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Assessment of radiation risks in adult CT brain procedures in
Morocco: A multihospital study in rabat region

Walia Allah Amine, Sebihi Rajaa, Raoui Yasser

University Mohammed V in Rabat, Faculty of Sciences, Departement of Physics, Morocco

The objective of this investigation was to assess the radiation dose of
patients undergoing CT brain examinations across three distinct modalities
of CT scanners (16 slices, 64 slices, and 128 slices), as well as to analyze
the associated biological effects within the context of Moroccan hospitals.
A total of 150 patients participated in CT brain examinations conducted at
three separate hospitals in Morocco. Data were obtained from a total of 50
CT scans performed in each hospital. The data that collected for For each
examination included scanner acquisition parameters, number of series,
use of the contrast medium, and rotation time as well as slice thickness,
the displayed Computed Tomography Dose Index (CTDIvol) and the Dose
Length Product (DLP). The assessment of cancer and hereditary risks was
conducted using conversion factors provided by the International Commission
on Radiological Protection (ICRP). The patients included in this study were an
average age of the 56.33 years + 20.70 years. The average radiation doses
for CT brain scans were determined to be 695.61 mGy-cm + 48.62 mGy-cm
for 16 slice scanners, 890.83 mGy-cm + 56.52 mGy-cm for 64 slice scanners,
and 834.05 mGy-cm * 161.58 mGy-cm for 128-slice scanners. The calculated
patient cancer risks per procedure ranged from 9.10 per 10° CT to 11.75 per
10° CT procedures, with rates of 9.10 per 10° CT, 11 per 10° CT, and 11.75
per 10° CT procedures observed for 16-slice, 64-slice, and 128-slice scanners,
respectively. Meanwhile, patient hereditary risks ranged from 3.31 per million
to 4.27 per million CT procedures, with corresponding rates of 3.31, 4, and
4.27 for 16 slice, 64 slice, and 128 slice scanners, respectively.
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INTRODUCTION

Medical imaging plays a crucial role in the identification,
assessment, and management of various medical conditions.
Approximately 3.6 billion diagnostic radiological procedures
are performed around the world each year. Although the use of
ionizing radiation for medical purposes offers m any b enefits,
it can also increase the risk of cancer later in life. Where more
radiation is used than is necessary to provide a clinical diagnosis,
the patient can incur an increased risk but no additional benefit.
Ideally, medical imaging procedures should be performed only
when well justified and should use the lowest possible amount of
radiation necessary to provide an image quality that is sufficient
for diagnosing disease or injury [1]. In the last decade, the
number of CT machines has increasedand consequently also
the CT examinations during the past few years, the usage of CT
scan has become a national trend in emergency departments [2].
Computed tomography plays an expanding role in diagnosing
acute and chronic diseases as well as life-threatening diseases such
asstroke, head injury, major trauma, heart disease, abdominal pain,
pulmonary embolism, severe chest pain, and renal abnormalities
[3]. Computed tomography risks are small but if these small risks
are produced by million numbers of scans, they may drive into
serious public health concerns in the future [4]. The International
Commission on Radiological Protection (ICRP) has adjusted
the nominal radiological detriment coefficients for cancer and
hereditary effects as follows: 5.5 x 1072 and 0.2 x 1072 Sv™! for
the whole population [5]. Having an awareness of typical dose
levels enables CT practitioners to promptly recognize and
rectify any protocols that do not adhere to the ALARA principle
(As Low As Reasonably Achievable principle), thus improving
radiographic procedures.

The limited research on medical radiation exposure in Morocco,
coupled with the absence of prior studies examining absorbed
doses for different Computed Tomography (CT) scans and
examinations, served as the impetus for undertaking the present

study [6].

The objective of this study is to assess the radiation dose received
by patients undergoing CT examinations across three modalities
of CT scanners (16 slices, 64 slices, and 128 slices), as well as to
analyze the associated biological effects.
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MATERIAL AND METHOD

This prospective study was conducted across three hospitals
in Morocco. Data utilized in this research were obtained from
the radiology departments of these hospitals situated in the

Tab. 1. Summary of characteristic for

the CT systems used in this study Hospital (H) | Hospital Refe-
Num rence
H1-sale-CHP-
H1 MA
H2 H2-sale-HP
H3 H3-rab-chr-MY

Patient data

A total of 150 patients undergoing brain CT imaging procedures
were included in this study, with 99 females and 51 males across
three hospitals in Morocco, comprising 50 patients per hospital.
Patient-specific data including age, gender, purpose of diagnostic
examination, use of contrast media, and patient dose were collect-
ed. Additionally, various exposure-related parameters such as tube
Kilovoltage (kV), tube current (mA), exposure time, slice thick-
ness, table increment, number of slices, and scan start and end
positions were documented. The CT Dose Index (CTDlIvol) and
Dose Length Product (DLP) were also recorded using the con-
sole of CT scanners from different manufacturers: a SIEMENS
16 slice CT scanner at Hospital-1 (H1), a PHILIPS 64 slice CT
scanner at Hospital-2 (H2), and a HITACHI 128 slice CT scan-
ner at Hospital-3 (H3).

Cancer and hereditary risks assessment

The overall cancer risk per procedure was calculated by multiply-
ing the effective dose per Sievert (Sv) by the coefficient of 5.5 x
1072 Sv™! as per the formalism outlined in ICRP Publication 10°
[5].

The risk for hereditary diseases up to the second generation per
procedure was estimated by multiplying the effective dose ex-
pressed in Sievert (Sv) by the coefficient 0.2 x 107> Sv~!, also in
accordance with ICRP Publication 103 [5].

Statistical analysis

Data analysis was conducted utilizing statistical software, spe-
cifically SPSS version 21. The Dose Length Product (DLP)
in mGy-cm and the Computed Tomography Dose Index
(CTDIvol) in mGy were assessed to determine the third
quartile values, serv-ing as reference values for Dose Reference
Levels (DRLs) for each hospital as well as an overall average.

RESULTS

Data concerning 150 patients undergoing CT brain scans were

Rabat-Salé Region. Technical specifications of CT machines are
regrouped in table 1. The CT machines undergo regular quality
control assessments, ensuring that all operational parameters
remain within acceptable limits.

CT Device Number Rot. Phantom AEC system
(Make/Model) of Slices Time (s) (cm) Y
Siemens soma- 16 slices 155 16 em CARE Dose

tom scope 4D

Phll.lps Inge- 64 slices 0.5s 16 cm DoseRight
nuity core
Hitachi scenaria | 128 slices 0.5s 16 cm Intelli IP

collected, with 50 patients from each radiology department across
the three hospitals participating in the study. Table 2 provides de-
tails on patient age, exposure parameters such as tube voltage (kV)
and tube current-time product (mAs), as well as dosimetry param-
eters including Computed Tomography Dose Index (CTDIvol)
and Dose Length Product (DLP) for the CT brain procedures
conducted. The age range of the patients included in the study
varied between 55.28 years + 23.24 years and 57.68 years + 19.25
years, with a mean age of 56.33 years + 20.70 years.

Regarding the exposure parameters used, all three hospitals em-
ployed a consistent voltage of 120 kV for H2 and H3, while H1
utilized a slightly higher voltage of 130 kV. The current settings
ranged from 168 to 345, with an average of 263 mAs being noted.
In terms of dosimetry, the Computed Tomography Dose Index
Volume (CTDlIvol) for each sequence was observed to fluctuate
between 39.78 and 44.46 mGy, averaging at 41.99 mGy. Addi-
tionally, the Dose Length Product (DLP) for each scan showed
a variation from 695.61 to 890.83 mGy.cm, with an average re-
corded at 806.83 mGy.cm.

The Effective dose (E) received per patient during a brain CT

scan varies between (1.65 + 0.14) and (2.13 + 0.13) mSv with a
mean value of (1.93 + 0.32) mSv.

The distribution of these values according to the hospital variable
shows a difference in average effective dose of the order of 0.84
mSy, 0.53 mSv and 1.57 mSv for H1, H2 and H3. respectively
(Table 3).

A significant variance in the effective doses across the three hos-
pitals was identified by the ANOVA test, yielding a statistic FE
mSv=48.87 with a significance level of p < 0.01.

The Effective dose (E) in Millisieverts (mSv) received by patients
during brain CT scans has the potential to cause biological effects.
The probabilities of cancer risk and genetic effects from each pro-
cedure across hospitals are detailed in Table 4. The likelihood of
inducing cancer in patients per CT procedure ranges from 9.10 to
11.75 per 10° CT procedures. Specifically, this risk is quantified as
9.10, 11.75, and 11 per 10° CT procedures for 16-slice, 64-slice,
and 128-slice scanners, respectively. The risk of genetic hereditary
effects spans from 3.31 per million to 4.27 per million CT scans,
with specific risks of 3.31, 4.27, and 4 for 16-slice, 64-slice, and

128-slice scanners.
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Tab. 2. Patient average age and ac- Age * SD (years) kvp * SD mAs * SD CTDIvol * SD (mGy) DLP * SD (mGyxcm)
quisition parameters per hospital Hospital
Mean = SD Max Min Mean = SD Max Min Mean = SD Max Min Mean + SD Max Min Mean = SD Max Min
57.68 £ 168.34 39.78 £ 695.61 +
+
H1 19.25 88 16 130+ 0.00 130 130 946 188 150 2175 44.28 35.3 18.62 780.61 | 564.43
56.04 + 345.36 + 44.46 * 890.83 +
+
H2 19.62 81 15 120 +0.00 120 120 18.66 382 298 2.427 49.3 38.5 56.25 995.5 772
55.28 + 275.76 + 41.71 834.05 +
+
H3 23.24 99 15 120+ 0.00 120 120 12.46 362 199 +6.468 58.5 28.4 161.58 1197.6 539.5
All Hospi- 56.33 ¢ 12333+ 263.15 + 41.99 + 806.83 +
tals 20.70 89.33 | 15.33 0.00 1230.33 | 1230.33 23.53 310.66 | 215.66 360 50.69 | 34.06 38.8 991.23 | 625.31
Tab. 3. Presents the average E (mSv)/Hospital (H) Mean = SD Max Min Range
and the range of effective doses H1 1.65+0.14 1.87 1.02 0.88
E(mSv) for all procedures, detailed
by hospital H2 2.13+0.13 2.38 1.85 0.53
H3 2+0.38 2.87 1.29 1.57
All Hospitals 1.93+0.32 2.87 1.02 1.84
Hospital (H) Cancer Risk per 10° Procedures Hereditary Risk per 10° Procedures

Tab. 4. Presents the Cancer and
hereditary risks for all procedures, H1 9.1 3.31
detailed by hospital

H2 11.75 4.27
H3 11 4
All Hospitals 10.62 3.86

The patient dose, represented in terms of DLP (mGy-cm) and CTDlvol, is summarized in figures Analysis of brain imaging data from the three hospitals revealed that the mean value of CTDIvol
1and 2. ranged between 39.78 mGy + 2.17 mGy and 44.46 mGy + 2.42 mGy, with an overall mean 0f41.99
The DLP at Hospital 2 exceeds that at Hospital 3, which, in turn, surpasses the DLP at Hospital 1. mGy # 3.69 mGy. This mean value is lower than that reported by Benmessaoud et al. in 2021 (58
The proposed DRLs were defined as 75 percentile of spreads for CT Dose Index-Volume (CTDI- mGy), and even lower than the recommended value by the ICRP (73.80 mGy) [5, 7]. The mean

vol) and Dose Length Product (DLP) DLP was recorded as 806.83 mGy-cm + 88.82 mGy-cm, with a minimum value of 539.5 mGy-cm
Figure 3 shows a comparison of the patient’s DRL for CT brain procedures between the three hos- and a maximum value of 1197.6 mGy-cm. This value is lower than the value found by Benmessaoud
pitals. et al. in 2021 (1298 mGy-cm), and also lower than the recommended value by the International

Commission on Radiological Protection (ICRP) Publication 103 (1050 mGy-cm) [5, 7].
DISCUSSION
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Fig. 3. Comparison of the DRL per hospital obtained in this study




Figure 3 indicates significant variation in DRL among different
hospitals, and even within the same hospital. The higher values of
CTDIvol and DLP at Hospital 2 are attributed to the use of high-
er tube current-time (345.36 mAs + 18.66 mAs) on this scanner.

The effective dose calculated from the DLP using the conversion
factor from ICRP Publication 103 exhibits variation, ranging
from a minimum of 1.65 mSv + 0.14 mSv to a maximum of 2.13
mSv + 0.13 mSy, with an average of 1.93 mSv + 0.32 mSv. All
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providers to remain vigilant in adopting protocols that prioritize
patient safety and minimize radiation exposure.

Additionally, the data from our study can serve as Dose Reference
Levels (DRLs) for our hospital until a more comprehensive study
can be conducted in Morocco to establish national reference lev-
els. This highlights the importance of ongoing research and col-
laboration to ensure safe and effective use of medical imaging mo-
dalities in clinical practice.

of our values are lower than those recommended by the ICRP (1 Overall, this study provides valuable insights into radiation risks

mSv? mSv)[5].

CONCLUSION

This prospective multicenter study conducted across three hospi-
tals in Morocco, in the Rabat-Salé region, provided a comprehen-
sive evaluation of radiation risks associated with adult CT brain
procedures. Technical specifications of the CT machines used
were meticulously documented, ensuring adherence to quality
control standards. Analysis of patient data yiclded valuable in-
sights into exposure parameters, dose metrics, and associated risks.
Our ﬁndings indicate signiﬁcant variations in effective dose across
different hospitals and even within the same hospital, underscor-
ing the importance of standardization and optimization of CT
protocols. Despite these variations, the effective doses observed
in our study were generally lower than previously reported values
and recommended dose reference levels, demonstrating a commit-
ment to patient safety and radiation dose optimization.

Moreover, the calculated probabilities of cancer risk and heredi-
tary effects per CT procedure emphasize the importance of un-
derstanding and mitigating potential biological consequences of
radiation exposure. While our study revealed variations in these
risks across different CT scanner types, it is essential for healthcare

associated with CT brain procedures in Morocco, highlighting ar-
eas for improvement in imaging protocols and patient care. Mov-
ing forward, continued research and collaboration will be crucial
to ensure safe and effective utilization of medical imaging modali-
ties in clinical practice.
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