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ABSTRACT

Introduction: The objective of this study is to provide preliminary data for the establishment of LDRL or
FRL for CTDlq and DLP for one scanner in our institution.

Methods: Data was retrospectively collected from one CT scanner (Toshiba Aquilion One Vision 320-slice,
installed in 2015) in our institution from 26 December 2016 to 26 June 2017. Examinations were separated
as contrast and non-contrast studies, and single phasic for single acquisition or multiphasic for more than
one acquisition. The common CT examinations, including chest, chest abdomen/pelvis, and abdomen/pelvis
were reported. Examinations such as CT colonoscopy, CT pulmonary angiogram, CT gating angiography,
CT chest and abdomen/pelvis non-contrast, CT high resolution lung and CT renal colic were excluded from
the study. This is mostly due to a low number of examinations and the use of different exposure factors
and/or techniques. The median mean (50" percentile), and 75 percentile for the dose spread were calculated
according to the examination.

Results: There was a total of 1571 CT examinations performed between 26 December 2016 and 26 June
2017 using the Toshiba scanner in our institution. 262 examinations met the inclusion and exclusion criteria.
The examinations and our institutional DRLs for our Toshiba scanner (established as median value of
CTDl,o and DLP), were distributed as CT chest contrast (n=67, 25.6%, 6mGy, 219.1mGy.cm), CT chest
non-contrast (n=41, 15.6%, 5.7mGy, 190.6 mGy), CT abdomen/pelvis contrast (single phase) (n=49, 18.7%,
6.5 mGy, 330.5 mGy.cm), CT abdomen/pelvis contrast (multi-phase) (n=33, 12.6%, 8.93 mGy, 1037.5
mGy.cm), CT abdomen/pelvis non-contrast (n=12, 4.6%, 10.1 mGy, 289.9 mGy.cm) and CT chest and
abdomen/pelvis (n=60, 22.9%, 7.15 mGy, 619.4mGy.cm).

Conclusions: The preliminary data provided information that our own institution and others can use for
quality improvement activities. Future research is required to allow for further analysis to include more CT
examinations in various scanners.

© 2019 Minh Chau. Hosting by Science Repository.

Introduction

clinicians show a preference in CT because of its ability to significantly
impact on the diagnostic confidence and admission decisions for the
patients [3-7]. However, CT is associated with relatively high radiation

Computed tomography (CT) was introduced in the early 1970s and soon doses, causing concerns regarding the risk of carcinogenesis [8, 9].
became a very powerful clinical tool for screening, diagnosis, therapy Therefore, sensible use of this imaging modality requires strict
and patient management [1, 2]. In emergency departments alone, adherence to the tenets of radiation protection: justification, optimisation
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and minimisation, ensuring that the risk to patients does not outweigh
the benefit gained from the technique [8, 9].

Not until recent years, Australian adults DRLs for Multi-detector CT
(MDCT) were established from data obtained in 2011 via the National
Dose Reference Levels'®*2, Doses are routinely estimated by using
standard 16- or 32-cm diameter polymethylmethacrylate cylinder
phantom representing “average” patients [10, 11]. In CT, this parameter,
known as the volume CT dose index (CTDly,), approximates the average
dose to a cross section of a phantom [10, 11]. Dose-length product (DLP)
is the product of the CTDlI,q and the scan length for a group of scans
along z-axis [10, 11]. Currently, these two parameters are displayed on
CT dose reports for each scan. Although these parameters are tagged to
individual examinations that the patient undergoes, they do not represent
the patient’s dose, but rather the dose to one of the standard phantoms.
Depending on the size of the patient, relative to the size of the phantom
used to report CTDl,q, the actual radiation dose to the patient might be
significantly different [13-18]. CTDl,y values are now primarily useful
as a quality assurance tool to compare radiation doses from different
manufactures, different scanner outputs and most importantly different
protocols [13-18].

To cope with exceeding concerns about the dose that patients receive
from CT, diagnostic reference levels (DRLs) were established as
benchmarks for radiation protection and optimization of patient imaging
[10, 11, 13-16]. DRLs were first mentioned and recommended by the
International Commission on Radiation Protection in 1990 and were then
recommended by International Atomic Energy Agency in 2006 [8, 9].
DRLs are determined by using a collection of patient dose data at the
75" percentile point of the dose spread. This means that 75% of the dose
data are below the DRL value [9]. DRLs are intended to provide
guidance on what is achievable with current good practice rather than
optimum performance and helps to identify unusually high radiation
doses or exposure levels (as seen in the rest of the 25% of cases). Hence,
regular patient dose monitoring and image quality assessment will lead
to optimal doses and meaningful DRLs and reduction of unnecessary
patient exposures. A local DRL (LDRL) or facility reference level (FRL)
is the median dose delivered to a standard patient undergoing a specific
routine diagnostic exposure at a specific facility [13, 14]. FRLs are then
used to define the institutional or local facility doses and provide a
comparative dose metric for optimisation strategies [13, 14]. In other
words, the median value delivered to the patient correlates to our FRL.
The 75" percentile of a dose metric distribution is used as national DRL
(NDRL) [13, 14]. The NDRLs are defined by calculating the 75"
percentile of the FRLs submitted to the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA) [12]. Should our FRLs lie
above these NDRLSs, it suggests that we are delivering a higher dose than
75% of other institutions in Australia [12].

There have been several studies and overseas publications relating to
DRLs and patient dose management, especially in the United States and
European countries. In Australia, state-based dose optimisation projects
were run by the Royal Australian and New Zealand College of
Radiologists (RANZCR) involving Queensland, South Australia and
Victoria from 2009-2012[19, 20]. These reports collected data from 16
sites across Australia and New Zealand and site-specific feedback was
obtained [20]. One available peer-reviewed publication arising from this
initiative was reported [19]. The article investigated four adult
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examination protocols, including non-contrast brain, CT pulmonary
angiography, CT lumbar spine, and CT urography [19]. Although site
specific dose feedback is annually provided, no study has been published
in a major public hospital in South Australia surveying common adult
CT examinations, including chest, chest abdomen/pelvis, and
abdomen/pelvis. The aim of this current study is to provide preliminary
data for the establishment of FRL for CTDI.q and DLP for our current
Toshiba Aquilion One Vision 320-slice scanner.

Materials and Methods
Ethics

This research study has been reviewed and waived for informed consent
by the institutional ethics committee (Southern Adelaide Clinical Human
Research Ethics).

Materials

Data was retrospectively collected from one CT scanner (Toshiba
Aquilion One 320-slice, installed in 2015) in our institution from 26
December 2016 to 26 June 2017. This scanner was regularly serviced
and tested for quality control and quality assurance. The FRL presented
in this study are based on the median value of the dose spread from all
patients, collected from the 26 December 2016 to 26 June 2017.

Dose quantities

CTDly is a measure of the radiation output from the CT scanner and can
be measured using either a large (32cm diameter) or small (16cm
diameter) plastic cylinder made up of polymethylmethacrylate [10, 11].
Dose measurements were made at the centre and at the periphery of the
phantom [10, 11, 13-15]. These measurements are then combined using
a weighted average to produce a single estimate of radiation dose to that
plastic cylinder [13-15]. As this project is only a preliminary study, we
only focused on the CTDI,, measured in the large phantom as a reference
for adult CT in the torso (chest, abdomen and pelvis areas) [13-15]. DLP
is based on CTDl,q factors in the length of the scan [13-15].

Data collection

All CT scans data for chest, abdomen and pelvis examinations in adults
(age > 15 years) performed between 26 December 2016 and 26 June
2017 using the Toshiba scanner were extracted for data analysis.
Examinations were separated as contrast and non-contrast studies, and
single phasic for single acquisition or multiphasic for more than one
acquisition. The common CT examinations, including chest, chest
abdomen/pelvis, and abdomen/pelvis were reported. Examinations such
as CT colonoscopy, CT pulmonary angiogram, CT gating angiography,
CT chest and abdomen/pelvis non-contrast, CT high resolution lung and
CT renal colic were excluded from the study, mostly due to a low number
of examinations and the use of different exposure factors and/or
techniques. The median mean (50" percentile), and 75" percentile for
the dose spread were calculated according to the examination.

Results

Volume 2(1): 2-5



Establishment of facility reference level in computed tomography in selective examinations in a single institution in South Australia 3

There was a total of 1571 CT examinations performed between 26
December 2016 and 26 June 2017 using the Toshiba scanner in our
institution. 262 examinations met the inclusion and exclusion criteria.
The examinations were distributed as CT chest contrast (n=67, 25.6%),
CT chest non-contrast (n=41, 15.6%), CT abdomen/pelvis contrast
(single phase) (n=49, 18.7%), CT abdomen/pelvis contrast (multi-phase)
(n=33, 12.6%), CT abdomen/pelvis non-contrast (n=12, 4.6%) and CT
chest and abdomen/pelvis (n=60, 22.9%).

The mean, median, and 75" percentile of CTDI,, (MGy), and DLP
(mGy.cm) for all these included studies are reported in (Table 1). This

table summarises various percentile values of radiation doses in different
CT examinations that can be used as a dose reference benchmark.

The DLP values for multiphasic examinations such as CT
Abdomen/Pelvis and CT Chest were reported to be more than double of
single phasic examinations. This is because there were commonly two
to four subsequent acquisitions in these multiphasic protocols. The DLP
values for multiphasic CT Abdomen/Pelvis are higher than multiphasic
CT Chest, Abdomen/Pelvis because the number of subsequent
acquisitions in CT Abdomen/Pelvis is higher (also has more coverage)
than CT Chet, Abdomen/Pelvis.

Table 1: FRL and DLP median, mean value (50" percentile) and 75" percentile values for CT Abdomen/Pelvis, CT Chest, and CT Chest, Abdomen/Pelvis

examinations

Plain Single Phase Multiphasic Plain Contrast Chest
Abdomen/Pelvis Abdomen/Pelvis Abdomen/Pelvis Chest Chest Abdomen/Pelvis
Institutional CTDIvol | 10.1 6.5 8.93 5.7 6 7.15
Median Value DLP 289.9 330.5 1037.5 190.6 219.1 619.4
(FRL)
Institutional 50th CTDlvol | 9.78 8.09 11.8 6.71 6.26 8.15
percentile (Mean) DLP 362.7 394.9 1428.6 236.6 229.8 767.8
Institutional 75th CTDlvol | 12.47 9.6 16.15 9.5 8.55 10.87
percentile (NDRL) | DLP 337.53 4715 2044.8 3335 319.7 1043.6

CT, computed tomography, FRL, facility reference level
Discussions

This paper establishes preliminary data of FRL for CTDI, and DLP for
the Toshiba scanner in our institution. DRLs have been defined by the
ICRP as an investigational tool that applies to an easily measured
quantity using a standard phantom or representative patient [9]. It is
intended for use as a simple test for identifying situations where the
levels of patient dose are unusually high [9]. This definition therefore
suggests that DRL is not a dose limit but rather a reference level to help
CT operators for optimisation and minimization of radiation doses. It
shows the total dose to the patient for an examination [8, 9]. Although
the impact of patient size on radiation dose is well-established, NDRLs
have previously provided only one value for each examination, based on
a standard-size phantom representing an “average” patient [15-18]. This
is also a main limitation of this preliminary study. Size-based DRLs will
allow other institutions to optimize protocols so that the resultant dose is
commensurate with the size of the patient, thus avoiding unnecessary
radiation exposure to the patient [15-18].

Furthermore, the specific manufacturer, and model of the scanner may
lead to substantial variations in radiation outputs owing to inherent tube
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housing, filtration, collimation and number of detector rows [15-18].
This ultimately means that the preliminary data obtained from our
Toshiba scanner might not be comparable with the data from other
scanners in our institution. As a result, CTDI,, and DRLs across all other
scanners in our institution could be established and systematically
analysed for any statistical differences.

There are considerable DRLs and benchmarks available internationally
for our comparison. (Table 2) provides a domestic and international
comparison of our median CTDI, and DLP values with ICRP (2007),
Ireland (2010), United Kingdom (2006), European (2006), Singapore
(2017), Japan (2015), UCMC (2015), Canada (2016), ACA AAPM
(2013), EU (2014), NCRP (2012), Greece (2014) and nationally with
ARPNSA (2015) [8, 9, 12, 20, 22-30]. Our institutional median values,
also known as, our FRL are considerably lower than all other countries
and well below our NDRL. For some phases, the scan length can be
reduced, focusing on the anatomy of interest. Close collaboration of
radiologists, physics and radiographers is essential in maintaining our
optimization of patient radiation dose
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Table 2: Domestic and International comparisons of NDLP values

Plain

Abdomen/Pelvis

Single Phase A/P

(A/P)
ICRP (2007)° CTDlvol 35
DLP 780
Ireland (2010)* CTDlvol 12
DLP 600
United Kingdom CTDlvol 19
Study (2006)%
DLP 472
European (2006)8 CTDlvol 35
DLP 780
Singapore (2017)% CTDlvol 12
DLP 643
Japan (2015)% CTDIvol | 20 20
DLP 1000 1000
UCMC (2015)% CTDlvol 17
DLP 860
Canada (2016)% CTDIvol | 13 13
DLP 609 609
ACR-AAPM (2013)% CTDlvol 25 25
DLP
EU (2014)% CTDlvol 25 25
DLP 800 800
NCRP (2012)% CTDlvol 25
DLP
Greece (2014)%° CTDlvol 16
DLP 760
Australia (2018)* CTDlvol 15
DLP 700
Institutional 75th CTDlvol 12.47 9.6
percentile (NDRL)
DLP 337.53 471.5

Multiphasic A/P Plain Contrast ~ Chest, Abdomen,
Chest  Chest Pelvis
13 12
1120 850
18
30
650
12 7 13
1786 295 1349
15 15 18
1800 550 1300
17 17
1790 610
9.5 12
362 931
21 21
25
16 14 14 17
760 480 480 1020
15 30
450 1200
16.15 9.5 8.55 10.87
2044.8 3335 319.7 1043.55

CTDlvol, volume computed tomography index, DLP, dose length product, FRL, facility reference level, NDRL, national diagnostic reference level.

Limitations

The project was a preliminary study, based on retrospective data
collected over six months period. A longer timeframe, a larger selection
of CT examinations, and an inclusion of all other scanners in the
institution would have allowed more data to be collated and analysed.
This would help to enhance the validity and reliability of our study.
Furthermore, our institute does not have all commercially available CT
scanners. Therefore, a multi-centre study could be performed in the
future to provide a more comprehensive analysis and establishment of
DRLs in South Australia. The comparison of our institutional DRLs was
not thorough as some other countries utilized different scanning
protocols, scanners and reporting methods. There was little to no
declarations of how their DRLs were obtained. In this preliminary study,
we were also not able to account for absorbed doses as size-specific dose
estimates (SSDE) were assessed. We have, however, not included
institutional DRLs for paediatric examinations as the DRLs may vary
significantly due to the paediatric patient’s size, weight and age.

Radiol Med Diagnost Imaging doi: 10.31487/j.RDI.2019.01.002

Conclusions

This study presents a preliminary data collected in our institution, aiming
to establish an FRL for one specific scanner for adult CT examinations
of the torso (chest, abdomen and pelvis areas). The data shows that our
institutional 75" percentile (NDRL) for both CTDI,, and DLP are lower
compared to other established bench values. This study allows our
institution and other facilities to effectively compare our patient doses
with national and international benchmarks. This study also allows us to
optimize our CT protocols, resulting in lower doses at the appropriate
image quality. Future work includes expanding the analysis to include
more CT examinations in various scanners.

Disclosures of Conflicts of Interest

The authors declare no conflicts of interest

Volume 2(1): 4-5



Establishment of facility reference level in computed tomography in selective examinations in a single institution in South Australia 5

Acknowledgements

The author acknowledges Marianne Liddy, Stephanie Hartman and
Ashley Wallage and the Department of Medical Imaging for their
guidance and assistance with this research project.

Funding

None

REFERENCES

1. 11. Fleischmann D, Boas F (2011) Computed tomography—old ideas
and new technology. Eur Radiol 21: 510-517. [Crossref]

2. Hansen J, Jurik AG (2009) Analysis of Current Practice of CT
examinations. Acta Oncol 48: 295-301. [Crossref]

3. Broder J, Warshauer D (2006) Increasing utilization of computed
tomography in the adult emergency department, 2000-2005. Emerg
Radiol 13: 25-30. [Crossref]

4. Tanoue L (2009) Computed Tomography — An Increasing Source of
Radiation Exposure. Yearbook of Pulmonary Disease 2009: 154-155.

5. Kocher KE, Meurer WJ, Fazel R, Scott PA, Krumholz HM, et al. (2011)
National Trends in Use of Computed Tomography in the Emergency
Department. Ann Emerg Med 58: 452-462. [Crossref]

6. Chang JC, Lin YY, Hsu TF, Chen YC, How CK, et al. (2016) Trends
in computed tomography utilisation in the emergency department: A 5
year experience in an urban medical centre in northern Taiwan. Emerg
Med Australas 8: 153-158. [Crossref]

7. Brown J, Shesser R (2004) Computed tomography scan use is rising
faster than other investigational modalities in the emergency
department evaluation of patients. Annals of Emerg Med 44: S33.

8.  Tsapaki V, Aldrich J, Sharma R, Staniszewska M, Krisanachinda A, et
al. (2006) Dose Reduction in CT while Maintaining Diagnostic
Confidence: Diagnostic Reference Levels at Routine Head, Chest, and
Abdominal CT—IAEA-coordinated Research Project. Radiology 240:
828-834. [Crossref]

9.  Vetter R (2008) ICRP Publication 103, The Recommendations of the
International Commission on Radiological Protection. Health Physics
95: 445-446.

10. Brink J, Miller D (2015) U.S. National Diagnostic Reference Levels:
Closing the Gap. Radiology 277: 3-6.

11.  Wallace AB (2010) The implementation of diagnostic reference levels
to Australian radiology practice. J Med Imaging Radiat Oncol 54: 465-
471. [Crossref]

12. Auwustralian national diagnostic reference levels for MDCT - ADULT
[Internet]. ARPANSA. 2018 [cited 4 January 2019].

13.  MacGregor K, Li I, Dowdell T, Gray B (2015) Identifying Institutional

Diagnostic Reference Levels for CT with Radiation Dose Index
Monitoring Software. Radiology 276: 507-517. [Crossref]

Radiol Med Diagnost Imaging doi: 10.31487/j.RDI.2019.01.002

14.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Palleri F, Ortenzia O, Sireus M, Ghetti C (2017) Definition of local
reference diagnostic levels for CT with a dose-tracking software.
Physica Medica 175: 38-45. [Crossref]

McCollough C, Leng S, Yu L, Cody D, Boone J, et al. (2011) CT Dose
Index and Patient Dose: They Are Not the Same Thing. Radiology 259:
311-316. [Crossref]

Vassileva J, Rehani M (2015) Diagnostic Reference Levels. American
J Roentgenology 204: W1-W3.

Huda W, Mettler F (2011) Volume CT Dose Index and Dose-Length
Product Displayed during CT: What Good Are They? Radiology 258:
236-242. [Crossref]

Larson D (2014) Optimizing CT radiation dose based on patient size
and image quality: the size-specific dose estimate method. Pediatr
Radiol 44: 501-505. [Crossref]

Elster A (2011) Multidetector CT Dose: Clinical Practice Improvement
Strategies From a Successful Optimization Program. Yearbook of
Diagnostic Radiology 2011: 172-173.

The Royal Australian and New Zealand College of Radiologists (2014)
CT Dose Optimisation Do quality improvement activities work?

Foley SJ, McEntee MF, Rainford LA (2012) Establishment of CT
diagnostic reference levels in Ireland. Br J Radiol 85: 1390-1397.
[Crossref]

Shrimpton P, Hillier M, Lewis M, Dunn M (2006) National survey of
doses from CT in the UK: 2003. Br J Radiol 79: 968-980. [Crossref]
Liang C, Chen P, Kapur J, Ong M, Quek S, et al. (2017) Establishment
of institutional diagnostic reference level for computed tomography
with automated dose-tracking software. J Med Radiat Sci 64: 82-89.
[Crossref]

Medical Information Research Information Network (JRIME) (2015)
Diagnostic Reference Levels Based on Latest Surveys in Japan.
Smith-Bindman R, Moghadassi M, Wilson N, Nelson T, Boone J, et al.
(2015) Radiation Doses in Consecutive CT Examinations from Five
University of California Medical Centers. Radiology 277: 134-141.
[Crossref]

Wardlaw G, Martel N (2016) Canadian Computed Tomography
Survey: National Diagnostic Reference Levels. Medical Physics 43:
4932-4933.

American College of Radiology (ACR) (2013) ACR-AAPM practice
parameter for diagnostic reference levels and achievable doses in
medical x-ray imaging.

European Commission (EC) (2015) Radiation Protection No. 180 —
Diagnostic reference levels in thirty-six European countries (Part 2/2).
National Council on Radiation Protection and Measurements (NCRP)
(2012) Reference levels and achievable doses in medical and dental
imaging: recommendations for the United States. Report No.
172. Bethesda, Md: NCRP.

Simantirakis G, Hourdakis CJ, Economides S, Kaisas |, Kalathaki M,
et al. (2014) Diagnostic reference levels and patient doses in computed
tomography examinations in Greece. Radiat Prot Dosimetry 163: 319-
324. [Crossref]

Volume 2(1): 5-5


https://www.ncbi.nlm.nih.gov/pubmed/21249371
https://www.ncbi.nlm.nih.gov/pubmed/18923941
https://www.ncbi.nlm.nih.gov/pubmed/16900352
https://www.ncbi.nlm.nih.gov/pubmed/21835499
https://www.ncbi.nlm.nih.gov/pubmed/26991856
https://www.ncbi.nlm.nih.gov/pubmed/16837668
https://www.ncbi.nlm.nih.gov/pubmed/20958945
https://www.ncbi.nlm.nih.gov/pubmed/25897474
https://www.ncbi.nlm.nih.gov/pubmed/27614299
https://www.ncbi.nlm.nih.gov/pubmed/21502387
https://www.ncbi.nlm.nih.gov/pubmed/20971777
https://www.ncbi.nlm.nih.gov/pubmed/25304711
https://www.ncbi.nlm.nih.gov/pubmed/22595497
https://www.ncbi.nlm.nih.gov/pubmed/17213302
https://www.ncbi.nlm.nih.gov/pubmed/28247587
https://www.ncbi.nlm.nih.gov/pubmed/25988262
https://www.ncbi.nlm.nih.gov/pubmed/24891405

