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Abstract

Background and Objective: Along with all the benefits that CT-scan has, the dose is much higher than other radiology procedures.
The nobility of the present scientific study was to investigate how the introduction of MDCT scanners and patient-size-dependent imaging
protocols have affected patient doses.

Materials and Methods: Demographic data of each patient were recorded as well as data from a CT scan of the abdomen and pelvic of 52
patients were studied. For assessment of patient and effective doses, the information related to the scan in InPACT software was applied. The
results are analyzed and regression was used in order to examine the relation between the results of the scan data in MATLAB environment.

Findings: The research findings showed that the received dose to the most patients is the same as determined by the ICRP103. An average
of the effective dose was less than predicted amount by ICRP103. In addition, to estimate the effective dose of the body, according to the
patient’s BMI, an equation was obtained that the results from this equation are corresponded to the calculated dose by Impact (R2>0.95). In
addition, the method was proposed to predict the parameters of mA effand DLP resulted from the related scan.

Conclusion: According to the results of this study, authors proposed a good alternative to estimate the effective dose according to BMI
instead of ImPACT calculations for scanners and scanning conditions as well as a method to predict the effective dose by using the parameters
of the CT system and BMI without being radiated on the patients.
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Introduction

than related risks [5,6]. Although the CT has a small percentage
of radiological examination, but it has a large contribution on the
exposure to the community. However the last few years, various
techniques and patient based strategies have been developed
to reduce the radiation dose delivered during CT examinations
[7]. Studies have shown that the CT examination in Europe and
Americaareincluded 4% and 11% of total diagnostic examination
respectively, but the total dose the population of this method
were 40% and 67%, which in turn shows this method has the
top share in population exposure [8-10].

The use of ionizing radiation in medical imaging, including
computed tomography (CT) provides valuable diagnostic
information that undoubtedly has been beneficial for patients
[1]. Studies also show that the CT scan increased by 70% between
years 1998 and 2003 [2,3]. The CT Provide high quality images,
especially in low-contrast soft tissue, are another advantage.
Along with all the benefits that the CT scans which have, the
patient dose of this modality is much greater than other methods
[4]. As aresult, medical imaging community must ensure that the
benefits of radiological examination for each patient are higher
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The utilization of CT examinations and the amount of
radiation used to perform specific examinations is of increasing
concern to the medical imaging community, regulatory bodies,
as well as the general public [11,12]. It is therefore important
that the medical imaging community have practical tools to
permit the dose quantities currently provided by commercial
CT scanners (i.e., dose length product DLP) to be converted
into a Concept metric that is meaningful and understandable
[13,14].
[CTDIvol] will be increased by increasing in mA, which is an
indicator that this parameter’s value determines the relative
intensities of radiation that reaches the patient [15]. The dose
length product [DLP]can be used to quantify the total amount
of radiation received by patients during a given scan [11]. The
effective dose is a proper dosimetry parameter for estimating
the ionizing radiation hazards [16]. The DLP is proportional to
effective dose [ED], which is a measure of radiation risk [17,18]
and it is related to the patient risk. Establishment of the related

The volume computed tomographic dose index

diagnostic reference values for a given type of examination,
help to ensure patient doses at CT are met as low as reasonably
achievable [19]. Recent efforts carried out to optimize patient
dose during CT examination by using special imaging techniques
with consideration of patient characteristics [20,21]. Indeed,
the purpose of the present study was to investigate how the
introduction of MDCT scanners and patient-size-dependent
imaging protocols have affected patient doses and propose a
simple method to predict an estimation of the organ and effective
doses by using BMI and mAeff.

Materials and Methods

Standardized phantoms and the derivation of DLP
values

Console-displayed DLP values are estimates based on
standardized dose measurements (weighted CT dose index,
CTDIw) performed by the manufacturer on each scanner
model using polymethyl methacrylate cylinder phantoms of
standardized sizes, usually a 16cm diameter head phantom and
a larger 32cm body or torso phantom. These phantom sizes, are
based on an average-size adult patient. The scanner software
uses these data in association with the technical parameters
and length of coverage prescribed by the technologist for an
individual scan to generate a DLP estimate [22]. Current CT
scans will calculate the dosimetry data of each scan, including
the CT dose index (CTDIVOL with the unit mGy) and crated dose
per unit length [DLP with the unit mGy.cm] for each scan that the
use of these data is a common method to estimate the effective
dose. Referring to the reported dose that will be presented by
commercial scanners by the end of the CT scan process, the DLP,
mAeff and other parameters needed to calculate the dose, can be
received. By entering this information and the scan information
into ImPACT program, the amount of dose can be calculated.

CT scan

Multi-slice scanner is made of Germany’s Siemens [Siemens
somatom sensation 64-slice CT scanner] was used in the study.

The scan conditions which are used in this study for abdominal
and pelvicare included: mAs = 150, kv = 120, pitch = 1 and
collimation = 10mm.

Report weighting factors

ICRP is declared in its103 report in 2007, a new weighting
factor of different tissues [23]. The main change in this Report
compared to Report No. 60, was for gonadal tissue and the
breast. The breast weighting factor is increased from 0.05 to 0.12
and Gonad weighting factor is reduced from 0.12 to 0.08 [24].

Impact software

Doses to organs and effective dose for adult patients that
underwent the abdomen and pelvic examination was calculated
by ImPACT software version 1.0.4. ImPACT CT Patient Dosimetry
Calculator is a computer application in which data sets of Monte
Carlo will be used for dose calculation in the CT examinations
[25]. Although the calculations are usually used for tissues and
effective dose, but the difference in the size of the patient [or
BMI] is not considered.

Effective and organ dose calculation

52 adult patients that performed CT scan of the abdomen
and pelvic area were examined. To calculate the dose of these
people through the ImPACT software, the information about
the exposure conditions such as kVp, mAs, pitch, collimation, as
well as scan output parameters including DLP and mAeff that is
reported at the end of the scan by the scanner, will be notedon
a form. By entering the scanning conditions and output of the
scanner in ImPACT software, effective and organ dose of patients
were calculated. In addition, height and weight of the patients
were measured. A link between effective dose, mAeff and DLP is
reviewed compare to BMI.

Results

To evaluate the scanners’ adaptability across a different
patient’s size, dose-patient size dependency and noise patient
size dependency were linearized. For this work, the CTDIvol and
related DLP were used as a dose index as a scanner-independent
metric. The intrinsic variability of the noise values [mean, min and
max] across different slices in the mentioned scanner involved in
this study were calculated for abdomen-pelvic protocol equal to
[3.87: 2.52; 8.94] respectively. Figure 1 shows the 3D-fit plot of
dose versus patient effective diameter and noise. The vertical and
horizontal axes represent Noise and CTD Ivol respectively, while
the third axis represents the patient effective diameter. The fit
was performed with a 1st degree linear function and the RMSE
values are obtained equal to 0.031. The effective and organ dose
for 52 adult patients that performed abdominal and pelvic CT
scan were calculated and the relation between BMI with scanned
outcome parameters were reviewed. Figure2 shows the organs
dose during of the abdomen and pelvic CT examination which
is computed by ImPACT software. The average effective dose of
patients was calculated equal to 6mSwv.
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Figure 1: 3D-fit plot of dose versus patient effective diameter
and noise
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Figure 2: Dose of various organs of the body in a CT scan of
the abdomen and pelvic computed by ImMPACT
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Figure 3: Changes in effective dose according to BMI.

The relation between calculated effective dose, mAeff and
DLP according to BMI was determined and the results are shown
in Figures 2 to 5 respectively. As shown in Figure 3, the effective
dose increases with increasing BMI that there is a linear relation
with increasing BMI. An empirical equation is obtained for
effective dose according to BMI and it is as follows:

Effective Dose [mSv] = 0.257 BMI - 0.637 [1]

As shown in Figure 4, the mAeff changes according to BMI
that there is a linear relation with increasing BMI. An empirical
equation is obtained for effective dose according to BMI and it is
as follows:

mAeff [mGy.cm] = 4.73 BMI -19.81 [2]
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Figure 4: mAeff changes according to BMI.
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As shown in Figure 5, the DLP changes according to BMI
that there is a linear relation with increasing BMI. An empirical
equation is obtained for effective dose according to BMI and it is
as follows:

DLP [mGy.cm] = 17.17 BMI-56.36 [3]

R - square = 0.962
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Figure 5: DLP changes according to BMI.
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The relation between calculated effective dose, mAeff and
DLP according to BMI was obtained and the result is presented as
an empirical equation 4. The equation was obtained using multi-
regression in SPSS version 2015 environment. The variance
inflation factor [VIF] was calculated and it show that there is
multi-co linearity between effective doses with three other
parameters. For all parameters, the VIF is calculated greater
than 10 and tolerance is obtained less than 0.1. The results
are presented in Table 1 and the results of ridge regression are
presented in Table 2.

Effective dose = 0.136 + [0.097xBMI] + [0.018xMAeff] +
[0.003xDLP]  [4]

Table 1: calculated VIF and Tolerance for different parameters

Variable VIF Tolerance
BMI 29.905 0.033
DLP 38.098 0.026
mAeff 28.483 0.035
Table 2: Results of ridge regression for different parameters
Variable Beta Standardized SE P-value
beta
intercept 0.136 - - -
BMI 0.097 3.275 0.321 <0.001
mAeff 0.018 3.051 0.325 <0.001
DLP 0.003 2.286 0.299 <0.001
Discussion

The organs and effective doses of the abdomen - pelvic
In 2015
Huda is investigated the effective dose for routine head and
abdominal/pelvic CT examinations. Head and abdomen of
patients were modeled as a mass-equivalent cylinder of water.
The corresponding abdominal CT effective doses ranged from
6.3mSv in adults which is close to the result of current study
[26]. Another study is reported the effective dose in abdomen/
pelvic examination which is equal to 5.01+ [2.34 %] mSv by using
MOSFET dosimetry and 5.56 mSv with the DLP method [27].

examination in CT was calculated based on BMI.

Figure 3 shows the appropriate linear relationship between
BMI and effective dose. As Figure 3 shows that increasing in BMI,
increases the effective dose which is correspond with the results
of other studies [28,29]. But should be mentioned that, the BMI
determines the mA which is affected on CT dose index and DLP.
Figure 4 & 5 shows the linear relationship between effective
mA [mAeff] and DLP based on body mass index. The results
show that the patient body mass index is one of the important
criteria in patient dosimetry and it should be considered. So this
study proposes a height - weight model or BMI model which is
using DLP for patient dose assessment. In a similar study, Israel
proposed a model to predict the CT dose index [CTDI] based on
the weight that comply with the R2 = 0.82 [30], while the model
of this study predict effective dose by using DLP with the R2 =
0.95. The results of this study described a model based on height

and weight [BMI] which is more accurate and complete model to
predict the dose. The distribution of body weight per volume or
length determines how the dose is changed. The DLP prediction
models offer, the total dose in a CT scan based on the scan length.
Thomas calculate effective dose in abdomen-pelvic examination
for adults, by calculating DLP and using the related conversion
factor to estimate the effective dose, 5.9mSv was achieved [31].
This study reported a linear relationship between increasing BMI
and DLP with proper compliance and effective dose described,
which is fully consistent with the results of Tartari [32].

Conclusion

The results of this study determine the relation between
BMI and its impact on the body effective dose and define an
equation for estimating body effective dose. According to the
results of this study, Equation 1, might be a good alternative to
estimate the effective dose according to BMI instead of ImPACT
calculations for scanners and scanning conditions as well as the
equation 4, predict the effective dose by using the parameters of
the CT system and BMI without being radiated on the patients.
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