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This is anOpe
Abstract – An increase in the frequency of CT scan usage has been observed in most countries worldwide
in recent years. This growing use raises concerns about the potential long-term risk of radiation-induced
cancer. In this context, and in line with ICRP recommendations, the objective of this study is to evaluate the
cumulative effective dose in hospitalized patients who underwent multiple CT scans over the course of one
year.
We conducted a retrospective study based on the analysis of data from the medical records of 60 hospitalized
patients who underwent multiple CT scans over a one-year period in a Moroccan radiology center.
Regarding the distribution of the annual cumulative effective dose per patient in our sample, the average
value was approximately 40 mSv, while the 75th percentile reached 50.7 mSv. Patients who received a dose
exceeding 100 mSv per year accounted for 1.6% of our total sample, while 26.6% of patients received a
cumulative effective dose between 50 mSv and 100 mSv.
The analysis of our results underscores the importance of strengthening the principles of justification for
radiological examinations and dose optimization to enhance patient safety and ensure a more responsible use
of ionizing radiation in medical settings.
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1 Introduction

Generally, on a global scale, the main source of the
population’s exposure to artificial ionizing radiation comes
from medical procedures, primarily for diagnostic purposes.
Among these procedures, CT scans hold a predominant
position (IRSN, 2020a; Dreuil and Etard, 2017; Karim et al.,
2016). Their increasingly frequent use raises the question of
the potential long-term risk of radiation-induced cancer,
especially since the dose delivered during CT examinations is
significantly higher than that received in conventional
radiology, while their frequency of use continues to rise
(Alashban et al., 2023; Bourguignon, 2021, Smith-Bindman
et al., 2019).

Although opinions on the long-term effects of low
radiation doses remain controversial, the risk cannot be
excluded and increases with the dose received due to the
cumulative effect of radiation, which, once absorbed, is never
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neutralized. The risk is therefore heightened by repeated
exposures. At a certain level of cumulative energy deposited by
radiation, this energy can damage DNA and may potentially
contribute to the development of pathology, although other
factors may also play a role in cancer development (Dubousset
et al., 2016).

Several studies show an increased risk of cancer depending
on the dose delivered during CT scan examinations (Shubayr
et al., 2023). Additionally, the BEIR VII report (Biological
Effects of Ionizing Radiation) estimates that approximately
one in 200 people would develop a fatal cancer after an
exposure of 100 mSv (Venneri et al., 2009). Other studies have
estimated that 1.5% to 2% of cancers diagnosed annually in the
United States are associated with CT scan exposure (Brenner
et al., 2007; Berrington et al., 2009). In this context, and for
radiological protection purposes, it is scientifically plausible to
assume that the incidence of carcinogenic or hereditary effects
increases proportionally with the equivalent dose received by
the affected organs and tissues (ICRP, 2007).

Stochastic effects include radiation-induced cancers and
hereditary effects, and they are predominant at low doses. It is
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widely accepted that there is no threshold dose for their
occurrence. Their probability of occurrence increases with the
dose according to a dose-response relationship, which can be
complex (Laurier et al., 2017). Their severity is independent of
the exposure level but depends on the type of pathology and its
stage of development at the time of diagnosis.

The goal of patient radioprotection in medical imaging is to
prevent harmful effects attributable to ionizing radiation. To
assess these effects, the concept of effective dose (E) was
introduced by the ICRP in Publication 60 (ICRP, 1991). This
concept reflects the potential biological effect induced by
ionizing radiation exposure on the organs and tissues of the
entire body. The effective dose (E) represents the impact of the
absorbed dose in terms of risk to the entire body. It is
particularly useful when summing the risks from different
exposures received successively by the same individual. The
calculation of the cumulative effective dose for our sample was
based on the recommendations of ICRP 103 (ICRP, 2007).

At Morocco, in the absence of legally regulated national
diagnostic reference levels (DRLs), studies are being
conducted to assess professional practices in computed
tomography by recording the radiation doses delivered to
adult patients. The objective is to establish local diagnosti-
creference levels and compare them with internationally
published DRLs (Benamar et al., 2023; El Mansouri et al.,
2022). However, to our knowledge, no Moroccan study has
addressed the issue that may arise from the repetition of CT
scans over a short period, particularly among hospitalized
patients.

However, it is estimated that 20% to 77% of CT scan
procedures are unnecessary (Oikarinen et al., 2009). In daily
practice, hospitalized patients often undergo more than one CT
scan for various reasons: cancer staging, monitoring disease
progression, confirming interpretations, evaluating chemo-
therapy responses, guiding biopsies, or visualizing volume
changes. Moreover, X-ray CT scan is the most irradiating
medical examination, with ionizing radiation doses approxi-
mately 10 times higher than conventional X-rays.

The repetition of CT scans in hospitalized patients leads to
a significant accumulation of doses over a short period. This
accumulation can have adverse effects, highlighting the need
to assess the impact of cumulative doses in a hospital setting. In
this context, and in line with ICRP recommendations, the
objective of this work is to assess the cumulative effective dose
in hospitalized patients who have undergone multiple CTscans
over the course of one year. Furthermore, this study aims to
assess the need to optimize CT scan protocols and establish a
structured approach to improving practices. This involves
paying particular attention to radiation protection principles,
namely the justification and optimization of the dose delivered
to the patient. It also seeks to raise awareness among
prescribers, radiologists, and technologists about the adminis-
tered and cumulative doses resulting from successive
examinations.

2 Materials and methods

We conducted a retrospective study based on the analysis
of data from the medical records of hospitalized patients who
underwent one or more CT scans over a one-year period, from
June 12, 2022, to June 11, 2023, in a Moroccan radiology
center that receives a large number of both outpatient and
hospitalized patients.

2.1 Materials

All examinations were performed using a REVOLUTION
EVO scanner fromGeneral Electric, equipped with 64 detector
rows and 128 slices, featuring Highlight Carety detector
technology. The tube had a Performix 40 Plus power type with
a dual Focalspot function and a rotation speed of 0.35 s. The
collimation was set to 1.25� 16, and the acquisition mode was
helical. The scans were conducted according to predefined
standard protocols, with the only adjustable parameter being
the acquisition length tailored to the patient’s size. The voltage
was set to 120 kV for chest, abdominal, and chest-abdomen-
pelvis examinations, except for brain exams where the voltage
was set to 140 kV. The load was automatically modulated by an
integrated software, ASIR V.

2.2 Sample

Our sample consisted of 60 hospitalized patients who
underwent multiple CT scans using identical or different
protocols among the most commonly applied. Patients were
selected based on the following inclusion and exclusion
criteria:

2.2.1 Inclusion criteria

Hospitalized patients who underwent multiple CT scans
within a time interval of one year or less, between June 12,
2022, and June 11, 2023.

2.2.2 Exclusion criteria

Hospitalized patients who underwent only one CT scan;
Hospitalized patients who underwent multiple CT scans

with a time interval greater than one year;
Hospitalized patients with incomplete medical records.

2.3 Data collection and analysis

Data were collected using an observation grid, recording
the examination dates as well as variables such as the age and
gender of patients from their medical records. Information on
dosimetric indicators, specifically CTDIvol (Computed To-
mography Dose Index volume) and DLP (Dose-Length
Product), was manually retrieved from the dosimetric reports
generated post-acquisition and stored on the PACS (Picture
Archiving and Communication System). For each acquisition
and the entire examination, the CTDIvol and DLP values were
documented.

The effective dose E, expressed in millisieverts (mSv), was
estimated by multiplying the DLP (in mGy · cm) by the
conversion factors Epdl defined in the International Commis-
sion on Radiological Protection’s (ICRP) Publication 103
(2007).

The calculation of the cumulative effective dose for our
sample was performed using the following formula:



Table 2. Distribution of the values of the volumetric CT dose index (CTDIvol) (mGy) per acquisition for each CT scan type.

CT protocols CTDIvol (mGy) per acquisition

Mean (SD*) Min-Max 25th percentile 75th percentile

Head 52.13 (9.12) 23.62-–58.47 53.54 56.7

Chest 9.54 (2.67) 5.64-–13.31 8.27 11.82
Abdomen 11.98 (3.78) 4.86-–17.11 8.75 16.1
CAP 10.62 (2.81) 4.79-–17.11 8.5 12.32

*SD: Standard deviation

Table 1. Characteristics of CT scans.

CT protocols Number of Patient Number of examen Number of acquisitions

Head 22 43 73

Chest 7 8 18
Abdomen 27 56 108
CAP* 33 52 105
Total 159 304

* CAP: chest-abdomen-pelvis.

Table 3. Distribution of the values of the dose length product (DLP) (mGy.cm) per acquisition for each CT scan type.

CT protocols DLP (mGy.cm) per acquisition

Mean (SD) Min � Max 25th percentile 75th percentile

Head 1065.8 (275.96) 353.81–1987.66 983.61 1166.76

Chest 366.96 (112.93) 188.87–509.44 304 450
Abdomen 603.54 (265.2) 103.76–1055.37 371.43 866.69
CAP 720.65 (280.58) 188–1296 521.2 919.8
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E ¼ Epdl � DLPtotal:

Epdl (mSv.mGy.cm): conversion factors corresponding to
the values 0.0021, 0.0148, 1.0154, and 0.015 for different
anatomical regions, namely the brain, chest, abdomen, and
thoraco-abdomino-pelvic regions, respectively (ICRP, 2007).

DLPtotal (mGy.cm): the sum of the DLP values for the
examinations successively performed on the patient over the
course of a year

The data are collected from the PACS (Picture Archiving
and Communication System) and statistically analyzed using
SPSS software, employing the Kolmogorov-Smirnov test.

The right to anonymity, the confidentiality of information,
and its fair and equitable processing were all taken into account
in accordance with ethical principles.

3 Results

Our study included sixty hospitalized adult patients of both
sexes, comprising 35 men (58.33%) and 25 women (41.67%).
The average age of the sample was 47 years, with an age range
from 20 to 82 years. During the one-year period, patients
underwent more than one examination, whether of the same
type or different types (Tab. 1).

The analysis of the distribution of the collected dosimetric
data is presented by type of examination in terms of averages,
standard deviations, and the 25th and 75th percentiles, as well
as minimum and maximum values (Tabs. 2–5).

In Tables 2 and 3, the average, minimum, and maximum
values of the CTDIvol (Computed Tomography Dose Index
volume) per acquisition for cranial, thoracic, abdominal, and
thoraco-abdomino-pelvic examinations were respectively
52.13 mGy (23.62–58.47), 9.54 mGy (5.64–13.31),
11.98 mGy (4.86–17.11), and 10.62 mGy (4.79–17.11).
Similarly, in Table 3, the average, minimum, and maximum
values of the DLP (Dose-Length Product) for these same
examinations were respectively 1065.8 mGy · cm (353.81–
1987.66), 366.96 mGy · cm (188.87–509.44), 603.54 mGy · cm
(103.76–1055.37), and 720.65 mGy · cm (188–1296).

Tables 4 and 5 present the distribution of total CTDIvol
and DLP values per patient over one year, categorized by type
of examination. The average, minimum, and maximum
CTDIvol values were respectively 166.66 mGy (54.75–
453.03), 24.53 mGy (13.31–35.09), 47.93 mGy (7.26–
144.47), and 33.79 mGy (9.16–68.29) for cranial, thoracic,



Table 4. Distribution of the values of the Volumetric CT dose index (CTDI vol) (mGy) per patient over one year for each CT scan type.

CT protocols CTDIvol (mGy)

Mean (SD) Min � Max 25th percentile 75th percentile

Head 166.66 (120.47) 54.75-–453.03 94.46 205.12

Chest 24.53 (8.46) 13.31-–35.09 18.28 30.7
Abdomen 47.93 (32.97) 7.26-–144.47 31.28 61.78
CAP 33.79 (12.8) 9.16-–68.29 27.5 40.21

Table 5. Distribution of the values of the dose length product (DLP) (mGy.cm) per patient over one year for each CT scan type.

CT protocols DLP (mGy.cm)

Mean (SD) Min � Max 25th percentile 75th percentile

Head 3381.02 (2335.86) 1087.95–9227.77 1988.05 3835.96

Chest 943.61 (286) 509.44–1214.57 762.12 1180.71
Abdomen 2414.14 (19.6.22) 182.1–8251.7 1198.14 2950.2
CAP 2292.98 (920.41) 680.05–4584.13 1821.72 2646.89

Fig. 1. Distribution of the cumulative annual effective dose per patient.
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abdominal, and thoraco-abdomino-pelvic examinations.
Regarding the total DLP, the average, minimum, and
maximum values were respectively 3381.02 mGy · cm
(1087.95–9227.77), 943.61 mGy · cm (509.44–1214.57),
2414.14 mGy · cm (182.1–8251.7), and 2292.98 mGy · cm
(680.05–4584.13) for the aforementioned examination types.

Figure 1 illustrates the distribution of the cumulative
annual effective dose per patient in our sample. The average
value was approximately 40 mSv, while the 75th percentile
was 50.7 mSv. Patients who received a dose exceeding
100 mSv per year represented 1.6% of our total sample,
whereas 26.6% of patients had a cumulative effective dose
between 50 mSv and 100 mSv.

4 Discussion

The average age of the patients in our sample was 47 years,
with extremes ranging from 20 to 82 years. One-third of the
patients were under 40 years old, and 50%were under 50 years
old, highlighting a significant proportion of young individuals
in our sample. This observation emphasizes the importance of
protection against the stochastic effects of ionizing radiation
for this patient category. Indeed, the International Commission
on Radiological Protection (ICRP) confirms that the younger a
person is exposed, the higher the risk of radiation-induced
cancer (ICRP 2007). Therefore, the principles of justification
and dose optimization for each patient, regardless of age or
medical history, must remain a priority for all professionals
involved in CT scanning.

The 60 patients in our sample underwent 159 examina-
tions, with an average of 2.65 scans per patient and a maximum
of 5 scans. Abdominal, thoraco-abdomino-pelvic (TAP), and
cranial scans were the most frequent, accounting for 35%,
32.7%, and 27% of the total examinations, respectively.

The 75th percentile values of CTDIvol (mGy) per
acquisition in our sample were 56.7, 11.82, 16.1, and 12.32
for cranial, thoracic, abdominal, and TAP protocols,
respectively. Similarly, the 75th percentile values of DLP
(mGy · cm) were 1166.76, 450, 866.69, and 919.8 for the same
protocols. The comparison of these values with published data
from other local studies (Tab. 6) revealed that our results were
slightly higher for abdominal and chest-abdomen-pelvis
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examinations. However, the comparison of these values with
published data from other countries revealed that our results
were higher than the diagnostic reference levels (DRLs) in
France (IRSN 2023), Germany (Schegerer et al., 2019), and
Australia (Lee et al., 2020) but lower than those adopted in
other countries. These significant discrepancies suggest that
the principle of dose optimization for patients is not yet well
implemented. Indeed, these increases can be attributed to the
use of high voltage. Studies on voltage reduction have
demonstrated a significant decrease in the delivered dose
without compromising the diagnostic quality of images.
Furthermore, the high values observed in this study may be
explained by the use of higher mAs for each CT examination,
as well as by long acquisition lengths. Additionally, the dose
can vary significantly when collimation decreases, which
could also contribute to the increase in local values.

The repetition of CT scans with an increased number of
acquisitions over one year leads to very high DLP values, as
shown in Table 4. These results corroborate those of another
Moroccan study conducted on cancer patients undergoing
multiple CT/TAP scans for cancer staging, with cumulative
total DLP values reaching up to 3500 mGy · cm as a maximum
and 2012.8 mGy · cm as an average (Bougana et al., 2018).

Analysis of our study results showed that patients received
significant cumulative effective doses over one year, with an
average value of 40 mSv, a 75th percentile of 50.7 mSv, and a
maximum value of 127 mSv. 1.6% of the patients received a
dose exceeding 100 mSv per year, a small but significant
percentage, while 26.6% accumulated an effective dose
between 50 mSv and 100 mSv. Thus, the repetition of CT
scans could push the cumulative dose beyond 100 mSv, a
threshold considered the upper limit of low doses. Beyond this
value, probabilistic effects may be masked by deterministic
effects, with an increased probability of deterministic effects
and a significant risk of cancer. The ICRP considers 100 mSv
as the maximum value for a reference level. Exposures
exceeding this reference should only be justified in exceptional
or unavoidable circumstances (ICRP 2007).

Studies indicate that patients receiving doses above
100 mSv from CT scans are not uncommon. A review by
“Euro Safe” of the European Society of Radiology reported
that cumulative effective doses from repeated CT scans could
exceed 100 mSv in a small number of patients (approximately
0.5%), most of whom are cancer patients (Frija et al., 2021).
Moreover, a large retrospective study conducted across
279 hospitals from January 2015 to December 2019, examining
doses received in a single day, showed that 9.4% of patients
underwent more than one CT scan, 0.03% received a dose
exceeding100mSv, and0.8%receivedadose exceeding50mSv
in a single day (Rehani et al., 2021, Bourguignon, 2021).

Most studies assessing the effects of ionizing radiation on
patients are based on survivors of Hiroshima and Nagasaki to
estimate the cancer risk from low-dose exposure. Analysis of this
cohort revealed an excess of leukemia from five years after
exposureandanexcessofsolidcancersafter tenyears (Little,2009).

In our sample, 1.6% of the patients received doses above
100 mSv, and 26.6% received doses between 50 and 100 mSv,
indicating an increased cancer risk. Epidemiological data
suggest that the threshold for excess cancer incidence lies
between 10 and 50 mSv for acute exposure and around 50–
100 mSv for prolonged exposure (Yasser et al., 2020; Abbott
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et al., 2015; Tubiana et al., 2006). Below 50 mSv, there is no
convincing epidemiological evidence of cancer risk.

The results of our study showed that high cumulative
effective doses were due to the repetition of scans with multiple
acquisitions, where doses were not sufficiently optimized.

It is thus necessary to raise awareness among physicians
prescribing CT scans about patient radioprotection and the
potential effects of ionizing radiation. Several studies indicate
that the understanding of doses delivered during CT scans is
often inadequate, and the risks associated with low doses of
X-rays are largely underestimated (Benamar et al., 2023).
A significant proportion of prescribers fail to consider the
benefit-risk ratio when prescribing a CT scan (Amaoui et al.,
2023, Najjar et al., 2022, Badiane et al., 2019, Ricketts et al.,
2013). Broader dissemination of radioprotection training,
particularly during the training of medical interns and
residents, could be a solution to improve practitioners’
knowledge of patient radioprotection.

Furthermore, it would be relevant to revise CT scan
protocols by reducing kV values and adjusting the scan length
to the anatomy of the region to be examined, as well as
monitoring and controlling the received doses to limit the
cumulative impact of radiation. In general, it is essential to
promote solutions based on a combination of technological,
regulatory, and educational approaches.

The present study has certain limitations that may affect the
validity of its conclusions, particularly the sample size and the
fact that it focuses on a single center. However, the results of
this study are noteworthy and draw attention to a subject that
deserves further interest.

5 Conclusion

The analysis of our results highlights the importance of
strengthening the principle of justification for radiological
examinations by ensuring that each examination is truly
necessary and unavoidable for the patient.

Moreover, dose optimization remains a crucial issue in the
patient radioprotection strategy to avoid or minimize the risks
associated with the harmful effects of ionizing radiation. This
strategy is based on several key measures, including:

Raising awareness among all stakeholders involved in
patient care.

Digitizing medical records to make dosimetric information
more accessible and facilitate exposure monitoring.

Providing ongoing training for radiology professionals,
with periodic certification to ensure safe practices.

Implementing evidence-based practices and regularly
updating diagnostic reference levels.

Promoting scientific research in fields related to the use of
ionizing radiation in medicine, such as medical physics,
radiobiology, signal processing, and artificial intelligence.

These measures aim to enhance patient safety and ensure a
more responsible use of ionizing radiation in medical settings.
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