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1 Introduction

The National Radiation Laboratory (NRL)® has surveyed the use of computed
tomography (CT) scanners in diagnostic radiology in New Zealand each decade since
19882, The most recent survey was carried out in 2007 and collected data nationally.
This report documents the findings for this survey.

Any medical diagnostic procedure involving the use of ionising radiation must be
justified and performed in such a way as to obtain the necessary information for the
minimum practicable radiation dose (and hence minimum risk) to the patient®. In
determining the minimum practicable radiation dose there will always be an element of
judgement. Also, since NRL’s last survey in 1992 the number of CT scanners in use has
more than doubled and improvements in technology, particularly reductions in scans
times, are allowing more complex CT procedures to be performed. A survey published
in 2004 in the UK* reported that the use of CT had more than doubled since the early
1990s and at the time of the survey accounted for almost half of the collective effective
dose to the population from medical exposures. Consequently, the principal aims of this
survey were to:

. obtain data on the annual numbers of CT procedures being carried out

. derive national diagnostic reference levels (DRLs) and calculate effective doses
for the main types of CT procedures being performed

. estimate the collective effective dose to the New Zealand population

. through the reporting back of calculated doses, assist the participating facilities

with the derivation of local DRLs for CT

. assess trends in the frequencies of different CT procedures by comparison with
previous national surveys

. compare patient radiation doses for CT in New Zealand with those reported in
other countries.

The survey confined itself to the use of CT in diagnostic radiology and did not collect
data pertaining to the application of CT in other clinical practices, eg, nuclear
medicine.

# The NRL under a system of delegated authorities administers the New Zealand radiation protection
legislation. Under the Radiation Protection Act 1965 persons using ionising radiation are required to be
licensed and through a condition of their licence, users of irradiating apparatus in medical diagnosis must
comply with NRL’s code of safe practice NRL C5 ‘Code of Safe Practice for the Use of X-Rays in
Medical Diagnosis’, 1994. As part of its regulatory function NRL is charged with collecting data on
planned exposure situations including patient doses.




2 Survey method

The survey was based on a written questionnaire sent to each of the 45 CT facilities in
New Zealand. The participating facilities are listed in the Acknowledgement section.
The questionnaire was designed to obtain information on:

. the frequencies and type of CT procedures being performed
. the age distribution of patients undergoing CT procedures
. patient doses.

The questionnaire consisted of an explanatory letter and a set of forms pertaining to
scans of either the head or trunk region. A copy of the questionnaire is included in
Appendix A. Details on individual scans were requested for the following week’s cases
or for the next 50 scans, whichever came first. Five versions of the forms were
supplied, and each facility was asked to choose the appropriate version for the type of
dose indicator that their CT scanner reported. Namely, in order of preference, scanners
that:

1 reported Dose Length Product (DLP);

2 did not display DLP, but did report the Volume Computed Tomography Dose
Index (CTDlvol);

3 did not display DLP or CTDIvol, but did report the Weighted Computed
Tomography Dose Index (CTDIw) or the Computed Tomography Dose Index
(CTDI);

4 did not display DLP, CTDIvol, or CTDI but did report the Effective mAs
(mAs.) dose indicator; or

5 did not display a dose indicator.

The design of the forms was based on those used for a UK CT Dose Survey in 2003°.
The most significant difference being that the forms used in this survey although asking
that the reported dose indicators be recorded did not also request details of the scans'
parameters.

Each facility was notified by letter of the doses calculated for the facility. A copy of the
letter template used is included in Appendix B.




3 Data analysis

On receipt, the data from a facility was entered into an individual spreadsheet.
Following processing the data from the individual spreadsheets was combined. This
required reconciling CT procedure descriptors across the facilities.

Of the 37 (82% of those contacted) facilities responding to the questionnaire 30 supplied
patient dose data in terms of the CT procedure’s DLP dose indicator. For the facilities
that supplied a different patient dose indicator, the corresponding DLP was calculated
using the methodology suggested by Shrimpton’.

To be practicable the survey needed to be as straightforward as possible for the facilities
to complete. Consequently, data on up to a maximum of 50 consecutive procedures was
requested. It was recognised that results from facilities with busy clinics could be
skewed towards a high number of similar procedures. However, the range of procedures
reported indicated that facilities were on the whole aware of this potential bias and the
relatively large number of centres involved in the survey meant that representative
ranges of procedures and workloads were obtained.

The survey did not request data on extremity scans on the basis that the associated
effective dose is negligible in comparison to most other CT procedures and that in
NRL’s 1992 survey extremity scans contributed to less than 2% of the workload.




4 Trends

In Tables 1, 2 and 3 and in Figure 1 the frequencies of CT procedures are summarised
and compared against equivalent data from earlier NRL surveys™?.

Table 1 shows a substantial increase in the number of CT scans (60%) being performed
in 2007 relative to 1992. This is matched by a doubling of the number of CT scanners
in use (see Table 2). However, the mean number of scans per scanner has decreased
suggesting that longer total scan times are now being used. The scanner workload
distribution for the present survey has a 25" percentile of approximately 1100, a mean
of 2200 and a 75™ percentile of approximately 2700.

Table 3 shows a clear shift in the 2007 survey to procedures covering increased lengths
of the body. For example, the descriptors ‘abdomen scan’ and ‘pelvis scan’ have
virtually disappeared, being replaced by a combined ‘abdomen and pelvis scan’
(although the combined scan is often still locally referred to as an ‘abdomen scan’).
Also, there is the appearance in 2007 of the ‘chest, abdomen and pelvis’ scan. This
trend is probably technology driven, as scanning greater lengths of the body has become
more practicable with the recent generations of CT scanner.

The ‘other’ CT procedures reported in Table 3 consist of a relatively large number of
infrequently used procedures. Even after reconciling local CT procedure descriptors
across the facilities there remained approximately 145 different types. In order of
decreasing frequency, these procedures were urograms (3%), ‘chest and abdomen’ (2%),
renal (2%), ‘chest and liver’ (2%,) coronary angiogram (1%), temporal bones (1%),
lumbar spine (1%), haematuria (1%), liver (1%), pancreas (1%) and chest-upper
abdomen (1%,). All other procedure types were less than (1%).

Figure 1 shows the age distribution of patients undergoing CT procedures for the two
most recent NRL surveys (NRL’s 1988 survey did not include age information). There
is a clear shift towards older patients undergoing CT procedures, with proportionately
less paediatric CT scans being performed. Demographics may in the main part be
responsible for these changes. However, a comparison of the relative population age
distributions given in Figure 2 with Figure 1 shows that in the age range up to 16 years
and above 65 years this is not the predominant factor.




Table 1: Numbers of CT procedures (excluding extremity procedures)

Year
1988 1992 2007
Population (millions) 3.37 3.53 4.23°
Number of CT
scans (scans per 28,000 61,098 98,300
year)
Number of CT
scans per 1000 of 8.3 17.3 23.2
population
Table 2: Number of CT scanners and workload
Year
1988 1992 2007
Number of CT 10 21 45
scanners
Mean CT scanner
workload (scans per 2800 2900 2200
year)

Table 3: Relative frequency of the main types of CT procedures

Year
Procedure
1988 (%) 1992 (%) 2007 (%)

Routine Head 48 31 29
Sinuses -
Chest 10 9 8P
Chest, Abdomen

- - - 11
and Pelvis
Colonography - - 5
Abdomen 22 20 -
Pelvis - 6 -
Abdqmen and i ) 13
Pelvis
Other 20 32 26

® Routine chests (3%), Hi-resolution chests (3%) and CTPA’s (2%). The latter two procedures were not
reported in NRL’s 1988 and 1992 surveys.




Figure 1. Numbers of CT procedures for different age groups
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Figure 2: Population age distribution taken from Statistics NZ census data®
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5 Adult CT doses

Table 4 shows the adult dose distributions for the main types of CT procedures. The
dose distributions are given in terms of the post exposure DLP values which most CT
scanners reported.

National DRLs are commonly set at the 750 percentile values of a survey’. This
convention has been adopted for the national DRLs presented in Table 4.

In Table 4 the number of phases refers to the number of repeat or partial repeat scans of
a significant fraction of the anatomical region covered by the CT procedure. For
example, a procedure with pre- and post-contrast scans is 2-phase. Scouts and timing
slices were not considered additional phases.

Significant variability was found between facilities in relation to the hi-resolution chest
procedure. The most common procedures were 2-phase. However, the procedures
differed considerably between facilities with some consisting of scans of part of the
upper abdomen with the second phase including only part of the lower, middle or upper
sections of the lungs. Others consisted of two complete scans of the lung region, and in
a few cases the second phase consisted of only a limited number of additional slices.
Consequently, it was not possible to quote meaningful representative doses for this
procedure.

There were several types of the 2-phase chest, abdomen and pelvis procedure. The
values in Table 4 are for the most common type (82%), which consisted of a scan from
the top of the lungs to the mid-abdomen followed by a second scan covering
approximately 1/5" of the lungs down to the distal end of the pelvis.

The 2-phase colonography procedure commonly consisted of two repeat scans which
covered approximately the lower 1/5™ of the lungs extending to the distal end of the
pelvis, one scan being carried out with the patient supine whilst the other was carried
out with the patient prone.

Table 5 compares some of the DRLs from this survey, with previous NRL surveys and
with three recent overseas studies.




Results from this survey appear comparable to NRL’s 1992 survey and with recent EU
and British Columbia surveys. The UK survey results quoted are significantly lower.
The reason for this difference may in part be explained by the different methods used.
In the UK survey doses were calculated using reported exposure parameters with an
estimated scan length being taken from the start and stop anatomical positions marked
on the supplied survey forms, combined with an assumed typical age-dependent relative
distance between anatomical landmarks. As it was possible to obtain scan lengths from
data supplied by a number of facilities in this survey® comparisons with the UK survey’s
calculated data could be made. This indicated that scan lengths may have been under-
estimated on average by approximately 15% in the UK survey.

Table 4: Adult dose distributions for the main types of CT procedures

Phases DLP (mGy.cm)
(% popularity

Procedure Sa’.“p'e of .thls ogth 75t

size version of ) mean _

the percentile percentile
procedure)

Head 446 1 (90%) 900 1200 1300
Sinuses 140 1 (99%) 150 220 290
“Routine” o
Chest 51 1 (96%) 410 560 690
CTPA “chest” 37 1 (93%) 330 480 630
Chest,
abdomen and 96 1 (49%) 700 1100 1400
pelvis
Chest,
abdomen and 68 2 (35%) 1100 | 1400 | 1500
pelvis
(2 phases)
Colonography 83 2 (95%) 360 600 760
(2 phases)
Abdomen and 189 1 (83%) 460 740 930
pelvis

¢ The facilities returned both DLP and CTDIvol dose indicator values. Scan length can be calculated by
dividing DLP by CTDIvol.




Table 5: Diagnostic Reference Levels in terms of DLP (mGy.cm) from
New Zealand compared with other recent national studies

New European UK 2003 - | UK 2003 - British New
Zealand Union single multi Columbia | Zealand
Procedure 1992 - 1999 - slice CT®> | sliceCT® | 2004 — 2007 —
single single “multi” “multi”
slice CTY® | slicecT" slice CT*? | slice CT¢
Head 1050 1050 760 930 1300 1300
Sinuses - 360 - - - 290
“Routine” 700 650 430 580 600 690
Chest
Chest,
abdomen - - 760 940 - 1400
and pelvis
Abdomen 1470 780 510 560 1100 930
and pelvis

¢ 36 of the 38 scanners in the survey were multi-slice.




6 Effective doses and the
collective effective dose to the
population

For any given CT procedure, various organs in a patient’s body will be irradiated in
differing proportions as a result of the biological distribution and kinetics of the procedure.
In order to be able to make meaningful comparisons of radiation dose between procedures
in which different organs are irradiated the quantity effective dose has been defined.
Effective dose converts a distribution of known radiation doses to individual organs into
an equivalent uniform whole body radiation dose presenting the same overall risk. The
calculation of effective dose is based on defined age distributions and models. These age
distributions can be significantly different from the overall age distribution of patients for
a given imaging modality and procedure. Also, uncertainties can arise when organs and
tissues only receive a partial exposure. Consequently, effective dose should be used for
comparison of doses in CT and different diagnostic procedures rather than for quantifying
individual patient risk®.

Collective effective dose takes account of the group of persons exposed to radiation. It
Is obtained by multiplying the number of exposed persons by the mean effective dose
they received. The unit of collective effective dose is the man Sievert (man Sv). Care
should be taken when using this measure of dose. Collective dose is a quantity designed
for optimisation and for use in epidemiologic risk assessment®. It is therefore
inappropriate to use it in risk projections based on epidemiological studies, ie, the
calculation of cancer deaths based on small exposures to large populations is not a
reasonable application®.

Body region and age specific DLP to effective dose conversion factors, given in
Appendix C, have been applied to the DLP results of this survey to calculate the
effective dose and the collective effective dose for each of the procedures. In practice,
the age correction was seldom needed as only 3% of the scan data returned were for
patients less than 16 years old.

A summary of the collective effective doses and the mean effective doses per CT
procedure for the main procedure types is given in Table 6. The total collective
effective dose for all CT procedures carried out during 2007 amounted to 824 man Sv.

A collective effective dose of 824 man Sv for the population equates to a mean effective
dose of 196 uSv per capita per annum, which can be compared with the 81 uSv per
capita per annum found in NRL’s 1992 survey. As an additional comparison, the
effective dose in New Zealand from all sources of naturally occurring radiation is
approximately 1800 uSv per capita per annum®®,

¢ A comparison can be made with the taking of aspirin. The individual risk associated with 1000 people
taking one aspirin is clearly different to the risk of one person taking 1000 aspirins.
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The mean per capita per annum effective dose for conventional radiology was last
estimated by NRL in 1992 to be approximately 400 uSv. If we assume that this mean
per capita per annum effective dose has not changed substantially, then we can estimate
the CT contribution to the total diagnostic radiology population dose’. Table 7 shows a
comparison based on this assumption of the estimated contribution of CT to the total
diagnostic radiology dose for this survey and NRL’s 1992 survey.

In NRL’s 1992 survey the mean effective dose per examination was approximately
3.9 mSv. As can be seen from Table 6 it has now approximately doubled to 8.4 mSv.
Referring to Table 2 the apparent doubling in the CT contribution is not due to increased
scanner workloads, rather it is due to the higher dose CT procedures now being used.

Table 6: Summary of collective effective doses and mean effective doses for the
main types of procedures

Procedure Collective effective dose Mean effective dose per
(man Sv per year) procedure (mSv) (adult)

Head 69 25

Sinuses 4 0.5

“Routine”

Chest 25 7.9

CTPA “chest” 15 6.7

Chegt, abdomen and 90 17

pelvis

Chest, abdomen &

pelvis 103 20

(2 phases)

Colonography

(2 phases) 40 8.9

Abdomen & pelvis 115 11

Other 363 -

TOTAL 824 -

MEAN - 8.4

"NRL intends to carry out a survey of radiation doses in diagnostic radiology in the near future.
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Table 7: Summary of the estimated contribution of CT procedures to the total
diagnostic radiology population dose

1992 2007
Fraction of medical
diagnostic radiology exams 4% 5%
that use CT
CT contribution to total
medical diagnostic radiology 17% 33%
population dose

12



7 Summary and discussion

Any survey will have uncertainties and biases associated with it. In this present survey
these include a limited sample size and changes in scanning protocols since previous
surveys. However, the methodology used is considered adequate to provide the
indicative, reference and comparative data intended.

The survey findings are broadly in line with those found internationally and can be
summarised as follows:

. The frequencies of CT procedures being performed show no great increase per
capita.
. The age distribution of patients undergoing CT procedures, since NRL’s survey

in 1992, shows a marked increase in the scanning of adults with proportionately
less paediatric scanning. Demographics do not account for all of this shift.

. Compared to NRL’s 1992 survey higher dose procedures are now being used.
This seems to be mostly as a result of a shift to procedures involving scanning
increased volumes.

. The contribution of CT procedures to the diagnostic radiology population dose
has potentially doubled. However, confirmation of this is dependent on a survey
of general radiation doses in diagnostic radiology being carried out at present by
NRL.

The present survey does not include the use of CT scanners in radiotherapy treatment
planning or in nuclear medicine for density corrections. The use of CT scanners is
increasing in these areas and is coming under increasing scrutiny not least in
radiotherapy where the potential for the induction of secondary cancers is becoming of
increasing concern. These uses of these CT scanners will be the subject of a future NRL
survey.
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Appendices

A: Explanatory letter and survey forms sent to each CT
facility

<date> <7/A>

<Principal Licensee name>
<address>

<address>

<ADDRESS>

Dear <name>
Request for your facility to participate in the 2007 NRL National CT Survey

A survey of the use of CT for medical diagnosis in New Zealand has been carried out by NRL
each decade since 19882 Since our last survey in 1992 the number of CT scanners has more
than doubled and the technology has moved on allowing much larger workloads and more
complex procedures to be performed. In fact, CT scanning in the UK now accounts for almost
half of the collective dose to their population from all diagnostic medical sources®, more than
double what it was in the early 1990s. We expect to find a similar trend in New Zealand. For
these reasons we are undertaking another survey whose main objectives are:

e To obtain annual numbers and calculate effective doses for the main types of CT
procedures being performed on adults and infants.

* To set up National Diagnostic Reference Levels (DRLs) for these procedures.

e To estimate the total collective dose from CT to the NZ population.

We would appreciate it therefore if you could have the enclosed survey completed and returned
to us.

The dose estimates calculated for your own facility will be communicated back to you at a later
date.

! Poletti J L. Radiation dose and image quality of CT scanners: Summary of NRL surveys 1980-1987, 1988 (NRL Report 1988/1)
2 Poletti J L, Doses to Patients from CT Scanning in New Zealand, 1992 (NRL Report 1992/5)
3 Hart D and Wall B F (2004). UK population dose from medical x-ray examinations. Eur J Radiology, 50, 285-291
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Please note that the individual questionnaire results will of course remain confidential.

Yours sincerely

Glenn Stirling
Scientific Advisor
(Glenn_Stirling@nrl.moh.govt.nz)

Encl

Copy to:

Charge MRT
<address>
<address>
<ADDRESS>

18
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2007

(pleas‘e fill in your establishment detai.ls below)
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5 o R el
Sy “\

o — =] a ) .
\ & Saty b S
\ 8l data measurement system P
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CT scanner (make & model):

Contact
Name:

Address

Ph:

Email:

Version 4.4
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Overview

A survey of the use of CT for medical diagnosis in New Zealand has been carried out by
NRL each decade since 19882 Since our last survey in 1992 the number of CT
scanners has more than doubled and the technology has moved on allowing much larger
workloads and more complex procedures to be performed. In fact, CT scanning in the
UK now accounts for almost half of the collective dose to their population from all
diagnostic medical sources®, more than double what it was in the early 1990s. We
expect to find a similar trend in New Zealand. For these reasons we have decided to
perform another survey that we would like you to participate in. The main objectives
are:

e To obtain annual numbers and calculate effective doses for the main types of CT
procedures being performed on adults and infants.

e To set up National Diagnostic Reference Levels (DRLs) for these procedures.

e To estimate the total collective dose from CT to the NZ population.

We would appreciate it therefore if you could complete and return the enclosed survey.

The dose estimates calculated for your own facility will be communicated back to you at
a later date.

Please note that the individual questionnaire results will of course remain confidential.

Thank you for your assistance with this survey.

Instructions

Attached are sample survey head and trunk region forms for collecting data on
individual patient scans. There are five versions enclosed, based upon the different
types of dose indicator that different generations of CT scanners may have, namely:
e For scanners that displays the DLP (Dose Length Product) dose indicator.
e For scanners that do not display the DLP, but do display the CTDIvol (Volume
Computed Tomography Dose Index) dose indicator.
e For scanners that do not display DLP or CTDIvol, but do display the CTDIw or
CTDI (Weighted Computed Tomography Dose Index) dose indicator.
e For scanners that do not display DLP, CTDIvol, or CTDI but do display the
mASs (Effective mAs) dose indicator.
e For scanners that do not display a dose indicator.

! Poletti J L. Radiation dose and image quality of CT scanners: Summary of NRL surveys 1980-1987, 1988 (NRL Report 1988/1)
2 poletti J L, Doses to Patients from CT Scanning in New Zealand, 1992 (NRL Report 1992/5)
3 Hart D and Wall B F (2004). UK population dose from medical x-ray examinations. Eur J Radiology, 50, 285-291
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Choose the appropriate version for your scanner and make as many copies of the
associated head and trunk forms as you need for your survey.

Please complete these forms for your CT scanner for the next week or the next 50
head and/or trunk scans, and return the completed forms and the cover page with your
establishment details to:

Glenn Stirling

Scientific Advisor

National Radiation Laboratory
PO Box 25099
CHRISTCHURCH

Ph (03) 366 5059
Fax (03) 366 1156
Glenn_Stirling@nrl.moh.govt.nz

Additional explanation of some of the fields on forms

Sequences (1-4):

Data should be completed for each scanning sequence/series (excluding scouts &
extremities) in the particular examination. If more than 4 sequences are used for an
entire examination, then additional forms should be used (any continuation sheets
should be clearly marked and linked to the initial sheet).

Anatomical range diagrams:

Indicate clearly, using straight lines on the images, the start and stop positions for each
sequence of images. (Be sure to overlap the sides of the images slightly so that if the
image quality is degraded, by for example if the form is faxed, it is still clear where the
start and stop positions are.)

"

For any further advice, please contact:
Glenn Stirling (NRL) (03) 366 5059, Glenn_Stirling@nrl.moh.govt.nz

21
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Survey form for a head region exam, with a scanner that
displays the DLP (Dose Length Product) dose indicator

Examination

type (e.g.
Orbits)

Date of exam

Patient age
(years)

Sequence
number

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

DLP for
sequence
(mGy.cm)

or

DLP for total
examination
(mGy.cm)

Comments
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Survey form for a trunk region exam, with a scanner that
displays the DLP (Dose Length Product) dose indicator

Exam type (e.g.
Hi-res chest)

Date of exam

Patient age
(years)

Sequence
number

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

DLP for
sequence
(mGy.cm)

or

DLP for total
examination
(mGy.cm)

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Comments
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Survey form for a head region exam, with a scanner that
does not display the DLP, but does display the CTDIvol

(Volume Computed Tomography Dose Index) dose

indicator

Examination

type (e.g.
Orbits)

Date of exam

Patient age
(years)

Sequence
number

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

- .' 'fﬂ

CTDlvol for
sequence (mGy)

Comments
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Survey form for trunk region exam, with a scanner that
does not display the DLP, but does display the CTDIvol
(Volume Computed Tomography Dose Index) dose
indicator

Examination

type (e.g. Hi-
res chest)

Date of exam

Patient age
(years)

Sequbence Sequence 1 Sequence 2 Sequence 3 Sequence 4
numoer

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

CTDlvol for
sequence

(MmGy)

Comments
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Survey form for a head region exam, with a scanner that
does not display DLP or CTDlvol, but does display the
CTDIw or CTDI (Weighted Computed Tomography Dose

Index) dose indicator

Examination

type (e.g.
Orbits)

Date of exam

Patient age
(years)

Sequence
number

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

Nominal beam
collimation
(mm)
(combination
for multi-slice,
e.g. 4 x1mm)

if axial scan:
Number of axial
slices in
sequence

if helical scan:
Pitch for
sequence (e.g.
2:1)

CTDI for
sequence (mGy)

Comments

26




Survey form for trunk region exam, with a scanner that
does not display DLP or CTDIvol, but does display the
CTDIw or CTDI (Weighted Computed Tomography Dose
Index) dose indicator

Examination

type (e.g. Hi-
res chest)

Date of exam

Patient age
(years)

Sequbence Sequence 1 Sequence 2 Sequence 3 Sequence 4
numoer

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

Nominal beam
collimation
(mm)
(combination
for multi-slice,
e.g. 4 x1mm)

if axial scan:
Number of
axial slices in
sequence

if helical scan:
Pitch for
sequence (e.g.
2:1)

CTDI for
sequence

(MmGy)

Comments
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Survey form for a head region exam, with a scanner that
does not display the DLP, CTDIvol or CTDI but does display
the mAs, (Effective mAs) dose indicator

Examination

type (e.g.
Orbits)

Date of exam

Patient age
(years)

Sequence
number

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

Nominal beam
collimation
(mm)
(combination
for multi-slice,
e.g. 4 x Imm)

Tube voltage
(kV)

Effective mAs
for sequence

Comments
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Survey form for trunk region exam, with a scanner that
does not display the DLP, CTDIvol or CTDI but does display
the mAs, (Effective mAs) dose indicator

Examination

type (e.g. Hi-
res chest)

Date of exam

Patient age
(years)

Sequence
number

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

Nominal beam
collimation
(mm)
(combination
for multi-slice,
e.g. 4 x Imm)

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Tube voltage
(kV)

Effective mAs
for sequence

Comments
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Survey form for a head region exam, with a scanner that

does not display a dose indicator

Examination
type

Scanner make &
model

Date of exam

Patient age (yrs)

Sequence
number

Sequence 1

Sequence 2

Sequence 3

Sequence 4

Indicate the
actual start and
end positions
with lines on
each image for
each axial or
helical scan
sequence of the
examination

—

Nominal beam
collimation
(mm)
(combination
for multi-slice,
e.g. 4 x Imm)

Tube voltage
(kV)

Tube rotation
time (s)

Tube current
(mA)

if axial scan:
Number of axial
slices in
sequence

if helical scan:
Pitch for
sequence (e.g.
2:1)

Comments
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Survey form for trunk region exam, with a scanner that
does not display a dose indicator

Examination type
(e.g. Hi-res chest)

Scanner make &
model

Date of exam

Patient age (years)

Sequence number

Indicate the actual
start and end
positions with
lines on each
image for each
axial or helical
scan sequence of
the examination

—

Nominal beam
collimation
(mm)(combination
for multi-slice,
e.g. 4 x Imm)

_ Sequence 1

~Sequence 2

_ Sequence 3

~Sequence 4

Tube voltage (kV)

Tube rotation time

()

Tube current (mA)

if axial scan:
Number of axial
slices in sequence

if helical scan:
Pitch for sequence
(e.g. 2:1)

Comments

31




B: The letter used for reporting back calculated patient
doses to each CT facility

<date> <7/A>

<Principal Licensee name>
<address>

<address>

<ADDRESS>

Dear <name>

Thank you for contributing to the national CT dose survey.

Here are results for the data you have sent to us for your centre, and for comparison the
75" percentile Dose Length Product (DLP) values from some other recent overseas

studies:

<facility name> 2007 survey results:

Local procedure name Date of Patient No. of DLP Effective dose’
exam age sequences | (mGy.cm) (mSv)
(series)

! Using the DLP to effective dose conversion coefficients given in Table 3 of NRPB-W67 “Doses from
Computed Tomography (CT) Examinations in the UK — 2003 Review”, P C Shrimpton et al.
(http://www.hpa.org.uk/radiation/publications/w_series_reports/2005/nrpb_w67.pdf).
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Reference 75 percentile DLP values (mGy.cm) from other recent studies (for

comparison):

Study United United British European
Kingdom Kingdom Columbia Union 1999°
20032 2003 2004° (single slice
(multi slice (single slice | (“multi” slice CT)
CT) CT) CTh
Head 930 760 1300 1050
Chest 580 430 600 650
Hi-res Chest 170 80 - 280
Abdomen 470 460 920 900
Pelvis - - 650 -
Abdomen & 560 510 1100 780
pelvis
Chest, 940 760 - -
abdomen &
pelvis

We are still processing all the data that the centres have returned, but hopefully we

should be in a position to put out a report for the survey early this year.

Yours sincerely

Glenn Stirling

Scientific Advisor
(Glenn_Stirling@nrl.moh.govt.nz)

Copy to:

2 NRPB-W67 “Doses from Computed Tomography (CT) Examinations in the UK — 2003 Review”, P C

Shrimpton et al. (http://www.hpa.org.uk/radiation/publications/w_series_reports/2005/nrpb_w67.pdf)

¥ Can Assoc Radiol J 2005: 57(2): 79-85. “Radiation Doses to Patients Receiving Computed
Tomography Examinations in British Columbia.” J E Aldrich etal. (http://www.carj.ca/issues/2006-

Apr/79/79.pdf1)

* 16 of the 18 centres in this study were multi-slice, so effectively a multi-slice CT survey.

5 European Commission (1999). “European guidelines on quality criteria for computed tomography”

EUR 16262 EN. Luxembourg, Office for Official Publications of the European Communities.
(http://www.drs.dk/guidelines/ct/quality/htmlindex.htm)
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C: Dose Length Product (DLP) to effective dose conversion
tables

Survey DLP values were converted to effective dose using region- and age-specific
coefficients shown in Tables C1 and C2.

Table C1: Normalised values of effective dose per dose-length product to a standard
16 cm diameter CT head phantom’

bng;on of Effective dose per DLP (mSv/(mGy.cm)) by age

0 year old 1 year old 5year old 10 year old Adult
Head 0.011 0.0067 0.004 0.0032 0.0021
?:éf and 0.013 0.0085 0.0042 0.0042 0.0031

Effective dose has been calculated using the tissue weighting factors given in ICRP
Publication 60, not the revised values given in ICRP Publication 103, Although this
was a decision driven by necessity, uncertainties associated with the calculation of
effective dose mean that the calculation method can still be considered adequate®.

The coefficients for paediatric (0.1, 5 and 10 years of age) body scans proposed by
Shrimpton’, and used in a 2003 survey of CT doses in the UK, are given in terms of the
DLP in a 16 cm diameter standard head phantom. However, it was noted in the UK
dose survey report that the DLP reported by the large majority of scanners were based
on a standard 32 cm body phantom. Consequently, since for similar conditions of
exposure the DLP in a 32 cm body phantom is approximately half that of the DLP in a
16 cm head phantom™, for this study, the coefficient values proposed by Shrimpton
were multiplied by two for the paediatric age groups.

Table C2: Amended normalised values of effective dose per dose-length product to a
standard 32 cm diameter CT body phantom’ (see comments below)

bRgg;/on of Effective dose per DLP (mSv/(mGy.cm)) by age

0 year old 1 year old 5year old 10 year old Adult
Chest 0.078 0.052 0.036 0.026 0.014
Abdomen 0.098 0.06 0.04 0.03 0.015
and pelvis
Trunk 0.088 0.056 0.038 0.028 0.015
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