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Introduction

ISO 11137-2 includes Method VDmax
25 15

20

[ ]

[7])
[8]

[9][10]

VDmax
[11][12]

VD SD
max

© ISO 2013 – All rights reserved vCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 21:52:22 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 21:52:22 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Sterilization of health care products — Radiation —
Substantiation of selected sterilization dose: Method 
VDmaxSD

1 Scope

1.1 Inclusions

1.2 Exclusions

).

1.3 Application

2 Normative references

TECHNICAL SPECIFICATION ISO/TS 13004:2013(E)
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3.1
batch

3.2
bioburden

3.3
correction

3.4
corrective action

prevent occurrence.

3.5
dose

3.6
dose mapping

3.7
false positive
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3.8
health care product(s)

3.9
medical device

3.10
Method VDmax

VD SD
max

3.11
microorganism

3.12
packaging system
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3.13
positive test of sterility

3.14
product

3.15
sample item portion
SIP

3.16
sterile barrier system

3.17
sterility

[see sterilization (3.19)].

3.18
sterility assurance level
SAL

 or 10

.

3.19
sterilization

 (3.18)].
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3.20
sterilization dose
SD

3.21
sterilization dose audit

3.22
test of sterility

3.23

.

3.24
VD SD

max

VD SD
max

-
tiation and sterilization dose auditing

4.1 General

implemented before proceeding.

4.2.1
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4.2.2
4.2.1

4.2.3

4.2.4

effect on bioburden of:

4.3 Designation of product to represent a product family 

4.3.1 Product to represent a product family

4.3.1.1

4.3.1.2

4.3.2

4.3.3

4.3.4).

4.3.1.3
4.3.1.2

the following:
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4.3.2 Master product

4.3.1.3)

4.3.3 Equivalent product

4.3.1.3

4.3.4 Simulated product

4.4 Maintaining product families

4.4.1 Periodic review

© ISO 2013 – All rights reserved 7Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 21:52:22 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO/TS 13004:2013(E)

4.4.3 Records

4.5 Consequence of failure of sterilization dose substantiation or sterilization dose audit

5 Selection and testing of product for substantiating and auditing a selected 
sterilization dose

5.1 Nature of product

5.1.1

.
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Table 1 — Nature of product items for sterilization dose substantiation and for sterilization 
dose auditing

Product type Item for bioburden determination Rationale

the product
-

-

higher.

products

dose.

5.1.2

5.2 Sample item portion (SIP)

5.2.1

5.2.2
.

5.2.3
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Table 2 — Examples for calculation of SIP

Basis for SIP Product

Length

Powders

5.2.4

5.2.5

5.2.6

VD SD
max

VD SD
max

5.3 Manner of sampling

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5
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5.4 Microbiological testing

5.4.1

[5] [4]

NHB 5340.1A.[3]

5.4.2

5.5 Irradiation

5.5.1

5.5.2

5.5.3

5.5.4

5.5.5 5.4.1

6 Method VD SD
max  — Substantiation of a selected sterilization dose of 17,5, 20, 

22,5, 27,5, 30, 32,5, or 35 kGy

6.1 Rationale

 using 10 product items. The 
) is 
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[ ] [7]

[10]

VD SD
max

SD

The VDmax

VDmax

VDmax
SD

VDmax

VD SD
max .

VD SD
max

VD SD
max

VD SD
max

VD SD
max VDmax

[10]).

6.2 Procedure for Method VD SD
max  for multiple production batches

6.2.1 General

6.2.1.1 VD SD
max

5.2.5).

6.2.1.2 VD SD
max

9.1 9.2.

6.2.2 Stage 1: Obtain samples of product

5.3.

5.2.5
).
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6.2.3 Stage 2: Determine average bioburden

6.2.3.1

6.2.3.2

5.2.5).

VD SD
max

6.2.4 Stage 3: Obtain the selected sterilization dose

6.2.4.1
).

6.2.4.2 From 

.

6.2.4.3
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Table 3 — Upper limit of average bioburden for selection of a given sterilization dose

Upper limit for average bioburden 
(SIP equal to 1,0)

Selected sterilization dose 
(kGy)

45 20

 220

5 000

23 000 30

100 000

440 000 35

6.2.5 Stage 4: Obtain VD SD
max

6.2.5.1 From VD SD
max

Table 4 — Table in Clause 8 corresponding to the selected sterilization dose

Selected sterilization dose (kGy) Corresponding table in Clause 8

20

30

35

6.2.5.2

6.2.5.3 VD SD
max  using one of 

VD SD
max .
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VD SD
max

VD SD
max

[10]).

SIP VD SD
max VD SD

max

).

6.2.6.1

production (see 5.3).

6.2.6.2 VD SD
max  or 

VD SD
max

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5). 

VD SD
max

VD SD
max

VD SD
max

6.2.6.3 5.4.1

6.2.7 Stage 6: Interpretation of results

6.2.7.1

6.2.7.2
(see ).

6.2.7.3

VD SD
max
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VD SD
max  (

VD SD
max

.

VD SD
max

VD SD
max

6.2.8.1 General

6.2.8.2 Stage 1: Obtain samples of product

)
5.3).

6.2.8.3.1 VD SD
max .

VD SD
max

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5).

VD SD
max

VD SD
max
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VD SD
max

6.2.8.3.2 5.4.1

6.2.8.4 Stage 3: Interpretation of results

6.2.8.4.1

6.2.8.4.2

VD SD
max

VD SD
max

VD SD
max

VD SD
max

6.3 Procedure for Method VD SD
max  for a single production batch

6.3.1 Rationale

VD SD
max

6.3.2 General

6.3.2.1 VD SD
max

5.2.5).

6.3.2.2

6.3.2.3 VD SD
max
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6.3.3 Stage 1: Obtain samples of product

5.2.5
).

6.3.4 Stage 2: Determine average bioburden

6.3.4.1

6.3.4.2

5.2.5).

VD SD
max

6.3.5 Stage 3: Obtain the selected sterilization dose

6.3.5.1
).

6.3.5.2 From 

.

6.3.5.3
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6.3.6 Stage 4: Obtain VD SD
max

6.3.6.1 From VD SD
max

6.3.6.2 VD SD
max

VD SD
max .

VD SD
max

D )

VD SD
max

[10]).

).

6.3.7.1

6.3.7.2 VD SD
max  or 

VD SD
max

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5).

VD SD
max

VD SD
max

VD SD
max

6.3.7.3 5.4.1

6.3.8 Stage 6: Interpretation of results

6.3.8.1
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6.3.8.2
(see ).

6.3.8.3

VD SD
max

VD SD
max  (

VD SD
max

.

VD SD
max

VD SD
max

6.3.9.1 General

6.3.9.2 Stage 1: Obtain samples of product

6.3.9.3.1 VD SD
max .

VD SD
max

D

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5).
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VD SD
max

VD SD
max

VD SD
max

6.3.9.3.2 5.4.1

6.3.9.4 Stage 3: Interpretation of results

6.3.9.4.1

6.3.9.4.2

VD SD
max

VD SD
max

.

VD SD
max

VD SD
max

7 Maintaining process effectiveness

7.1 General

VD SD
max

to Method VD SD
max  given below (see 7.2.2
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7.2 Determination of bioburden

7.2.1 Background to frequency of determination

25

15

15

VD SD
max

7.2.2.1
VD SD

max

7.2.2.2

7.3 Sterilization dose audit

7.3.1 Frequency

7.3.2 Outcome

).
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7.3.3 Procedure for auditing a sterilization dose substantiated using Method VD SD
max

7.3.3.1 General

7.3.3.1.1
using Method VD SD

max

7.3.3.1.2

9.3.

7.3.3.2 Stage 1: Obtain samples of product

5.3.

7.3.3.3 Stage 2: Determine average bioburden

7.3.3.3.1

7.3.3.3.2

5.2.5).

VD SD
max

7.3.3.4.1 VD SD
max

VD SD
max

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5).

VD SD
max

VD SD
max

VD SD
max

© ISO 2013 – All rights reserved 23Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 21:52:22 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO/TS 13004:2013(E)

7.3.3.5

7.3.3.4.2 5.4.1) using the 

7.3.3.5 Stage 4: Interpretation of results

7.3.3.5.1

7.3.3.5.2
(see ).

7.3.3.5.3

VD SD
max

VD SD
max

7.3.3.5.

VD SD
max

7.3.3.7

VD SD
max

VD SD
max
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7.3.3.6.1 General

7.3.3.6.1.1
VD SD

max

7.3.3.6.1.2

7.3.3.6.2 Stage 1: Obtain samples of product

5.3.

7.3.3
production (see 5.3).

7.3.3.6.3.1 VD SD
max

VD SD
max

VD SD
max

VD SD
max .

Determine the dose delivered (see 5.5).

VD SD
max

VD SD
max

VD SD
max

7.3.3.6.3.2 5.4.1) using the 

7.3.3.6.4 Stage 3: Interpretation of results
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7.3.3.7

VD SD
max

VD SD
max

7.3.3.7 Augmentation of a sterilization dose substantiated using Method VD SD
max

to 7.3.3.3

7.3.4 Failure of a sterilization dose audit
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8 Tables of values for SIP equal to 1,0 VDmaxSD, SIP dose reduction factor and 
augmentation dose  corresponding to applicable values of average bioburden for 
selected sterilization doses of 17,5, 20, 22,5, 27,5, 30, 32,5 and 35 kGy

Table 5 — 17,5 kGy selected sterilization dose for which the upper limit of average bioburden is 9,0

SD = 17,5 kGy

Average bioburden SIP equal to 1,0 VDmax17,5 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

.
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Table 6 — 20 kGy selected sterilization dose for which the upper limit of average bioburden is 45

SD = 20 kGy

Average bioburden SIP equal to 1,0 VDmax20 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

10

11

12

13

14

15

.
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SD = 20 kGy

Average bioburden SIP equal to 1,0 VDmax20 SIP
dose reduction factor

Dose
augmentation value

17

18

19

20

21

22

23

24

25

27

28

29

30

31

32

33

34

35

37

38

39

40

41

42

43

44

45

.

Table 7 — 22,5 kGy selected sterilization dose for which the upper limit of average bioburden is 220

SD = 22,5 kGy

Average bioburden SIP equal to 1,0 VDmax22,5 SIP
dose reduction factor

Dose
augmentation value

NA

.

Table 6
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SD = 22,5 kGy

Average bioburden SIP equal to 1,0 VDmax22,5 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

10

11

12

13

14

15

.

Table 7
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SD = 22,5 kGy

Average bioburden SIP equal to 1,0 VDmax22,5 SIP
dose reduction factor

Dose
augmentation value

17

18

19

20

21

22

23

24

25

27

28

29

30

31

32

33

34

35

37

38

39

40

41

42

43

44

45

47

48

49

50

55

.

Table 7
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SD = 22,5 kGy

Average bioburden SIP equal to 1,0 VDmax22,5 SIP
dose reduction factor

Dose
augmentation value

70

75

80

85

90

95

100

110

120

130

140

150

170

180

190

200

220

.

Table 8 — 27,5 kGy selected sterilization dose for which the upper limit of average 
bioburden is 5 000

SD = 27,5 kGy

Average bioburden SIP equal to 1,0 VDmax27,5 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

.

Table 7
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SD = 27,5 kGy

Average bioburden SIP equal to 1,0 VDmax27,5 SIP
dose reduction factor

Dose
augmentation value

NA

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

27

28

29

30

31

32

33

34

35

.

Table 8
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SD = 27,5 kGy

Average bioburden SIP equal to 1,0 VDmax27,5 SIP
dose reduction factor

Dose
augmentation value

37

38

39

40

41

42

43

44

45

47

48

49

50

55

70

75

80

85

90

95

100

110

120

130

140

150

170

180

190

200

220

240

.

Table 8
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SD = 27,5 kGy

Average bioburden SIP equal to 1,0 VDmax27,5 SIP
dose reduction factor

Dose
augmentation value

280

300

325

350

375

400

425

450

475

500

525

550

575

700

750

800

850

900

950

1 000

1 050

1 100

1 150

1 200

1 250

1 300

1 350

1 400

1 450

1 500

1 550

1 700

1 750

.

Table 8
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SD = 27,5 kGy

Average bioburden SIP equal to 1,0 VDmax27,5 SIP
dose reduction factor

Dose
augmentation value

1 800

1 850

1 900

1 950

2 000

2 100

2 200

2 300

2 400

2 500

2 700

2 800

2 900

3 000

3 200

3 400

3 800

4 000

4 200

4 400

4 800

5 000

.

Table 9 — 30 kGy selected sterilization dose for which the upper limit of average bioburden is 
23 000

SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

.

Table 8
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SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

27

28

29

.

Table 9
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SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

30

31

32

33

34

35

37

38

39

40

41

42

43

44

45

47

48

49

50

55

70

75

80

85

90

95

100

110

120

130

140

150

.

Table 9
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SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

170

180

190

200

220

240

280

300

325

350

375

400

425

450

475

500

525

550

575

700

750

800

850

900

950

1 000

1 050

1 100

1 150

1 200

1 250

1 300

1 350

1 400

.

Table 9
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SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

1 450

1 550

1 700

1 750

1 800

1 850

1 900

1 950

2 000

2 100

2 200

2 300

2 400

2 500

2 700

2 800

2 900

3 000

3 200

3 400

3 800

4 000

4 200

4 400

4 800

5 000

5 300

5 900

.

Table 9
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SD = 30 kGy

Average bioburden SIP equal to 1,0 VDmax30 SIP
dose reduction factor

Dose
augmentation value

7 100

7 400

7 700

8 000

8 500

9 000

9 500

10 000

10 500

11 000

11 500

12 000

13 000

14 000

15 000

17 000

18 000

19 000

20 000

21 000

22 000

23 000

.

Table 10 — 32,5 kGy selected sterilization dose for which the upper limit of average bioburden 
is       100 000

SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

.

Table 9
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

27

28

29

30

.

Table 10
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

31

32

33

34

35

37

38

39

40

41

42

43

44

45

47

48

49

50

55

70

75

80

85

90

95

100

110

120

130

140

150

170

.

Table 10
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

180

190

200

220

240

280

300

325

350

375

400

425

450

475

500

525

550

575

700

750

800

850

900

950

1 000

1 050

1 100

1 150

1 200

1 250

1 300

1 350

1 400

1 450

.

Table 10
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

1 500

1 550

1 700

1 750

1 800

1 850

1 900

1 950

2 000

2 100

2 200

2 300

2 400

2 500

2 700

2 800

2 900

3 000

3 200

3 400

3 800

4 000

4 200

4 400

4 800

5 000

5 300

5 900

.

Table 10
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

7 100

7 400

7 700

8 000

8 500

9 000

9 500

10 000

10 500

11 000

11 500

12 000

13 000

14 000

15 000

17 000

18 000

19 000

20 000

21 000

22 000

23 000

24 000

25 000

27 000

28 000

29 000

30 000

32 000

34 000

38 000

40 000

42 000

44 000

.

Table 10
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SD = 32,5 kGy

Average bioburden SIP equal to 1,0 VDmax32,5 SIP
dose reduction factor

Dose
augmentation value

48 000

50 000

54 000

58 000

70 000

75 000

80 000

85 000

90 000

95 000

100 000

.

Table 11 — 35 kGy selected sterilization dose for which the upper limit of average 
bioburden is 440 000

SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

.

Table 10
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

27

28

29

30

31

32

33

34

35

37

38

39

40

.

Table 11
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

41

42

43

44

45

47

48

49

50

55

70

75

80

85

90

95

100

110

120

130

140

150

170

180

190

200

220

240

280

300

325

350

.

Table 11
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

375

400

425

450

475

500

525

550

575

700

750

800

850

900

950

1 000

1 050

1 100

1 150

1 200

1 250

1 300

1 350

1 400

1 450

1 500

1 550

1 700

1 750

1 800

1 850

1 900

1 950

.

Table 11
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

2 000

2 100

2 200

2 300

2 400

2 500

2 700

2 800

2 900

3 000

3 200

3 400

3 800

4 000

4 200

4 400

4 800

5 000

5 300

5 900

7 100

7 400

7 700

8 000

8 500

9 000

9 500

10 000

10 500

11 000

.

Table 11
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

11 500

12 000

13 000

14 000

15 000

17 000

18 000

19 000

20 000

21 000

22 000

23 000

24 000

25 000

27 000

28 000

29 000

30 000

32 000

34 000

38 000

40 000

42 000

44 000

48 000

50 000

54 000

58 000

70 000

75 000

80 000

.

Table 11
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SD = 35 kGy

Average bioburden SIP equal to 1,0 VDmax35 SIP
dose reduction factor

Dose
augmentation value

85 000

90 000

95 000

100 000

110 000

120 000

130 000

140 000

150 000

170 000

180 000

190 000

200 000

220 000

240 000

280 000

300 000

320 000

340 000

380 000

400 000

420 000

440 000

.

9 Worked examples

9.1 Substantiation of a selected sterilization dose of 17,5 kGy (SIP less than 1,0)

Table 12 — Method VDmax17,5 substantiation (SIP less than 1,0)

Term Value Comment
Stage 1

Table 11
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Term Value Comment
SAL 10

.

SIP

Number of product 
items

40

Stage 2

.

Stage 3
Selection of sterili-

Stage 4

dose

Stage 5

Stage 6

results
0 positives

-

dose.

9.2 Substantiation of a selected sterilization dose of 30 kGy (SIP equal to 1,0)
30

Table 12
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Table 13 — Method VDmax30 substantiation (SIP equal to 1,0)

Term Value Comment
Stage 1
SAL 10 -

.

SIP

Number of product 
items

40

Stage 2

30.

Stage 3
Selection of sterili-

Stage 4

30.

Stage 5

Stage 6

results
0 positives

-

9.3 Sterilization dose audit for a sterilization dose substantiated using 
Method VDmax22,5 -
tion dose
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Table 14 — Sterilization dose audit following which augmentation of the sterilization dose was 
required (selected sterilization dose substantiated using Method VDmax22,5)

Term Value Comment
Sterilization dose audit
Stage 1
Number of prod-
uct items

20

Stage 2
SIP

bioburden
99

-
den

198

Stage 3

-

Stage 4

results
2 positives

Stage 1
Number of prod-
uct items

10

Stage 2

Stage 3

results
1 positive

Sterilization dose augmentation
-

den
198 -

-
-

Augmented steri-
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