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Abstract. This study aims to develop a simple method for estimating the size-specific effective
dose using the ImPACT software. The size-specific effective dose was calculated from the
images of patients who underwent CT examinations of the thorax and abdomen regions. Volume
computed tomography dose index (CTDI,,)) and mAs data were obtained from the dose report.
The average of mAs and CTDI,,, were used to determine the normalized CTDI,,,, (nCTDI, ).
Patient size was expressed in effective diameter (D_;;), and was measured at nine slices along the
z-axis. The normalized size-specific dose estimate (nSSDE) was then calculated. The normalized
size-specific effective dose was obtained in the “effective dose” text-box by inputting an
arbitrary value in the “CTDI (air)” text-box so that the “CTDI,,” text-box showed a similar value
to the nSSDE. The results show that the normalized size-specific effective dose decreases
exponentially with increasing patient size. The results are consistent with results of Sahbaee
formula to within 20%.

1. Introduction

There are several dosimetric quantities in CT scanning, including volume computed tomography dose
index (CTDI,)[1, 2], dose-length product (DLP) [3, 4], size-specific dose estimate (SSDE) [3, 6], organ
dose [7, 8], and effective dose (E) [9]. Among them, the effective dose is considered as the best quantity
to relate cancer risk to X-ray radiation from CT [10]. It is known that cancer risk is influenced not only
by the magnitude of the average patient dose or organ dose, but is also determined by the sensitivity of
each exposed organ to the radiation [11]. With this effective dose, the magnitude of CT dose can be
compared to other radiological modalities, such as fluoroscopy, mammography, dental radiology, and
conventional radiology [12], and it can also be compared with the natural radiation dose [13].

Up to now, there were several techniques for calculating the effective dose. One way was by using a
software package such as ImPACT [14], CT-Expo [15] or Waza-ari [16], another was by measurement
using an anthropomorphic phantom and a small detector such as photoluminescence dosemeter (PLD)
[17], or by calculation using Monte Carlo simulation [18], or it could be estimated from DLP using a
conversion value of DLP/E or the so-called A-factor [19]. However, all of these approaches are still
limited to a phantom of a standard size, so the results may differ from an actual patient.
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Several investigators have reported that estimates of patient dose, organ dose, and effective dose
using output CT machine only is not sufficient, and that the size of the patient should be taken into
account [20-23]. This study introduced a simple method for estimating the size-specific effective dose
using InPACT.

2. Method

2.1. Overall steps of this study

The overall steps in this study are shown in Figure 1. The size-specific effective dose was calculated
from patients who underwent thoracic and abdominal CT examinations. The effective diameter (Dex)
was determined from the image of the patient. CTDI,, and mAs values were derived from the dose
report. From the average of the mAs and CTDI,, values, the normalized CTDI,y (in units of mGy /100
mAs) and normalized effective dose (nSSDE, taking into account the patient's size) were determined.
Finally, based on this nSSDE value, the normalized size-specific effective dose was calculated using
ImPACT software. The results obtained in this approach were compared with the results calculated by
the Sahbaee formula [21].

| Patients images l Dose report |
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| Average mAs | CTDIw |

| ImPACT ‘
Sahbaee et al Normalized N
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T T effective dose
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size-specific
effective dose Normalized
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Figure 1. Overall steps in this study.

2.2. Patient Images

We calculated the size-specific effective dose from 24 patients who underwent thoracic CT examination
and 27 patients who underwent abdominal CT examinations. The age averages were 57.8 (+ 13.8) and
48.7 (£ 14.1) years for the patients underwent thoracic and abdominal examinations respectively. All
patients were scanned using a MDCT Siemens Somatom 6. Scan parameters were shown in Table 1.
The MDCT was equipped with tube current modulation (TCM) with 70 mAs reference for thoracic
examinations and 95 mAs for abdominal examinations.

Table 1. Scan parameters of CT examinations in this study.

Scanning parameter Values
Tube voltage 130kVp
Rotation time 06s
Pitch 0.8

Slice thickness 2 mm

[
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23. D,y caleulation
In this study, the patient size was characterized by the effective diameter (D) [24]. The D4 of each
patient was calculated from images of the patient at nine slices (locations) along the z-axis [5] as shown
in Figure 2(a). The maximum diameters in the lateral (Dyar) and antero-posterior (Dap) directions were
determined, as shown in Figure 2(b). The value of D.iwas calculated from:

Dy =D p > Dy (D

The average of Deg was then calculated from these nine values of D,

@
gy W g Wy,

/

2.0 mm

0
\

Figure 2. (a) Nine slices along the z-axis for determining Dy for every patient. (b) D for each
slice was determined by the square root of the product of the maximum diameters in the lateral
direction (D 4) and in the antero-posterior direction (D 4p).

24.nCTDI o and nSSDE

CTDI,, and mAs values were taken from the CT scanner dose report. The mAs value is the product of
tube current and rotation time. In the tube current modulation (TCM) technique, the tube current is not
constant throughout the scan process, so that the average mAs should be calculated. The normalized
CTDI,,, (nCTDI,,) was calculated in units of mGy/100 mAs [5]. The quantity used for describing
patient dose is the size-specific dose estimate (SSDE). Normalized SSDE (nSSDE) was calculated by
the equation:

nSSDE =nCTDI,, xaxe " 2)
where @ 15 3.704369 and b is 0.03671937 for thoracic and abdominal examinations [25].

2.5. ImPACT and scan protocol

ImPACT is software developed by Im-PACT group (UK National Health Service CT Evaluation Centre,
London, UK) which can be used to estimate organ doses and effective doses for many scanners with
different examination parameters [12]. In this study, we used ImPACT 1.0.1a (Figure 3). The input of
“scan region” for the thoracic and abdominal examination was “body”, and the “scan range” inputs are
shown in Table 2. Selection of the scan range refers to the protocol and a previous study by Sahbaee
[21]. In addition, the effective dose is greatly influenced by the organ weighting factors. In this study
we used the ICRP 103 data.

All acquisition parameters, such as spiral pitch and collimation, were inserted into the ImPACT
software. The product of tube current and rotation time was set to be 100 mAs. The “CTDI (air)” was
filled by trial and error, resulting in expected nCTDI,,, (equal to the value of the nCTDI,,, as in the dose
report). It should be noted that this effective dose does not take patient size into consideration. The
“CTDI (air)” text-box was filled again by trial and error with a value such that the “CTDI,.” box showed
the nSSDE value. The effective dose value shown was the normalized size-specific effective dose.
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Figure 3. Screen capture of INPACT software for calculating normalized effective dose and
normalized size-specific effective dose. The text box of “CTDI (air)” was filled by trial and error, so
that the “CTDI,,” box indicated the value of nSSDE.

Table 2. Standard head and body CT examinations [19].
Examination Startand Endz  ScanLength  Scan Coverage
coordinates (cm) (cm)

Thorax 43 and 69 26 Start from 1 em above the lung down to |
cm below the lung base
Abdomen 20 and 44 24 Start from 1 cm above the superior liver

down to 1 em below the superior iliac crest

2.6. Sahbaee formula

The result of this calculation was compared with the calculated results using the Sahbaee formula [21].
The formula is a patient-based estimation of effective dose for adult protocols across 13 categories,
including thoracic and abdominal protocols. It was derived using a validated Monte Carlo program on
58 adult cardiac-torso extended computational phantoms. The correlation between the normalized
effective dose (E) and patient size inside the scan coverage is described by an exponential fit:

E(D )=DLPx e\ @ Petars ) )

g, avg
The a values are -0.04 and -0.05 and the f values are -2.52 and -2.49, for thorax and abdomen
respectively [21].

3. Results

3.1. CTDI,; and nCTDI,,,

The patient size was characterized by the average D,y from nine points along the z-axis. The average
D, for the thoracic examinations was 22.4 (£ 2.4) cm; and for the abdominal examinations was 23.5
(£2.0) ecm. The average Dy of our patients was lower by about 30% for thorax and 28% for abdomen
than the size of the standard 32-cm phantom.

The correlations between CTDI,, and Des for thoracic and abdominal examinations are shown in
Figure 4. The value of CTDI, increased linearly with D, because the average tube current increases
with D The average CTDI,,, was 4.5 (= 1.2) mGy for thoracic examinations, and the average CTDI,y
was 5.1 (£ 1.1) mGy for abdominal examinations. The CTDI,,, value was 3.5 mGy for D about 20 ¢cm,
and 7.0 mGy (2-fold increase) for D about 28 cm. R” values were 0.514 and 0.728 for the thoracic and
abdominal examinations respectively.
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After normalization, CTDI,, was independent of D The nCTDI,, was constant at about 12
mGy/100 mAs (11.6 £ 0.2 mGy/100 mAs for thoracic examinations and 11.8 + 0.4 mGy/100 mAs for
abdominal examinations). The correlation between nSSDE and D.y for thoracic and abdominal
examinations are shown in Figure 4. The nSSDE decreases exponentially with increasing D4 The
average nSSDE values were 18.9 mGy/100 mAs (£1.7 mGy/100 mAs) and 18.7 mGy/100 mAs (£1.7
mGy / 100 mAs). The nSSDE was found to overestimate nCTDI,, by about 63% and 59% for thoracic
and abdominal examinations respectively.
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Figure 4. The correlations between CTDI,,, and D,g, nCTDI,, and D g, and nSSDE and D 4 for
thoracie (a-c¢) and abdominal examinations (d-f).

3.2. Effective Dose

The normalized standard effective dose and normalized size-specific effective doses for thoracic and
abdominal are shown in Figure 5. The standard normalized effective dose calculated using ImPACT is
independent of D.g It was constant at about 6 mSv/100 mA (6.3 £ 0.1 mSv/100 mAs and 5.6 = 0.2
mSv/100 mAs, for thoracic and abdominal examinations respectively). However the normalized size-
specific effective dose decreases exponentially with increasing Dy For the largest patients in the
thoracic examinations, the normalized size-specific effective dose was found to be about 56% higher
than for smallest patients; and in the abdominal examinations, the normalized size-specific effective
dose was found to be 39% higher than that for smallest patients. The average of the normalized size-
specific effective doses were 10.4 (£ 1.0) mSv /100 mAs and 8.8 (+ 0.8) mSv/100 mAs for thoracic and
abdominal examinations respectively.

The same pattern was obtained by using the Sahbaee formula [21]. The differences between our
approach and the Sahbace formula were 4.5 + 2.5% for the thoracic examinations and 19.5 &+ 3.4%, for
the abdominal examinations. As comparison, the differences hetween the normalized size-specific
effective dose using the Sahbaee formula and the standard normalized standard effective dose using
ImPACT (which neglects patient size) were 35.7 + 6.4% and 23.7 £ 7.6% for thoracic and abdominal
examinations respectively.
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Figure 5. The normalized standard effective dose and normalized size-specific effective doses for
(a) thoracic examinations and (b) abdominal examinations.

4. Discussion

Effective dose is a descriptor that reflects the cancer risk of CT examinations. Several previous studies
reported that the effective dose can be estimated from the DLP by applying a k-factor [11,19]. The &-
factor values has been expanded to take into account age and gender. However, it is still limited to a
phantom which may differ from the actual size of patient. By ignoring the size of the patient, effective
dose can vary by 100% or more [11]. The k-factor has now been reported for various sizes and for some
specific protocols [21], based on validated Monte Carlo simulations on mathematical model phantoms.
In addition to using the DLP and k-factor, the simplest method for calculating the effective dose is to
use a specific calculator such as InPACT. However, InPACT uses a standard phantom representing the
standard patient size. This study has attempted to develop a technique for calculating size-specific
effective dose using ImPACT, without having to change the InPACT software itself.

The results showed that the normalized size-specific effective dose decreases exponentially with
increasing Desr. The adult patients evaluated in this study with Des values from 18.5 cm to 29.5 cm, the
differences between the largest and smallest normalized size-specific effective dose were about 55%
and 40% for thoracic and abdominal examinations respectively. The largest of the normalized size-
specific effective dose compared to the normalized standard effective dose (not taking into account D)
were 90% and 80% for thoracic and abdominal examinations respectively. For pediatric patients with
D, under 15 cm, the differences may be more 100%. Therefore in order to achieve accurate estimates
of effective dose, it is critical to take into account the size of the patient.

The results of this approach were consistent with Sahbaee formula [21]. The differences between
both were quite small, which are about 5% and 20% for thoracic and abdominal examinations. The
discrepancies are possibly due to: First, the values of scan length used in this approach was constant
(i.e., 26 cm and 24 cm for thoracic and abdominal examinations), while Sahbaee formula was obtained
using many mathematical phantoms with varying size and length. Second, the Sahbaee formula was
obtained from GE Light-Speed VCT system and this approach was used to calculate the effective dose
from Siemens Somatom-6 CT system. However, the relatively small differences indicated that the size-
specific effective dose can be accurately estimated by this approach using the ImPACT software. One
advantage of using this software rather than using k-factor and DLP, is that the size-specific effective
dose can be estimated for different protocols and scan ranges.

5. Conclusions

The normalized size-specific effective dose has been calculated using IMPACT software, by replacing
nCTDI,,; with nSSDE. The results show that the normalized size-specific effective dose decreases
exponentially with increasing patient size. The results of normalized size-specific effective dose were
consistent to within 20% with a Sahbaee formula.
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