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Abstract

Computed tomography is an indispensable X-ray imaging modality used to
diagnose numerous pathologies, but it can also involve the delivery of high
ionizing radiation doses harmful to the health of patients. This study aims to
survey the level of radiation doses delivered to child patients during head ex-
ams in CT imaging to set up the Dosimetric Reference Levels (DRLs), a rou-
tine dose optimization tool, based on data acquired at the University Hospital
of Angré (UHA), the University Hospital of Treichville (UHT) and the Poly-
clinic Hospital Farah (Farah) for optimizing procedures in Ivorian hospitals.
Prospectively performed on 334 CT images of 186 child patients, this study
was carried out on CT systems such as Hitachi Scenaria, Sinovision Insitum,
and Philips Incisive used respectively at UHA, UHT and Farah. Children’s
scan data were classified into four age bands: <1.5 years, 1.5 - 5.5 years, 5.5 -
10.5 years, and 10.5 - 16 years. Each yielded dose index (volume CT dose index
as CTDI,, or dose-length product as DLP) value, whatever the hospital, in-
creases with respect to the age of child patients. Based on the 75th percentile
of the whole dose distributions, the DRLs of the CTDI,, is 54.37 mGy what-
ever the age groups and those of the DLP with respect to age bands are 1224.55
mGy-cm, 1414.06 mGy-cm, 1632.24 mGy.cm and 1544.57 mGy-cm, respec-
tively. The averaged values of CTDI,, and DLP smaller than the correspond-
ing DRLs values suggest that practices in our three facilities are optimized.
However, comparing our results with those from different international stud-
ies, we see that the CTDI,, and DLP values obtained in the present work are
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higher. These results suggest additional surveys to ensure our DRLs values and
efforts from radiologists, imaging technicians and medical physicists to
strengthen clinical procedures for the radiation protection of children under-
going CT scans in Cote d’Ivoire.
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Computed Tomography, Childhood Head Imaging, Radiation Protection,
Diagnostic Reference Levels

1. Introduction

Patients, children or adults need to be protected from the harmful effects of ion-
izing radiations, particularly those due to X-ray from computed tomography
(CT), the imaging device which contributes the most to patient irradiation in
medical X-ray imaging [1]. The Diagnostic Reference Levels (DRLs) concept is
internationally recognized as an important tool for optimizing patient doses in
radiology, particularly for child patients exposed to greater risk due to their body
tissues growing so that they are highly sensitive to ionizing radiations [2]. DRLs
are tools for checking unoptimized radiation protection procedures in a country’s
radiology departments. In this context, various studies on DRLs have been led in
Cote d’Ivoire since 2009, mainly in conventional radiology based on technical co-
operation with the International Atomic Energy Agency (IAEA) for controlling
medical exposure and strengthening the radiological protection of patients [3].
The first study on DRLs for adult head CT procedures was performed by Monnehan
et al. [4], followed by a survey on local DRLs for children’s head CT procedures
led by Anouan et al. on a single hospital site [5]. To aim for the improvement of
clinical guidelines on radiation protection in Coéte d’Ivoire, we did the present
work, which is the extension of the previous study performed on radiation dose
from a CT scan of a childhood’s head [5]. So, we surveyed, in the same context,
two supplement hospitals in the district of Abidjan in order to get local DRLs set
as LDRLs for volume CT dose index (CTDI,,) and the Dose Length Product
(DLP). LDRLs are values to keep radiation doses as low as reasonably achievable
in radiodiagnosis and medical imaging departments, where the exceedance of
these values will involve optimization actions such as X-ray imaging devices, in-

cluding CT, quality control, and revision of linked clinical protocols.

2. Materials and Methods

This study was performed prospectively from November 2023 to November 2024,
including three hospitals in the District of Abidjan: the University Hospital of An-
gré (UHA), the Université Hospital of Treichville (UHT) and the Polyclinic Hos-
pital Farah (Farah). A total of 186 child patients aged under 16 underwent head
CT-scan in each of these hospitals for an amount of 334 CT acquisitions. The CT
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systems used in this study are Hitachi Scenaria 64 bars, Sinovision Insitum 64 bars
and Philips Incisive 128 bars respectively for UHA, UHT and Farah. For each CT
scanner, the kilovoltage (kV) used ranged from 80 kV to 120 kV and the screened
charge (mAs) varied from 75 mAs to 400 mAs. For the purpose of reproducibility
and comparability, some details regarding CT imaging parameters that may in-
fluence radiation dose are given in Table 1. After having checked for the calibra-
tion of each system in collaboration with the biomedical engineers from these CT-
systems manufacturing companies or with those from private companies provid-

ing subcontracting for external maintenance, we began our survey.

Table 1. Parameters of CT devices used in this study that may influence radiation dose.

Parameters CT Hitatchi Scenaria (UHA) CT Sinovision Insitum (UHT) CT Philips Incisive (Farah)
Slice thickness 5 mm 5 mm 2 mm
Pitch 0.6 0.5 0.4
Reconstruction Iterative Reconstruction Iterative Reconstruction Iterative Reconstruction
algorithm algorithm algorithm algorithm

Set as the 75th percentile of dosimetric quantities distribution such as CTDI,
or DLP, the DRLs is an arbitrary concept [6]. It involves that 25% of the remaining
highest dose corresponds to unoptimized conditions for obtaining CT images. In
this context, quality control of the CT equipment and revision of the clinical pro-
tocols are required in order to find the reason for this unoptimized situation.
LDRLs are also defined in childhood CT imaging based on age intervals [7] [8].

To identify how the 75th percentile of dose distribution varies with age bands
in pediatric CT imaging, as Wagner ef al. [7], we grouped and analyzed CTDI,,
or DLP data with respect to children’s age classification for the aim of comparison
with other studies internationally published. Child patients in CT imaging are
rare, and it was therefore challenging to get large data in each age interval for this
study. To ensure our sample is representative of our findings from our diagnosis
and medical imaging departments, we used in this study sample sizes able to take
into account dose variation through an age band. The age groups such as: <1.5
years, 1.5 - 5.5 years, 5.5 - 10.5 years, and 10.5 - 16 years were used for stratification
of dose data [7]. To obtain CTDI,, DLP and other CT parameters such as kVp
and mAs, we displayed the values of these parameters on each CT-scanner console
of our three facilities, for the scan acquisition of each patient who underwent this
imaging examen after an explicit prescription from a medical doctor. Each CT-
scan was evaluated separately even if a patient underwent more than one CT-scan
because the CTDI,, is a parameter different from one scan to another and a scan
sequence varies with the current modulation capability which equipped each CT-

scanner of our three imaging facilities [6].

3. Results

A total of 334 CT-scans from 186 child patients with ages varying from 0 up to 16
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and including 61.3% of males and 38.7% of females were analyzed. The main med-
ical indications for which these patients underwent CT examinations are as fol-
lows: cranial trauma without contrast materials, and conscience disorder, hemi-
plegia, feverish hydrocephalus, macrocrania, chronic headaches with contrast ma-
terials. So as Wagner et al, we pooled CT scans with and without contrast materials
because the number of CT acquisitions without contrast materials was very low for
a good determination of the 75th percentile for the distribution of dosimetric index
such as CTDI,, or DLP varying with age bands [7]. As expected, CTDI,, and DLP
values increase with age. The numeric values of DRLs for children with age < 1.5
years are 9.3 mGy, 54.37 mGy and 19.69 mGy respectively for diagnosis and medical
imaging departments of UHA, UHT and Farah. The same trend is observed for the
corresponding DLP values for these three medical centers. Considering children
with age > 10.5 years, the DRLs as DLP are 736.8 mGy-cm, 1768.3 mGy-cm and
1488.6 mGy-cm respectively for UHA, UHT and Farah. This is also the same trend
for the corresponding values of DRLs, regardless of the age band. All these data

are summarized in Table 2.

Table 2. Statistics of child patient data with the corresponding DRLs.

Age [years] Dose quantity Min Mean + SD Median Max 75th percentile
CTDLva (mGy) 9.3 18.4+ 6.0 22.0 24.8 22.5
<1.5
DLP (mGy-cm) 155.2 376.0 £ 146.0 409.3 589.3 452.5
CTDILvo (mGy) 17.4 23.7+53 23.1 38.4 27.7
1.5-55
DLP (mGy-cm) 373.3 588.3 + 160.4 466.8 833.7 690.6
UHA
CTDILvo (mGy) 18.3 26.4+3.6 25.9 34.3 28.0
5.5-10.5
DLP (mGy-cm) 330.7 591.0 £ 165.7 523.2 895.0 722.4
CTDILva (mGy) 23.4 30.7 £ 4.7 30.7 42.7 33.6
>10.5
DLP (mGy-cm) 444.9 708.7 £ 219.6 667.0 1573.5 736.8
CTDLva (mGy) 54.37 54.37 54.37 54.37 54.37
<1.5
DLP (mGy-cm) 632.95 1367.61 1401.26 1795.46 1496.41
CTDILvo (mGy) 20.91 53.03 54.37 62.41 54.37
1.5-55
DLP (mGy-cm) 611.75 1450.48 1496.41 1849.83 1692.49
UHT
CTDILvo (mGy) 13.94 53.75 54.37 60.41 54.37
5.5-10.5
DLP (mGy-cm) 449.66 1601.66 1632.34 1877.97 1686.71
CTDILva (mGy) 36.25 54.35 54.37 60.41 54.37
>10.5
DLP (mGy-cm) 1097.4 1627.3 1659.5 2115.7 1768.27
CTDLva (mGy) 19.69 32.94 35.17 45.02 37.45
<1.5
DLP (mGy-cm) 667.5 834.07 854.09 1326.34 1039.7
Farah
CTDILvo (mGy) 25.14 38.86 39.39 46.06 45.02
1.5-55
DLP (mGy-cm) 535.77 982.33 1046.18 1256.93 1081.97
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Continued
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Figure 1. Comparison of the values of CTDIyo and DLP as DRLs obtained for UHA, UHT and Farah.
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As shown in Figure 1, the results of DRLs obtained in UHA have low values

compared to those of UHT and Farah which is in the second position as the rela-

tively low values of dosimetric indexes.

We also calculated the DRLs of this study based on the grouping per age bands

of data from the three diagnosis and medical imaging departments as the DRLs

for a type of examination (including the associated indication) and for an age group

is established directly by taking the 75-percentile of a dose distribution [6] [9].

As shown in Table 3, for each age group, the average value of each dosimetric

quantity considered (CTDI,, or DLP) is lower than the corresponding 75th per-

centile, suggesting that clinical practices in our three facilities are optimized [10].

Table 3. Diagnostic reference level resulting from our survey.

Yielded
DRLs of our

Age [years]

<1.5

1.5-55

5.5-10.5

>10.5

Dose quantity
CTDILva (mGy)
DLP (mGy-cm)
CTDILvot (mGy)
DLP (mGy-cm)
CTDLvo (mGy)
DLP (mGy-cm)
CTDIval (mGy)
DLP (mGy-cm)

Mean = SD
352+ 159
869.2 + 466.8
40.0 + 14.3
1041.6 + 445.1
39.7 £ 14.2
1090.1 = 534.6
420=x11.4

1036.4 + 447.5

75th percentile

54.37

1224.55
54.37

1414.06
54.37

1632.24
54.37

1544.57

Moreover, the summarized results in Table 3 were compared to those obtained

from international studies [7] [11]-[14] as shown in the work of Anouan et al [5].

Figure 2(a) and Figure 2(b) highlight this comparison and show trends. We can
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notice that our DRLs (CTDI,, or DLP) values are higher than those of other coun-

tries except Cameroon, for which our values are comparable.

75th percentile of CTDIvol Distribution

60
50 B m Our DRLs
40 ’ ‘ m Switzerland
30 ‘ ‘ m Cameroon
20 | { } W Belgium
10 III ‘ | ’ ‘ ® Morocco
0 J J U 11AEA 2015
<15 1.5< Age<5.5 55<Age<10.5 10.5< Age<16
(a)
75th percentile of DLP distribution
2000
M Our DRLs
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1000 m Cameroon
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 fuant bor bl I
0 Illll I I B IAEA 2015
<15 1.5< Age<5.5 55<Age<10.5 10.5< Age<16
(b)

Figure 2. (a) Distribution of CTDI.. with respect to age bands; (b) Distribution of DLP
with respect to age bands.

4. Discussion

This survey was carried out to investigate the DRLs, such as CTDI, and DLP, of
three imaging facilities using data from child patients. It is in this context of a
study that the first result concerning UHA were published [5]. The strength of
this study is that it is the first to include three large hospitals in Cote d’Ivoire. It is
important to highlight that pediatric CT imaging is a rare medical diagnosis act
where there are not numerous patients, so this can affect the statistics of our data.
As shown in Table 2, UHA has lower radiation dose values, whatever the dose
index, which could be explained by the high performance of the X-ray tube cur-
rent modulation capability for the CT-system of this facility compared to the two
other hospitals. As shown in Table 1, for the purpose of reproducibility and com-
parability, the CT acquisition parameters such as slice thickness, pitch, and recon-
struction algorithms, are almost similar. So, in addition to the absence of harmo-
nized clinical procedures, variations in CT models and manufacturers across the

three hospitals could justify the radiation dose differences obtained from these
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three facilities. At Farah, good clinical protocols have been established, and they
are even noticeable in the displayed data of patients. However, these protocols are
not always efficiently used when CT images are acquired by imaging technicians.

DRLs in the District of Abidjan were set in this study for the children’s head CT
examinations after grouping the data from the three medical imaging facilities per
age band followed by the determination of the 75th percentile of dose distribution
per each age class based on studies from Vano et al [6] and Francis Verdun et al.
[9].

In Table 3, the averaged values of CTDI,, or DLP per age class are systemati-
cally lower than the 75th percentile whatever the facility, suggesting that our pro-
cedures in the three facilities are optimized [10], but as shown in Figure 2(a) and
Figure 2(b), our values are high compared to those of international studies, ex-
cepted those of Cameroon [10]. This situation suggests that efforts should be made
to improve clinical practices in medical X-ray imaging, particularly in childhood
disease diagnosis through CT imaging. This situation suggests extending our
study to other cities in Cote d’Ivoire in order to have a real trend of DRLs in CT
throughout the whole country. Besides, Periodic quality control of CT facilities
and harmonization of clinical protocols through Coéte d’Ivoire should be carried

out.

5. Conclusion

This survey, on levels of the radiation dose used in CT of childhood heads carried
out in Cote d’Ivoire, was relative for the first time in three large medical facilities.
Special attention should be paid to the CT imaging clinical procedures of patients
in this age class for radiation protection as they grow. As our averaged values of
CTDI,, and DLP per age bands are systematically lower than the corresponding
75th percentile, the clinical practices are optimized. However, compared to inter-
national studies, our values are high. These results show the importance of regular
reassessment of DRLs and the limitation of the study performed in a few numbers
of facilities. So, additional studies in other towns and even in the whole country
of Cote d’Ivoire should be carried out to get more robust values for DRLs. Efforts
are necessary from radiologists, imaging technicians and medical physicists to im-
prove the quality control of CT imaging devices and the harmonization of clinical
procedures to ensure the radiation protection of patients undergoing medical X-

ray imaging in Cote d’Ivoire.
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