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Abstract
Objectives To assess the image quality of ultra-low-dose
computed tomography (ULDCT) using sinogram-
affirmed iterative reconstruction (SAFIRE) compared to
reduced dose CT (RDCT).
Methods Eighty-one consecutive patients underwent non-
enhanced ULDCT using 80 kVp and 30 mAs and contrast-
enhanced RDCT using automated tube potential selection and
tube current modulation. CT images were reconstructed with
SAFIRE. Image noise and subjective image quality of normal
structures and various pulmonary lesions were assessed.
Results The mean effective doses were 0.29±0.03 and 2.88±
1.11 mSv for ULDCT and RDCT, respectively. ULDCT had
significantly higher noise (p<0.001). Image quality of five
normal structures was diagnostic in 91.1 % of ULDCT and
100 % of RDCT. With ULDCT, the frequencies of non-
diagnostic image quality were 2.0 (1/50), 4.6 (13/280), 25.5
(14/55), and 40.0 (8/20)% for BMIs of<20, 20–25, 25–30, and
>30. In the assessment of pulmonary lesions, non-diagnostic
image quality was observed for 11.2 % of all lesions, 60.9 % of
decreased attenuation (significantly more frequent for upper
lung lesions), and 23.5 % of ground-glass nodules.
Conclusion ULDCT generates diagnostic images in patients
with a BMI ≤25, but is of limited use for lesions with

decreased attenuation, ground-glass nodules, or those located
in the upper lobe.
Key Points
• Iterative reconstruction enables ultra-low-dose CT
(ULDCT) with very low radiation doses.

• Image quality of ULDCT depends on the patient body mass
index (BMI).

• Selection of kVp and mAs depends on both BMI and
lesion type.

• Diagnosis of pulmonary emphysema or ground-glass nod-
ules requires higher radiation doses.
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Introduction

The introduction of helical and multi-detector row CT has
greatly increased the clinical indications and diagnostic accu-
racy of CT. As a result, the total numbers of CT exam-
inations have increased, raising concern among radiolo-
gists regarding radiation exposure from CT among the
population, which must be weighed against diagnostic
image quality.

Various imaging techniques have been developed to reduce
the radiation dose, including tube current modulation tech-
niques [1,2] , lower tube voltage techniques [3], noise-
reduction filters [4], and iterative reconstruction algorithms
[5–7]. Among these methods, the iterative reconstruction
technique is a recently introduced method that offers an alter-
native to the conventional reconstruction by filtered back-
projection (FBP). This method repeatedly eliminates image
noise and artefacts arising from the low radiation dose during
the iterative reconstruction process, substantially reducing the
radiation dose to produce diagnostic image quality.
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Sinogram-affirmed iterative reconstruction (SAFIRE) is a
new iterative reconstruction algorithm using a noise model-
ling technique supported by raw data. To our knowledge,
only a single preliminary report of ULDCT using SAFIRE [6]
has been published; further investigation is needed for its
clinical application.

The purpose of our study was to assess both the objective
and subjective image quality of ULDCT obtained using
SAFIRE at a tube potential of 80 kVp. We compared the
image quality of ULDCT with RDCT, and evaluated the
relationship between image quality and body mass index
(BMI) and the characteristics and location of various pulmo-
nary lesions.

Materials and methods

Patients

This retrospective study was approved by the institutional
review board, and written informed consent was waived.
Images were obtained from 81 consecutive patients who
underwent chest CT scans that included non-contrast en-
hanced ULDCT, followed by a post-contrast-enhanced
RDCT. Imaging took place from December 2012 to January
2013, and all patient CTs were analysed retrospectively. The
CT protocol was designed for our hospital after the introduc-
tion of an automated attenuation-based tube potential selection
and iterative reconstruction algorithm enabling the reduction
of total radiation dose in two CT examinations. This protocol
is helpful in our country, which has a high incidence of
tuberculosis, and is suitable for patients with intra- or
extrathoracic malignancy or pulmonary nodules of unknown
aetiology in whom the detection of calcification or high
attenuation in lymph nodes or lung nodules on a non-
enhanced CT is helpful for the differentiation between benign
and malignant lesions.

A total of 29 men and 52 women were enrolled, with a
mean age of 57.2±12.8 years [mean±standard deviation
(SD); range, 18–85 years]. The body mass index (BMI) of
each patient was calculated from the data available in the
medical records; the average BMI of patients was
23. 6±3.8 kg/m2 (range, 18.8–33.1 kg/m2). Clinical indica-
tions for chest CT included a follow-up study of primary or
metastatic lung malignancy, a solitary pulmonary nodule on
the radiograph, or fluorine-18-fluorodeoxyglucose positron
emission tomography (FDG-PET) abnormality. Clinical diag-
noses were lung cancer (n=18), breast cancer (n=24),
extrathoracic malignancy (n=18), tuberculosis (n=12), and
others (n=8). Image noise, overall image quality of normal
structures, and subjective image quality for various pulmonary
lesions were evaluated in all patients.

CT examination

All CT images were obtained in the supine position using a
dual-source multidetector row scanner (SOMATOM Defini-
tion Flash; Siemens Medical Solutions, Forchheim, Germa-
ny). Ultra-low-dose CT was performed at 80 kVp, 30 mAs
(effective), 2×64×0.6-mm collimation, a pitch of 1.2, and a
gantry rotation time of 0.5 s before intravenous injection of
contrast material. The subsequent RDCT was acquired after
contrast injection. All parameters remained unchanged, except
that the tube potential was determined by an automated
attenuation-based tube potential selection (CAREkV; Siemens
Medical Solutions) and on-line dose modulation (Care DOSE
4D; Siemens Medical Solutions) enabled. CT was performed
using 80kVp/ 273 ref mAs in 5 patients, 100 kVp/ 121 ref
mAs in 66 patients, and 120 kVp/90 ref mAs in 10 patients.
The CT image was obtained 40 s after intravenous injection of
100 ml of a nonionic contrast agent (iohexol, Bonorex 350;
CMS, Seoul, Korea) at a rate of 2.3 ml/s via automatic dual-
head power injection. The mean time interval between
ULDCT and RDCTwas 63.1±6.4 s.

Data reconstruction

Both ULDCT and RDCT were reconstructed by sinogram-
affirmed iterative reconstruction (SAFIRE, Siemens
Healthcare, Forchheim, Germany), using a high spatial reso-
lution kernel (I70) and two iterations for lung window images
and a soft resolution kernel (I40) and two iterations for medi-
astinal window images, respectively. All images were recon-
structed in a transverse orientation at a slice thickness of 2 mm
and an increment of 2 mm, and transferred to a picture-
archiving and communication system (PACS) (INFINITT;
Infinitt Healthcare, Seoul, Korea).

Image analysis

Image analyses were performed using a PACS viewer
(INFINITT PiViewSTAR; Infinitt Healthcare) with two 21-
inch black and white monitors (resolution, 2,048×2,560).
Images were displayed using a layout of 1×1 on each monitor
(size of a displayed image, 33×33 cm), with lung (widow
level, -700 HU; window width, 1,500 HU) and mediastinal
(window level, 40 HU; window width, 400 HU) window
settings. The radiologists were not allowed to change the
window settings.

Objective image noise

Image noise was defined as the standard deviation of attenu-
ation measured in the air of the tracheal lumen above the aortic
arch. CT attenuation was measured in lung and mediastinal
window images of ULDCT and RDCT series by one
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investigator. The region of interest (ROI) was delineated at the
tracheal lumen above the aortic arch, and the size and location
of the ROI were kept constant across the four image series.
The standard deviation was measured three times, and the
mean value was used for analysis.

Subjective visual assessment of image quality

The subjective image quality assessment was performed by
two radiologists (YK and SSS; 17 years and 10 years of
experience in thoracic CT, respectively) by consensus on a
workstation.

Overall image quality

The overall image quality was assessed for various normal
pulmonary structures on lung window images using a five-
point scale rating system. Radiologists were asked to evaluate
five normal lung structures: large central airways including the
main bronchi and bronchus intermedius, segmental bronchi
and vessels, subsegmental bronchi and vessels, pulmonary
vessels in the peripheral 1/3 of the lung, and pleura and
subpleural lung. The structures were assessed on a five-point
scale (5=excellent image quality without any artefact, 4=
slight blurring of the structures that does not restrict image
assessment, 3=moderate blurring that slightly restricts assess-
ment, 2=severe blurring causing uncertain evaluation, and 1=
non-diagnostic image quality with strong artefacts). Image
scores of 4 and 5 were determined to be of diagnostic image
quality (Fig. 1).

Before the overall image quality assessment, five training
cases including two patients with a BMI>25 and three with a
BMI<25 were selected among the 81 patients. Their CT
images (five sets of ULDCT, five sets of RDCT) were given
to the radiologists with their CT parameters and were scored
by consensus. For overall image quality assessment, all image
sets, fromwhich the patient information and image parameters
had been deleted, were assigned numbers in a random order
and given to the radiologists for image analysis. To assess the
effect of BMI on image quality, the relationship between BMI
and image scores was evaluated.

Image quality for various pulmonary lesions

Subjective image quality of pulmonary lesions on ULDCT
was compared to that on RDCT. For each patient, radiologists
were asked to record any pulmonary lesions and their location
on lung window ULDCT images, and then to evaluate the
RDCT images. In the next step, ULDCT and RDCT images
were aligned next to each other for comparison, and the
conspicuity of pulmonary lesions on ULDCT images was
assessed with grading as equivalent, superior, or inferior to
that on RDCT images. Image quality was also graded as

diagnostic or non-diagnostic for each pulmonary lesion. Im-
age quality was determined as non-diagnostic when pulmo-
nary lesions were not detected or image quality was not
sufficient for proper diagnosis on ULDCTat the initial assess-
ment. A maximum of six pulmonary lesions in each patient
was included in the analysis.

Pulmonary lesions were categorised as follows: solid nod-
ule (≤10 mm in long diameter), ground-glass opacity nodule
(≤15 mm in long diameter), increased attenuation (ground-
glass opacity, consolidation), decreased attenuation (pulmo-
nary emphysema,mosaic attenuation), linear opacity (reticular
or linear opacity, interlobular septal thickening), or airway
lesions (bronchiectasis, bronchial wall thickening). The lesion
location was recorded according to three lung zones (upper,
above the carina; middle, between the carina and inferior
pulmonary vein; lower, below the inferior pulmonary vein).

Finally, the image quality of calcified lung nodules, calci-
fication of coronary arteries and aorta, and calcification or
high attenuation in the mediastinal lymph nodes [8] detected
on mediastinal window images were compared between
ULDCT and RDCT.

Radiation dose estimations

Radiation dose parameters of CT examinations were assessed
from the patient protocol. Volume CT dose index (CTDIvol)
and dose length product (DLP) were recorded in each patient.
Effective radiation dose in mSv was estimated by multiplying
the DLP by the chest-specific conversion coefficient
(0.014 mSv/mGycm) [9].

Statistical analysis

Continuous variables were reported as means±standard devi-
ation and categorical variables as frequencies or percentages.
The significance of differences in quantitative image quality
parameters was tested using paired samples t-tests or the
Wilcoxon signed ranks test, depending on the results of the
Kolmogorov-Smirnov test. The relationships between BMI
and overall image quality scores and between lesion location
and ratings of diagnostic image quality were assessed using
the Spearman rank order correlation test. All statistical analy-
ses were performed using the SPSS software (SPSS, release
19.0 for Windows; SPSS, Chicago, IL). P-values of less than
0.05 were considered to indicate statistical significance.

Results

Image noise

The mean image noise at the tracheal lumen showed signifi-
cant difference between ULDCT (35.6±12.7 HU at
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mediastinal window, 86.7±25.9 HU at lung window) and
RDCT (14.5±5.0 HU at mediastinal window, 33.0±7.3 HU
at lung window) (p=0.000).

Overall image quality of normal structures

The overall image quality scores of ULDCT (19.7±1.2) and
RDCT (23.9±1.5) differed significantly (p<0.001). The results
of image quality assessment on a five-point scale for normal
pulmonary structures are illustrated in Table 1. The image
quality of normal lung structures was considered sufficient for
reliable diagnosis (i.e., score of 4 or 5) in 91.1% ofULDCTand
100 % of RDCT images. Significantly more RDCT images
were rated as suitable for diagnosis (p<0.001) (Fig. 2).

A significant correlation was observed between the BMI and
image score on ULDCT (correlation coefficient, –0.480;
p<0.001), but not on RDCT (correlation coefficient, –0.141;
p=0.209) (Fig. 3). The frequency of non-diagnostic image
quality (i.e., scores 1–3) was 25.5 % (14/55) in patients with a
BMI of 25–30 kg/m2 and 40.0 % (8/20) with BMI of more than
30 kg/m2, while 2.0 % (1/50) with BMI of less than 20 kg/m2

and 4.6 % (13/280) with BMI of 20–25 kg/m2 (Table 2).

Image quality for pulmonary lesions

A total of 232 pulmonary lesions from 81 patients were
included in the subjective image quality analysis. There were
67 solid nodules (28.9 %) (Fig. 4), 17 ground-glass nodules
(7.3 %) (Fig. 5), 57 lesions of increased pulmonary attenua-
tion (24.6 %) (Fig. 6), 23 lesions of decreased pulmonary
attenuation (9.9 %) (Fig. 6), 44 lesions of linear opacity
(19.0 %) (Fig. 7), and 24 lesions of bronchiectasis or bronchial
wall thickening (10.3 %). The mean solid nodule size was 6.9
±2.4 mm (range, 3–10 mm) and that of ground-glass nodules
was 7.7±2.8 mm (range, 5–13 mm). Lesions were anatomi-
cally distributed as follows: 76 lesions (32.8 %) in the upper,
116 lesions (50.0 %) in the middle, and 40 lesions (17.2 %) in
the lower lung zone.

Lesion conspicuity on ULDCTwas equal to that on RDCT
in 152 lesions (65.5%) and inferior in 80 lesions (34.5%), and
image quality on ULDCT was diagnostic for 206 lesions
(88.8 %) and non-diagnostic for 26 lesions (11.2 %) (Table 3).

Lesion conspicuity and diagnostic image quality according
to location are summarised in Table 2. Non-diagnostic image
quality was observed in 2 (3.0 %) solid nodules, 4 (23.5 %)

Fig. 1 Image quality assessment
of five normal pulmonary
structures on a five-point scale.
(a) Image score of 4 (slight
blurring of the structures that does
not restrict image assessment) for
the main bronchi and 3 (moderate
blurring of the structures that
restricts assessment) for
segmental bronchi and vessels,
subsegmental bronchi and
vessels, pulmonary vessels in the
peripheral 1/3 of the lung, and
pleura and subpleural lung. (b)
Image score for the main bronchi
was 5 and that for each of the
other four structures was 4. (c)
Image score of 5 for all five
structures
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ground-glass nodules, 2 lesions (3.5 %) of increased attenua-
tion, 14 lesions (60.9 %) of decreased attenuation, 3 lesions
(6.8 %) of linear opacity, and 1 lesion (4.2 %) of bronchiec-
tasis or bronchitis.

Among 14 decreased-attenuation lesions of non-
diagnostic image quality, six were mild to severe pul-
monary emphysema located in the upper lung zone that
were severely affected by beam-hardening artefacts at
shoulder joints, and eight were mosaic attenuation in
upper or middle lung zones (Fig. 6). One of two solid
nodules was small (3 mm) and located in the apex, and
the other nodule in the middle lung zone, noted in a
patient with relatively high BMI (27.4 kg/m2) (Fig. 4d),
was also small (4 mm). Four ground-glass nodules had
lower attenuation than other ground-glass nodules and
two were small in size (4 mm) (Fig. 5d). Two increased

attenuation lesions were small ill-defined ground-glass
opacity lesions located in the upper lobe or subpleural
dependent area of the lower lobe, and affected by beam
hardening by the shoulders and ribs. Three linear opac-
ity lesions and a focal bronchiectasis were located at the
apex; two were noted in patients with a high BMI
(>25 kg/m2).

In a correlation analysis, no significant relationship was
noted between lesion location and diagnostic image quality
for any category of pulmonary lesions except lesions of de-
creased attenuation. For these lesions, including pulmonary
emphysema and mosaic attenuation, non-diagnostic image
quality was more frequent in the upper lung zones (correlation
coefficient, –0.501; p=0.015).

In mediastinal window images, calcifications in lung
nodules, coronary arteries, aorta, and lymph nodes

Table 1 Subjective assessment of image quality for normal pulmonary structures

ULDCT RDCT

Normal pulmonary structures Image score1

3 4 5 4 5

Large central airways 02 74 (91.4) 7 (8.6) 4 (4.9) 77 (95.1)

Segmental bronchi and vessels 2 (2.5) 75 (92.6) 4 (4.9) 18 (22.2) 63 (77.8)

Subsegmental bronchi and vessels 6 (7.4) 74 (91.4) 1 (1.2) 33 (40.7) 48 (59.3)

Peripheral 1/3 pulmonary vessels 17 (21.0) 63 (77.8) 1 (1.2) 27 (33.3) 54 (59.3)

Pleura and subpleural lung 11 (13.6) 68 (84.0) 2 (1.2) 10 (12.3) 71 (87.7)

Total 36 (8.9) 354 (87.4) 15 (3.7) 92 (22.7) 313 (77.3)

1 Image score: 5=excellent image quality without any artefact; 4=slight blurring of the structures that does not restrict image assessment; 3=moderate
blurring that slightly restricts assessment; 2=severe blurring causing uncertain evaluation; 1=non-diagnostic image quality with strong artefacts. Image
scores of 4 and 5 were determined to be of diagnostic quality.
2 Numbers are frequencies of images (five per patient; total number of patients, 81) with percentages in parentheses.

ULDCT, ultra low-dose CT; RDCT, reduced-dose CT

Fig. 2 Subjective image scores of various lung structures on ultra-low-dose CT (ULDCT) (a) and reduced-dose CT (RDCT) (b). Overall, 91.1 % of
ULDCT and 100 % of RDCT images were considered of diagnostic quality (i.e., score of 4 or 5)
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appeared slightly larger on ULDCT than on RDCT, and
some small coronary artery calcifications were noted
only on ULDCT. Detection of high attenuation in lymph
nodes, where attenuation is greater than in the great
vessels, on ULDCT was an informative supplement to
contrast-enhanced RDCT in which intrinsic high attenu-
ation of lymph nodes was not discriminated from con-
trast enhancement.

Radiation dose

The mean CTDIvol, DLP, and effective radiation dose were
0.61±0.0 mGy (range, 0.60–0.61 mGy), 20.8±2.0 mGy·cm
( r ange , 16–25 mGy · cm) , and 0 .29 ± 0 .03 mSv
(0.22–0.35 mSv), respectively, for the ULDCT protocol and
5.5±2.1 mGy (range, 2.3–13.5 mGy), 204.1±78.1 mGy·cm
(range, 109–490 mGy·cm), and 2.88±1.11 mSv (1.53–
6.86 mSv), respectively, for the RDCT protocol.

Discussion

Recent increases in the diagnostic accuracy of CT following
the introduction of helical or multidetector CT have greatly
increased the variety of clinical indications for CT. In screen-
ing for lung cancer or the diagnosis of benign lung parenchy-
mal diseases such as pulmonary infection, CT is usually
performed without contrast enhancement and using a low
radiation dose. Although the low-dose CT currently used
involves lower radiation exposure than conventional CT,
the radiation dose is still a concern in young patients and
those undergoing repetitive CT examinations, such as patients
undergoing lung cancer screening.

Various types of iterative reconstruction algorithms have
recently been introduced to reduce the radiation dose fromCT.
Iterative reconstruction, an alternative to the conventional
filtered back-projection (FBP) algorithm, can reduce the radi-
ation dose by repeated subtraction of quantum noise, elimi-
nating artefacts [6]. Sinogram-affirmed iterative reconstruc-
tion (SAFIRE), applied in the current study, uses a noise-
modelling technique supported by raw data, in which the
model utilises the known propagation of noise in projection
data into the image domain and the noise content is then
subtracted in each iteration. The resulting noise-subtracted
image is compared with the initial data to generate an updated
image, which is added to the previous data set before the next
iteration [10].

Many studies have reported that iterative reconstruction
may preserve or improve the image quality of unenhanced
chest CT obtained with a reduced radiation dose [11–18]. We
demonstrated in our study that SAFIRE yields diagnostic
image quality in 87 % of non-enhanced chest CT images of

Fig. 3 Relationship between body mass index (BMI) and subjective
image scores of various lung structures on ultra-low-dose CT (ULDCT)
(a) and reduced-dose CT (RDCT) (b). Non-diagnostic image quality (i.e.,
score≤3) on ULDCTwas more frequent in the groups of patients with a
BMI>25 kg/m2; 2.0 (1/50), 4.6 (13/280), 25.5 (14/55), and 40.0 (8/20)%

for BMIs of<20, 20–25, 25–30, and>30, respectively. A significant
correlation was observed between the BMI and image score on ULDCT
(correlation coefficient, –0. 480; p<0.001), but not on RDCT (correlation
coefficient, –0. 141; p=0. 209)

Table 2 Distribution of non-diagnostic image quality on ultra-low-dose
CT according to body mass index (BMI)

BMI (kg/m2) Number of patients (n=33) Frequency of non-diagnostic
image quality1

≤ 20 10 1/50 (2.0 %)

20 <, ≤ 25 56 13/280 (4.6 %)

25 <, ≤ 30 11 14/55 (25.5 %)

30 < 4 8/20 (40.0 %)

Total 81 36/405 (8.9 %)

1 Proportion of images (five per patient) of various pulmonary structures
assigned scores<3 on a 1–5 scale
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Fig. 5 Ground-glass opacity
nodules. An 8-mm ground-glass
opacity nodule in a 68-year-old
woman with a BMI of 30.0 kg/m2

was diagnosed on both RDCT (a)
and ULDCT (b). Image quality of
an 8-mm faint ground-glass
opacity nodule in an 81-year-old
man with a BMI of 24.7 kg/m2

was diagnostic on RDCT (c), but
non-diagnostic on ULDCT (d)

Fig. 4 Image quality of solid
nodules. A 3-mm solid nodule in
a 74-year-old man with a BMI of
19.1 kg/m2 was diagnosed on
both RDCT (a) and ULDCT (b).
Image quality of a 3-mm nodule
in a 72-year-old man with a BMI
of 27.4 kg/m2 was diagnostic on
RDCT (c), but non-diagnostic on
ULDCT (d)
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normal anatomic structures and 89 % of abnormal pulmonary
lesions at 0.3 mSv. These results are lower than those of a
previous report of low-dose CT using SAFIRE at 0.5 mSv in
which diagnostic image quality was obtained in 98 % of
patients [6]. However, in patients with a BMI of less than
25 kg/m2, our study also found that this reconstruction algo-
rithm produced images of diagnostic quality in more than
95 % of cases, while in patients with a BMI>25 kg/m2, the
rate was decreased substantially to ~70 %.

In the current study, we also evaluated the acceptability of
this ultra-low-radiation dose CT method for the assessment of
various pulmonary lesions. ULDCT yielded diagnostic image
quality for 93–97 % of each type of pulmonary lesion, except
decreased-attenuation lesions (emphysema and air trapping)
or ground-glass opacity nodules. Only 60 % of decreased-
attenuation lesions were diagnosed, and most non-
diagnosable lesions were located in the upper or sometimes
middle lung zones, which are more affected by beam harden-
ing due to the bony structures of the shoulder than the lower
lung zone. For ground-glass opacity nodules, low attenuation
and small size (≤ 4 mm) rather than lesion location were the
main causes of non-diagnostic image quality.

Previous studies have shown that a reduced radiation dose
can be used for CT examinations to assess abnormalities that

present a high contrast to normal lung areas, such as pulmo-
nary nodules or consolidations [15,19–21]. In our study, 96–
97 % of consolidation, solid nodules, or bronchial diseases
were diagnosed on ULDCT.

According to our results, image quality resulting from
very-low-radiation-dose CT depends not only on the patient
body type but also on the type of pulmonary lesions. There-
fore, the ULDCT parameters in the current study (80 kVp and
30 mAs; effective radiation dose, 0.3 mSv; iterative recon-
struction) may be used for the evaluation of pneumonia,
bronchiectasis, or solid nodules >4 mm in patients with BMI
<25 kg/m2. However, in obese patients or when evaluating
pulmonary emphysema or ground-glass opacity nodules,
ULDCT should be performed with higher radiation doses.

In our study, ULDCT was performed prior to contrast
enhancement and provided information not visualised on
post-enhanced CT images, including calcification of vascular
structures and lymph nodes. Better visualisation of calcifica-
tion by ULDCT likely results from both lack of contrast
enhancement and the fact that lowering the tube potential in
CT provides higher attenuation of calcification as a result of
the greater photoelectric effect.

In our study, the effective radiation dose was 0.3 mSv,
which is much lower than that of standard low-dose CT scans

Fig. 7 Interlobular septal
thickenings (arrows) and
consolidation are well visualised
on both RDCT (a) and ULDCT
(b)

Fig. 6 In a 74-year-old man with
a BMI of 19.1 kg/m2 centrilobular
pulmonary emphysema visible on
RDCT (a) was not diagnosed on
ULDCT (b). Consolidation was
well visualised on both RDCT
and ULDCT
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(0.8–1.5 mSv) [22,23] and similar to that of posterior-anterior
and lateral chest radiographs. We did not use automated tube
current modulation since the relatively high attenuation at the
level of the shoulders necessitated a high tube current,
resulting in greater radiation exposure.

The current study had several imitations. First, for the
assessment of subjective image quality, RDCT images rather
than standard dose CT were used as reference standards.
However, the diagnostic performance of RDCT using auto-
mated tube potential selection and dose modulation has been
confirmed to be comparable to standard-dose CT. Gnannt
et al. found no significant difference in subjective image
quality between CT using automated tube potential selection
(mean CTDIvol, 8.6±2.8 mGy) and 120 kVp fixed tube po-
tential (9.8±1.8 mGy), although the mean image score was
slightly higher for fixed tube potential CT [24]. Second,

motion artefacts may differ between ULDCT and RDCT
because they were not performed simultaneously. RDCT
was performed following ULDCTwithin a short time interval.
Third, this study was performed in a small population,
and only four of our patients had a BMI>30 kg/m2.
Further studies in larger patient populations with more
diverse body types are required to confirm these pre-
liminary findings. Fourth, the comparison was per-
formed between non-contrast-enhanced ULDCT and
contrast-enhanced RDCT. Contrast enhancement may
influence the overall image quality; therefore, we com-
pared only lung window images that appeared minimal-
ly influenced by contrast enhancement.

In conclusion, ULDCT using iterative reconstruction
(SAFIRE) at 80 kVp with an effective dose of 0.3 mSv
generates images of diagnostic quality in patients with BMIs

Table 3 Subjective assessment of image quality for various pulmonary lesions

Lesion Lesion location No. of lesions Lesion conspicuity on ULDCT
compared to RDCT1

Image quality for diagnosis
on ULDCT

Inferior Equal D ND

Solid nodule (≤10 mm) Upper 13 2 13 12 1

Middle 39 5 34 38 1

Lower 15 2 13 15 0

67 9 (13.4 %) 58 (86.6 %) 65 (97.0 %) 2 (3.0 %)

Ground-glass nodule (≤15 mm) Upper 3 0 3 3 0

Middle 12 7 5 8 4

Lower 2 0 2 2 0

17 7 (41.2 %) 10 (58.8 %) 13 (76.5 %) 4 (23.5 %)

Increased attenuation Upper 19 11 8 18 1

Middle 29 13 16 29 0

Lower 9 4 5 8 1

57 28 (49.1 %) 29 (50.9 %) 55 (96.5 %) 2 (3.5 %)

Decreased attenuation Upper 11 10 1 2 92

Middle 9 8 1 4 52

Lower 3 3 0 3 02

23 21 (91.3 %) 2 (8.7 %) 9 (39.1 %) 14 (60.9 %)

Linear opacities Upper 21 5 16 18 3

Middle 18 6 12 18 0

Lower 5 0 5 5 0

33 11 (25.0 %) 33 (75.0 %) 41 (93.2 %) 3 (6.8 %)

Bronchiectasis or bronchitis Upper 9 3 6 8 1

Middle 9 1 8 9 0

Lower 6 0 6 6 0

24 4 (16.7 %) 20 (86.3 %) 23 (95.8 %) 1 (4.2 %)

Total 232 (100 %) 80 (34.5 %) 152 (65.5 %) 206 (88.8 %) 26 (11.2 %)

1No lesions had superior lesion conspicuity on ULDCT compared to RDCT.
2 Significant correlation between lesion location and proportion of images of diagnostic quality (correlation coefficient, –0.501; p=0.015).

ULDCT, ultra low-dose CT; RDCT, reduced-dose CT; D, diagnostic; ND, non-diagnostic
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≤25, but is of limited use for lesions with decreased attenua-
tion, ground-glass nodules, or located in the upper lobe.
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