he mechanism 1n one embodiment comprises a passage having a diameter and a depth,
with the passage being positioned above the dosimeter site. The diameter and depth of the
passage may be of any suitable sizes to allow for the proper amount of radiation exposure.

The assembled dosimeter site preferably comprises a first holder block having a
receptacle defined within a wall of the holder block to contain a dosimeter therein, and a
passage. having a diameter and depth, through the wall within the periphery of the

receptacle, and a second holder block configured with a mating section which fits within the

receptacle of the first holder block to abut the dosimeter therein.

The tirst component carriage may comprise from 1 to 10 component sites and from

1 to 15 dosimeter sites.
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In another aspect of the present invention there is provided a method for verifying
sterilization of components in a sterilization system using a low-energy electron beam
comprising the steps of:

determining a minimum sterilization dose which when applied to a sample of a
component results in a desired sterility assurance level (SAL) of less than about 10-3;

exposing a sample component and a plurality of indicators to the low-energy
electron beam;

measuring a sterilization dose received at each indicator, at least one of the plurality
of indicators providing a sterilization dose measurement indicative of the sterilization dose
at the sample component;

determining a dose distribution of the sample component;

establishing a correlation between the sterilization dose at the sample component
and the sterilization dose measured at at least one of the plurality of indicators;

placing a component to be sterilized onto a component pallet;

attaching by a mechanism a holder containing a correlated indicator therein to the
component pallet as a site to be used to indicate achievement of at least the minimum
stertlization dose;

exposing the component and correlated indicator to the low-energy electron beam;

determining the sterilization dose at the indicator; and

ascertaining the efficacy of the sterilization dose achieved at the component based
on the determined sterilization dose at the correlated indicator.

[n yet another aspect of the present invention there is provided a system for
veritying the sterility of components comprising:

a sterilization chamber;

a pallet member configured to position a component within the sterilization

chamber;
a dosimeter holder having a plurality of dosimeters contained therein, the dosimeter
holder detachably affixed to the pallet member by a mechanism and including a plurality of

passages permitting radiation to reach the plurality of contained dosimeters:
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a low-energy sterilization source configured to deliver a sterilization dose to a
component and a correlated dose to the dosimeter within the sterilization chamber, wherein
the sterilization dose results in a desired sterility assurance level (“SAL”) of less than about
10-3;

a verification station located apart from the sterilization chamber at which the
dosimeter holder is removed from the pallet member and the dosimeter holder 1s
disassembled to gain access to the plurality of dosimeters for measuring the correlated dose
absorbed by the plurality of dosimeters within the sterilization chamber; and

wherein the sterilization chamber, the pallet member, the dosimeter holder, the low
energy sterilization source, and the verification station are configured and arranged to
enable the correlated dose to be determined by (i) exposing a sample component and the
plurality of dosimeters to the low-energy sterilization source, (i1) measuring a sterilization
dose received at each dosimeter, at least one of the plurality of dosimeters providing a
sterilization dose measurement indicative of the sterilization dose at the sample component,
(111) determining a dose distribution of the sample component, and (iv) establishing a
correlation between the sterilization dose at the sample component and the sterilization dose
measured at the at least one of the plurality of dosimeters.

These and other features are provided in the present invention. A more detailed

description of the several components, their purposes, and possible alternative embodiments

are set torth in the detailed discussion following:

Brief Description of The Drawings

The details of the present invention can be more readily understood when the

flowing description is considered in combination with the appended drawings where:
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FIGURE 1 isa perspective view of the backside of a bag sterilization pallet having
attached thereto one embodiment of the present dosimeter-holder of the present invention;

FIGURE 2 is a back elevation view showing an embodiment of the present invention
attached to the bag sterilization pallet of FIGURE 1;

FIGURE 3 is a top view showing one embodiment of a muiti-site dosimeter holder
attached to the bag sterilization pallet of FIGURE 1: |

FIGURE 4 is a side elevated view of one embodiment of aa dosimeter holder attached

to the bag sterilization pallet of FIGURE 1, including a medical solution bag and vial/device

shown;

FIGURE 5 is an exploded view of one embodiment of a multi-site dosimeter holder

of the present invention;

FIGURE 6 is a cross-sectional view of the assembled embodiment of the dosimeter

holder shown in FIGURE 5;

FIGURE 7 is a plan view of the second or upper block of the embodiment shown in
FIGURE 6;

FIGURE 8 is a plan view of thé first or lower block of the embodiment shown in

FIGURE 6;

FIGURE 9 1s a perspective view of one embodiment of a vial/device pallet having
attached thereto another embodiment of a multi-site dosimeter holder of the present |
invention;

FIGURE 10 is a side elevation view showing an embodiment of a multi-site
dosimeter holder attached to the vial/device pallet of FIGURE 9, including a device and

drug vial shown connected;

FIGURE 11 is a front view showing one embodiment of a multi-site dosimeter

holder attached to the vial/device pallet of FIGURE 9;

FIGURE 12 is a top plan view of one embodiment of a multi-site dosimeter holder

attached to the vial/device pallet of FIGURE 9;

FIGURE 13 is a perspective view of one embodiment of a second or lower block of a

single-site dosimeter holder;

FIGURE 14 is a petspective view of one embodiment of a first or upper block of a

single-site dosimeter holder;

FIGURE 135 is an exploded view of another embodiment of a multi-site dosimeter

- holder for use on the device side of the vial/device pallet of FIGURE 9;
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FIGURE 16 is a cross-section of a multi-site dosimeter holder for attachment to the
vial/device pallet shown in FIGURE 9;

FIGURE 17 is a top view of one embodiment of a second or upper block of a multi-
site "dosimeter" holder of the present invention,

FIGURE 18 is a top view of one embodiment of a first or lower block of a multi-site
dosimeter holder of the present invention;

FIGURES 19(a) and 19(b) are perspective views (underside and topside,
respectively) of the assembled single-site dosimeter holder shown in FIGURES 13 and 14;

E[GURES 20A-C are schematics of a sterilization booth illustrating the sequencing
of chamber door openings to move pallets through the sterilization process;

FIGURES 21 and 22 are cut away views of the internal components of the bag

sterilization chamber; and,

FIGURE 23 is a cut away side view of a vial/device sterilization booth.

Detailed Description of The Invention
While the present invention is susceptible of embodiment in many different forms,

this disclosure will describe in detail at least one preferred embodiment, and possible
alternative embodiments, of the invention with the understanding that the present disclosure

is to be considered merely as an exemplification of the principles of the invention and is not
intended to limit the broad aspect of the invention to the specific embodiments illustrated.

The present invention provides an assembly for verification of low-energy e-beam
sterilization, as well as methods of using the same. For purposes of the present application,
the following definitions of terms are used:

Sterility (Sterilize, Sterilization, etc.,), the act of using or condition achieved after
use of a physical or chemical procedure to destroy microbial life, including pathogens such
as highly resistant bacterial endospores and viruses;

Sterility assurance level (SAL), a measure of the probability that one unit in a batch
will remain non-sterile after being exposed to a specific sterilant;

Low-Energy Electron-Beam, an electron beam or beam array which operates at an
energy of less than 300 KeV, more preferably in the range of from about 60 to about 150
KeV; |

Validation of Sterilization, a process for determining that exposure to a specific

dose or level of radiation will result in a desired sterility assurance level (SAL);
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Verification of Sterility, a procéss for determining that a desired component was
exposed to the proper amount of radiation to achieve sterility;
Dosimeter, any device that, when irradiated, exhibits a quantifiable change in some
property of the device that can be related to absorbed dose in a given material using

appropriate analytical instrumentation and techniques;

Component, any medical device capable of being sterilized, such as, for example,
drug vial, syringe, reconstitution device, medical tubing, IV bag, cannula, and the like; and

Pallet (or Carriage), a device configured for the housing, transport, and, in some
cases, shielding of components in a sterilization process, particularly a sterile connection
process.

The prior art discloses methods and apparatus for the verification of ultraviolet
sterilization (U.S. Patent No. 6,475,433 to McGeorge et al.) and thermal sterilization (U.S.
Patent No. 6,340,590 to Gillis). Verification of sterilization in a low-energy electron beam
system, however, provides far different challenges to those skilled in the art, as the

following specification will address.

Accordingly, the present invention involves methods and apparatus for automatically
verifying sterilization of components, particularly where two or more components are to be
connected in a sterile field. While the components may be made from any known material,
preferably the objects are made from a readily sterilizable material. For example, a glass
drug vial may be sterilely connected to a rigid plastic reconstitution device to form a
vial/device assembly (VDA). The assembly may then be sterile-connected to a flexible
tubing portion of a fluid bag to form a final assembly. Such a vial/device assembly (VDA)
and final assembly are shown in the appended drawings and described herein. However, the
claimed invention should not be limited to these embodiments, which are included for
exemplary purposes only.

After being pre-sterilized, the components are received into a sterilization pallet
utilizing the present invention for verification. Sterilization pallets are used to house,
transport, and, in some cases, shield portions of the components as they move within a
sterilization system. Such pallets may be specifically designed for containing a single-sized
component, such as a reconstitution device, or may be adjustable for varying sizes of a

component, such as drug vials. Referring generally to FIGURES 1-18, some example

sterilization pallets can be seen.
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FIGURES 1-4 illustrate a bag pallet 70a. FIGURES 9-12 illustrate a vial and device
pallet 70b. The bag pallet 70a is preferably a metal structure which functions to maintain at
least one bag component in position for connection to at least one other component while at

least a portion of those components are maintained within an electron beam field. Likewise,

| | the vial and device pallet 70b is preferably a substantially metal structure that also functions

to position components for connection while being maintained within an electron beam field.
In the case of both pallets, it is also a function to shield portions of the components from the
electron beam field during connection. As those skilled in the art would understand, the
physical form of the pallets depends on many factors, including, for example, the dimensions
of the components being connected, the connection strategy, etc. A further description of
these pallet devices is more fully set forth in U.S. Patent No. 7,358,505, assigned to Baxter

International.
In the present invention, the bag pallet 70a is generally designed to grip and retain,

~ via grippers 735, the tubing of as many as four medical solution bags (SB) and four

vial/device assemblies (VDA) (see FIGURE 4), as illustrated in FIGURE 1. In this position
the open end of the tubing of each medical solution bag (SB) would be aligned with an end

of one of the vial/device assemblies (VDA). While these components are pre-sterilized, it is

desired to make the connection between the tubing end and the vial/device in a manner that

maintains the sterility., Referring to FIGURES 3 and 4, the position on the pallet 70a where
the component resides is called the component site 73. Specifically, the position of the
component end (the portion of the component to be connected) determines the component
site 73. In the present embodiment, the ends of the two components to be connected
together are maintained in such close proximity to one another that only a single component

site 73 exists for each component pair. However, alternate configurations are possible.
Referring generally to the vial and device pallet of FIGURES 9-12, four cartridges

77 are shown configured to carry reconstitution devices (RD), while the vial holder 71 is

~ shown to be configured to contain four inverted drug vials, It is similarly desirable to create

a sterile connection between these components to create four complete vial/device

assemblies (VDA) for later use in connecting to a sterile medical solution bag. Additional

pallet designs may be contemplated for carrying other medical components for sterilization,
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Returning to FIGURES 1-4, each pallet is designed to expose the retained
components to the active sterile field created by the low-energy electron beam. Bag pallet
70a permits the sterilizing electron beam to pass through a window 41. Typically, as in the
present invention, where more than a single e-beam tube is used to address shadowing, or
where a particular component or compornent contents may be especially susceptible to
degradation from electron beam exposure, additional separate shielding (not shown) may be
provided in the sterilization booth for the exposed portions of, for eﬁample, the bag (SB) and
vial/device assembly (VDA). Ideally, only the connecting ends of the components (i.e., the
portions within component sites 73) are to be exposed to the electron beam field. The
remaining portion of the components is preferably shielded by either the pallet or an

alternative means within the sterilization booth.
In the present embodiment, while the component site 73 is exposed to the beam field,
the component ends are then connected together through the actuation of at least one of the

components toward the other component. Movement of the components should be limited to

the constraints of the electron-beam field until a proper connection is completed.

A key‘aspect of the present invention is the ability to initially validate sterilization of

exposed components at a specific dose level. It is a further feature of the invention to

provide routine dose monitoring of the sterilization process.

The use of routine radiation monitoring devices such as dosimeters for processing
have been used for many years and are widely recognized and understood in the industry.

However, all of the routine monitoring dosimeter fixtures and processes used are based on
the premise that the radiation source penetrates the dosimeter, its packaging, and in many

cases, a fixture. This premise is based on the fact that such radiation sterilization
applications involve the use of penetrating radioisotopes or high energy electrons. Due to
the deep-penetrating ability of this matter, precise piaoement of dosimeters is not as critical
nor is the direct exposure from the radiation source to the dosimeter.

~ The present embodiment of the invention, however, utilizes “non-penetrating” (in a
relative sense) low-energy electrons. A monitoring fixture has been designed to work in the
low-energy process Where direct exposure of the dosimeter is necessary. In one preferred
embodiment of the invention, the dosimeter is a radiochromic film. In addition to exposing
the radiochromic film directly to the electron beam, the monitoring fixture is placed such
that the dose to which the dosimeter film is exposed will be approximately relative to the

dose the product receives. The dosimeter placement is referred to as the indicator site.
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Three different sterilization validation and rdutine monitoring dosimeter fixtures are
shown in the appended drawing figures. FIGURES 13 and 14 illustrate different halves ot a
basic single-site dosimeter holder 10, while the assembled fixture is shown in FIGURES
19(a) and 19(b). FIGURES 5-8 illustrate a multi-site dosimeter holder 40(a) for attachment
to the bag pallet 70a of FIGURES 1-4. FIGURES 15-18 illustrate a muiti-site dosimeter

* holder 40(b) for attachment to the vial and device pallet 70b of FIGURES 9-12. Generally

speaking, the respective dosimeter holder or fixtures shown are each comprised of a basic
plate configured to be attached to a pallet—either a bag pallet or vial/device pallet. The
plate can be a single metal plate or devised of any number of connectable parts. It may

house as few as a single dosimeter, such as a dosimeter film, or a plurality of such devices

for a particular holder.
Referring to FIGURES 13, 14 and 19, halves of the single-site dosimeter holder 10

are shown. The holder 10 (when assembled) is comprised of a first dosimeter block 12
(FIGURE 14) and a second dosimeter block 14 (FIGURE 13). The first block 12 comprises
an interior surface“ 16 with a substantially square cavity 18 defined therein, and an outer
surface 20 with a cylindrical passage 22 to the cavity 18 passing therethrough. The cavity
18 may be of any desired shape to accommodate a radiochromic film dosimeter, which
typically comes as a small square piece—though other shapes and sizes may be more

suitable for alternative embodiments. The embodiment of FIGURE 14 also illustrates four
radiused corner notches 24 extending from the cavity 18. These notches 24 facilitate the
removal of the radiochromic film dosimeter from the cavity 18. The passage 22 may also be
machined to various shapes, if desired. In alternative embodiments, the passage 22 may be
in the second dosimeter block 14 or pass thfough an adjacent side of the dosimeter block.

In the present embodiment, the second dosimeter block 14 of FIGURE 13 comprises
an interior surface 26 with a protrusion 28 configured to abut an interior surface of the cavity
18 of block 12. In use, a radiochromic film dosimeter 30 is positioned within the cavity 18
of the first block 12 and held in place by the protrusion 28 of the second block 14.

A first mechanism (not shown), such as a pin, bolt, or similar device, is used to pass
through aperture 79 to affix the first dosimeter block 12 to the second dosimeter block 14 to
form a dosimeter holder or assembly 10 (FIGURE 19). Additionally, a second mechanism
(not showh) may be used to affix the holder 10 to a radiation sterilization site, such as a

component pallet. The first mechanism may perform the operation of the second mechanism

for certain applications.
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The material used for manufacturing the dosimeter holder 10 must be radiation
resistant and be of sufficient density and thickness to shield the contained dosimeter 30 from
indirect exposure to the electron beam. Overexposure of the dosimeter 30 is a concern as it
will negatively affect validation and routine monitoring.

As a means for controlling exposure of the dosimeter 30, the size of the diameter and
depth of the passage 22 may be adjusted. The larger the diameter of the passage 22 and the
shorter the depth of the passage 22 (i.e., the thickness of the block material) the greater the
dose the dosimeter 30 will receive. Conversely, the smaller the diameter and the longer the
depth of the passage 22, the lower the dose received by the dosimeter 30. In a preferred
embodiment, the passage depth is machined to 0.124 inch (3.15 mm) and the diameter is
0.234 inch (5.94 mm). The passage depth preferably falls within the range of from about
0.070 to about 0.175 inch (1.78 - 4.45 mm), while the preferred diameter is within the range
of from about 0.175 to about 0.290 inch (4.45 - 7.37 mm). However, with varied
applications and positioning of the assembly 10, as well as varied dosimeter thicknesses and
surface areas, there exists an infinite combination of diameters and depths of the passage 22

which may be used without departing from the intended purpose of the present invention.

Referring now to FIGURES 3-8, an embodiment of a multi-site dosimeter holder 40a

for the bag pallet may be more readily seen and understood. Like the single-site assembly,

the multi-site holder is comprised of a first block 46 and a second block 48. The illustrated
embodiment is designed with four dosimeter sites 50 equally spaced along the length of the
holder 40a. The number of dosimeter sites 50 may vary with the number of component sites
73 (see FIGURES 3 and 4) provided for in the component pallet 70, though an exact one-to-
one correlation 1s not necessary. A greater number of dosimeter sites 5O per component sites
73 (e.g., 2:1, 4:1, etc.) may improve (or be necessary for) validation and routine monitoring.
In the present embodiment, the first block 46 of the multi-site holder 40a differs from
that of the single-site holder 10 in other ways. A cavity 18 for containing a radiochromic
film dosimeter 30 is present, but there 1s no passage to the cavity in the first block 46.
Rather, the second block 48, while comprising a protrusion 28 to fit within the cavity 18 of
the first block 46 and retain the dosimeter therein, has a passage 22 through the protrusion
28. The function and the range of dimensions of the passage diameter and depth are
otherwise identical to those of the passage 22 in the single-site dosimeter holder 10. Of
course, alternative embodiments may include the passage 22 on the first block 46 requiring

only different positioning of the holder 40a on the pallet 70a.
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AS showﬁ in the cross-section of FIGURE 6, the first and second blacks, 46 and 48,
are secured together to form a multi-site holder 40a. The holder 40a 1s then affixed to the
bag pallet 70a, as illustrated in FIGURES 1-4. In the present embodiment, the holder 40a 18
affixed to the backside 72 of the pallet 70a. As explained in greater detail infra, each
dosimeter site 50 of the holder 40a is positioned to correspond to a component site 73
(FIGURE 2) on the frontside 74 of the pallet 70a. Again, more than one dosimeter site may
be used to correspond to a single component site, or vice versa. Similarly, more than one

holder 40a may be employed on each pallet 70a—for example, one on the frontside and one

on the backside of the pallet, or one for the first component and one for a second component

held on the pallet.
Referring to FIGURES 15-18, another embodiment for a multi-site dosimeter holder,

holder 40b is illustrated. This holder 40b has a 5:4 dosimeter site 50 to component site 73
ratio. While the holder 40b is shaped notably different than the bag pallet dosimeter holder
40a of FIGURES 5-8, the dosimeter sites 50 between the two embodiments are actually

identically configured. The alternative embodiments disclosed for holder 40a also may be

utilized for holder 40b.
FIGURES 9-12 illustrate the attachment of the holder 40b to the vial/device pallet

70b in a position which places the dosimeter sites 50 proximate the component sites 73.

Each component site 73 is sandwiched between two dosimeter sites 50 for improved

validation.
Having discussed embodiments of the physical details of the present invention, the

following is a detailed discussion of the validation process and a sterilization system in

which the referenced holders as well as preferred operational parameters may be

implemented.
One of the first steps in the validation process is to determine the sterilization dose to

product required to achieve the desired SAL. One of two approaches is taken in selecting
the sterilization dose: selection of sterilization dose using either bioburden information or
information obtained by incremental dosing; or using a sterilization does of 25 kGy
following substantiation of the appropriateness of the dose. Once established, the minimum
radiation dose can be achieved in several ways known by those skilled in the art, including

increasing the intensity (current) of the electron beam or by increasing the time that the

product is in the electron beam field.
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The next step is to determine the dose distribution of the product being sterilized.
The dose distribution study or dose mapping 1s performed to identify the zones of minimum
and maximum dose within the product(s) processed and to assess the reproducibility of the
process. This information is then used to select the routine monitoring position for routine
processing. That is, a location for the routine monitoring dosimeter must be determined
such that during sterilization the level of radiation absorbed by the dosimeter (which is
readily measurable) is proportional to that of the component to be sterilized (which is not
readily measurable).

With a low energy electron beam, the correlation between the dose received by the
product and the dose received by the dosimeter is difficult to achieve because of complex
product geometries and the tendency of the dosimeter to be saturated in the direct path of the
electron field. With the present invention, a correlation between the measured radiation
exposure of the dosimeter and the desired dose to product can be made.

Referring to FIGURES 20-22, a preferred embodiment of the system for sterile
connecting a piurality of components comprises a sterilization chamber 112 having a low-
energy electron beam source 102, and a component pallet 70 capable of positioning at least
two components within a sterilizing cloud created by the low-energy e-beam source _‘within ‘
the sterilization chamber 112. A transportation source (not shown), such as a conveyor belt
or indexing table, may be used to convey the component pallet 70 from a staging area to the
sterilization chamber 112.

In the embodiment of FIGURE 20, the sterilization chamber 112 is preferably
situated as a center compartment within a larger sterilization booth 110. The preferred
sterilization system is comprised of two booths: a bag sterilization booth 110a (FIGURE 21)
and a vial/device sterilization booth 110b (FIGURE 23). The two booths, 110a and 110b,
are identical in purpose, sd the following discussion will merely refer to bag sterilization
booth 110a. However, where key differences exist between the booths, such differences will
be noted in this text and the appended drawing figures.

The two booths 110a and 110b are divided into three chambers: a pre-sterilization

chamber 114, the sterilization chamber 112, and a post-sterilization chamber 116. Each

chamber is comprised of a set of entrance doors and a set of exit doors. The exit doors 131

for the pre-sterilization chamber 114 also act as the entrance doors for the sterilization
chamber 112. Likewise, the sterilization chamber exit doors 132 also function as the post-

sterilization chamber 116 entrance doors. The doors are preferably laterally sliding doors
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actuated ‘by, for e"xample, a hydraulic mechanism reacting to a sensor (not shown) and
control system (not shown). As space allows, the doors may be designed to slide vertically
or horizontally. A single panel or bi-parting panels may be used as well. These added

features and their implementation would be well-understood by those skilled in the relevant

art of automated system design.

The four sets of chamber doors 130, 131, 132, and 133, are comprised of a one-inch

lead core with a quarter-inch stainless steel exterior lining. Similarly, the chamber walls 134

are built to prevent accidental exposure of external personnel to radiation created by the
electron beam source. Use of higher energy sources may require additional shielding. The
sterilization chamber 112 should also be comprised of an appropriate ventilation means due

to the creation of ozone from these energy sources.

As shown in FIGURES 21 and 22, the e-beam source is preferably provided by two
oppositely posi"tioned low-energy electron beam tubes 102. Presently, there only are a small
number of suppliers for such tubes. Tube and beam dimension and output operating
parameters are only a few factors which may guide selection. The preferred e-beam tubes
for the present embodiment are approximately ten-inches in width and two-inches in height,
and operate in the range of 60 to 125 KeV. Other suitable electron beam tubes may exist
and those skilled in the art would understand what modification would be necessary to
implement such tubes into the present system.

By training the resulting electron clouds of the opposing e-beam tubes 102 at the
position of the pallet window 41 of either the bag pallet 70a or the vial/device pallet 70b, an
electron “flood area” is created where connection of the components is contemplated.
Connection within the flood area insures that sterilization is maintained at every corner,
crevice, and surface of the components. That is, shadowing caused by juxtapositioned
surfaces is minimized, if not eliminated.

While the use of two electron beam sources is preferred for the present embodiment,
it is contemplated that a single electron beam could be used in some applications. For
example, the components could be rotated within the resulting electron cloud to effect
sterilization, or the source beam could revolve about the components for the same effect.
Additionally, any number of electron beams may be used in an array fashion to further
address shadowing of very complicated connections or oddly shaped components,

Referring now to FIGURE 20A-C, the movement of pallets 70 through the three

chambered booth 110 can be more readily understood. Beginning with a completely empty
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booth 110, the door 130 into the pre-sterilization chamber 114 is opened. Here the first
component pallet 70' is held until the door 130 is again closed. Then, after door 131 is
opened and the first component pallet 70 enters the sterilization chamber 112, the door 131
is completely closed, and door 130 is opened to permit the entrance of a second component
pallet 70", as shown in FIGURE 20A. At this time, the first component pallet 70' is subject
to sterilization, the details of which will be explained in greater detail below. The door 130
is then closed as before, while door 132 1s opened to allow the movément of the first
component pallet 70' to the post-sterilization chamber 116. Simultaneously, door 131 is
opened to allow the second component pallet 70" to enter the sterilization chamber 112, as
shown in FIGURE 20B. Doors 131 and 132 are then closed. At this point, as shown in |
FIGURE 20C, the first component pallet 70’ is in the post-sterilization chamber 116, acting

as a holding chamber, and the second component pallet 70" is in the sterilization chamber

112.
Still referring to FIGURE 20C, doors 130 and 133 open to allow the movement of a

third component pallet 70" into the pre-sterilization chamber 114 and the first component
pallet 70' out of the post-sterilization chamber 116. Dooré 130 and 133 then close. The
booth 110 would then contain second component pallet 70" in the sterilization chamber 112
and the third component pallet 70"™ in the pre-sterilization chamber 114. The sequence is
then repeated from the opening of doors 130 and 133 until all component pallets have passed
through all three chambers of the booth 110. Following such a progression maintains a
sealed door on either side of the electron source at all times, thereby providing a full-time
barrier against the escape of stray radiation from the sterilization chamber. Naturally, other
sequences may be devised to achieve this important safety precaution.

Movement of the pallets is controlled by the three independent conveyor surfaces
120, 122, and 124. The first conveyor surface 120 is responsible for receiving a pallet from
the system and transporting the pallet into the pre-sterilization chamber 114. The first
conveyor surface 120 and a second conveyor surface 122 work together to transport the

pallet into the sterilization chamber 112. After sterilization, the second conveyor surface

122 and a third conveyor surface 124 cooperate to position the pallet within the post-

sterilization chamber 116. Finally, the third conveyor surface 124 transports the pallet to the

system for resumed handling. With alternate indexing through the chambers, variations on

the number of conveyor surfaces used may be made. Those skilled in the art would
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understand how to correlate the indexing of pallets to the movement of the conveyor

surfaces should variations be necessary.
Within the sterilization chamber 112, referring to FIGURES 21-23, the bag pallet

70a (FIGURE 21) or the vial/device pallet 70b (FIGURE 23) is positioned between the two

electron beam sources 102. At this time, as shown in FIGURE 21, the shutters 136 are in a

closed position. The shutters 136 are liquid cooled steel panels used to block the electron
beam window before and after component sterilization and connection. As with the

~ chamber doors, it is necessary that the shutters 136 be dense enough to provide proper

shielding, so any cooling elements (which may require hollowing of the panel) are

preferably absent from a central portion of the shutter 136 where direct incidence of the

/
electron beam is realized.

Referring to FIGURES 21 and 22, the shutters 136 are attached to a pneumatic
actuator 140 which is responsive to a controller (not shown). A single controller may be
used to control the chamber doors, 130, 131, 132, and 133, the conveyor surfaces 120, 122,
and 124, and the shutters 136, if desired. After the chamber doors 13i and 132 are 1n a
closed position (FIGURE 20A), the appropriate controller can activate pneumatic actuator

140 to raise shutters 136 (FIGURE 22). At this point, component exposure 1s controlled by

the position of the components within the resulting electron cloud (preferably within the
electron flood area) as well as the time of exposure (i.e., the time the shutters are raised).
Unlike the vial/device pallet 70b, the bag pallet 70a has additional heat shielding to
protect the product of the components from electron beam exposure. Referring to
FIGURES 21 and 22, a liquid-cooled, double-paneled heat shield 142 is initially positioned
within the sterilization chamber 112. The lower portipn 144 of the heat shield 142 is used to
shield the bag component, and the upper portion 146 to shield the vial/device component
70b. As the bag holding portion of the bag pallet 70a is raised by actuator 140 to raise the
bag component in the connecting step of the sterilization process, the lower portion 144 of
the heat shield 142 moves simultaneously to maintain the shielding of the bag component.

Upon snap connection of the two components together, the lower portion 144 abuts the

upper portion 146 of the heat shield 142. The heat shield 142 is retracted (i.e., the lower

portion 144 is returned to its starting position) only after the shutters 136 are closed and then

simultaneously with the return of the actuated bag holding portion of the bag pallet 70a.
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‘Referring to FIGURE 20C, the pallet 70 is then transferred to the post-sterilization
chamber 116 for holding, as described above. From the post-sterilization chamber 116, the
pallet 70 is capable of travel to other stations for further processing.

In a preferred embodiment, a pre-selected percentage of the sterilized pallets (e.g.,
10%, 30%, 5'0%, etc.) may be routed to a verification station (not shown). At the
verification station, the dosimeter holder, 40a and 40b, may be removed from the pallet, 70a
and 70b, respectively. The holder may then be disassembled to gain access to the dosimeters

30. Of course, the dosimeters 30 should be handled with the necessary tools (e.g., tweezers)

“to prevent contamination.

After removal from the dosimetéer holder 40, the absorbed radiation of each
dosimeter 30 can be measured. If the measured radiation dose level is at or above the
necessary level for achieving the required or desired SAL for each dosimeter, then the
respective pallet may be validated as “sterile.” The ability to validate the sterility of the

components is a result of the correlated relationship determined to exist between the

dosimeter film and the component on the pallet.

The pallet may re-enter the assembly process. The dosimeter holder 40 can now be
fitted with new dosimeters and reattached to a suitable pallet 70 to repeat the process.
While the invention has been shown and described with reference to the preferred

embodiments, 1t will be understood by those skilled in the art that various changes in form

and detail may be made therein without departing from the spirit and scope of the invention

as defined by the appended claims.
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What is claimed is:

1. A method for verifying sterilization of components in a sterilization system using a
low-energy electron beam comprising the steps of:

determining a minimum sterilization dose which when applied to a sample of a
component results in a desired sterility assurance level (SAL) of less than about 10-3;

exposing a sample component and a plurality of indicators to the low-energy
electron beam:

measuring a sterilization dose received at each indicator, at least one of the plurality
of indicators providing a sterilization dose measurement indicative of the sterilization dose
at the sample component;

determining a dose distribution of the sample component;

establishing a correlation between the sterilization dose at the sample component
and the sterilization dose measured at at least one of the plurality of indicators;

placing a component to be sterilized onto a component pallet;

attaching by a mechanism a holder containing a correlated indicator therein to the
component pallet as a site to be used to indicate achievement of at least the minimum
stertlization dose;

exposing the component and correlated indicator to the low-energy electron beam;

determining the sterilization dose at the indicator; and

ascertaining the efficacy of the sterilization dose achieved at the component based

on the determined sterilization dose at the correlated indicator.

2. The method of Claim 1, wherein the step of determining the level of the sterilization

dose at the correlated indicator is achieved by a sensor.

I

The method of Claim 2, wherein the sensor is a radiation dosimeter.

4, The method of Claim 1, wherein the correlated indicator comprises a dosimeter.

. The method of Claim 1, wherein the indicator comprises a plurality of dosimeters.
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6. The method of Claim 5, wherein the dosimeters are detachably affixed to the pallet.
7. The method of Claim 1, wherein the correlated indicator is detachably affixed to the
pallet.
8. The method of Claim 1, wherein the holder is attached to the pallet by one of a pin
and a bolt.
9. A system for verilying the sterility of components comprising:

a sterilization chamber:;

a pallet member configured to position a component within the sterilization
chamber;

a dosimeter holder having a plurality of dosimeters contained therein, the dosimeter
holder detachably affixed to the pallet member by a mechanism and including a plurality of
passages permttting radiation to reach the plurality of contained dosimeters:

a low-energy sterilization source configured to deliver a sterilization dose to a
component and a correlated dose to the dosimeter within the sterilization chamber, wherein
the sterilization dose results in a desired sterility assurance level (“SAL”) of less than about
10-3;

a verification station located apart from the sterilization chamber at which the
dosimeter holder is removed from the pallet member and the dosimeter holder is
disassembled to gain access to the plurality of dosimeters for measuring the correlated dose
absorbed by the plurality of dosimeters within the sterilization chamber; and

wherein the sterilization chamber, the pallet member, the dosimeter holder, the low
energy sterilization source, and the verification station are configured and arranged to
enable the correlated dose to be determined by (i) exposing a sample component and the
plurality of dosimeters to the low-energy sterilization source, (ii) measuring a sterilization
dose received at each dosimeter, at least one of the plurality of dosimeters providing a
sterilization dose measurement indicative of the sterilization dose at the sample component,
(111) determining a dose distribution of the sample component, and (iv) establishing a
correlation between the sterilization dose at the sample component and the sterilization dose

measured at the at least one of the plurality of dosimeters.
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10.  The system of Claim 9, further comprising at least two components positioned on
the pallet member and an actuator which drives at least one of the components while 1n the

sterilization chamber to effect connection between the components.

11.  The system of Claim 10, wherein the dosimeter holder is detachably affixed to the
pallet by one of a pin and a bolt.
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