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OBJECTIVE — facilitate success: Gamma 2> E-beam / X-ray

« Leverage fundamental scientific realities of ionizing radiation

» Optimally apply practical industry guidance

AGENDA
« Fundamentals = ‘follow the electrons’

« Exercise: interpret guidance in ISO 11137-1 radiation sterilization standard

» Practical guidance — AAMI TIR17: material compatibility potential & pitfalls
* Summary
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Types of lonizing Radiation
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Interaction of lonizing Radiation with Matter

10118 10715 10-12 109 106 103 1 sec
Energy deposition >

* Formation of ionized and Chemical Processes >

excited molecules localized
along tracks

* Radicals and solvated electrons
diffuse from track zones, react

« Jons and excited molecules with other molecules.
react/dissociate forming free
radicals. Electrons solvated
in polar media

* Chemical changes to substrate
occur.

‘Follow the electrons’
. o || Gamma, E-beam and X-ray deposit energy through
Pirect Effect the SAME MECHANISM, IONIZATION byQELECTRONS)
» M NM——> M, G M*  (Ionization, excitation)

B Indirect Effect
» Secondary reactions of solute with primary species formed by solvent



Gamma Radiation - Possible “Energy Deposition” Interactions of Photons
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Gamma Radiation - Possible “Energy Deposition” Interactions of Photons

Photoeffect

Compton effect

Scattered photon
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Compton Scattering - Gamma Sterilization with Co-60

Co-60 Compton electron: = 0.5 MeV
In Compton scattering, an incoming ~ 500.000 eV

photon makes contact with an orbital e
electron and transfers some of its energy to it.
The result is a free “recoil” electron travelling
at an angle v and the photon deflected at

angle 0.

Figure 2.2.5 Compton Scattering



Energy Deposition by Electrons, e
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Energy Deposition by Electrons, e
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Energy Deposition by Electrons, e
... dominates radiation effects
SHORT TRACK

(500-5000 eV transferred)
BLOB

(100-500 eV transferred)

SPUR
(< 100 eV transferred)

ARRIVING T
(PRIMARY)
Co-60 ELECTRON |,

TERMINATING BLOBS

(closely spaced spurs)

Compton e-

= 500,000 eV

PRIMARY ELECTRON TRACK

SECONDARY ELECTRONTRACK ~ §,
("delta ray”)

Dose, dose rate & temperature
One Co0-60 photon =2 one Compton e normalized radiation effects

= 500,000 eV = [(100 eV/spur) * (5,000 spurs)] Ga?,ifn;"?ﬂéi%b%eif}ay
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ANSI/AAMI/ISO 11137-1:2006

8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

8.4.1 Transference of maximum acceptable dose

In transferring a maximum acceptable dose to a radiation source different from that on which the dose
was originally established, an assessment shall be made demonstrating that differences in irradiation
conditions of the two radiation sources do not affect the validity of the dose. The assessment shall be
documented and the outcome shall be recorded (see 4.1.2). |

Gamma E-beam X-ray

Abstract: Specifies requirements for validation, process control, and routine monitoring in the radiation
sterilization for health care products. It applies to continuous and batch type gamma imadiators
using the radionuclides 60 Co and 137 Cs, and to imadiators using a beam from an electron or

X-ray generator.




8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

Gamma




8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

Electron Beam (E-beam)




8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources
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ANSI/AAMI/ISO 11137-1:2006

8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

8.4.1 Transference of maximum acceptable dose

A.8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

A.8.41 Transference of maximum acceptable dose

The assessment of the validity of the maximum acceptable dose for a radiation source other than that on
which the dose was originally established should take into consideration dose rate and product

temperature during irradiation. For example, the higher the dose rate, the lower the unwanted effects
upon product.

A product qualified at a low dose rate (gamma or X-rays) will typically require minimal qualification to
demonstrate matenal compatibility at a higher dose rate (electron-beam). Conversely, a material qualified
at a high dose rate may require more substantial qualification in the low dose rate application.

If dose rate and product temperature are equivalent, transfer between the same type of radiation sources
Is appropriate.




ANSI/AAMI/ISO 11137-1:2006

8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

DOSE RATE Gamma — approx. 2 Gy/s

E.g., 25 kGy in 4 hours
Delta is 3-4 Orders of
magnitude
E-beam — approx. 6,000 Gy/s
E.g., 25 kGy in 4 seconds

Gamma — approx. 2 Gy/s
E.g., 25 kGy in 4 hours

X-ray — approx. 10-1,000 Gy/s
E.g., 25 kGy in 1 min to 1 hour




ANSI/AAMI/ISO 11137-1:2006

8.4 Transference of maximum acceptable, verification, or sterilization dose between
radiation sources

8.4.1 Transference of maximum acceptable dose

In transferring a maximum acceptable dose to a radiation source different from that on which the dose
was originally established, an assessment shall be made demonstrating that differences in rradiation
conditions of the two radiation sources do not affect the validity of the dose. The assessment shall be
documented and the outcome shall be recorded (see 4.1.2).

Differences in irradiation conditions
1. Dose rate — why is this important? C/o radiation-oxygen effects
2. Temperature — important c/o product sensitivities, e.g., T,

3. Environment - an inert gas, e.g., N, in a non-permeable
package can mitigate radiation-oxygen effects




AGENDA
Fundamentals = ‘follow the electrons’

Exercise: interpret guidance in ISO 11137 radiation sterilization standard

Practical guidance —AAMI TIR17: material compatibility potential & pitfalls

Summary




AAMITIR 17:2017
Compatibility of Materials Subject to Sterilization

1. Material Selection Poiyatyrane

2. Material Processing & HP Eng'rg Rmsins
Sheoe
Design Considerations e —— —

3. Clinically Relevant wos T
Material Testing Aastomers

4. Accelerated Aging
Programs festan
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AAMITIR 17:2017
Compatibility of Materials Subject to Sterilization

1. Material Selection Annex A - Radiation

Guidance )
Prv—— Circles represents the grade of
2 Material Processine & (+ + +) = good ‘ material compatibility for each
' ] ) g (++++) = excellent material

Design Considerations
3. Clinically Relevant Materials are graded on single use

Material Testin ) _ cycle which is less than 50 kGv.

5 [[ELi = fot Tikely This label indicates whether

ikely
unknown ‘ materials are likely to be

compatible after multiple
sterilization cycles (<100kGy)

c
|

4. Accelerated Aging
Programs




3. Selection of materials

Table 1 - Material compatibility table, given

a single processing

vref

given a single processing

Key: (@)= poor; o o fy = fai Excellent; (U) = unknown
‘ Hydrogen
Material Moist heat Dry heat peroxide Ozone
ermoplastics
y Acrylonitrile butadiene styrene (ABS) e to e ® e to XX o e
oo
Fluoropolymers
Polytetrafluoroethylene ™ oo ee eseoeoe oseoeoe LE X X LE X X
(PTFE)
Perfluoro alkoxy ™ TR esee T sesese eseoe
(PFA)
Perchlorotriflucroethylene e e to ceoece coee coee coee csoeoe
(PCTFE) see
Polyvinyl fluoride e cseoee e e to ® e to seoee u
(PVF) see see
Polyvinylidene fluoride e to ssee see esee cseoee csoeoe
(PVDF) see
Ethylenetetrafluoroethylene e e to seess e see sese sesee sesee
(ETFE) oeoe
Fluorinated ethylene propylene o e eoee oo eoe cseoee eeoe e eeoeoe
(FEP)
Polyacetals (e.g.. polyoxymethylene) - seeoee e e to ® e to cseee ceee
esee see
Polyacrylates (e.g., e e to eoe e toee e to oo csee
polymethylmethacrylate) P se
Rolyamides (e.g., nylon) ® e to eeseoe ® to ® to eee eeose
see eseoess seseos
I Pol poonate (PC) eeeto eesee etoco ese e o e eseoee seoeoe
sese




AAMITIR 17:2017
Compatibility of Materials Subject to Sterilization

1. Material Selection

Guidance
Examples:
2. Material Processing & * Processing conditions:
Design Considerations Impact strength decreases by 20 times

in ABS material simply by lowering the
mold temperature from 185°F to 85°F

* Polymer Molecular Weight, MWD
4. Accelerated Aging . Additives
Programs

3. Clinically Relevant
Material Testing




AAMITIR 17:2017
Compatibility of Materials Subject to Sterilization

1. Material Selection Case Study # 1
Guidance PTFE is on the bottom of everyone’s list of radiation
compatible materials

2. Material Processing &  An e-beam sterilized PTFE coating on a stainless steel wire

Design Considerations  does not fail o
... What are the clinically relevant stresses?

3. Clinically Relevant

. . Case Study # 2
Material Testing y

Polyamide / Polyether blends are relatively high on the list
. of radiation compatible materials
4. Accelerated Aging

An e-beam sterilized polyester blend balloon catheter fails
Programs

... What are the clinically relevant stresses?
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¢ Mechanism of energy deposition is ’
identical — ‘follow the electrons’

» Irradiation time & temperature need
to be managed per ISO 11137-1

« A given manufacturer with controlled
materials and processes can have confidence in conversion from
gamma sterilization to e-beam / x-ray sterilization

« CAUTON leveraging material compatibility data broadly without
due diligence
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8.4.2 Transference of verification dose or sterilization dose

ANSI/AAMI/ISO 11137-1:2006

8.4.21 Transference of a verification dose or a sterilization dose to a radiation source different from
that on which the dose was originally established shall not be permitted unless:

Dose audit a) data are available to demonstrate that differences in operating conditions of the two radiation sources
have no effect on microbicidal effectiveness

ar

b) 84220r8423 applies.



ANSI/AAMI/ISO 11137-1:2006

Dose audit

Product with no water:

25 kGy in4 hr
25 kGy in 4 sec

8.4.2 Transference of verification dose or sterilization dose

8.4.21 Transference of a verification dose or a sterilization dose to a radiation source different from
that on which the dose was originally established shall not be permitted unless:

a) data are available to demonstrate that differences in operating conditions of the two radiation sources
have no effect on microbicidal effectiveness

or
b) 84220r8423 applies.

8.4.2.2 For product that does not contain water in the liquid state, transference of the verification
dose or sterilization dose is permitted between:

a) one gamma irradiator and another gamma irradiator,
b) one| electron beam generator and another electron beam generator
or

c) one X-ray generator and another X-ray generator.



ANSI/AAMI/ISO 11137-1:2006

Dose audit

Product with no water:

25 kGy in4 hr
25 kGy in 4 sec

Product with water:

Dose rate actors of 10 or
less can make a difference

8.4.2 Transference of verification dose or sterilization dose

8.4.21 Transference of a verification dose or a sterilization dose to a radiation source different from
that on which the dose was originally established shall not be permitted unless:

a) data are available to demonstrate that differences in operating conditions of the two radiation sources
have no effect on microbicidal effectiveness

ar

b) 84220r8423 applies.

8.4.2.2 For product that does not contain water in the liquid state, transference of the verification
dose or sterilization dose is permitted between:

a) one gamma irradiator and another gamma irradiator,

b) one| electron beam generator and another electron beam generator
or

c) one X-ray generator and another X-ray generator.

8.4.2.3 For product that contains water in the liquid state, transference of the verification dose or
sterilization dose is permitted between:

a) one gamma irradiator and another gamma irradiator,
b) two electron radiation sources operating under identical operating conditions
or

c) two X-ray radiation sources operating under identical operating conditions.



Ordinary Light

Bond Energy

Metal ionization potential
CRT, TV

Co-60 gammas

Electron Accelerators

2eV

4eV

10Z eV

25,000eV = 25keV
1,250keV = 1.25MeV
0.2 - 15MeV
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