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Abstract

Nuclear medicine centres in Australia and New Zealand were surveyed in 1998 on behalf of the Australian and
New Zealand Society of Nuclear Medicine (ANZSNM) and the Australasian Radiation Protection Society
(ARPS) in order to establish diagnostic reference levels. A survey form was mailed to all centres, requesting
information on the usual radiopharmaceutical activity administered to a standard adult patient and how the
activity is calculated for children. The overall response rate was 89.5%. Data was obtained for 80 imaging
procedures and 17 non-imaging tracer studies. For the 68 procedures for which data was available from 10 or
more centres, the Most Common Activity and the Reference Activity were found from the mode and 75th

percentile of the distribution of activities. A follow-up survey of the 8 hospital centres specialising in pediatric
nuclear medicine in Australia was conducted in 1999-2000. Data on the maximum and minimum administered
activities (Amax and A ^ ) was obtained for 43 pediatric imaging procedures. Amax values were significantly less
than the Reference Activities determined for adults. The median values of Amax and Amjn are recommended as
Pediatric Reference Activities. The effective dose from the Reference Activities was calculated for adults (male
and female) and children. The survey results are available on the ANZSNM and ARPS websites at
http://www.anzsnm.org.au and http://www.arps.org.au .

1. Introduction

The ICRP introduced the term diagnostic reference levels (also known as guidance levels) in
1996. In the case of nuclear medicine the quantity of reference is generally taken to be the
radiopharmaceutical activity administered to "a typical adult patient". Reference levels are
usually set at the 75th percentile (3rd quartile) or within a specified range of the median (2nd
quartile) of the values used in routine clinical practice, parameters which are independent of
the shape of the distribution of values or the presence of outlying values. The ICRP
recommends that reference levels should be established by the appropriate professional
organisations.

ANZSNM and ARPS convened a Working Party to survey the radiopharmaceutical activities
used routinely in Australia and New Zealand, and to derive diagnostic reference levels from
the survey. [1] The initiative was supported by the Australian and New Zealand Association of
Physicians in Nuclear Medicine and the Australasian College of Physical Scientists and
Engineers in Medicine.

2. Methods

In 1998 a survey form was sent to all nuclear medicine departments and private practices in
Australia and New Zealand known to the Working Party, 172 in all. The survey form did not
identify the centre (other than whether it was in Australia or New Zealand, and if in a capital
city or a regional centre). Information was sought as to whether the centre was a public
hospital, private hospital or private practice, and the proportions of inpatients and pediatric
patients.

The survey form listed 70 different imaging procedures and 8 non-imaging procedures, with
space for the centre to add any further studies. Myocardial perfusion imaging required eight
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entries on the form in order to cover all procedural variations (eg 2 day stress/rest with 99mTc
agent, 1 day rest/stress, 1 day stress/rest, etc). For each procedure that it performed, the centre
was asked to state the radiopharmaceutical form and activity that it would administer to a
standard adult patient for both planair and SPECT studies. The centre was also asked how it
determines the activity administered for a lung ventilation study, whether it uses less activity
when imaging with a multi-detector system, how it calculates the activity to administer to a
pediatric patient and what would be the minimum activity administered to an infant.

Due to the poor quality data for pediatric procedures obtained in this survey, a follow-up
survey of the eight specialist pediatric nuclear medicine centres in Australian hospitals was
conducted in 1999-2000 to obtain better guidance for pediatric procedures. Each centre stated
how it calculates the activity to administer to a pediatric patient, the usual activity it would
administer to an adult-sized patient (Amax) and the minimum activity (Amjn) it would
administer to an infant.

3. Results

A total of 96 completed survey forms were received from the original survey. It is common
for private practices in Australia to be part of a multi-centre group. The 96 returned forms
represented a total of 154 centres, an overall response rate of 89.5%. Two-thirds of the
responses were from capital cities with the remaining one-third being from regional areas.
Fifty seven percent of the responses were from private practices, 29% from public hospitals
and the remaining 14% from private hospitals. The high proportion of private practices was
also reflected in the proportion of outpatients studied - most centres performing at least 70%
of their procedures on outpatients. Paediatric patients most commonly represented 10% or less
of the practice workload. Centres do not reduce the administered activities for planar studies
compared to SPECT or when using multi-head detectors.

An additional ten imaging procedures and nine non-imaging procedures were identified from
the responses, giving a total of 80 imaging procedures and 17 non-imaging procedures. Bone
scans are the most common nuclear medicine procedure in Australia and New Zealand, being
performed in all centres who responded to the survey. There were wide variations in
administered activities, eg. 99mTc phosphonates for bone scans ranged from 600 MBq to 1500
MBq, 99mTc-MAG3 for renal scans ranged from 100 MBq to 800 MBq. Five myocardial
perfusion protocols were in common use: 2O1T1 was used by 44% of centres; 99mTc agents,
primarily sestamibi, were used by the remaining 56%. The one-day rest/stress 99mTc protocol
was most commonly used, although it was far from universal. A few centres used a combined
201Tl rest/ 99mTc stress protocol. Only two centres used 133Xe gas in preference to 99mTc
aerosol or 99mTc-Technegas. External monitoring of the count rate over the patient's chest
during the inhalation procedure was the most common means of estimating when the activity
in the patient's lungs was adequate for diagnostic imaging.

For each procedure a frequency distribution of the administered activity was generated. For
those procedures with ten or more responses, 68 in all, the mode and the 75th percentile of the
distribution were determined as the Most Common Activity (MCA) and the Reference
Activity respectively. For lung ventilation scans, the 75th percentile of the count rate
distribution was 2000 c/s, which was assumed to correspond to 40 MBq of 99mTc
administered.
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Not all of the imaging procedures in the original survey are applicable to pediatric nuclear
medicine. In the follow-up survey of the eight pediatric centres, there were 43 imaging
procedures for which information was provided by at least two of the centres. The most
commonly performed pediatric procedures were said to be bone, renal (99mTc-MAG3, 99mTc-
DTPA and 99mTc-DMSA) and tumor (67Ga citrate, 201Tl chloride and 123I-mIBG), followed by
hepatobiliary (99mTc-IDA derivatives). Data was provided for two pediatric myocardial
perfusion protocols: six centres reported lT\ chloride stress and rest activities, four of the
same centres also reported a 1-day rest/stress protocol using 99mTc-sestamibi. All centres used
99mTc -Technegas or 99mTc-DTPA aerosol for lung scans.

The median values of Amax and Amjn were determined for each procedure with two or more
responses, being considered a more useful guide than the mode or 75l percentile given the
very small sample sizes and obvious 'outlier' values. The pediatric Amax median values are
similar to the corresponding MCAs and significantly less than the Reference Activities for
adults. The variability in Amjn was less than in the original survey, even though it was more
than 5-fold for 8 of the 43 procedures. The median values of Amax and Amjn are recommended
as Pediatric Reference Activities, with Amax capped by the adult Reference Activity.

Three of the pediatric centres calculate the activity to be administered to an individual patient
by scaling Amax by the ratio of the patient's body weight to 70kg. The other five centres use
scaling factors which represent surface area as a function of body weight, obtained from look-
up tables or the 'Gilday Chart' which has surface area scaling factors transposed to the x-axis
and weight on the y-axis. [2] The surface area factors used are identical to those recommended
bytheEANM.[3]

The effective doses from the Most Common Activity and the Reference Activity were
calculated for each procedure, using 'standard man' dose coefficients preferably from ICRP
80 [4]. Effective dose values for females were calculated by scaling the 'standard man' value
by the ratio of effective doses (female/male) given by Stabin. [5] For any radiopharmaceutical
not listed by Stabin a ratio of 1.25 was used, being the average of all the ratios determined by
Stabin.

Similarly, the effective dose for the 43 pediatric imaging procedures was calculated for the
Pediatric Reference Activities and both scaling methods using effective dose coefficients,
preferably from ICRP 80, for children aged 0, 1,5, 10 and 15 years. [4] Scaling factors were
applied for 'standard child' weights for these ages. The larger of the Amjn Reference Activity
and the scaled activity was used in the dose calculations. The survey provides a realistic
picture of pediatric exposures from nuclear medicine in Australia. Procedures fall into three
broad categories:

high dose, of the order of tens of mSv, for 2 ^l-chloride and 7Ga-citrate
moderate dose, about 10 mSv, for 99mTc label]
low dose, less than 5 mSv, for the remainder.

• moderate dose, about 10 mSv, for 99mTc labelled HMPAO, red cells and sestamibi
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Table 1. Comparison of survey Reference Activities (MBq) with recommendations from EANM
[3] and IAEA Basic Safety Standards (BSS) Schedule 3, Table III-V (^indicates SPECT value)

Procedure

blood pool
bone
bone marrow
brain
cardiac GHPS
gastric reflux,
GIT motility
hepatobiliary
infection
infection
liver/spleen
lung perfusion
myocard perf

myocard perf
renal scan
renal scan
renal scan
thyroid
tumor
tumor
tumor
tumor
tumor
met.Ca thyroid

R'pharm

!99mTcrbc
! 99mTc MDP

99mTc n.colioid
99mTc HMPAO
99mTc rbc
99mTc colloid

99mTc HIDA
99mTcwbc
67Ga citrate
99mTc colloid
""TcMAA
99mTcmibi
1 d rest+stress
201Tl chloride
99mTc DMSA
99mfc DTPA
99mTc MAG3
99mTc pertech
123I mlBG
131I mlBG
201Tl chloride
67Ga citrate
99mTcmib"i
131I iodide

adults
survey
Ref.Act
1000
900
400
800
1000
40

200
740
200
200
200
400
+1100
120
185
500
350
200
370
40
160
400
800
200

BSS

-
800
400
500
800
12

150
400

200*
200*

80
160
350
100
80
400
20
-
300
-
400

survey
Amax
770
750
400
740
800
40

170
400
150
150
150
300
+1000
100
130
370

oio
O

O
; 

(N

250
40
120
300
720

T

children
EANM
Amax

• 800
500
300
740

40

150
500

'80
80
80

100
200
70
80
200
80
-
80

-

survey
Amin

' 90
70
80
100
80
25

25
100
20
20
20
40
+110
25
35
50
30
20
70
20
20
30
100

EANM
Amin
80
40
20
100

10

20
40
10
15
10

15
20
15
10
70
35
-
10
-

-

Data for all procedures, including the effective dose estimates for adults and children, are
available on http://www.anzsnm.org.au and http://www.arps.org.au .

4. Discussion

Little attention has been directed towards establishing reference levels for nuclear medicine.
[6] The IAEA gives no indication as to how the values in the BSS were derived. Currently
there are no reference activities recommended by regulatory bodies in Australia. New Zealand
has published reference activities, however these were not derived from a survey of current
practice. [7]

The Reference Activities from the survey are between a factor of 1.0 and 1.3 higher than those
in New Zealand, and up to two times higher than the IAEA values in the BSS. The factor of 2
for the BSS comparison is for a perfusion lung scan, for which the BSS recommends 100
MBq for planar imaging. This activity would be appropriate following a ventilation scan

133-, 81musing a gas such as Xe or mKr. Following a ventilation scan using Tc-aerosol or
Technegas, the larger perfusion activities found in this survey are necessary to mask the
ventilation activity.
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The effective dose estimates for the Reference Activities and Most Common Activities are for
a 'standard' 70 kg man and 57 kg woman. In Australia, the average weights for males and
females over 45 years of age are substantially higher. In heavy patients the administered
activity is often increased so that the diagnostic information is not compromised. It is not
usual practice to administer less activity to lighter adult patients to maintain a constant
radiation exposure.

The practical difficulties of achieving adequate image quality in pediatric nuclear medicine are
well known. The risk of a non-diagnostic image from too few counts or patient movement,
paticularly with dynamic studies and SPECT, has to be weighed against the radiation
exposure. The activities administered to adults have generally risen over time which would
have a flow-on effect on exposure if used to calculate the activities administered to children.
The pediatric centres adopt a conservative approach, eg. the 7Ga-citrate Amax medians for
infection and tumor imaging are 75% of the MCAs in adults, resulting in a worthwhile
reduction in radiation dose.

Surface area scaling boosts the administered activity and hence the information density of
images. It results in a fairly uniform variation of effective dose with body size. However the
amount of activity administered to infants under 10 kg using surface area scaling is
approximately double that with body weight scaling. Similarly, Amjn values were introduced
to compensate for low counts in infants. An unintended consequence of high Amin values and
surface area scaling is a substantial increase in the effective dose to an infant, eg. brain
imaging with mTc-HMPAO, infection imaging with mTc-white cells, lung perfusion
imaging with 99mTc-MAA and renal imaging with 99mTc-DMSA. Caution is indicated for an
Amjn value exceeding 10% of the corresponding Amax, eg. the Amjn for tumor imaging with
123I-mIBG is considered to be justified.

201Tl-chloride and 67Ga-citrate are associated with a high radiation dose, particularly in the
very young, hi the context of an infant or child with malignancy who is to receive
chemotherapy and possibly radiotherapy, it is justifiable to image with these agents as the
information obtained may influence treatment. Of greater concern is the use of 20ITl or 67Ga
in infants and children with non-malignant disease, which should only be considered when the
radiation dose is justified on very strong clinical grounds. Alternative investigations should
be considered.
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