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ARTICLE INFO ABSTRACT

Keywords: Purpose: A national survey was performed to assess patient dose indicators based on clinical indication and on
Computed tomography patient morphology for most common adult computed tomography (CT) examinations in France.

Clinical diagnostic reference levels Methods: Seventeen groups of clinical indications (GCls) for diagnostic CT in adult patients were considered

Radiation protection

based on their frequency and on image quality requirements. Data was collected for 15-30 consecutive ex-
Nationwide survey

aminations performed between 2015 and 2017, per CT scanner and GCI. Distributions of total examination Dose-
Length Product (DLP) and Volume CT Dose Index (CTDI,,,) were assessed for each GCI as a function of patient
gender or patient Body Mass Index (BMI) for head/neck and trunk examinations, respectively.

Results: 6610 examinations were analysed. Median total exam DLP values were higher for men compared to
women patients for head and neck examinations: difference ranged from 6% for ear trauma indication (577 vs
543 mGy-cm, p = 0.01) to 35% for brain tumour GCI (1472 vs 1093 mGy-cm, p < 0.01). For trunk examina-
tions, total exam DLP increased consistently with patient’s BMI. For normal-BMI patients, median CTDI,,, and
DLP differed significantly between different GCIs for single-phase CT of the chest (3mGy and 112 mGy-cm,
respectively, for chronic obstructive pulmonary disease group vs 5.8 mGy and 207 mGy-cm for pulmonary em-
bolism group, p < 0.05) and of the abdomen-pelvis (5.6 mGy and 284 mGy-cm, respectively, in renal colic
group vs 9.5mGy and 463 mGy-cm in occlusive syndrome group, p < 0.05).

Conclusion: This study provides morphological- and clinical-based patient dose indicators in CT as a practical
tool for clinical practices optimisation.

1. Introduction studies have associated CT during childhood with an increased risk of
radiation-induced malignancies [1-4]. Even if the outcomes of these

Computed tomography (CT) is a powerful clinical tool enabling studies are still controversial [5-7], a sensible use of the modality is of
faster and more accurate diagnosis than interventional techniques or common sense. It requires strict adherence to the principles of radiation
conventional plain radiography. However, some epidemiological protection — justification and optimisation of the patient radiation

Abbreviations: AP, Abdomen and Pelvis; BMI, Body Mass Index; CAP, Chest Abdomen and Pelvis; COPD, Chronic Obstructive Pulmonary Disease; CT, Computed
Tomography; CTDI,,), Volume Computed Tomography Dose Index; DACS, Dose Archiving and Communication System; DLP, Dose-Length Product; DRL, Diagnostic
Reference Level; FBP, Filtered Back Projection; GCI, Group of Clinical Indications; ICRP, International Commission on Radiological Protection; IR, Iterative
Reconstruction algorithm; NDRL, National DRL; PE, Pulmonary Embolism; SFPM, French Society of Medical Physics; SFR, French Society of Radiology; USA, United
States of America

* Corresponding author at: Institut de Radioprotection et de Stireté Nucléaire, 31 avenue de la Division Leclerc, B.P. 17, 92262 Fontenay-aux-Roses Cedex, France.

E-mail address: serge.dreuil@irsn.fr (S. Dreuil).

! Equal contribution, joint first author.

https://doi.org/10.1016/j.ejmp.2019.04.004

Received 21 December 2018; Received in revised form 31 March 2019; Accepted 8 April 2019
Available online 18 April 2019

1120-1797/ © 2019 Associazione Italiana di Fisica Medica. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/11201797
https://www.elsevier.com/locate/ejmp
https://doi.org/10.1016/j.ejmp.2019.04.004
https://doi.org/10.1016/j.ejmp.2019.04.004
mailto:serge.dreuil@irsn.fr
https://doi.org/10.1016/j.ejmp.2019.04.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejmp.2019.04.004&domain=pdf

B. Habib Geryes, et al.

exposure [8]. At the core of the optimisation principle is the estab-
lishment of diagnostic reference levels (DRLs), first proposed by the
International Commission on Radiological Protection (ICRP) [9] and
subsequently introduced into European legislation [10,11]. DRLs are
suggested action levels above which a facility should review its
methods and determine if acceptable image quality can be achieved at
lower doses. An approach to establishing DRLs in CT had been proposed
by ICRP [12,13], using two primary metrics: Dose-Length Product
(DLP) and Volume Computed Tomography Dose Index (CTDI,,). Na-
tional DRLs (NDRLs) in CT have been established in many countries
[14-22]. Most of these NDRLs are defined for a single acquisition (i.e.
phase), a standard patient morphology and are based on an anatomical
region [15,18,21]. However it is evident that patient radiation dose
depends on the number of acquisitions and on the patient’s mor-
phology. Likewise, patient radiation dose depends on the clinical in-
dication, as image quality requirements are directly determined by the
clinical purpose of the examination. This has been acknowledged, at
least in part, by some NRDLs systems [13,14,16,17,19,20,22]. How-
ever, none of these NDRLs studies has simultaneously involved a large
number of examinations, clinical indications and patient size.

The purpose of this national survey was to investigate current ra-
diation doses for common clinical indications in adult CT examinations
throughout France and to assess patient radiation dose as a function of
patient characteristics. This scientific pilot study did not intend to es-
tablish French national DRLs but aimed at demonstrating that clinical
indications as well as patient morphology need to be taken into account
in the DRLs setting for better dose optimisation. The methodology and
results proposed in this study could serve as an important input for the
national radiation protection authorities to future updates of French
DRLs, which would need larger subgroup sample sizes.

2. Material and methods

The study conformed to scientific principles and national research
ethics standards. Patients’ care was not modified in any manner because
of this study. Data were retrospectively collected by participants on
their secured radiological information systems or on their institution’s
medical records. Data were sent to the investigators in an anonymous
form. The investigators had no access to the participants’ information
systems and therefore had no possibility of reidentifying the patients.
Consequently, informed consent of the patients was not required by
personal data protection rules at the time of the study.

2.1. Patient radiation dose survey

A national retrospective survey was conducted by the French
Society of Medical Physics (SFPM) on patients aged =16 years who
underwent CT examinations in France between 2015 and 2017. A list of
22 groups of clinical indications (GCIs) for diagnostic CT in 9 anato-
mical regions was initially defined by the SFPM, with the collaboration
of the French Society of Radiology (SFR) and its associated organ sec-
tions, based on the frequency and the image quality requirements of the
clinical indication. Seventeen GCIs were eventually included in the
study (see Table 1 and next section for more details). A national call for
volunteers for one or more GCIs was sent to the medical physicists’
community. Data collection was performed by each participant in-
dependently, using one or more of the following means: picture ar-
chiving and communication system (80% of the participants), radi-
ological or hospital information system (61%), dose archiving and
communication system (50%) or paper medical records (9%). Anon-
ymised data were transmitted to the investigators with the help of a
preformatted Excel datasheet. For each participant’s CT scanner and
specific GCI, 15-30 consecutive examinations were required. Collected
data focused on the complete examination with details of each acqui-
sition. Collected data included CT scanner characteristics (manu-
facturer, model, commissioning year and maximum collimation);
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patient information (age, and, optionally, gender, weight and height);
acquisition parameters (use of contrast media, and, optionally, acqui-
sition type -axial or helical-, scan length, kV, use of tube current
modulation, use of patient restraint equipment and acquisition de-
scription); image reconstruction algorithm -Iterative Reconstruction
(IR) or Filtered Back Projection (FBP) —; clinical information (clinical
indication from the medical report and optionally, exam codification
used for medical insurance) and dose data (CTDI,,,, DLP and phantom
type -16/32cm diameter- for each acquisition without localizer
radiograph acquisitions and without acquisitions related to the contrast
media tracking as well as total examination DLP).

2.2. Exclusion criteria

An essential point in this study was to have reliable data. Each
participating facility was asked to check the clinical indication of the CT
examination in the medical report. The working group of the SFPM and
the SFR checked each collected examination data based mainly on the
series description, contrast media use, phantom type (16 or 32 cm) and/
or scan length. Examinations were excluded from the analysis based on
the following criteria:

e Patient’s age < 16 years.

® Missing required information (i.e. clinical indication, CT scanner
characteristics, use of contrast media, image reconstruction algo-
rithm and dose information).

e Incoherent information, e.g. non correspondence between phantom
type and body region or obvious mistypes.

e Incomplete examinations, i.e. missing one or more acquisition, as
detected by comparison of the total examination DLP and the sum of
all acquisition’s DLP.

e Mixed indications, i.e. examinations not focusing exclusively on the
initial clinical indication(s), such as extension assessments with re-
spect to the normal practice protocol(s) of the considered GCI (e.g
brain exploration in ear trauma indication or abdominal exploration
in pulmonary embolism indication). Even if these examinations
correspond to the right initial clinical indication and to justified
radiological practices, they could have introduced a bias in the
calculation of the GCIs’ dosimetric indices and were therefore ex-
cluded from the analysis.

Ultimately, sets of data counting less than 10 examinations per CT
scanner and per GCI at the end of the exclusion process were excluded
from the analysis. Likewise, GCIs having less than 10 contributing CTs
were also excluded from the study. Consequently, 5 GCIs were aban-
doned (aortic dissection, suspicion of a lung cancer, screening for sec-
ondary liver cancer, suspicion of a kidney cancer and haematuria).
Table 1 indicates the 17 GCIs retained for this study, together with the
correspondent body part and the abbreviated name, which will be used
thereafter in the paper.

2.3. CT dose indices analysis

Current CT scanners provide CTDI, (in mGy) and DLP (in mGy-cm)
for each acquisition, which are measured in 16 or 32 cm diameter ac-
rylic phantoms [23]. Given their ease of collection, they were the main
parameters selected for this study. By also taking into account the
number of scan acquisitions used, total exam DLP is directly related to
patient risk. Therefore, it may be used to set DRLs for CT-examinations
[12,13] and hence was the primary parameter recorded in this study.

Total exam DLP based on the number of acquisitions per examination
n, was analysed as a function of gender for head and neck GCls. For
trunk/body regions, a refined analysis per body mass index (BMI) groups
was possible for 11 GCIs using the international classification of adult
underweight (BMI < 18.5 kg/mz), normal (18.5 < BMI < 25 kg/mz),
overweight (25 < BMI < 30kg/m? and obesity (BMI = 30kg/m?)
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[24].

Examinations characteristics (kV, mA, image reconstruction type,
CTDI,,; and DLP) between different GCIs relative to the same body part
were compared. This analysis was restricted to single-acquisition ex-
aminations and, for trunk examinations, to normal-BMI patients in
order to overcome the influence of the number of acquisitions and the
patient morphology on dose.

2.4. Statistical analysis

Statistical analysis was performed using R version 3.4.3 (R
Foundation for Statistical Computing, Vienna-Austria). Categorical
variables were expressed as percentages of the number of examinations,
which was systematically indicated. Dose indices data were found to be
non-normally distributed. Therefore, differences between median va-
lues were assessed using a non-parametric test (Wilcoxon rank-sum).
The significance level was set to 0.05. The maximum p value was
quoted when more than two GCI subgroups were compared.

Twenty-fifth, 50th and 75th percentile values of total exam DLP
were calculated once on the distribution of pooled data for all facilities
and once again, without BMI or n, stratification, on the distribution of
median values per facility according to ICRP recommendations [13].
The two methods gave mean(min-max) differences of 14(1-41)%,
7(0-16)% and 9(1-24)% in resulting 25th, 50th and 75th percentiles of
total exam DLP for each GCI, respectively. The mean differences being
within or very close to the mandatory accuracy on displayed values of
DLP ( = 20%), we chose to present only results of the first method with
pooled data distribution for all sub-groups (examination DLP per GCI,
per gender/BMI as a function of the number of acquisitions per ex-
amination n,). This was possible because of the similar number of ex-
aminations submitted by all CT scanners, which gives them an
equivalent weight.

Only descriptive comparisons were possible with published data
from other countries because of the variability in methods among
countries and of insufficient clinical or patient information in other
studies for statistical comparisons.

3. Results

A total of 9667 acquisitions, corresponding to 7102 examinations
included in the 17 selected GCIs, was collected from 88 CT scanners in
53 facilities. After the data validation process, 6610 examinations
(8620 acquisitions, 86 CT scanners, 53 facilities) were analysed. This
included 24% chest, 21% head, 14% abdomen and pelvis (AP), 11%
chest, abdomen and pelvis (CAP), 9% pelvis, 6% ear, 5% mandible/
maxilla, 5% cervical spine and 5% body CT-examinations (Table 1).
87% of participating facilities were public hospitals (59% academic and
41% non-academic), 9% comprehensive cancer care institutes and 4%
private centres. All French regions were represented. Fig. 1 shows the
distribution of collected examinations by scanner manufacturer, com-
missioning year and GCI. The median commissioning year was 2013.
Examinations were performed on CT scanners from different manu-
facturers: General Electric Healthcare (49%), Siemens Healthineers
(35%), Philips (9%) and Canon Medical Systems Corporation, formerly
Toshiba Medical (7%). Table 1 shows the distribution over the 17 GCIs
of the number of centres, CT scanners and examinations collected and
validated. Mean number of acquisitions per examination < n, > and
clinical practices distribution in terms of n, value and contrast media
use are also presented. < n, > ranges from 1 (Pelviscan and AP/Colic)
to 3.67 (Polytrauma). Fifteen GCIs out of 17 gave a majority of single-
acquisition CT examinations. Two GCIs had a majority of CT ex-
aminations with two acquisitions (Head/Tumour) or three acquisitions
(Polytrauma). Fully unenhanced or fully contrast-enhanced examina-
tions were dominant amongst all but the same two GCIs (Head/Tu-
mour, Polytrauma) where mixed studies (ie. including both un-
enhanced and enhanced acquisitions) were dominant.
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Fig. 2 shows the distribution of total examination DLP for all studied
GClIs, independently of n, value and without patient grouping per
gender or size. Median examination DLP varied from 25 mGy-cm for
Pelviscan to 3184 mGy-cm for Polytrauma. Tables 2a and 2b summarize
total exam DLP interquartile ranges based on the number of acquisi-
tions per examination n, and on patient gender for 6 head and neck
GClIs or patient BMI for 11 trunk/body GClIs.

Examinations were evenly distributed between men and women
patients (49.7% men, 50.3% women) and total exam DLP median va-
lues were higher in men patients for all head and neck GCIs. Median
DLP difference ranged from 6% in Ear/Trauma to 35% in Head/
Tumour, this difference being statistically significant for all head GCIs
(p < 0.01), for Ear/Trauma (p = 0.01), and Neck/Trauma (p = 0.03)
(Table 2a).

For trunk/body examinations (Table 2b), 45% of examinations were
in normal-weight patients, 34% in overweigh, 15% in obese and 6% in
underweight patients. Total exam DLP median values increased de-
pendably with patient BMI for all GCIs and all n, sub-groups. In general
for every GCI in any body part, total exam DLP increased consistently
with the number of involved CT acquisitions, n, (Tables 2a and 2b).

Table 3 shows the variation of single-acquisition examinations
characteristics and dose indices between different GCIs relative to the
same body part. Characteristics of unique GCIs (Ear/Trauma, Dental,
Neck/Trauma, Pelviscan) are also summarized. Distribution of CTDI,;
values and examination DLP are represented in Fig. 3 for head GCIs (3a,
3c¢) and thorax, AP and CAP GCIs (3b, 3d). All GCIs but Ear/Trauma
(33%), Dental (16%) and Pelviscan (23%) examinations were mostly
done with automatically modulated current (mA). IR algorithms were
mostly used in all GCIs examinations except for AP/occlusion (50% IR
and 50% FBP). For head and neck examinations, 110/120kV were
dominant in all GCIs except for Ear/Trauma where 130/135/140 kV
were mostly used. For chest and AP examinations, kV values varied
between 100 kV and 110/120 kV. For the 2 GCIs in CAP examinations,
110/120kV were dominant. For Head GCIs, Median CTDI,, was
slightly higher in Head/Hemo (p = 0.03) and median examination DLP
for Head/Tumour was lower (p = 0.01) than the two other head GCIs.
The analysis for chest examinations showed that both CTDI,, and ex-
amination DLP median values for Chest/PE were significantly higher
than the other GCIs (p < 10~ %) and significantly lower for Chest/
COPD (p = 0.03 and 0.01 for CTDI,,; and DLP respectively). Every AP
GCIs showed a significant difference from one another both in median
CTDI, (p < 0.01) and examination DLP (p = 0.01). Lastly, no sig-
nificant difference was observed between CAP/Tumour and CAP/In-
fectious.

4. Discussion

CTDI,,; (for single-acquisition) and total exam DLP (per number of
involved acquisitions) national distributions were assessed on 17 GCIs
as a function of patient gender or BMI for head and neck or trunk ex-
aminations respectively. For head and neck GClIs, total exam DLP values
were higher for men compared to women patients, considering the
same number of acquisitions within a same examination (Table 2a).
This is likely due to larger size [25] and more dense head and neck of
men compared to women’s, especially when analysed examinations
were mostly performed with automatically modulated current
(Table 3). For all trunk/body GCIs, total exam DLP increased con-
sistently with patient BMI for all examination groups (Table 2b). Thus,
our results confirmed the strong dependence of dose estimators on
patient morphology.

When comparing different GCIs within same body region, CTDI,,
and DLP for single-acquisition examinations showed significantly
higher values for Chest/PE compared to other GCIs in chest region. This
can be explained by the high image quality requirements for this in-
dication, reflected in CT examination characteristics mostly performed
with contrast media in Chest/PE, compared to other GCIs (Table 1).
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Table 2a
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Number of CT examinations (n), scanners (ncr) and total exam DLP range (50th (25th-75th percentile)) based on the number of acquisitions per examination (n,)
and on patient's gender for 6 head and neck GCIs. Non-significant (-) sub-groups with less than 20 examinations are not presented. Total exam DLP values are given
for the 16 cm diameter phantom in head, ear and mandible/maxilla examinations and the 32 cm diameter in cervical spine examinations. p results of the Wilcoxon
rank sum test between women and men values are presented (p < 0.05 are marked with").

GCI ng Both genders Women Men p
ne ner DLP (mGy-cm) ne ner DLP (mGy-cm) ne Ner DLP (mGy-cm)
Head/Hemo All 672 32 775 (659-992) 238 25 760 (638-1002) 256 25 839 (696-1092) <0.01"
1 533 29 729 (638-836) 179 23 700 (607-819) 195 23 764 (667-873) <0.01"
79 18 1221 (1110-1394) 31 14 1256 (986-1496) 29 13 1276 (1140-1483) 0.32
3 57 10 2060 (1862-2648) 27 10 2178 (1823-2596) 30 7 2041 (1905-2873) 0.55
Head/Trauma Al 478 23 759 (632-909) 170 18 689 (600-843) 201 18 817 (696-1016) <0.01"
1 457 23 753 (625-871) 161 18 684 (596-820) 189 18 803 (682-975) <0.01"
2 20 10 1372 (1150-1560) 8 7 - 12 9 - -
Head/Tumour All 232 12 1184 (863-1523) 99 10 1093 (786-1396) 97 10 1472 (868-1766) <0.01"
1 57 9 674 (561-791) 28 6 661 (568-812) 25 7 687 (648-791) 0.40
2 172 11 1293 (1067-1680) 70 9 1246 (1045-1499) 70 9 1654 (1297-1818) <0.01"
Ear/Trauma All 427 19 597 (494-755) 169 15 543 (448-692) 160 15 577 (484-755) 0.01"
1 423 19 595 (492-753) 167 15 541 (439-681) 158 15 576 (484-749) 0.01"
Dental Al 325 15 308 (232-429) 174 14 311 (236-418) 131 14 343 (241-498) 0.14
1 301 15 296 (227-406) 160 14 302 (232-395) 121 14 317 (235-454) 0.12
2 24 5 549 (500-619) 14 4 - 10 4 - -
Neck/Trauma Al 328 17 455 (340-639) 104 12 418 (312-597) 98 12 522 (326-657) 0.03"
1 322 17 455 (339-639) 103 12 417 (312-597) 93 12 517 (325-651) 0.05

Conversely, the lower dose indices values observed for Chest/COPD are
related to the lower image quality requirement of this indication that is
always performed without contrast media and takes advantage of the
high natural contrast of the lung parenchyma. The analysis for AP ex-
aminations showed significantly lower values for AP/Colic compared to
other GCIs. Lower dose protocols mostly performed without contrast
enhancement (Table 1) and lower kV (mostly 100 kV) (Table 3) were
used in AP/Colic compared to AP/Pain and AP/Occlusion. In these
latter GCIs, contrast-enhanced examinations and higher kV (110/
120 kV) were mostly used. These findings could be related to the fact
that CT for AP/Colic is commonly performed in low dose thanks to the
high natural contrast between kidney stones and tissues. The higher
values observed for AP/Occlusion could be related to the high per-
centage of FBP reconstruction (50%) when compared to other GCls.
However, the low number of examinations (18) in this subgroup limits
the significance of this difference. A small but statistically significant
difference in CTDI,,,, respectively DLP, was observed between Head/
Hemo, respectively Head/Tumour, and other GCIs in head examina-
tions. However the small gap in dose indices between head GCIs tends
to indicate that similar protocols are used whatever the indication. The
same interpretation stands for CAP examinations where differences
between two GCIs are moderate and statistically non-significant. In-
deed, for these body parts, more homogeneous practices were noticed
in kV use (mostly 110/120 kV) and modulated mA (Table 3).

NDRLs implemented in many countries [15,18,19,21] are only
based on an anatomic region, for single CT acquisition. Few studies
involved the influence of patient size [19] or clinical indication
[14,16,17,20,22]. The impact of patient size on radiation dose was well
established in the United States of America (USA) recent study on their
NDRLs [19]. Nevertheless, patient grouping was done in terms of water
equivalent diameter for body examination and lateral thickness for
head examination. These settings are not easily accessible for local
benchmarking neither for national assessment. Moreover, USA NDRLs
were developed based on examination type not on clinical indication.
NDRLs were proposed in few studies for few clinical indications and for
standard sized patients [14,16,17,20,22]. These studies showed that
patient radiation dose depends on the number of CT acquisitions within
same examination and on image quality requirements for diagnosis.
Recently, the European Commission launched a tender project on
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clinical DRLs (EUCLID - European Study on Clinical Diagnostic Re-
ference Levels for X-ray Medical Imaging [26]). The project is led by the
European Society of Radiology and started in August 2017. The aim of
this project is to provide up-to-date clinical DRLs for the most im-
portant, from a radiological perspective, x-ray imaging tasks in Europe.
The 75th percentile dose indices for normal-weight patients in this
study were compared with those of other clinical NDRLs (Table 4). Our
results were generally lower than other reported data or within the
lowest values. One reason might be the evolution of techniques and
professional practices within the time gap between different surveys.
Modern CT scanners with dose-reduction options (current modulation
and IR) were generally used in this study. Another possible explanation
is that, with a few exceptions, this study relied on voluntary medical
physicists. It seems reasonable to consider that facilities where a med-
ical physicist is involved tend to have lower dose protocols. Proposed
French NDRLs based on CT examinations grouped by anatomical re-
gions were also indicated in Table 4. All CTDI,,; and DLP values of this
study were similar or lower than the proposed French NDRLs except for
traumatic brain injury and CAP infectious foci examinations where DLP
value was a little higher.

Morphology and clinical based patient dose indicators are useful to
benchmark CT imaging protocols and optimise patient radiation dose as
a function of image quality need. Twenty-fifth, 50th and 75th percen-
tiles (Tables 2a and 2b) of total examination DLP per n, value are
provided to encourage facilities to optimize dose as low as reasonably
achievable by taking into consideration the image quality. Ideally, fa-
cilities should analyse and compare their median, size-grouped dose
indices by clinical indication with the respective clinical and size based
25th, 50th and 75th percentiles values. If size-grouped dose indices are
not available, facilities should compare their overall median indices
with the “all Genders”, “all BMIs” and/or “all acquisitions” 25th, 50th
and 75th percentiles values. The implementation of this optimisation
process is most effective if the facility has a Dose Archiving and Com-
munication System (DACS) that automatically monitors patient radia-
tion dose indices.

This study comes with some limitations. First, no strict image
quality analysis was carried out but the patient radiation dose data
corresponded to examinations performed in the institutions according
to their normal practice of image quality selection for the given
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Number of CT examinations (n.), scanners (ncy) and total exam DLP range (50th (25th-75th percentile) based on the number of acquisitions per examination (n,) and
on patient's BMI range for 11 trunk or full-body GCIs. Non-significant (-) sub-groups with less than 20 examinations are not presented. Total exam DLP values are all
given for the 32-cm diameter phantom, except for the Polytrauma GCI where the examination DLP value can be a sum of 16-cm and 32-cm DLP values for full-body

examinations.
GCI n, All BMIs Underweight Normal Overweight Obese
ne ner DLP (mGy-cm) n, ner DLP (mGycm) n. ner DLP (mGy-cm) ne ner DLP (mGy-cm) n, ncgr DLP (mGy-cm)
Chest/PE All 866 42 260 (173-371) 31 15 184(134-222) 238 27 208 (142-300) 175 28 263 (169-374) 83 26 383 (274-484)
1 829 41 255 (168-359) 30 14 182(131-223) 229 26 203 (141-291) 165 27 250 (164-364) 77 25 372 (273-450)
2 29 14 590 (507-721) 1 1 - 5 1 - 8 4 - 5 3 -
Chest/COPD All 260 15 190 (112-297) 7 4 - 71 11 124 (92-203) 60 12 149 (109-287) 16 11 -
1 222 14 192 (108-293) 6 3 - 61 10 112 (77-185) 50 11 149 (105-274) 12 9 -
Chest/Infectious All 247 13 189 (126-303) 1 7 - 64 9 149 (112-241) 56 9 217 (133-333) 27 10 265 (188-383)
1 233 13 179 (124-292) 1 7 - 60 9 145 (111-227) 51 9 186 (130-321) 27 10 265 (188-383)
Chest/Metastases All 224 12 169 (115-263) 15 8 - 94 10 139 (106-197) 57 10 224 (157-308) 14 7 -
1 208 12 162 (111-253) 15 8 - 93 10 137 (106-196) 55 10 219 (157-296) 13 6 -
AP/Occlusion All 223 13 626 (428-936) 12 6 - 64 9 600 (468-882) 40 7 847 (583-1114) 15 8 -
1 140 12 497 (376-712) 7 4 - 27 7 463 (368-624) 17 4 - 11 8 -
2 83 9 876 (671-1235) 5 4 - 37 7 740 (559-935) 23 4 968 (847-1363) 4 4 -
AP/Pain All 392 24 534 (340-760) 38 10 255(218-315) 125 19 377 (282-606) 83 18 696 (562-939) 42 16 903 (634-1582)
1 293 24 407 (310-614) 32 8 249 (213-284) 93 18 333 (257-419) 52 17 590 (419-707) 29 11 744 (601-950)
99 19 900 (654-1211) 6 5 - 32 12 683 (577-879) 31 13 993 (826-1160) 13 8 -
AP/Colic 1 335 19 419 (299-630) 1 7 - 82 12 284 (209-404) 70 12 444 (327-671) 40 10 676 (572-789)
Pelviscan 1 594 26 25 (21-31) 2 2 - 124 17 24 (19-30) 157 17 25 (21-31) 86 17 29 (22-35)
CAP/Tumour All 467 23 763 (546-1141) 24 14 436 (376-487) 193 19 666 (518-874) 98 18 874 (733-1388) 41 16 1363
(1121-1670)
1 266 20 654 (496-842) 18 11 - 101 15 597 (482-704) 55 13 796 (662-910) 21 10 1251
(1074-1363)
2 136 18 890 (685-1350) 4 3 - 68 11 838 (662-1112) 29 12 1219 (819-1410) 15 9 -
3 44 12 1273 (647-1557) 2 2 - 5 7 - 7 4 - 1 1 -
4 20 6 1622 0 0 - 9 5 - 7 2 - 3 1 -
(1315-2115)
CAP/Infectious All 240 14 785 (475-1121) 4 3 - 61 9 600 (410-968) 58 9 860 (504-1223) 21 7 1286 (855-1815)
1 138 13 637 (414-900) 2 1 - 31 8 476 (367-816) 28 7  588(312-912) 10 6 -
54 11 645 (448-1163) 0o 0 - 18 7 - 10 6 - 6 3 -
3 3 9 1262 (890-1837) 1 1 - 8 5 - 16 6 - 4 1 -
Polytrauma All 300 15 3184 2 2 - 76 8 3146 54 9 3523 19 7 -
(2292-3985) (2349-3821) (2723-4292)
2 27 7 229 0 0 - 1 1 - 1 1 - 0 0 -
(1838-3323)
3 134 13 2797 0o 0 - 29 4 3015 26 5 3432 11 5 -
(2040-3515) (1954-3511) (2525-3817)
4 63 13 3337 1 1 - 13 5 - 8 5 - 1 1 -
(2615-4273)
5 59 11 3928 0 0 - 28 6 3531 15 6 - 4 3 -

(2928-4901)

(2715-3881)

indication. We have to assume that the vast majority of the collected
examinations met image quality standards because we assume the vast
majority were interpreted. The second limitation concerns the re-
presentativeness of this survey. First, a little number of CT scanners
contributes to some GCIs (Head/Tumour, Chest/Infectious, Chest/
Metastases and CAP/Infectious) resulting from grouping examinations
by patient size and number of acquisitions within examination. Second,
less than 20% of the facilities were private centres. However, numerous
general public hospitals (i.e. non-academic) share their equipment with
the private sector in so-called “economic interest groups” regional or-
ganization (GIE for groupements d’intérét économique). Third, this study
relied on voluntary medical physicists involved in university imaging
departments in France, who represent a small proportion of facilities in
France. Therefore, the results of this pilot study cannot be considered as
representative of the whole French radiological practice.

In addition, the recent ICRP recommendations [13] could not been
generalised in establishing dose distributions for all sub-groups by using
the median of each CT scanner. Nonetheless, the two calculation
methods were tested and gave acceptable differences. Moreover, we
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accepted that no correction was applied to the recorded CTDI,,, values.
We assumed that CTDI,,, values were in agreement with the national
quality criteria (within + 20% deviation) checked annually and after
tube replacement. Lastly, the manual process for patient size data and
examination dose information in some departments not using a DACS,
led to missing data in some cases. Moreover, the use of an Excel sheet to
manually collect the data limited the number of examinations com-
pared to an automatic collection with dedicated software, such as in the
US DRLs study [19]. However, the verification of the clinical indication
was more feasible with the Excel sheet.

5. Conclusion

This study was, to our knowledge, the first national survey based on
clinical indication and patient size and evaluating CT dose. Results
provide a tool for CT dose optimisation that is better adapted to clinical
practices and to the variability of patients’ morphology. In order to
capture continual future trends in CT technologies and practices evo-
lution, this study should be periodically updated. This study could serve
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Table 3

Physica Medica 61 (2019) 18-27

Comparison of dosimetric indices and acquisition characteristics between different GCIs relative to the same body part. Only single-acquisition examinations are
considered for all GCIs. Only normal BMI patients are considered for trunk and full-body examinations. DLP and CTDI,,, values are given for the 16 cm diameter
phantom in head, ear and mandible/maxilla examinations, 32 cm for other body parts. This analysis was not possible for Polytrauma GCI because of a non-significant
number of single-acquisition examinations. * indicates a p-value < 0.05 for every Wilcoxon rank sum tests calculated with other GCIs of the same body part.

GCI ne ner  CTDI,, (mGy) DLP (mGy-cm) kV distribution (%) Image reconstruction type (%) mA (%)
50th (25th-75th) 50th (25th-75th) ne 80 100 110/120° 130/135/ ne FBP® IR® ne Fixed Auto
percentile percentile 140°
Head/Hemo 533 29 39.3 (35.0-44.0)* 729 (638-836) 478 - 9.2 90.6 0.2 512 3 97 517 14 86
Head/Trauma 457 23 38.1 (32.5-43.4) 753 (625-871) 432 - - 97 3 446 19 81 406 15 85
Head/Tumour 57 9 36.7 (31.4-43.7) 674 (561-791)* 50 - 6 94 - 57 25 75 50 - 100
Ear/Trauma 423 19 85.7 (76.9-121.8) 595 (492-753) 366 - - 16 84 397 17 83 389 67 33
Dental 301 15 33.5(22.9-42.2) 296 (227-406) 261 - 84 91.2 0.4 301 12 88 261 84 16
Neck/Trauma 322 17 21.7 (15.4-30.8) 455 (339-639) 321 2 13 78 7 303 6 94 283 11 89
Chest/PE 229 26 5.8(3.8-7.5)* 203 (141-291)* 212 6 55 33 7 223 13 87 222 7 93
Chest/COPD 61 10 3.0 (2.2-4.1)* 112 (77-185)* 61 - 61 39 - 56 23 77 60 22 78
Chest/Infectious 60 9 3.8 (3.2-5.7) 145 (111-227) 60 - 28 72 - 60 20 80 60 - 100
Chest/Metastases 93 10 3.5 (2.7-5.0) 137 (106-196) 93 1 52 47 - 93 9 91 93 100
AP/Occlusion 27 7 9.5 (7.5-12.4)* 463 (368-624)* 21 - 24 76 - 18 50 50 21 95
AP/Pain 93 18 6.5(5.5-8.7)* 333 (257-419)* 8 - 41 59 - 89 8 92 87 100
AP/Colic 82 12 5.6 (4.3-8.4)* 284 (209-404)* 80 - 69 31 - 82 5 95 77 - 100
Pelviscan 124 17 0.79 (0.68-0.92) 24 (19-30) 117 21 76 3 - 124 10 90 120 77 23
CAP/Tumour 101 15 8.8(7.0-10.0) 597 (482-704) 101 - 1 99 - 93 16 84 101 - 100
CAP/Infectious 31 8 7.1 (5.7-11.3) 476 (367-816) 31 - 19 81 - 31 10 90 31 - 100
2 The different kV values specific to the scanner model are grouped together.
> FBP = Filtered Back Projection reconstruction.
¢ IR = Iterative Reconstruction.
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Fig. 3. Distribution of CTDI,, (a, b) and DLP values (c, d) for single-acquisition examination in Head, Thorax, AP and CAP GCIs. Only normal BMI patients are
considered for trunk examinations. CTDI,, and DLP values are given for the 16-cm diameter phantom in head examinations, 32-cm for other body parts. The boxes
represent the inter-quartile range (IQR, distance between the 1st and 3rd quartiles), the black lines in between mark the median value. The upper (lower) whiskers
extend to the largest (smallest) value no further than 1.5 X IQR from the boxes. Data falling outside the whiskers range are plotted individually as outliers.

25



Physica Medica 61 (2019) 18-27

B. Habib Geryes, et al.

*3a]d1Je SIY3 Jo SunlIm Jo awl ay3 1e pardope AjeoLyo 194 10N "SUOLBUIWEXS | ) [BJIWOIEUE UO Paseq sTY@ Youald pasodoid 4

- - - - - - - - - - - 0L6 08 1T SNoWdAYUI/d¥D
008 T <

- - - - - - - 000T - - - 0.8 00L ot Jnown1/dvd
- - - - - - - - - - - - - 0€ 0€ T UedsIA|Rd

(o34 L - - - - - 09% 0T - - 00t 00t 8 2100/dv
- - - - - - - - - 059 ST 059 €T — 019 oty 6 uted/dv
- - - - - - - - - - - 088 029 43 uoIsn|220/dv
- - 125 €87 ¥ - - - - 009 ST 002 00? S S9SBISeIDIN/1S9YD
- - - - - 005 €T 0S€ 4 [el0}%4 [0)8 ove 0€? 9 SN0oRIRYUI/1S9YD

0S€ 0T —

- - - - - - - - - - - 00z 08T 14 adod/1sayd

06¢ 6 - - - - - ovy €1 0S¥ ST 0T€ 06¢ 8 3d/3s3Wd
- - - - - - - - - 009 o€ - - ov9 ov9 1€ ewinel] /599N
- - - - - - - - - - - - -- o137 [0)54 w |eluag
- - - - - - - - - - - - - 0SL 0SL wt ewneJ]/Je3
- - - - - - - - - - - 0zst 06L 44 Jnown | /peay
- - - - - -- - - - - - 0S8 14 026 08 34 ewnel /pesH
- - C0€T 8601 6L 0€6 85 0.6 09 000T 59 010t 0S8 144 OowaH/peaH

uonisinboe uounisinboe uonisinboe uonisinboe uonisinboe uonisinboe
-9|8uls voneueq -9|3u1s -9|3u1s voneueq -9|3u1s -9|8uls voneuLeq -9|3u1s
: *NaL : a1 : gL *NaL : gL : *MaL : gL
dia dia dia dia d1a dia d1a
129
[zz] s10Z puejuiy [oz] 9102 epeuEd [£1] sTOZ y4EWURQ [91] vTOZ NN [vT] 0TOZ puelIaZIMS [81] «8T0Z 2ouely Apmas siyL

'syred Apoq 1930 J0J WD g€ ‘SUOTIRUTUIEXD B[[IXRUI/S[qIPUBUI PUE Ied ‘peay ul wojueyd I9J9WEIp WD 9T Y3 J0J UIAIS aIe sanfea dTd pue °[qLD "Apnis SIy} 10J paIopISuod
aIe (UOTIBUTWIEXD YJ9U 3 peay J1oj 1deoxa) sjuaned pajydrom [ewriou 1oy (un.Anur) J1d pue (Aour) A grD jo a[nuadiad [YiG/ a3 Jo sanfea papunoy ‘sTYd [euoneuraiur paysiqnd y3im s)nsal s,Apnis sIy) jo uostreduro)

b o1qeL

26



B. Habib Geryes, et al.

as an important input for the national radiation protection authorities
to future updates of French DRLs after taking into account the study
limitations.
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