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ABSTRACT

Introduction: Recent studies of Computed Tomography (CT) conducted on patient dose reduction have
recommended using an iterative reconstruction algorithm and mA (mili-Ampere) dose modulation. The
current study aimed to evaluate lterative Dose Reduction Algorithm (IDREAM) as an iterative reconstruction
algorithm.

Material and Methods: Two CT protocols (i.e., A: 120 KV /150 mA, FBP; B: 120KV/ (20-150) mAs,
IDREAM) to scan water and acrylic phantoms. A number of 40 patients were assigned to two CT protocols
(C: n=20, 120KV/160 +10 mAs, FBP and D: n=20, 120 KV/ (30-150 mAs, IDREAM), the two groups (C
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Keywords: and D) were then referred to abdomen and pelvis CT scan (Sinovision, insitum 16) with contrast. Image
Computed Tomography quality parameters, dose calculations were measured for all groups (i.e., A, B, C, and D).

FBP Results: Group B had a highly significant SNR with less significant noise (P<0.05), in comparison with
IDREAM group A. In addition, uniformity was markedly higher for group B (P<0.05) in water phantom and
Image Noise insignificantly different (P>0.05) in acrylic phantom, as compared to group A. CTDIvol (A: 13.94 mGy ; B:
Image Quality 6.91 mGy, P<0.05 )and DLP (A:501.76 mGy.cm ; B :248.88 mGy.cm). Noise and SNR were significantly

Iterative Algorithm SNR

different (P<0.05) in group D against C. CTDIvol (C: 30.3+5.2 mGy ; D : 15.4 £2.7 mGy, P<0.05) ,

DLP

(C:544+100 mGy.cm; D :272.3+50.3 mGy.cm ,P<0.05) and the effective dose (C:8.1+1.5 mSv; D :4.08+0.75

mSv,P<0.05)

Conclusion: The results of the present study were indicative of the feasibility of IDREAMas an iterative

reconstruction algorithm.
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Introduction

Computed tomography (CT) is a major contributor
to radiation dose among all imaging modalities.
International atomic energy agency (IAEA) recommend
that dose reduction techniques be emplemented to lower
the patient radiation dose while preserving diagnostic
quality.

The iterative reconstruction algorithm (IR) in CT is
developed with increasing computer power. Thereby, IR
allows for dose reduction while maintaining the
diagnostic image quality by reconstruction of low-noise
image data from noisy reduced-dose CT acquisitions
[1].

Dose modulation (x,y, and Z) has been used in
different CT wvendors with an iterative reconstruction
algorithm. CT manufacturers are competing for the best
iterative algorithm to reduce image noise resulting from
dose modulation technique. To determine dose reduction
and image quality, different iterative algorithms were
compared to generic filtered back projection (FBP)
algorithm. The studies of Adaptive iterative dose
reduction 3-dimensional (AIDR 3D) reduction in
radiation dose and contrast content while preserving
diagnostic  performance[2],and An Evaluation of
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Sinogram Affir med Iterative Reconstruction (SAFIRE)
vs. Filtered Back Projection (FBP) indicated that
increased IR strengths lead to lower pixel noise, lower
noise variation, and improved noise contrast (CNR)[3 ].

Low-dose CT (LDCT) technique with adaptive
statistical iterative reconstruction (ASIR) can minimize
radiation dose while maintaining relatively high image
quality in urinary stone disease diagnosis [4].

In addition, IR did not bring any additional benefit to
image quality for the identification of CT paranasal
sinus structures and blinded reviewers unanimously
agreed that scans obtained at 100 mA and 120 mA were
appropriate for IR-independent surgery[5 ].

Iterative Dose Reduction Algorithm (IDREAM) is
one of the iterative reconstruction algorithm designed by
SINOVISION CT company. The current study aimed to
compare IDREAM to standard reconstruction algorithm
(FBP) in CT dose reduction and image quality.

Materials and Methods

Phantom Study
Water (W) and acrylic (A) phantoms were used as
models with different density and contour (Figure 1) to
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represent different densities and thicknesses of the
human body.This model is important to activate dose
modulation technique of CT acquisition.

Figure 1.Water (circular) and acrylic (Cone) phantoms in a position of
the scanning. The model is scanned by two different
CT(Sinovision ,Instium 16) protocols (A and B) where (A: 120 KV
/150 mA, FBP ; B: 120KV/ (20-150 mAs, IDREAM).

Image Quality Assessment

The uniformity (U), Noise (N), and Signal to Noise
ratio (SNR) were measured for W and A phantoms in
both A and B groups through drawing five equal-size
region of interest ROl (Area=349 mm?) at diferent
locations of phantom (Figure 2) , followed by the
application of the subsequent equations [6,7] :

Figure 2 . Image quality assessment for CT water phantom

_ Umax-Umin (1)
Umax+Umin

e U isan abbreviation of uniformity.
e Umax is an average maximum count (Hounsfield
unit (HU)).
e Umin is an average minimum count (HU).
While the noise (N) is estimated by :

N=%c (2)
SNR =N/ ¢ (3)
Where N is the average haunsfield unit (HU) and o is
the average standard deviations.
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Radiation Dose Calculations

CT dose index (CTDIvol) and
dose length product (DLP) were estimated for (A&B) by
the scanner using the following equations [7]:
CTDlvol = CTDIw/Pitch 4)

Where CTDIw is a weighted average of center and
peripheral CTDI100 to arrive at a single descriptor.
DLP=CTDIlvol x length of scan (in mGy*cm) (5)

The image quality parameters (U and N) and dose
calculations (CTDIvol and DLP) were statistically
studied for group A against group B.

Patient Study

A number of 40 patients (weight=80 15 Kg, Age
=60 +12 Y) were referred to abdomen and pelvis CT
scan (Sinovision, Inistium 16, China) with contrast. The
selected patients were assigned to two CT (Sinovision,
Inistium 16) acquisition protocols (C: n=20, 120KV/160
+10 mAs, FBP) and (D: n=20, 120 KV/ (30-150) mAs,
IDREAM).

Image Quality Assessment for C and D groups

Three ROIs were drawn (Figure 3) on different
segments of the liver (left, middle, and right lobes)
(Area =63mm?) to calculate the noise index (o) and
SNR.

mm*mm

.......

Figure 3. Computer tomography Image quality Assessment of ptient
liver depicting three ROIls (Area=63mm? drawn on liver segments

Radiation Dose Calculations

While the effective dose was calculated using 0.015
as a conversion factor [8], patient dose calculations
(CTDIvol and DLP) were collected for C and D groups
from summary dose reports.

All image quality parameters and patients dose
results were statistically examined for group C versus
group D and the obtained data were analyzed in SPSS
software (version 16).

The statistical analysis of water phantom results
revealed a significant difference (P<0.05) between
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groups A and B in terms of noise, uniformity, and SNR
as depicted in figures 4, 5, and 6 respectively. In this
regard, group B has less significant values for noise and
uniformity, as compared to group A, while SNR is
highly significant in group B against group A.
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Figure 4. Noise values (Mean +SD) between groups A (standard) and
B (IDREAM) for water (W) and acrylic (A) Phantoms

For acrylic phantom, the SNR was significantly higher
(P<0.05) in group B (IDREAM), as compared to group A
(Standard); however, the uniformity was insignificant
between the two groups (A and B; Figure 5).

The dose calculation parameters are higher
significant in group A (CTDIvol=13.94 mGy and
DLP=501.76 mGy.cm), in comparison with group B
(CTDIvol=6.91 mGy and DLP=248.88 mGy.cm).

Patient data analysis was suggestive of noise and
SNR significant difference in group C, as compared to
group D with a P-value less than 0.05, as illustrated in
Figure 7.

Patient dose calculations (CTDIvol, DLP, and
effective dose) were significantly (P<0.05) less in group
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D, in comparison with group C, as demonstrated in
Table 1.
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Figure 5. Uniformity values (Mean +SD) between groups A (standard)

and B (IDREAM) for water (W) and acrylic (A) Phantoms
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Figure 6. SNR values (Mean +SD) between groups A (standard) and B
(IDREAM) for water (W) and acrylic (A) Phantoms
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Figure 7. SNR and noise values (Mean +SD) between groups C (standard) and D (IDREAM)
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Table 1. CTDIvol , DLP, and Effective dose of group C (standard) against D (IDREAM)

Group CTDIvol (mGy) DLP (mGy.cm) Effective dose (mSv)

Group C (standard) 30.3+5.2 544.6+100.7 8.1+15

Group D (IDREAM) 15.45+2.77 272.3+50.3 4.08+0.7
Discussion Conclusion

Although CT scan is considered one of the most
important medical advances of the past century, it
carries its own hazards and complications. Just in the
United States, an annual number of 29,000 new cancers
are attributed to the past CT scans [9]. Among all CT
scans, the abdominal and pelvic examinations are
reported to transmit the highest radiation dose to the
patients [10]; therefore, radiology community has been
trying to get the best method for patient dose reduction
while preserving the diagnostic efficiency [11]. In this
regard, the recently introduced iterative reconstruction
algorithm is one of the best innovations for patient dose
reduction [12, 13].

Sinovision CT scanner presented IDREAM as an
iterative reconstruction algorithm. Therefore, the current
study is a quantitative assessment of IDREAM
efficiency as a new iterative algorithm.

Our phantoms (water and acrylic) data results were
indicative of a significant decrease in the noise (figure
4) with the implementation of IDREAM, as compared to
standard reconstruction algorithm and this noise
reduction, in turn, enhances SNR and uniformity in
IDREAM group (B) (figure 5, 6). Despite the
application of dose modulation for group B, IDREAM
reduced the generated noise by 40% and 41% for water
and acrylic phantom, respectively. This reduction of
image noise decreases the variation of pixels values
which results in a highly uniform image [14]. It is
indispensable to assess the patient’s image in order to
confirm the IDREAM efficiency; therefore, the three
segments of the liver are quantitively measured to get an
average value of noise and SNR. The current study
revealed noise reduction and high SNR in group D
(IDREAM), in comparison with group C (standard).

The Dose modulation (Auto mA) has been
implemented for group D (IDREAM) against group C
(standard) which led to the reduction of patient’s
effective dose by 50 %. The variation of mA with the
body (contour and density) plays a major role in dose
reduction and noise level preservation [15].

The results of the present study were in line with the
study conducted by Grosser et al. [16] who indicated
that adaptive Statistical Iterative Reconstruction [ASIR]
improved CT image quality for low-dose CT (LD-CT)
in high-end hybrid imaging systems. The current
research has three major limitations that should be
addressed in future research. These limitations include
patient weight within the range of 80+15 kg, IDREAM
examination only on CT scan of the abdomen and
pelvis, and the absence of previous research conducted
on IDREAM.
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The results of the current study were indicative of
the feasibility of IDREAM as a new iterative algorithm
with mA dose modulation CT acquisition protocols.
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