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Objective: To evaluate the effect of adaptive iterative dose reduction (AIDR) on image
noise and image quality as compared with standard filtered back projection (FBP) in
320-detector row CT coronary angiography (CTCA).
Methods: 50 patients (14 females, mean age 68¡9 years) who underwent CTCA (100 kV
or 120 kV, 400–580 mA) within a single heartbeat were enrolled. Studies were
reconstructed with FBP and subsequently AIDR. Image noise, vessel contrast and contrast-
to-noise ratio (CNR) in the coronary arteries were evaluated. Overall image quality for
coronary arteries was assessed using a five-point scale (1, non-diagnostic; 5, excellent).
Results: All the examinations were performed in a single heartbeat. Image noise in
the aorta was significantly lower in data sets reconstructed with AIDR than in those
reconstructed with FBP (21.4¡3.1 HU vs 36.9¡4.5 HU; p,0.001). No significant
differences were observed between FBP and AIDR for the mean vessel contrast (HU) in
the proximal coronary arteries. Consequently, CNRs in the proximal coronary arteries
were higher in the AIDR group than in the FBP group (p,0.001). The mean image
quality score was improved by AIDR (3.75¡0.38 vs 4.24¡0.38; p,0.001).
Conclusion: The use of AIDR reduces image noise and improves image quality in 320-
detector row CTCA.
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CT coronary angiography (CTCA) is a robust non-
invasive imaging modality with high spatial and
temporal resolution that enables accurate diagnosis or
exclusion of coronary artery disease [1–4]. However,
CTCA usually exposes the patient to a substantial
amount of radiation (9.4–21.4 mSv) [5–7]. Therefore,
several scanning techniques, such as ECG-based tube
current modulation, prospective ECG triggering and
reduced tube voltage scanning, have been developed to
reduce the patient’s radiation exposure [6–8]. Reductions
of the tube current also lead to lower radiation exposure,
as the tube current correlates to dose in a linear fashion.
However, lower radiation leads to an increase in CT
image noise because the current reconstruction method,
filtered back projection (FBP), is unable to consistently
generate diagnostic-quality images with reduced tube
currents [9].

Recently, the adaptive iterative dose reduction techni-
que has been developed as a new reconstruction algo-
rithm to improve image noise [10–12], and has already
been shown to reduce the radiation dose in clinical
practice [13–16]. Adaptive iterative dose reduction
(AIDR) developed for CT by Toshiba Medical Systems
Corporation is a modified iterative reconstruction tech-
nique in which the original high-noise image undergoes
a number of reconstructions that reduce image noise

until the resultant image displays the desired noise level.
This technique is expected to reduce the radiation dose
for a similar noise level to FBP.

To our knowledge, no study has evaluated the quality
of CT images using AIDR. The purpose of this study was
to evaluate the effect of AIDR regarding image noise and
image quality in comparison with FBP, using the same
raw data set for both FBP and AIDR, in 320-detector row
CTCA.

Materials and methods

Patients

This study was performed according to the prin-
ciples of the Declaration of Helsinki, and approved by
our institutional review board. Informed consent was
obtained from all patients before the CT examination.
50 patients (36 males, 14 females; mean age, 68.2¡9.4
years; range, 40–88 years) referred to CTCA for clinical
indications were enrolled in this study. Patients who had
previous allergic reaction to iodinated contrast material,
elevated serum creatinine level (.1.5 mg dl21) or who
were potentially pregnant were excluded.

CT scanning

CT scanning was performed using a 320-detector-
row scanner (Aquilion ONETM; Toshiba Medical Systems
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Corporation, Tokyo, Japan). Patients with a pre-scan
heart rate of 65 beats per minute (bpm) or higher were
given 20–60 mg of metoprolol (Selokeen; AstraZeneca,
Zoetermeer, the Netherlands) orally 1 h before scanning.

The volume of contrast material was adapted to the
patient’s body weight; all the patients received 0.7 ml kg21

of non-ionic contrast material (Iomeprol, Iomeron
350 mg ml21 I; Eisai, Tokyo, Japan) injected at a fixed
duration of 10 s, followed by 20 ml of 0.9% saline solution
injected at the same flow rate as the contrast material [17].
Using a dual-shot injector, the contrast material and saline
solution were injected through a 20-gauge intravenous
injection catheter inserted into the antecubital vein. The
scan delay was set with the use of automatic bolus-tracking
technology (Real Prep technique; Toshiba Medical Systems
Corporation). As soon as the single density level in the
ascending aorta was enhanced by 150 HU over the baseline,
the patient was instructed to take a deep breath and hold it
6 s after triggering, the contrast-enhanced CT scan was
performed. Tube voltage and tube current were adapted
to individual body mass index (BMI) according to the
protocol shown in Table 1. Other scanning parameters
were a collimation of 32060.5 mm, a rotation time of 0.35 s
and z-coverage value of 140–160 mm in which the entire
heart was scanned in a single rotation.

All the examinations were performed with dose
modulation for visualisation of the myocardial or valve
motion throughout the cardiac cycle. The window of full
tube current was limited to 65–85% of the time elapsing
between two consecutive R waves in an electrocardio-
gram (R–R interval). Outside the window of full radiation,
tube current was reduced by 80%. For evaluation of the
coronary arteries, data were reconstructed at 75% of the
R–R interval with a slice thickness of 0.5 mm and a
reconstruction interval of 0.25 mm, using a medium soft-
tissue kernel (FC13). If motion artefacts were still present
in this phase, images were reconstructed at each 2%
interval around the 5% intervals with the fewest motion
artefacts at the mid-level of the heart. The raw data were
reconstructed with a standard FBP and subsequently
AIDR. The reconstructed image data were transferred to a

computer workstation (Zio Station System 610; Ziosoft,
Tokyo, Japan) for post-processing.

The effective radiation dose of CTCA was calculated as
the dose-length product (DLP) multiplied by a conver-
sion coefficient for the chest (k50.028 mSv mGy cm21)
[18–21].

Quantitative analysis

The following measurements were performed by one
reader, who had 7 years of experience in cardiovascular
radiology. Calculations of the contrast-to-noise ratios
(CNR) in the proximal right coronary artery (RCA) and
left main coronary artery (LMA) were performed as
previously described [22, 23], and comprised the follow-
ing steps. First, attenuation was measured in a region of
interest (ROI) in the proximal RCA and the LMA. ROIs
were drawn to be as large as possible; calcifications,
plaques and stenoses were carefully avoided. Vessel
contrast was calculated as the difference in mean
attenuation between the contrast-enhanced vessel lumen
and the adjacent perivascular tissue. Second, image noise
was determined as the standard deviation (SD) of the
attenuation value in an ROI placed in the ascending
aorta. Third, the CNR was calculated as the ratio of
vessel contrast over noise.

Qualitative analysis

Coronary arteries were classified according to the
guidelines of the American Heart Association (15
segments) [24]. Coronary artery analysis was performed
in all vessels with at least a 1.5 mm vessel diameter.
Overall image quality was assessed by two experienced
radiologists, one with 2 years and one with 7 years of
experience in cardiac radiology. Both radiologists were
blinded to the clinical information and reconstruction
method. In case of a disagreement in the data analysis
between the two observers, a final decision was obtained
by consensus. Overall image quality was assessed on a
five-point rating scale for each coronary artery segment:
5, excellent (absence of motion artefacts or noise-related
blurring, and excellent vessel opacification); 4, good
(minor motion artefacts or noise-related blurring, and
good vessel opacification); 3, acceptable (some motion
artefacts or noise-related blurring, and fair vessel opaci-
fication); 2, suboptimal (marked motion artefact or noise-
related blurring, and poor vessel opacification); 1,
non-diagnostic. Images with a score of 3 or higher were
considered diagnostic.

Table 1. Body mass index (BMI)-adapted scanning protocol

BMI (kg m22) Voltage (kV) Current (mA)

,20 100 400
20–22.4 100 450
22.5–24.9 100 500
25–27.4 120 550
.27.5 120 580

Table 2. Quantitative image quality parameters

Parameter FBP AIDR p-value

Image noise (HU) 36.9¡4.5 21.4¡3.1 ,0.001
Vessel contrast of the RCA (HU) 555.7¡87.2 553.2¡88.3 0.83
Vessel contrast of the LMA (HU) 564.7¡69.3 560.9¡74.2 0.78
CNR in the RCA 15.2¡2.4 26.1¡4.0 ,0.001
CNR in the LMA 15.7¡2.1 26.5¡3.8 ,0.001

AIDR, adaptive iterative dose reduction; CNR, contrast-to-noise ratio; FBP, filtered back projection; LMA, left main coronary
artery; RCA, right coronary artery.

Data are mean ¡ standard deviation unless otherwise specified.
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Statistical analyses

SPSSH software v. 17.0 (IBM SPSS, Armonk, NY) was
used for statistical testing. Differences in image quality
parameters (vessel contrast, image noise, CNR and
image quality) between the two scanning protocol
groups were compared using the Mann–Whitney U-test.
Pearson correlation analysis was performed to compare
BMI with image noise. All data were expressed as mean
¡ SD, and differences were considered to be statistically
significant at p,0.05.

Results

CT scans were successfully performed without com-
plications on all 50 patients. The mean BMI of the study
population was 23.9¡2.8 (range, 18.0–30.1). 2 patients
(4%) were underweight (BMI,18.5), 31 patients (62%)
were of normal weight (BMI518.5–24.9), 16 patients
(32%) were overweight (BMI525–29.9) and 1 patient
(2%) was obese (BMI.30). All the examinations were
performed within a single heartbeat with ECG gating.
The mean heart rate during acquisition of CT scans was
53.1¡6.7 bpm (range, 37–65 bpm) and the mean effective
radiation dose was 12.5¡6.0 mSv.

Quantitative image quality parameters are shown in
Table 2. Image noise in the aorta was significantly lower
in axial CT images reconstructed with AIDR than in

those reconstructed with standard FBP (21.4¡3.1 HU vs
36.9¡4.5 HU; p,0.001). There were no significant corre-
lations between BMI and image noise in axial CT images
reconstructed with AIDR (r520.14, p50.35), or between
BMI and those reconstructed with FBP (r520.10, p50.51)
(Figure 1). No significant differences were observed
between FBP and AIDR for the mean vessel contrast
(HU) in the proximal coronary arteries (proximal RCA
and LMA). Consequently, CNRs in the proximal cor-
onary arteries were significantly higher for AIDR than
for FBP (p,0.001) (Table 2). Using AIDR, image noise
reduced by 42.0¡3.3% with an increase of CNR by
72.3¡11.8% in proximal RCA and by 69.5¡13.0% in
LMA, when compared with FBP.

Results of qualitative assessment of image quality are
shown in Table 3. In both reconstruction methods, a total
of 630 coronary artery segments with at least a 1.5-mm
vessel diameter were available for evaluation. The rate of
overall diagnostic image quality in the FBP group was
92.9% of all segments (585/630), while 98.3% of segments
(619/630) were diagnostic in the AIDR group. Among
630 segments, 45 (7.1%) were considered non-diagnostic
in the FBP group, and 11 (1.7%) in the AIDR group. The
mean image quality score was significantly improved by
AIDR (3.75¡0.38 in the FBP group and 4.24¡0.38 in the
AIDR group; p,0.001). A representative case is shown in
Figure 2.

Discussion

This is the first study to evaluate the effect of AIDR
on image noise and image quality as compared with
standard FBP in 320-detector row CTCA. In this study,
the use of AIDR resulted in significant noise reduction
with no change of CT attenuation (HU) and vessel
contrast, as well as improvement of CNRs and image
quality.

Iterative reconstruction techniques have already been
used for image reconstruction of single photon emission
CT and positron emission tomography because they are
insensitive to noise [25–27]. For image reconstruction of
CT, FBP has traditionally been used in clinical examina-
tion, and iterative reconstruction has not been used
because of its huge computational cost. It is reported that
the computational cost of iterative reconstruction is
about two to three orders of magnitude larger than that
of FBP [28]. However, recent advances in computer
processing hardware have enabled the clinical use of
iterative reconstruction for CT images, and this techni-
que has already been shown to reduce image noise and
improve image quality, permitting radiation dose reduc-
tion in chest and abdominal CT scans [13–16].

Figure 1. Plots of image noise (HU) vs body mass index (BMI;
kg m22). No significant differences were observed between
BMI and image noise in axial CT images reconstructed with
filtered back projection (FBP; r520.10, p50.51; dotted line),
and between BMI and those reconstructed with adaptive
iterative dose reduction (AIDR; r520.14, p50.35; solid line).
Diamonds, FBP group; circles, AIDR group.

Table 3. Qualitative assessment of image quality

Assessment FBP AIDR

Image quality score 3.75¡0.38 4.24¡0.38
Total number of coronary artery segments 630 630
Segments with diagnostic image quality (n5630) 585 (92.9) 619 (98.3)
Non-diagnostic segments (n5630) 45 (7.1) 11 (1.7)

AIDR, adaptive iterative dose reduction; FBP, filtered back projection.
Data are mean ¡ standard deviation, number, and number (percentage).

F Tatsugami, M Matsuki, G Nakai et al

e380 The British Journal of Radiology, August 2012



In this study, the use of AIDR reduced image noise by
42%, with an improvement of CNR by approximately
70% when compared with FBP. Qualitative assessment of
image quality was also improved by AIDR, probably
reflecting this significant decrease in image noise and
improved CNR. For other CT systems and manufac-
turers, there are a few reports on the use of iterative
reconstruction techniques for CTCA, adaptive statistical
iterative reconstruction (ASIR; GE Healthcare, Wau-
kesha, WI) [29] and iterative reconstruction in image
space (IRIS; Siemens Medical Solutions, Forchheim,
Germany) [30]. In these reports, image noise was
reduced by 17–28%, with no change of CT attenuation
or vessel contrast. As the use of AIDR resulted in a high
reduction rate of image noise (42%) in our study, this
method would also have a potential for radiation dose
reduction in CTCA. In the future, we have to evaluate
how much radiation dose would be reduced with AIDR
to obtain the same noise levels and image qualities as
higher dose protocols reconstructed with FBP, and
whether the diagnostic accuracy would be maintained
when the radiation dose is reduced.

In this study, tube voltage and tube current were
adapted to individual BMI. As an increase in BMI confers
a higher image noise in CTCA, BMI-adapted tube
voltage and current protocol has been introduced to
achieve similar image noise for all sizes of patients [31].
In the present study, the tube voltage of 100 kV was used
for the patients with BMI ,25 and tube current was
determined according to the patient’s BMI from 400 mA
to 580 mA, the maximum setting for this scanner. Since
the resulting image noise in data sets reconstructed with
AIDR as well as FBP was similar in all patients inde-
pendent of BMI, the results of this study show that our
proposed BMI-adapted parameters proved successful in
compensating for BMI, and the use of AIDR reduced
image noise in a similar manner in all patients.

We acknowledge the following limitations in this
study. First, the small number of patients may restrict
the informational value of our results. Future studies
with larger patient populations are needed to confirm
our preliminary experience. Second, the mean body
weight of patients examined in this study is smaller than
those of average American and European subjects.

Therefore, further studies are required to determine
whether our results also apply to heavier patients. Third,
coronary attenuation and CNRs were selectively eval-
uated in the proximal RCA and LMA. Distal segments
were not evaluated because the small diameters of distal
segments do not allow placement of an ROI without
including parts of the vessel wall and adjacent tissue,
and thereby causing partial volume effects. Finally, we
did not assess the diagnostic accuracy of CTCA images
by comparing our findings with the reference standard
invasive coronary angiography. Further studies must be
aimed at assessment of whether CTCA images recon-
structed with AIDR would improve the diagnostic accu-
racy for the diagnosis and exclusion of coronary artery
disease compared with those reconstructed with FBP.

In conclusion, use of AIDR reduces image noise and
improves image quality for CTCA performed with a 320-
detector row CT scanner, when compared with standard
FBP. AIDR would have a potential for further radiation
dose reduction in CTCA.
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