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The size-specific dose estimate (SSDE) is a metric for an estimation of patient
dose in computed tomography (CT). The SSDE strongly depends on the
water-equivalent diameter (Dy). In abdominal CT examinations, a contrast agent
is sometimes used to more clearly visualize tissue lesions. The Hounsfield unit
(HU) of CT images with and without the use of a contrast agent at specific areas
is slightly different and it may affect the Dy value. This study aimed to compare
the Dyy values calculated from axial CT images in patients who had undergone
routine abdominal scans both with and without the use of a contrast agent.
Axial images of 144 patients with a weight range of 3.5 kg to 90 kg who had
undergone routine abdominal scans both with and without the use of a contrast
agent using a Siemens Sensation 64 CT scanner were retrospectively collected.
The Dy values were automatically calculated using the Matlab-based IndoseCT
(version 15a) software. The results show the percentage difference between
Dw contrast N Dy non-contrast 1S Delow 2 %. As a result, the mean SSDE oo iS
1.5 % smaller than SSDE;o,contrast- DUE 10 the effect of a contrast agent on the Dy
and SSDE values is below 2 %, the axial images of CT abdomen without the use
of a contrast agent can be used as the accurate estimation of Dy, and SSDE for
images with the use of a contrast agent.
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INTRODUCTION

Computed tomography (CT) was introduced
in the 1970s and has had a crucial role in the
diagnostic field due to its excellent image quality
[1,2]. Image acquisition in diagnostic CT is very
fast due to the advances in acquisition techniques
such as helical and multi-slice CT (MSCT).
These advantages lead to the growing use of CT in
numerous applications. However, its disadvantage
is that it contributes to the highest radiation
exposure in the medical field [3-5]. Hence, its
implementation must be carefully and prudently
optimized so that its advantages outweigh its
disadvantages.

Estimating accurate patient dose is important.
Accurate estimation of patient dose relies on the

metric known as the size-specific dose estimate
(SSDE) [4-6]. Since SSDE was announced, several
softwares have been developed to measure the
effective dose and organ dosage based on SSDE
[9,10]. Several studies reported that SSDE was used
to represent dose optimization values such as
diagnostic reference level (DRL) and acceptable
guality dose (AQD) [11-14]. SSDE is estimated
from the output dose or the volume CT dose index
(CTDIe) and patient characteristics. In this case,
the patient characteristics include X-ray attenuation
and patient size. The X-ray attenuation is based on
many factors, such as type of material and its density
and energy of X-ray beam. The X-ray attenuation is
a fundamental parameter effecting X-ray absorption
and the dose absorbed by patient. The patient
characteristics are generally represented by the
water-equivalent diameter (D) [15,16] of the
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patient. Its value can be determined from patient
images [7,17,18].
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X-ray attenuation in CT is expressed in
Hounsfield units (HU). Each body tissue has
different HU values; however, the resulting contrast
for distinguishing adjacent tissue may be relatively
small. Thus, a contrast agent is needed to improve
the image contrast of the desired body tissue
[19,20]. In a CT examination, the contrast agent is
iodine-based [21,22]. Common indications for the
use of a contrast agents on CT abdominal scans
include acute appendicitis, cancer staging,
diverticulitis, and pancreatitis [23].

Because the pixel values (HU) within image
change in some tissues before and after agent
contrast injection, the Dy, and the SSDE may
change as a result. Based on our best knowledge,
no previous study investigated the Dy and
SSDE before and after contrast agent injection.
As consequence, the Dy, and SSDE before and after
contrast agent injection are considered the same
without justification from the careful study.
Therefore, this study aimed to calculate the
Dw values based on axial images of CT
examinations with and without the use of a contrast
agent. In addition, we also evaluated the SSDE value
before and after contrast agent injection. The results
of this study will be useful to confidently consider
the Dw and SSDE for CT examinations with a
contrast agent administration.

MATERIALS AND METHODS
Patient images

We calculated the Dyy values of 144 patients
with a weight range from 3.5 kg to 90 kg who
underwent routine abdominal CTs both with the use
of a contrast agent referring to the portal venous
phase and without the use of a contrast agent.
The contrast agent was lopamidol 370 (IOP 370).
The patients were scanned using the Siemens
Sensation 64 CT scanner installed at Dr. Kariadi
Hospital, Semarang, Central Java, Indonesia.
The routine abdominal protocol for pediatric
patients, with and without the use of a contrast
agent, was 120 kVp, 85 mA, 1.4 pitch factor, and
28.8 mm total collimation width. For adult patients
the tube current was increased to 200 mA, with the
same of all other settings. All the exposure
parameters mentioned were obtained from each
patient's DICOM header. In addition, both the
abdominal CT examination protocol in children and
adults applied the tube current modulation (TCM)
technique. The TCM was to manage tube loading to
optimize dose delivery. Once the TCM was used,
the tube loading for each slide would be different
due to different patient equivalent thickness.
Meanwhile, the CTDI,, were obtained from the CT
dose summary as shown in Fig. 1.
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Fig. 1. Captured CT dose summary from Siemens Sensation
64 CT scanner.

Calculation of Dy

The Dy of a patient can be calculated from the
mean HU in the region of interest (ROI). Dy was
calculated using Eq. (1).

D, =2 [Lmﬂé 1)
1000 z

where A is the area of the patient and HU is the mean
HU value within the patient [24]. In this study, we
used axial image data extracted from each patient’s
DICOM files to calculate the Dy, value. The Dy, was
automatically  calculated  using  Matlab-based
IndoseCT version 15a software [18,25]. The IndoseCT
automatically made the contouring as shown in Fig. 2
and calculated the Dyy according to the selected tool.
For the Dy calculation on the IndoseCT, we used the
“3D” tool and selected a slice number of 9 (in Fig. 3),
i.e., 9 slices were selected from the axial CT images to
represent the water-equivalent diameter along the
longitudinal axis. A previous study [6] found that Dy
values calculated using these settings had a mean
percentage difference value less than 1 % compared to
the Dy from all slices [6]. Dw value calculations for
each patient were performed using axial CT images
with and without the use of a contrast agent.

(b)
Fig. 2. The auto-contouring by the IndoseCT. (a) original image
and (b) auto-contouring result.
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Fig. 3. The D, calculation using 3D tool and a slice number of 9 using the IndoseCT.

Calculation of SSDE

SSDE values can be calculated by CTDl,
which can be obtained from a CT scanner dose
summary [18] and the size-conversion factor (f)
using Eq. (2).

SSDE =CTDI, | x f 2
The size-conversion factor of Dy, can be obtained
from the AAPM report 220 [7]. In this study, both
SSDE values (SSDE qast and SSDEon-contrast) WeEre
automatically calculated using the IndoseCT version
15a [18].

Relationship between Dy contrast 8Nd Dw non-contrast

The number of patients for the Dy calculation
using axial CT images with the use of a contrast
agent (Dw contrast) referring to the portal venous phase
and without the use of a contrast agent (Dw non-contrast)
was 144. The Dw contrast @Nd the D non-contrast Values
for abdominal scans were compared. The percentage
difference between Dy contrast @0 Dw non-contrast WaS
calculated using Eq. (3).

D

W ,non-contrast

D - D,
PD — [ W ,contrast W,nomcontrast] X 100 (3)

RESULTS AND DISCUSSION

Figure 4 presents the axial CT images of the
abdomen with and without a contrast agent.
It shows that the axial CT images of the abdomen
with the use of a contrast agent provides better
visualization of the portal vein and solid organs, i.e.,
the liver, spleen, kidney, and pancreas than that
without the use of a contrast agent due to the HU
values increase in these areas [27,28]. The mean HU
value in some areas of the axial CT image of the
abdomen was 22.6 % greater than that without the
use of a contrast agent.

(b)

Fig. 4. (a) The axial CT image of the abdomen without
the use of a contrast agents, and (b) The axial CT image
of the abdomen with the use of a contrast agents
showing the liver; PV, portal vein; IVC, Inferior vena cava;
A, aorta; S, stomach; P, pancreas; K, kidney, and spleen.

Relationship between Dy contrast 8N Dw non-contrast

The relationship between D conrast and
Dw non-contrast 1S ShOwn in Fig. 5a. The correlation is
strong (R®> = 0.974). Based on this finding, the
Dw contrast CaN be accurately calculated from D non-contrast-
Figure 5b shows the box-plot diagrams of Dy contrast
and DW,non—contrast. The mean value of DW,contrast is
1.2 % greater than the mean value of D non-contrast-
This indicates that there is only a small difference of
a contrast agent on the Dy value because the use of a
contrast agent leads to an increase the HU values
only in some organs [19,20,26]. This finding
is consistent with the very recent study [29].
They reported that Dy after contrast agent injection
is only 0.21 cm greater than D,y before contrast
agent injection.
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Fig. 5. (a) Relationship between Dy contrast 80 Dy non-contrast:
and (b) BOX'pIOtS for DW,contrast and DW,non-contra.st.

Relationship between CTDlyg contrast aNd
CTDIvoI,non-contrast

The relationship between CTDlyoconrast @nd
CTDlyolnoncontrast 1S Shown in Fig. 6a. The correlation
is very strong (R* = 0.995). Box-plots in Fig. 6b
show a very small difference (0.1 %) with the
mean value of CTDlyoconrast greater than the mean
value of CTDlyoinonconrast:  This difference is not
significant. This is because the same protocol scan is
used for routine abdominal scans with and without the
use of a contrast agent. For information, the CT
scanner used at our institution applies the TCM
technique. In the TCM technique, the CTDl,, is
affected by the tube loading and it is affected
by the size of the patient. The correlation between
tube loading and CTDI,, has been reported by the
previous study [18].
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Fig. 6. (a) Relationship between CTDI\ ) contrast and
CTDIvoI,non-contrast: and (b) BOX‘P|0'[5 for CTDIvol,contraSt
and CTDIvol,non-contrast.

Relationship between SSDEqnirast and
SSDEnon—contrast

The relationship between SSDEsst and
SSDE on-contrast 1S Shown in Fig. 7a. The correlation is
strong (R? = 0.943). The box-plots (Fig. 7b) show
that the mean value of SSDEgnyast 1S 1.5 % smaller
than the mean value of SSDEn contrast» Which is due
t0 Dw contrast DEING 1.2 % greater than the mean value
Of Dw noncontrast- 1 herefore, the different of SSDE
before and after contrast agent is not significant.
This result is consistent with the very recent study
which reported that SSDE from images with contrast
agent is rougly 1 % lower than those from images
without contrast agent [29]. AAPM reported that if
the difference between the pre- and post-scan values
of Dy and SSDE is below 10 %, the final values
used may be taken from the pre-scan values [7].
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Fig. 7. (a) Relationship between SSDE ¢orast and
SSDE on-contrasts and (b) BOX-p|0tS for SSDE contrast
and SSDEHOH-COH[T&S[.
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CONCLUSION

As expected, Dy contrast 1S greater than Dy pon-
contrast. 1Ne percentage difference between Dy contrast
and Dw non-contrast 1S 1.2 %. As a result, the mean
SSDEconiast 1S 1.5 % smaller than SSDE,on-contrast.
Due to the effect of a contrast agent injection on
the Dy and SSDE values is not significant (below
10 %), the axial images of CT abdomen without the
use of a contrast agent can be used to estiamate the
Dw and SSDE from images with the use of a
contrast agent injection.
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