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Abstract
This study aimed to estimate renal effective dose during abdominal CT scans
in order to assess the renal risks of cancer and heredity per procedure in Moroccan hospitals. It’s consisted of examining a total of 120 patients referred to
three radiology departments for an abdominal CT scan at the rate of 40 per
hospital. The data that collected for this diagnostic exam included scanner
acquisition parameters, number of series, use of the contrast medium, and
rotation time as well as slice thickness, the displayed CT dose index (CTDIvol)
and the Dose Length Product (DLP). Renal dose, effective dose and biological
risks were estimated using the International Commission on Radiological
Protection (ICRP) conversion factor. The patients included in this study were
an average age of the (46.49 ± 14.16) years and an average weight of (73.34 ±
7.58) kg. For the mean effective dose (E) and average kidney dose (DK) received per patient during an abdominal CT scan, it were respectively of (6.67
± 2.73) and (18.26 ± 7.74) mSv. The distribution of these values according to
the hospital variable shows a difference in mean effective dose of the order of
0.26, 0.38 and 1.45 mSv and a difference in the mean renal dose of the order
of 8.76, 4.94 and 0.48 mSv respectively for H1, H2 and H3. The induction
cancer risk of abdominal and kidney per 105 procedures was respectively of 3
and 10. The kidney cancer risk by procedure is two to three times more likely
than abdominal. For hereditary risk of abdominal and renal exposure per 106
procedures, it is 14 and 21 respectively. The renal stochastic effect by procedure is also two to three times more likely than that of the abdomen. Our
values are relatively higher than those of published in some previous studies.
Cancer risk and heredity estimation highlights the need to limit radiation
dose. This first ever survey confirmed the need to improved training of health
professionals involved in computed tomography on factors affecting image
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quality, doses and protocols optimization.
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1. Introduction
Medical imaging is a valuable and indispensable tool for the detection, diagnosis
and efficient control of many diseases. Every year, approximately 3.6 billion diagnostic radiology procedures are performed worldwide [1]. Exposure to X-rays
during imaging procedures can generate biological effects. Ionizing radiation
can cause cell death by apoptosis or failure of induced reproduction, which can
lead to changes in genes involved in the regulation of cell growth, loss of normal
nuclear structure, DNA degradation and tumorigenesis [2]. These effects include
cancer and hereditary effects, which increase an individual’s lifetime risk of developing cancer or hereditary effects in future generations. Tissue response effects have specific threshold doses inducing radiological risks at relatively high
doses [3]. The International Commission on Radiological Protection (ICRP) has
adjusted the nominal radiological detriment coefficients for cancer and hereditary effects as follows: 5.5 × 10−2 and 0.2 × 10−2 Sv−1 for the whole population [3].
In addition to these effects, radiation exposure is associated with certain diseases
(non-cancer effects), such as respiratory diseases, stroke, heart disease and digestive disorders [3] [4]. Although the radiological risks of non-cancerous diseases at low doses remain uncertain, doses delivered should be kept at minimum
values to ensure patient protection [2] [3].
Chronic kidney disease is a real public health problem worldwide, economically, medically, and socially. It affects about 3% of the Moroccan population [5].
The multi-detector scanner is the reference imaging modality for urothelial tumor assessment thanks to its excellent spatial and temporal resolution [6] [7]. It
allows the analysis of the renal parenchyma at the different phases of its development as well as the secretion of contrast agents in the urinary cavities. As a
result, patient care has been significantly improved by accurate diagnosis of urinary system disorders compared to other imaging modalities. Repeated exposure
of the kidneys during certain CT scans increases the effective dose received by
this organ. However, CT procedures present a radiogenic risk due to the high
doses delivered during image acquisition, which depends on age, gender and
health status [8]. Previous studies have estimated that 1.5% - 2% (29,000 cancer
cases) of cancers diagnosed each year in the United States are associated with CT
scan exposure [4] [9].
In Morocco, the scarcity of studies on exposure to ionizing radiation during
medical examinations of the population [10] [11] and on the establishment of
diagnostic reference levels [12] [13] [14] [15] [16] has led us to explore the exposure of the kidneys during CT examination of the abdomen.
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The objective of this study was to evaluate the effective dose of the CT scan
examination as well as the renal dose in order to estimate the likely biological
effects of such exposure.

2. Materials and Methods
2.1. Data Collection
This is a prospective study that was conducted in three Moroccan hospitals. A
sample of 120 adult patients referred for a CT scan of the abdomen was collected
at a rate of 40 patients per radiology department. For each patient we collected
these demographic data as well as exposure parameters (kV, mAs, Pitch, CTDIvol,
DLP etc.) on the console of a Philips CT scanner with 2 slices for the hospital
H1, a GE CT scanner with 16 slices for the hospital H2 and a Toshiba CT scanner with 64 slices for the hospital H3.
The effective dose and renal dose were estimated according to the recommendations of the International Commission on Radiological Protection [3].
The formulas below were used:

Deff (=
mSv ) 0.0152 × DLP

(1)

with:
-

Deff: The effective dose received per patient for a given CT scan.

-

DLP: Dose length product for a given scan examination.

Dkidney ( mSv ) = 0.0086 × CTDI w × mAs

(2)

with:
- Dkidney: Renaldose received per patient for a given CT scan.
- CTDIw: Computed Tomography Dose Index weighted.
- mAs: Load for a given CT scan.

2.2. Cancer and Hereditary Risks Assessment
The overall cancer risk per procedure was obtained by multiplying the effective
dose per Sievert (Sv) by the coefficient 5.5 × 10−2 Sv−1 according to the ICRP 103
formalist [3].
The risk for hereditary diseases up to the second generation per procedure
was estimated by multiplying the effective dose expressed in Sievert (Sv) by the
coefficient 0.2 × 10−2 Sv−1 according to ICRP 103 [3].

3. Results
Data from 120 patients referred for a CT scan of the abdomen were collected
from 40 patients per radiology department in the three hospitals involved in the
study. Table 1 includes age, weight, exposure parameters (kV, mAs) as well as
dosimetry parameters (CTDIvol, DLP) for the abdominal procedures performed.
The age of the patients included in this study varies between (41.00 ± 11.56)
and (52.15 ± 19.38) with a mean value of (46.49 ± 14.16) years. For their weight,
it varies between (71.44 ± 7.71) and (76.31 ± 6.84) with a mean value of (73.34 ±
DOI: 10.4236/jbm.2021.95009
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Table 1. The mean and range values for Age, Weight, kVp, and mAs and for all the abdominal procedures and per Hospital.
Hospital

Age ± SD(y)

Weight ± SD

kVp ± SD

mAs ± SD

CTDIvol ± SD

DLP ± SD

All Hospitals

46.49 ± 14.16

73.34 ± 7.58

119.81 ± 4.15

154.96 ± 41.83

10.89 ± 4.77

438.73 ± 179.93

H1

52.56 ± 11.75

76.31 ± 6.84

120.00 ± 0.00

212.81 ± 21.98

17.04 ± 3.07

456.82 ± 237.72

H2

41.00 ± 11.56

71.44 ± 7.71

120.00 ± 0.00

120.00 ± 0.00

7.38 ± 2.85

407.76 ± 181.29

H3

52.15 ± 19.38

73.31 ± 7.25

119.23 ± 8.62

150.77 ± 11.15

10.96 ± 2.37

518.29 ± 140.81

7.58) kg. To study the effect of these variations on the dose results, the sample
P-value correlation coefficient was calculated between weights, CTDIvol and
DLPs for all examinations. It is 0.08 and <0.01 for weight vs CTDIvol and weight
vs DLP, respectively.
For the exposure parameters, the voltage applied in the three hospitals is almost the same ≈ 120 kV and the current varies between 120 and 213 with an average value of 155 mAs. For dosimetric parameters, CTDIvol per sequence varies
between 7.38 and 17.04 mGy with a mean value of 10.89 mGy and DLP per examination varies between 407.76 and 518.29 with a mean value of 438.73
mGy.cm.
The effective dose (E) received per patient during an abdominal CT scan varies between (6.29 ± 2.75) and (8.12 ± 1.83) mSv with a mean value of (6.67 ±
2.73) mSv. While the renal dose (DK) varies between (13.32 ± 5.15) and (26.99 ±
6.07) mSv with a mean value of (18.26 ± 7.74) mSv (Table 2). The distribution of
these values according to the hospital variable shows a difference in mean effective dose of the order of 0.26, 0.38 and 1.45 mSv and a difference in mean renal
dose of the order of 8.76, 4.94 and 0.48 mSv for H1, H2 and H3 respectively.
However, the ANOVA test showed a signiﬁcant difference between the three
hospitals in terms of effective dose (F E (mSv) = 20.10; p ≤ 0.01) and not
signiﬁcant in terms of renal dose (F Dk (mSv) = 2.17; p = 0.119).
The effective dose E (mSv) and the renal dose Dk (mSv) received per patient
during the CT scan of the abdomen can cause biological effects. The risk of induction of abdominal and kidney cancer is 3 to 4 and 7 to 13 per 105 procedures,
respectively (Table 3). Kidney cancer per procedure is two to three times more
likely than abdominal cancer. For the hereditary risk of abdominal and renal
exposure, it is 12 to 16 and 27 to 54 per 106 procedures, respectively. The kidney
stochastic effect per procedure is also two to three times more likely than that of
the abdomen. However, the ANOVA test showed a non significant difference
between the three hospitals in terms of carcinogenic risk (F kidney cancer risk =
1.97; p = 0.145; F CT cancer risk = 0.497; p = 0.609) and stochastic risk (F kidney
hereditary risk = 1.382; p = 0.257; F CT hereditary risk = 1.211; p = 0.303).

4. Discussion
The average body weight of patients in the three hospitals included in the study
ranged from (71.44 ± 7.71) kg to (76.31 ± 6.84) kg. This shows that the patients
weighed more than 60 kg considered as average weight for Asian and African
DOI: 10.4236/jbm.2021.95009
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Table 2. The mean, range, median, and for the effective dose E and kidney dose DK (mSv)
for all procedures and per hospital.
E (mSv)

Hospital

D K (mSv)

Mean ± SD

Range

Mean ± SD

Range

All Hospitals

6.67 ± 2.73

3.27 - 12.09

18.26 ± 7.74

4.08 - 35.69

H1

6.40 ± 3.00

4.20 - 12.09

26.99 ± 6.07

21.97 - 35.79

H2

6.29 ± 2.75

3.27 - 11.37

13.32 ± 5.15

8.07 - 23.13

H3

8.12 ± 1.83

4.31 - 9.80

17.78 ± 4.12

6.24 - 23.64

Table 3. Cancer and hereditary risks per abdominal CT procedure and per hospital.
Hospital

Abdominal CT

Kidney

Cancer Risk per 10 Hereditary Risk Cancer Risk per 105 Hereditary Risk
procedures
per 106 procedures
procedures
per 106 procedures
5

All Hospitals

33

13

91

36

H1

32

13

135

54

H2

31

12

67

27

H3

39

16

89

35

countries and 70 kg for developed countries [17]. This may also partly explain
the slightly higher CT dose index (CTDI) values than those obtained by Shirazu

et al. 2017 [18]. Differences in collected patient weights could influence the calculated effective doses due to the correlation found between weights and Dose
Length Product (DLP) values (p < 0.01) and not renal doses (p = 0.08).
For exposure factors, the applied tube tension is almost the same for all three
hospitals. It varies between (119.23 ± 8.62) and (120.00 ± 0.00) kVp with a mean
value of (119.81 ± 4.15) kVp, corresponding to the trends seen in most previous
studies [17] [19]. On the other hand, the current applied per procedure varies
between (120.00 ± 0.00) and (212.81 ± 21.98) mAs with a mean value of (154.96
± 41.83) mAs. These values are comparable to those reported by Sulieman et al.
2020 [19].
Analysis of abdominal image data from the three hospitals showed that the
mean value of the CTDIvol was between (7.38 ± 2.85) and (17.04 ± 3.07) mGy
with a mean value of (10.89 ± 4.77) mGy. The latter is almost twice as high as
that reported by Shirazu et al. 2017 [18]. It is also higher than that recommended
by the ICRP [3]. The mean DLP was (438.73 ± 179.93) mGy.cm with a minimum value recorded as (407.76 ± 181.29) mGy.cm and maximum value recorded as (518.29 ± 140.81) mGy.cm. It was lower than the value found by Shirazu et
al. 2017 (935.5 mGy.cm) and also lower than that recommended by International Commission on Radiological Protection (ICRP) Publication 103 (780
mGy.cm) [3] [18]. In addition, about 7% of the DLPs were above the ICRP recommended doses [3].
The effective dose calculated from the DLP using the conversion factor of
DOI: 10.4236/jbm.2021.95009
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ICRP Publication 103 shows a variation from a minimum of (6.29 ± 2.75) mSv
to a maximum of (8.12 ± 1.83) mSv with an average value of (6.67 ± 2.73) mSv.
Renal dose was also estimated using ICRP Publication 103 as for effective dose.
The calculated mean renal dose was (18.26 ± 7.74) mSv with (26.99 ± 6.07) mSv
and (13.32 ± 5.15) mSv as the maximum and minimum values recorded at H2
and H1 hospital respectively. It should be noted that all renal doses obtained exceeded the ICRP and EC recommended value of 12 mSv [3]. However, the renal
dose can be up to about three times that proposed by the ICRP and the EC [3].
This higher value can be explained by the broad parameters used by the scanning procedure pitch ≈ 1.75 and load = 154 mAs which were greater than
1.00/100 mAs and 0.813/75 mAs used by Salama et al. 2017 and Shirazu et al.
2017, respectively [17] [18]. For the effective dose, all our values are lower than
the value obtained by Shirazu et al. 2017 and that recommended by the ICRP
and the EC [3] [18].

5. Conclusion
The assessment of the effective and renal doses for 120 abdominal CT scan examinations in three different Moroccan hospitals allowed us to characterize the
biological risks of exposure. The results obtained show a wide variation in exposure parameters and exposure doses during abdominal CT scans from one hospital to another. Even so, the average effective dose was generally lower than that
recommended by the International Commission on Radiological Protection.
This may not be sufficient, as some of the individual renal doses exceed the
recommended values by up to 300%, which can lead to a consequent prognosis.
We therefore recommend the establishment of the national diagnostic reference
level for the CT scan examination of the abdomen and also the training of our
clinicians on the radiation protection of the patient.
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