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Featured Application: This study’s results provide evidence for dose reductions of up to 60%
in obese patients using a low-dose protocol with iterative reconstruction, whereby the benefits
greatly outweigh the radiogenic risks from computed tomography (CT) procedures.

Abstract: The aim of this study was to evaluate the implications of low radiation dose in abdominal
computed tomography (CT) when combined with noise reduction filters and to see if this approach
can overcome the challenges that arise while scanning obese patients. Anthropomorphic phantoms
layered with and without 3-cm-thick circumferential animal fat packs to simulate different sized
patients were scanned using a 128-slice multidetector CT (MDCT) scanner. Abdominal protocols
(n = 12) were applied using various tube currents (150, 200, 250, and 300 mA) and tube voltages
(100, 120, and 140 kVp). MOSFET dosimeters measured the internal organ dose. All images were
reconstructed with filtered back projection (FBP) and different iterative reconstruction (IR) strengths
(SAFIRE 3, SAFIRE 4, and SAFIRE 5) techniques and objective noise was measured within three
regions of interests (ROIs) at the level of L4–L5. Organ doses varied from 0.34–56.2 mGy; the colon
received the highest doses for both phantom sizes. Compared to the normal-weighted phantom, the
obese phantom was associated with an approximately 20% decrease in effective dose. The 100 kVp
procedure resulted in a 40% lower effective dose (p < 0.05) compared to at 120 kVp and the associated
noise increase was improved by increasing the IR (5) use, which resulted in a 60% noise reduction
compared to when using FBP (p < 0.05). When combined with iterative reconstruction, the low-kVp
approach is feasible for obese patients in order to optimize radiation dose and maintain objective
image quality.

Keywords: obesity; CT radiation dose; iterative reconstruction; image quality; dosimetry

1. Introduction

The prevalence of obese patients undergoing computed tomography (CT) continues
to increase. Bariatric imaging is associated with both technical limitations and potentially
compromised image quality in CT [1–4], as increased radiation output is required to com-
pensate for the additional absorption of the X-ray beams and the reduction of signals
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reaching the CT detector. However, this results in higher patient doses, depending on
patient shape, size, and composition [5]. Given that CT does not carry an image quality
penalty for overexposures, CT personnel should stop erring on the side of lower than
necessary noise levels for obese patients, which comes at the price of higher dose level [6,7].
Indeed, the optimal image quality level for CT examinations with different clinical indica-
tions (i.e., the level at which diagnostic images can reliably be produced using the lowest
dose level) should be tailored for individual patients and also for relevant groups (e.g.,
pediatric or obese patients).

CT scanning techniques must always aim for optimum image quality at the lowest
possible radiation exposure to patients. CT personnel are fundamentally responsible for
controlling exposure parameters influencing radiation dose [8]. Modifying these param-
eters can influence image quality, thus causing higher noise levels, which can affect the
low-contrast detection ability [9]. The challenge is to identify the acceptable image quality
that allows the clinical question to be answered, which has not been done yet for obese
patients undergoing abdominal CT [9,10]. The patients’ effective dose for abdominal CT
might exceed 100 mSv, which would increase the cancer risk to 1 cancer case per 200 ab-
dominal CT procedures [1]. Therefore, development of a CT dose reduction protocol is
recommended to avoid unnecessary radiation risk.

In this study, abdominal CT protocols were investigated because this area of the body
is typically the most prone to compromised image quality due to patient girth. Therefore,
an anthropomorphic phantom was used to manipulate the scanning parameters. Both the
image quality and radiation doses were measured and the information obtained was used
to help optimize scanning protocols for clinical use.

2. Materials and Methods
2.1. Phantom Preparation

Organ doses and image quality were assessed using male adult anthropomorphic
phantoms (RANDO, Alderson Research Laboratories, Stamford, CT, USA). To define the
patient size classifications (i.e., normal-weighted and obese) for the anthropomorphic
phantom, demographic (age, gender) and anatomical (weight (kg), height (m), body mass
index (BMI)) data were retrospectively collected from medical records of 177 patients after
obtaining institutional ethical approval. On each CT scan, the anterior–posterior (AP)
abdominal diameter was measured using the level of the upper pole of the right kidney
as a landmark. Data analysis showed that obese (BMI ≥ 30 kg m−2), overweight (BMI:
25–29.9 kg m−2), and normal-weighted (BMI: 18.5–24.9 kg m−2) patients’ AP diameters
were 28 cm ± 4.2, 24 cm ± 2.4, and 22 cm ± 2.9, respectively.

Two phantom structures were then built to simulate normal-weighted (i.e., AP diame-
ter = 22 cm) and obese (i.e., AP diameter = 28 cm) phantoms using beef fat. Each fat layer
was vacuum packed. Single circumferential animal (beef) fat packs measuring 3 cm in
thickness forming a subcutaneous fat layer were used to mimic obese patients. The layers
were adherently attached to the abdominal area (Figure 1).

Additionally, the CT attenuation property of the applied fat was checked to ensure it
had similar Hounsfield unit (HU) values to that of human adipose fat. The fat was scanned
several times using different tube potential (kVp) settings of 100 and 120 kVp, with a fixed
tube current (mA) of 150. The HU values (−89 and −88, respectively) were within the
typical human fat attenuation range, as shown by CT images (−195 to −45 HU) [11].

2.2. Scanning Protocol

The phantoms were scanned using a 128-section CT instrument (Siemens Healthineers,
Forchheim, Germany). The CT scanner undergoes frequent quality control testing by a
qualified medical physicist. As per international guidelines, computed tomography dose
index (CTDI) in air was shown to be acceptable [12]. Different tube currents and tube
potentials were used for both phantom conditions (Figure 2).
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Figure 1. RANDO anthropomorphic phantom (a) with and (b) without fat layers and MOSFET
dosimeters in situ. (c) Axial CT image for the phantoms, showing the AP diameter measurements for
normal-weighted (22 cm) and obese (28 cm) phantoms.

Figure 2. Schematic diagram demonstrating the 12 abdominal CT protocols used per each phan-
tom setting.

The manual adjustment of the mA and kVp selections was done according to the
previous survey conducted in 21 clinical centers by Qurashi et al [13]. The resultant
data were then reconstructed using iterative reconstruction (Sinogram affirmed iterative
reconstruction (SAFIRE)) with different strengths (SAFIRE 3, SAFIRE 4, and SAFIRE 5), as
well as standard filtered back projection (FBP). Thus, every protocol involved four image
reconstruction sets. All other parameters were the same (Table 1).

Table 1. Constant scanning parameters for abdominal CT used to scan the phantom.

Parameters Values

Scan range Lung bases to symphysis pubis
Detector Collimation (mm) 128 × 0.6

Slice thickness (mm) 5
Rotation Time (s) 0.5

Pitch 0.6
Kernel Medium smooth

Window Window width: 350, window center: 50

2.3. Dosimetry

Abdominal organ and skin dosing procedures were performed using a metal oxide
semiconductor field effect transistor (MOSFET) system (model TN–RD–60, Thomson-
Nielsen) with high-sensitivity radiology dosimeters (TN–1002RD, Thomson-Nielsen). Cal-
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ibration of the dosimeters was carried out at 120 kVp alongside a Radcal® ionization
chamber (model 9095, Radcal, Monrovia, CA, USA) on a calibration jig on the CT table
(Figure 3). The jig allows convenient positioning at the isocenter of the beam, thereby
allowing a reproducible calibration procedure.

Figure 3. (a) MOSFET calibration with Radcal and (b) MOSFET detector insertion.

In order to compute the calibration factor (mV/cGy), the MOSFET readings (mV)
and the dose delivered (cGy) were used. Tube voltages other than 120 kVp were not used
because MOSFET has been shown to be energy-independent [14].

Twelve detectors were inserted into different organ locations for every scan performed
(Table 2). On the outward most surfaces of the phantoms, two dosimeters were positioned
posteriorly and anteriorly to measure skin doses. To account for the doses absorbed by
female breast tissue, a female breast phantom was placed on the thoracic area and was
stabilized with nylon screws. The organs where doses were measured have the highest
radiosensitivity in the scanned area as per the International Commission on Radiological
Protection (ICRP) publication 103 (2007) [15].

Table 2. The organs and their locations used for MOSFET insertion.

Organs Level of MOSFET Insertion

Red bone marrow (spine) (T12) slice 22
Lungs (T8–T9) slice 17
Breasts (T7–T8) slice 16

Transverse colon (L3–L4) slice 28
Stomach (T12) slice 22
Ovaries (S2–S3)
Spleen (T12) slice 22

Kidneys (L1–L2) slice 23
Liver (T11–T12) slice 22

Bladder (S2–S3)
Gonads (S2–S3)

Skin Umbilicus

Delivered dose metrics, including dose length product (DLP), volume CT dose index
(CTDIvol), and tube current (mA) values, were collected at the end of each scan. Each
protocoled exam was performed three times in order to average the MOSFET dose measure-
ments, as well as the delivered dose metrics. Additionally, the effective dose in milliSievert
(mSv) was calculated by multiplying each individual organ by its ICRP tissue-weighting
factor and adding all organ doses together.

2.4. Objective Analysis of CT Image Quality

Image quality was objectively assessed using a dedicated workstation (Leonardo,
Siemens Healthineers, Forchheim, Germany) by analyzing transverse 5-mm-thick recon-
structed images. Noise values in standard deviations (SDs) were used as objective measures
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of CT image quality. Measurements were performed by drawing a 30 mm2 region of interest
centrally and peripherally at level L3–L4 on three slices consecutively to avoid misreading
of the measurements that could be caused by beam hardening (Figure 4). Signal-to-noise
ratio (SNR) values were determined by dividing HU values in the 30 mm2 diameter region
of interest by SDs.

−SNR = HU/SD (1)

Figure 4. Axial CT image for noise and signal-to-noise ratio (SNR) measurements demonstrating
region of interest (ROI) placement.

2.5. Statistical Analysis

All analyses were performed with the SPSS statistical package (IBM SPSS Statistics
(version 24)). Initial descriptive statistics (means and standard deviations) were generated
for organ doses. Data (i.e., radiation dose and noise variables) distribution normality
was examined using the Kolmogorov–Smirnov test. To compare between protocols in
terms of objective noise, SNR, and radiation dose measurements, Mann–Whitney U and
Kruskal-Wallis tests were used. Statistical tests were conducted at a significance level
of 0.05.

3. Results
3.1. Radiation Dose

The organ dose results show that spleen, kidneys, liver, colon, and stomach received
the highest dose among all protocols, whereas the lowest dose was received by female
breast tissue. The obese condition resulted in an approximate 20% dose reduction in
effective and mean organ dose when compared to the normal-weighted condition, without
reaching a statistically significant difference, except for in the spine, spleen, and stomach
(Tables 3 and 4). Increasing the tube current by 50 intervals resulted in an increase in
organ and effective doses for both phantom conditions, as shown in Tables 3 and 4. A
statistically significant difference was seen when mA was increased from 150 to 250 and
300 for both phantom conditions. Significant reductions in CTDIvol (mGy), DLP(mGy·cm),
and effective dose were seen when the tube potential was reduced from 120 to 100 kVp
(approximately 40%) and an approximately 56% reduction was seen when the 140 kVp
strength was reduced to 100 (p < 0.05). The impacts of using different kVp strengths on
abdominal organ doses are shown in Table 3.

3.2. CT Objective Image Quality Assessment

The objective noise measurements performed on the 96 generated datasets from both
obese and normal-weighted were evaluated. Comparing the noise levels measured across
all protocols, reconstruction options, and kVp selections between the normal-weighted and
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the obese conditions showed that the noise levels for the latter were always significantly
higher (p < 0.05) (Figure 5a,b). As the tube current was increased, a gradual improvement
in noise levels was noticed for both phantom simulations. However, when the tube
current was increased by 100%, a significant reduction in noise was seen. For the matched
tube current and potential selections, comparing FBP with iterative reconstruction values
showed noise reductions of 40%, 50%, and 60% for strengths SAFIRE 3, SAFIRE 4, and
SAFIRE 5, respectively (p < 0.05). For the matched tube current, significant noise increases
were shown when the tube voltage was reduced from 140kVp to 120kVp and 100kVp
(p < 0.05). Similarly, the SNR measured for the 120 kVp protocol was higher (24%) than
for the 100 kVp protocol, without reaching a statistically significant difference when FBP
was used. However, when iterative reconstruction was used, the 100 kVp setting showed
significant improvement in SNR and noise levels compared to the 120 kVp setting (p < 0.05)
(Figures 5 and 6).

Table 3. Mean organ doses expressed in milliGray(mGy) ± standard deviations.

mA 150 200 250 300

Phantom Size Normal-
Weighted Obese Normal-

Weighted Obese Normal-
Weighted Obese Normal-

Weighted Obese

Organ kVp

Mid-lung
100
120
140

0.67 ± 0.22 0.57 ± 0.12 0.67 ± 0.14 0.61 ± 0.13 0.98 ± 0.30 0.95 ± 0.23 0.76 ± 0.15 0.84 ± 0.05

0.81 ± 0.07 0.93 ± 0.07 1.01 ± 0.23 1.23 ± 0.42 1.56 ± 0.05 1.11 ± 0.11 1.48 ± 0.45 1.72 ± 0.04

1.57 ± 0.24 1.37 ± 0.43 1.55 ± 0.13 1.78 ± 0.13 2.05 ± 0.48 2.67 ± 0.33 2.29 ± 0.20 2.62 ± 1.02

Spine
100
120
140

9.70 ± 0.78 6.71 ± 0.57 13.13 ± 1.53 7.90 ± 0.44 16 ± 0.79 9.03 ± 0.92 20.76 ± 0.40 11.43 ± 0.40

17.40 ± 0.17 9.86 ± 0.31 21.70 ± 0.50 14.50 ± 0.43 26.86 ± 0.05 17.10 ± 0.45 31.73 ± 0.40 20.23 ± 0.40

23.76 ± 0.80 14.80 ± 0.87 30.63 ± 0.55 19.66 ± 1.06 37.16 ± 1.47 24.50 ± 0.88 46.20 ± 0.87 29.23 ± 0.85

Stomach
100
120
140

8.87 ± 1.24 8.15 ± 0.66 13.20 ± 1.11 9.88 ± 1.07 16.56 ± 1.04 12.40 ± 1.24 20.20 ± 0.79 14.36 ± 0.35

16.86 ± 0.55 12.60 ± 0.43 20.76 ± 1.27 16.43 ± 1.34 26.63 ± 0.45 20.56 ± 0.73 30.83 ± 1.80 24.43 ± 0.65

21.76 ± 0.15 17.40 ± 0.65 30.43 ± 1.23 23.96 ± 0.85 35.30 ± 0.78 30.50 ± 0.95 45.16 ± 1.60 35.90 ± 1.67

Liver
100
120
140

11.50 ± 1.3 8.99 ± 0.60 14.06 ± 0.49 10.63 ± 0.40 17.56 ± 0.96 15 ± 0.34 21.43 ± 0.40 16.56 ± 0.66

18.23 ± 0.98 13.23 ± 0.49 22.43 ± 0.05 18.53 ± 0.58 27.20 ± 0.60 24.10 ± 1.85 33.76 ± 2 26.33 ± 1.84

24.43 ± 2.43 20.30 ± 0.50 30.76 ± 1.02 27.43 ± 1.38 40.73 ± 0.58 35.36 ± 0.37 47.40 ± 1.63 41.43 ± 3.10

Spleen
100
120
140

13.50 ± 1.67 8.99 ± 0.10 16.83 ± 1.45 13.10 ± 0.88 20.76 ± 1.85 14.50 ± 0.50 24.23 ± 0.77 18.70 ± 1.03

21.13 ± 0.87 15 ± 0.40 26.46 ± 1.16 19.26 ± 0.58 33 ± 3.45 24.40 ± 0.81 37.73 ± 2.31 29.56 ± 0.37

28.53 ± 1.81 21.96 ± 2.10 37.53 ± 3.09 28.26 ± 0.57 43.33 ± 1.91 36.73 ± 1.05 56.20 ± 4.34 41 ± 0.87

Kidney
100
120
140

9.28 ± 0.58 7.83 ± 0.13 13.26 ± 0.97 11 ± 0.26 16.13 ± 0.37 13.10 ± 0.36 19.96 ± 1.41 16.26 ± 0.37

16.26 ± 0.41 13.43 ± 0.20 23.10 ± 1.30 17.46 ± 0.55 25.96 ± 1 22.50 ± 0.60 31.10 ± 0.55 26.16 ± 1.76

23.20 ± 1.03 19.53 ± 1.10 31.90 ± 1.31 26.06 ± 0.85 38.76 ± 2.04 32.53 ± 0.61 46.43 ± 1.55 37.70 ± 1.20

Colon
100
120
140

10.83 ± 0.23 9.37 ± 0.89 14.50 ± 0.34 11.83 ± 0.25 17.96 ± 0.95 14.70 ± 0.55 20.53 ± 1.28 16.76 ± 0.75

19.43 ± 0.56 13.86 ± 0.05 23.23 ± 0.70 19.56 ± 0.92 29.06 ± 1.10 24.46 ± 0.37 35.76 ± 1.55 28.60 ± 1.99

24.63 ± 1.15 21.60 ± 0.62 33.23 ± 0.98 27.56 ± 0.58 41.90 ± 1.55 34.93 ± 1.45 47.83 ± 2.53 42.26 ± 1.02

Ovary
100
120
140

6.17 ± 0.18 4.71 ± 0.42 7.75 ± 0.10 6.47 ± 0.10 10.06 ± 0.76 8.42 ± 0.73 12.23 ± 0.55 9.58 ± 0.40

10.49 ± 0.60 8.25 ± 0.18 12.73 ± 0.75 10.90 ± 0.88 17.93 ± 1.06 13.66 ± 0.95 21.96 ± 1.13 15.13 ± 0.60

15.53 ± 1.30 12.43 ± 0.56 19.66 ± 0.32 15.80 ± 1.32 24.93 ± 0.15 20.23 ± 0.66 29 ± 1.99 23.10 ± 1.31

Heart
100
120
140

6.27 ± 0.30 4.71 ± 0.13 6.51 ± 0.51 6.59 ± 0.30 8.26 ± 0.73 7.97 ± 0.33 10.35 ± 1.16 10.76 ±0.25

10.76 ± 1.19 8.56 ± 0.62 10.51 ± 0.86 10.56 ± 0.49 13.23 ± 0.41 13.66 ± 1.45 15.66 ± 0.65 16.33 ± 1.30

10.83 ± 0.25 13.06 ± 0.80 15.06 ± 0.95 15.80 ± 0.60 19.56 ± 0.64 20.60 ± 1.76 23.16 ± 0.73 25.26 ± 1.50

Female
Breast

100
120
140

0.21 ± 0.11 0.53 ± 0.05 0.59 ± 0.24 0.48 ± 0.24 0.67 ± 0.37 0.71 ± 0.20 0.70 ± 0.26 0.70 ± 0.15

0.37 ± 0.30 0.93 ± 0.16 0.92 ± 0.37 0.68 ± 0.18 0.98 ± 0.22 1.17 ± 0.27 0.95 ± 0.23 1.27 ± 0.20

1.35 ± 0.18 0.76 ± 0.33 1.08 ± 0.07 1.28 ± 0.33 1.59 ± 0.32 1.46 ± 0.36 1.78 ± 0.27 1.72 ± 0.44

Skin
Anterior

100
120
140

8.91 ± 1.51 7.63 ± 1.18 10.53 ± 1.69 10.03 ± 1.33 15.20 ± 1.49 10.96 ± 0.25 17.56 ± 2.82 16.46 ± 0.77

15.36 ± 1.55 12.93 ± 0.75 17.43 ± 2.45 13.93 ± 1.04 23 ± 2.68 17.90 ± 2.55 27.66 ± 1.25 21.70 ± 2.69

18.93 ± 1.70 16.10 ± 2.88 26.73 ± 2.31 22.16 ± 1.68 33 ± 3.37 28.43 ± 4.31 36.10 ± 3.36 30.10 ± 3.98



Appl. Sci. 2021, 11, 2456 7 of 11

Table 3. Cont.

mA 150 200 250 300

Phantom Size Normal-
Weighted Obese Normal-

Weighted Obese Normal-
Weighted Obese Normal-

Weighted Obese

Organ kVp

Skin
Posterior

100
120
140

7.21 ± 0.64 6.39 ± 1.01 10.03 ± 0.05 8.43 ± 0.49 11.80 ± 0.55 9.91 ± 0.79 15.36 ± 1.70 11.86 ± 0.64

12 ± 1.30 10.93 ± 0.15 16.26 ± 1.55 16.50 ± 0.79 18.76 ±1.41 17.16 ± 1.42 23.56 ± 2.54 22.40 ± 1

16.16 ± 1.43 15.86 ± 1.45 20.60 ± 1.44 19.66 ± 1.06 27.20 ± 0.60 25 ± 2.89 34.30 ± 1.60 31.40 ± 3.20

Gonads
(Male)

100
120
140

0.80 ± 0.29 1.37 ± 0.24 1.18 ± 0.06 1.60 ± 0.50 1.32 ± 0.24 1.99 ± 0.11 1.75 ± 0.27 2.34 ± 0.22

1.65 ± 0.14 2.28 ± 0.37 1.99 ± 0.36 3.38 ± 0.57 2.59 ± 0.42 3.97 ± 0.17 2.89 ± 0.20 3.95 ± 1.66

2.20 ± 0.40 3.46 ± 0.44 2.87 ± 0.30 4.51 ± 0.24 3.99 ± 0.47 5.43 ± 0.46 4.82 ± 0.70 6.46 ± 0.34

Table 4. Effective dose in millisievert (mSv), dose length product (DLP) in milliGray-Centimeter (mGy·cm), and volume CT
dose index (CTDIvol) in milliGray (mGy) values for both phantoms (normal-weighted and obese).

Protocol Phantom Size Effective Dose (mSv) DLP (mGy·cm) CTDIvol (mGy)

150 mA, 100 kVp
Normal weight 8.63

218.67 5.91
Obese 6.89

150 mA, 120 kVp
Normal weight 14.90

376.66 10.18
Obese 11.11

150 mA, 140 kVp
Normal weight 19.88

571.28 15.44
Obese 16.39

200 mA, 100 kVp
Normal weight 11.37

291.93 7.89
Obese 9.03

200 mA, 120 kVp
Normal weight 18.47

497.28 13.44
Obese 14.80

200 mA, 140 kVp
Normal weight 26.39

761.83 20.59
Obese 21.43

250 mA, 100 kVp
Normal weight 14.13

363.34 9.82
Obese 10.98

250 mA, 120 kVp
Normal-weighted 23.02

621.97 16.81
Obese 18.55

250 mA, 140 kVp
Normal weight 32.31

949.05 25.65
Obese 27.28

300 mA, 100 kVp
Normal weight 17.09

436.60 11.80
Obese 13.25

300 mA, 120 kVp
Normal weight 27.29

746.66 20.18
Obese 21.76

300 mA, 140 kVp
Normal weight 39.25

1139.60 30.80
Obese 31.94
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Figure 5. (a). Mean noise values ± SDs for both phantoms (normal-weighted and obese) across the
kVp applied selections (b). Mean noise values ± SDs for both phantoms (normal-weighted and
obese) across the applied reconstruction types.

Figure 6. Mean signal to noise ratio (SNR) values for obese phantoms (at 200 mA) across the applied
tube voltages selections and different reconstruction types.

4. Discussion

Our study showed that adding 6 cm of fat tissue to the anthropomorphic phantom
caused up to 20% lower organ and effective doses when the same exposure settings were
applied. Such a finding was expected due to the fat shielding, which attenuates the
photons before reaching the internal organs. Given that no evidence currently attests to
the radiosensitivity of fat, our findings could be positive for obese patients [16]. Therefore,
using DLP values to estimate effective patient doses may not be as accurate as the actual
absorbed doses measured in the organs [17].

Given the introduction of iterative algorithms that facilitate noise reductions for low-
dose scans, the use of scanning techniques delivering relatively higher radiation doses for
obese patients may not be justified any longer. Indeed, the use of this software can permit
the use of low-dose scans that allow for dose reduction while maintaining diagnostic
images for abdominal CT scans. This study showed that the abdominal protocol for the
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obese phantom at 100 kVp and with iterative reconstruction results in a 77.7% increase
in SNR (at SAFIRE5) compared to at 120 kVp and with FBP for the matched tube current
selection. This improvement in SNR is associated with up to 40% lower radiation dose.
Furthermore, it is worth noting the scale of the individual mean values shown in Figure 5,
which would seem to be in the diagnostic range, although no recommendation has been
issued for an acceptable level of image noise for abdominal CT.

The presence of internal fat can be beneficial for obese patients due to the potential
improvement in natural contrast between organs. Hence, relatively higher noise can be
acceptable, which facilitates the use of lower radiation doses. Although there is no widely
accepted threshold for noise in the abdomen, the noise level values measured for obese
patients in this study were all below 15 SD, which would likely be an acceptable level for
most clinical indications. Therefore, radiographers should be careful not to aim for higher
than necessary values for specific clinical indications.

The deterioration in image quality for obese patients with low-dose protocols with
FBP results from poorer image noise caused by increased photon absorption and scatter-
ing [1,18,19]. The use of IR, on the other hand, can cause noise reduction, which could be
an alternative to the use of higher kVp of at least 120 and up to 140 when scanning patients
of larger size to improve image noise at the price of higher dosage, as recommended by
different studies [9,20,21]. However, this approach was used without an IR algorithm,
which allows further dose and noise reductions while maintaining diagnostic acceptability,
which has been proven in abdominal CT scans of obese patients [6]. Furthermore, lower
kVps have the advantage of improving the contrast resolution of image [22].

For all abdominal organs, higher doses were received by the normal-weighted phan-
tom when compared to the obese phantom, without reaching a statistical difference due to
less attenuation of the beam. In a similar study, a significant dose increase was delivered to
the overweight simulated phantom when higher image quality was requested by CT users
by reducing the noise index by about 20% (15–12.5 H) [23]. This finding is in parallel to
the difference in dosage seen in this study when the mA value selections were increased
from 150 to 300 for the obese phantom. DLP and organ doses were increased by almost
two-fold, which was expected. However, noise values were only reduced by 25–30% due to
the inversely proportional relationship to the square root of change of the tube current. For
instance, a 100% increase of the tube current will improve the image noise by approximately
40% [24].

Regardless of the reduced radiation dose, in this study, it was still unknown if such
a difference was clinically detectable or significant, especially when IR was used for
abdominal CT studies for obese patients when compared to FBP, even with low-dose scans.
Our findings showed up to a 40% dose reduction with a comparable noise level for the
obese condition when IR was used for the protocol at 100 kVp compared to the protocols
using 120 kVp and FBP for the matched tube current values. These findings are similar to
both clinical and phantom studies, which have reported image noise reductions with IR
techniques for CT scanning of obese patients [25–27]. Additionally, it has been shown in a
prior study by Ziegler et al. that different iterative reconstruction techniques can achieve
comparable noise levels with up to nine-fold reductions in radiation dose [1,28]. Indeed,
IR application in this study has shown its usefulness in improving image quality with
constant dosage or for dose optimization with constant image quality.

The limitations of this study stem from the subjective evaluation of image quality in
our phantom, which was not possible owing to the absence of abdominal organs (Figure 4).
Another limitation is the use of noise only as an image quality metric, particularly with IR
algorithms and the subsequent noise texture consideration.

Additionally, the experiments were carried out on a CT scanner from a single manufac-
turer. Image quality differences among CT studies due to the use of different manufacturer
protocols is anticipated owing to the variations in delivered dose, image reconstruction,
iterative reconstruction types, and exposure parameter modulation methods [29,30]. Our
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simulation of obese individuals was limited due to difficulties in covering all obesity
classifications.

The animal fat used in our simulation was a useful and accurate surrogate for subcuta-
neous fat and is useful for optimization studies. The advantage of using such fat tissue is its
affordable price and easy manipulation using the layering approach as compared to other
phantom simulation approaches, such as using a fat ring of epoxy resin material, whereby
covering the whole abdomen and pelvis is technically unfeasible due to the curved nature
of the phantom at the lower abdominal level [31].

5. Conclusions

The relatively low tube voltage technique with the use of iterative reconstruction is
viable and beneficial for larger patients undergoing abdominal CT, especially in terms of
radiation dose reduction. This study showed that abdominal CT performed at 100 kVp
results in significant radiation dose reduction. The SNR and noise level were significantly
improved when iterative reconstruction was used. Hence, the advantages of using the
low-dose protocol with iterative reconstruction greatly outweigh the disadvantage of using
high-dose techniques with filtered back projection. Further research should be conducted
to examine the diagnostic value of the low-kVp technique with iterative reconstruction in
assessing obese patients undergoing abdominal CT.
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