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Abstract
Objectives: The aim of this study was to assess the effects of reconstruction on the image quality and quantitative analysis for
interstitial lung disease (ILD) using filtered back projection (FBP) andmodel-based iterative reconstruction (MBIR) with the lung setting
and the conventional setting on ultra-low-dose computed tomography (CT).

Methods:Fifty-twopatientswith known ILDwereprospectively enrolledandunderwentCTat anultra-lowdose (0.18±0.02mSv) and
a standard dose (7.01±2.66 mSv). Ultra-low-dose CT was reconstructed using FBP (uFBP) and MBIR with the lung setting (uMBIR-
Lung) and the conventional setting (uMBIR-Stnd). Standard-dose CT was reconstructed using FBP (sFBP). Three radiologists
subjectively evaluated the images on a 3-point scale (1=worst, 3=best). For objective image quality analysis, regions of interest were
placed in the lung parenchyma and the axillary fat, and standard deviation (SD), signal-to-noise ratio (SNR), and contrast-to-noise ratio
(CNR) were evaluated. For 32 patients with clinically diagnosed idiopathic interstitial pneumonia, quantitative measurements including
total lung volume (TLV) and the percentage of ILD volume (%ILDV) were obtained. Themedians of 3 radiologists’ scores were analyzed
using theWilcoxon signed-rank test and the objective noisewas analyzedusing the paired t test. TheBonferroni correctionwasused for
multiple comparisons. The quantitative measurements were analyzed using the Bland-Altman method.

Results: uMBIR-Lung scored better than uMBIR-Stnd and worse than sFBP (P< .001), except for noise and streak artifact in
subjective analysis. The SD decreased significantly in the order of uMBIR-Stnd, uMBIR-Lung, sFBP, and uFBP (P< .001). The SNR
and CNR increased significantly in the order of uMBIR-Stnd, uMBIR-Lung, sFBP, and uFBP (P< .001). For TLV, there was no
significant bias between ultra-low-dose MBIRs and sFBP (P> .3). For %ILDV, there was no significant bias between uMBIR-Lung
and sFBP (p=0.8), but uMBIR-Stnd showed significantly lower %ILDV than sFBP (P= .013).

Conclusions: uMBIR-Lung provided more appropriate image quality than uMBIR-Stnd. Although inferior to standard-dose CT for
image quality, uMBIR-Lung showed equivalent CT quantitative measurements to standard-dose CT.

Abbreviations: %ILDV = percentage of interstitial lung disease volume, BMI = body mass index, CT = computed tomography,
DLP= dose-length product, ED= effective dose, FBP= filtered back projection, HU= hounsfield units, ILD= interstitial lung disease,
IPF = idiopathic pulmonary fibrosis, IR = iterative reconstruction, MBIR = model-based iterative reconstruction, ROI = region of
interest, SD = standard deviation, sFBP = FBP on standard-dose CT, TLV = total lung volume, uFBP = FBP on ultra-low-dose CT,
uMBIR-Lung = MBIR with the lung setting on ultra-low-dose CT, uMBIR-Stnd = MBIR with the conventional setting on ultra-low-
dose CT.

Keywords: computer-assisted, image processing, image reconstruction, interstitial lung diseases, multidetector computed
tomography, radiation dosage
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1. Introduction

As the use of computed tomography (CT) grows, medical
radiation exposure has increased worldwide. Consequently,
concerns about the risk of cancer induced by radiation have also
increased. Recently, iterative reconstruction (IR) algorithms have
been available in the clinical setting and contribute to dose
reduction without degradation of image quality.
Model-based iterative reconstruction (MBIR) is a recent pure

IR technique, and it considers system statistics and system optics.
MBIR is mathematically complex and time-consuming, but many
studies have reported its usefulness in various body regions.[1–11]

It has been generally reported that compared with traditional
FBP, MBIR achieves CT images with less noise, improved spatial
resolution, and increased contrast resolution.[12] Although the
previous generation of MBIR had no option for specific body
regions, the latest generation of MBIR has some clinical settings
for the head, lung, and abdomen.[13,14] Several studies reported
that the latest-generation MBIR with the lung setting could
provide higher resolution images and more appropriate image
quality for lung assessment than the conventional setting that
has the same physical characteristics as previous generation
of MBIR.[13,14]

Recent advances in IR technique have enabled ultra-low-dose
CT, whose radiation dose is equivalent to chest x-ray.[15–18]

Wang et al[15] reported that ultra-low-dose chest CT with an
effective dose of 0.13mSv could be used for quantification of lung
density and for detecting emphysema. Messerli et al[16] also
reported that ultra-low-dose CT was useful for pulmonary
nodule detection. IR technique contributed to the results in these
studies. However, few studies have investigated the effect of the
latest generation of MBIR with the lung setting on ultra-low-dose
CT of patients with interstitial lung disease (ILD).
For the assessment of ILD, visual evaluation of CT scans is used

clinically to evaluate the pattern and extent of lung changes. In
addition, quantitative CT evaluation has been proposed as a
method for the evaluation of ILD.[19–23] Density mask technique
using CT attenuation thresholds has been reported to demon-
strate good correlation with pulmonary function test or CT visual
scores in patients with idiopathic interstitial pneumonia.[20] This
quantitative measurement enables us to evaluate ILD without
intra- and interobserver variabilities, as found with visual
assessment.
The purpose of this study was to assess the effects of

reconstruction on the image quality and the CT quantitative
measurements of ultra-low-dose chest CT for patients with
ILD using filtered back projection (FBP) and the latest generation
of MBIR.
2. Materials and methods

2.1. Patients

Our institutional review board approved this prospective,
observational, and single-center study, and 52 patients were
recruited. Patients were identified from referral to the department
for a non-contrast chest CT specifically for follow-up of
previously detected ILD findings from January 2016 to February
2017. The inclusion criteria were age ≥40 years at the time of the
scan and able to provide written, informed consent. Exclusion
criteria were unable to give inform consent and pregnancy. All
patients provided written, informed consent and underwent
2

ultra-low-dose CT in addition to standard-dose CT for clinical
purposes. Age, body mass index (BMI), and clinical diagnosis of
ILD were recorded.
2.2. CT acquisition and image reconstruction

A multidetector row CT scanner (Discovery CT750HD; GE
Healthcare Technologies,Milwaukee,WI) was used in this study.
The patients underwent 2 of repeated scans without contrast
enhancement. A standard-dose CT was performed, and then
ultra-low-dose CT was performed immediately after standard-
dose CT, but with a separate breath-hold. The standard-dose CT
was performed using routine clinical protocol with tube current
modulation based on a fixed noise index (11.50). The ultra-low-
dose CT was performed with 10mA for tube current. The other
CT parameters for both standard-dose and ultra-low-dose CT
were as follows: detector collimation, 0.625mm; detector pitch,
0.984; gantry rotation period, 0.4seconds; x-ray voltage, 120
kVp; non-high resolution mode with 984 views per rotation. All
scans were performed with the patient in a supine position at end-
inspiration. CT dose index volume (CTDIvol) and dose-length
product (DLP) were recorded for all scans. Effective dose (ED)
was calculated as the product of DLP and the “k” conversion
coefficient (0.014mSv/mGycm) for chest CT.[24]

Axial thin-section images with thickness of 0.625mm, matrix
size of 512�512, and field of view of 34.5cmwere reconstructed
on ultra-low-dose CT. Veo 3.0 (GE Healthcare Technologies),
which was one of the latest-generationMBIRs, was used. Veo 3.0
had some setting options for reconstruction: Stnd setting was a
conventional setting that had the same physical characteristics as
Veo 2.0 (previous generation of MBIR and previous version of
Veo 3.0); and RP20 setting was one of the lung settings prepared
to provide high-resolution images.[14] Ultra-low-dose CT was
reconstructed using FBP with sharp kernel (uFBP), MBIR with
the RP20 setting (uMBIR-Lung), andMBIR with the Stnd setting
(uMBIR-Stnd). Standard-dose CT was reconstructed using FBP
with sharp kernel (sFBP) at the same section thickness, matrix
size, and field of view. In total, 4 data sets of CT images (sFBP,
uFBP, uMBIR-Lung, and uMBIR-Stnd) were obtained for
each patient.
The principal investigator (A.H., with 8 years of experience)

chose the images for evaluation at the carina level and lung base
level. In addition, images in which the most conspicuous CT
findings were found were also chosen for evaluation from each
CT data set. The CT findings were bronchiectasis, reticulation,
ground-glass opacity (GGO), and honeycombing. Totally, 6
image sets for evaluation (carina-level images, lung-base-level
images, bronchiectasis images, reticulation images, GGO images,
and honeycombing images) for each reconstruction (sFBP, uFBP,
uMBIR-Lung, and uMBIR-Stnd) were obtained. As reference
standards, a carina-level image, a lung base-level image, and an
image for each CT finding were chosen from uMBIR-Lung cases.
The reference standard images were selected at different levels
from the evaluation images.
2.3. Subjective image analysis

Three chest radiologists (O.H., M.Y., and T.M., with 26, 17, and
6 years of experience, respectively) independently analyzed the
evaluation images on a 3-megapixel 21-inch monochrome liquid
crystal display monitor. All images were displayed at a window
level of -700HU and a windowwidth of 1200HU. The observers
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were blinded to the CT protocol and image reconstruction of each
image. The observers compared each evaluation image with
reference standard images. Noise, streak artifact, blurring of the
border between the lung and chest wall, clarity of small vessels,
and overall image quality of the carina-level and lung base-level
images were graded using a 3-point scale: 3= superior to the
reference standard image; 2=almost equal to the reference
standard image; and 1= inferior to the reference standard image.
The CT findings were also graded based on the above-mentioned
3-point scale.
2.4. Objective image quality

The signal (mean CT value, HU) and noise (standard deviation,
SD) were evaluated quantitatively within a region of interest
(ROI), which was defined by a cursor using image-processing
software (ImageJ version 1.49v; NIH, Bethesda, MD).[25] In the
images at the carina level, ROIs, 10mm in diameter, were placed
in the uniform region in the lung parenchyma and axillary fat.
The ROIs were placed at exactly the same location among the 4
reconstructions (sFBP, uFBP, uMBIR-Lung, and uMBIR-Stnd).
The signal-to-noise ratio (SNR) was defined as mean CT value
divided by SD in the ROI of the lung parenchyma. The contrast-
to-noise ratio (CNR) was calculated by dividing the absolute
difference of the attenuations between lung parenchyma and
axillary fat by the image noise of axillary fat.
2.5. CT quantitative analysis

CT quantitative analysis was applied to the patients with
idiopathic interstitial pneumonia. The patients with the other
ILDs were excluded from this analysis, because it was
controversial to apply this analysis to non-idiopathic interstitial
pneumonia. A commercial workstation (ZIOSTATION; Ziosoft,
Osaka, Japan) was used for analysis and a semiautomatic
procedure was performed to segment the lung parenchyma from
the surrounding tissue using the whole lung image. First, the
principal investigator pointed the lung area, and then lung region
with airway was segmented. Second, the airway (trachea and
major bronchi) was segmented automatically. Finally, airway
segmentation was excluded from the lung with airway
segmentation, and lung parenchyma segmentation was obtained.
This semiautomatic segmentation was performed using image
sets of sFBP, uFBP, uMBIR-Lung, and uMBIR-Stnd. No manual
segmentation and no correction of segmentation were performed.
From the successful segmented lung parenchyma, total lung
volume (TLV) was obtained. In reference to previous study,[20]

the volume with attenuations between �500 and �700 Houns-
field Unit (HU) was defined as ILD volume (ILDV) and the ratios
of ILDV to TLV was designated as %ILDV.
2.6. Statistical analysis

All statistical analyses were performed using SPSS for Windows
Version 23 (IBMCorp., Armonk,NY). For the subjective analysis,
the median values of the scores of the 3 observers were analyzed
statistically. Differences in the median scores among the 4
reconstructions were assessed with the Wilcoxon signed rank
test, which was conducted with Bonferroni correction for multiple
comparisons. For objective image quality analysis, the differences
of average SDvalues, SNR, andCNRwere assessedwith the paired
t testwithBonferroni correction.ABonferroni-correctedP value of
3

<0.0083 (0.05/6) was considered significant. The Bland-Altman
analyses were performed to evaluate the differences in TLV and%
ILDV between standard-dose CT (sFBP) and ultra-low-dose
MBIRs (uMBIR-Lung and uMBIR-Stnd). The measurements for
uFBP were excluded from this analysis because the segmentation
for uFBP was successful in only 10 cases. The limit of agreement
was calculated by multiplying the SD of the difference of each
measurement by 1.96. The bias was assessed with t test, and the P
value of <.05 was considered significant.
3. Results

3.1. Patients’ demographics and radiation dose

The patients’ demographics were as follows: 29 men and 23
women; mean age, 71.4 years (range, 48–89 years); and mean
BMI 22.8kg/m2 (range, 16.2–32.5kg/m2). A total of 15 patients
had collagen-vascular disease-associated ILD, 3 patients had anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis-
associated ILD, 2 patients had chronic hypersensitivity pneumo-
nitis, and 32 patients were clinically diagnosed as having
idiopathic interstitial pneumonia. Among the patients with
collagen-vascular diseases, 8 patients had rheumatoid arthritis, 2
patients had Sjögren syndrome, and 2 patients had systemic
sclerosis. Three patients had multiple collagen-vascular diseases
including rheumatoid arthritis, Sjögren syndrome, systemic
sclerosis, polymyositis, and ankylosing spondylitis. Among the
patients with idiopathic interstitial pneumonia, 1 patient had
idiopathic pulmonary fibrosis (IPF) that was proven patholog-
ically. Sixteen patients were diagnosed as idiopathic nonspecific
interstitial pneumonia, and 15 patients were diagnosed as IPF
from clinical information and radiologic features. The flowchart
of enrolled patients and our procedures is shown in Figure 1.
The CTDIvol, DLP, and ED were 12.79±4.44 mGy, 500.75±

190.11mGy-cm, and 7.01±2.66 mSv, respectively, for standard-
dose CT and 0.33±0.03 mGy, 12.82±1.62mGy-cm, and 0.18±
0.02 mSv, respectively, for ultra-low-dose CT.
3.2. Subjective image analysis

The scores for the subjective analysis are summarized in Table 1.
The scores of uMBIR-Lung were significantly better than those of
uMBIR-Stnd in terms of blurring of the border between the lung
and chest wall, clarity of small vessels, and overall image quality
(all P values< .001) at both the carina and lung base levels
(Fig. 2). In terms of noise (P< .001) and streak artifact (P< .01),
the score of uMBIR-Stnd was significantly better than that of
uMBIR-Lung at both levels. uMBIR-Lung performed better than
uFBP for all items (all P values< .001), and uMBIR-Stnd
performed better than uFBP, except for blurring of the border
between the lung and chest wall and overall image quality. Both
uMBIR-Lung and uMBIR-Stnd performed worse than sFBP in
terms of blurring of the border between the lung and chest wall,
clarity of small vessels, and overall image quality (all P
values< .001), and they performed better than sFBP in terms
of noise and streak artifact at both levels (all P values< .001).
As for CT findings, the scores of uMBIR-Lung were

significantly better than of uMBIR-Stnd and uFBP for all items
(all P values< .001; Fig. 3). uMBIR-Stnd performed better than
uFBP only in terms of ground-glass opacity. Both uMBIR-Stnd
and uMBIR-Lung performed worse than sFBP for all CT findings
(P< .001; Fig. 4).
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Figure 1. Flowchart of enrolled patients and our procedure.

Hata et al. Medicine (2019) 98:22 Medicine
3.3. Objective image quality

The objective image measurements are summarized in Table 2.
The SD decreased significantly in the order of uMBIR-Stnd,
uMBIR-Lung, sFBP, and uFBP (P< .001). The SNR and CNR
increased significantly in the order of uMBIR-Stnd, uMBIR-
Lung, sFBP, and uFBP (P< .001).

3.4. CT quantitative analysis

CT quantitative analyses were performed in 32 cases with
idiopathic interstitial pneumonia. Among the 32 cases, the
segmentation was successful in 10 patients using uFBP. Almost
no lung area was segmented in 22 cases using uFBP. The lung
segmentation was successful in all 32 cases using sFBP, uMBIR-
Lung, and uMBIR-Stnd. The results of quantifications and Bland-
Altman analysis are summarized in Table 3 and Figure 5. uMBIR-
Lung showed no significant bias in both TLV (P= .31) and %
ILDV (P= .80) compared with sFBP. uMBIR-Stnd showed no
significant bias in TLV (p= .59), but for %ILDV, there was
significant bias between uMBIR-Stnd and sFBP (p= .013). The
4

bias and limits of agreement of uMBIR-Lung tended to be smaller
than those of uMBIR-Stnd (Fig. 5).

4. Discussion

The present results showed that the image quality of MBIR with
the lung setting was better than that of MBIR with the
conventional setting on ultra-low-dose CT, except for noise
and streak artifact. The noise of MBIR with the conventional
setting was significantly less than that of MBIR with the lung
setting. In traditional FBP, the high-resolution algorithm is
accompanied by an increase in noise, but it has been reported to
be useful for lung assessment.[26,27] The present results suggest
that the lung setting of MBIR may provide more appropriate
images for lung assessment than the conventional setting on ultra-
low-dose CT. MBIRs on ultra-low-dose CT performed worse
than FBP on standard-dose CT, except for noise and streak
artifact, but MBIR with the lung setting showed smaller biases
and limit of agreement than MBIR with the conventional setting
and equivalent %ILDV to standard-dose CT.



Figure 2. A 72-year-old womanwith collagen vascular diseases (systemic sclerosis and polymyositis). Bodymass index was 19.2kg/m2. Axial images at the carina
level reconstructed using FBP on standard-dose CT (A), FBP on ultra-low-dose CT (B), MBIR with the lung setting (C), and MBIR with the conventional setting (D).
Ground-glass opacity (arrowheads) is depicted more clearly on MBIR with the lung setting compared with the conventional setting, but they are slightly blurred
compared with FBP on standard-dose CT. The border between the lung and chest wall (black arrows) is blurred onMBIR with the conventional setting. The noise of
MBIR with the conventional setting is less than that with the lung setting. FBP on ultra-low-dose CT shows poor image quality with much noise and streak artifact.
CT=computed tomography, FBP=filtered back projection, MBIR=model-based iterative reconstruction.

Table 1

Comparisons of subjective scores among standard-dose FBP, ultra-low-dose FBP, ultra-low doseMBIR-Lung, and ultra-low-doseMBIR-
Stnd.

Carina level Lung base level CT findings

Noise
Streak
artifact Blurring

Small
vessel
clarity

Overall
image
quality Noise

Streak
artifact Blurring

Small
vessel
clarity

Overall
image
quality

Bronchi-
ectasis

Reticu-
lation

Ground-
glass
opacity

Honey-
combing

Subjective score
sFBP 1.1±0.3 1.1±0.3 3.0±0.2 2.9±0.4 3.0±0.0 1.0±0.0 1.0±0.1 3.0±0.0 2.9±0.3 3.0±0.0 2.5±0.5 2.7±0.5 2.8±0.4 3.0±0.0
uFBP 1.0±0.0 1.0±0.0 1.3±0.5 1.0±0.1 1.0±0.0 1.0±0.0 1.0±0.0 1.4±0.6 1.1±0.2 1.0±0.0 1.0±0.0 1.1±0.2 1.0±0.0 1.1±0.3
uMBIR-Lung 2.0±0.0 2.0±0.0 1.7±0.5 1.5±0.5 1.4±0.5 2.0±0.2 2.0±0.0 2.3±0.5 1.7±0.6 2.1±0.5 1.4±0.5 1.8±0.6 2.0±0.2 2.0±0.6
uMBI-Stnd 2.4±0.5 2.1±0.3 1.2±0.4 1.3±0.5 1.1±0.3 2.9±0.3 2.9±0.3 1.9±0.6 1.3±0.5 1.5±0.7 1.1±0.3 1.2±0.4 1.4±0.5 1.2±0.5

Statistical analysis
sFBP vs uFBP 0.008

∗
0.025 <.001

∗
<.001

∗
<.001

∗
1.000 0.317 <.001

∗
<.001

∗
<.001

∗
<.001

∗
<.001

∗
<.001

∗
<.001

∗

sFBP vs uMBIR-Lung <.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

sFBP vs uMBIR-Stnd <.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

uFBP vs uMBIR-Lung <.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

uFBP vs uMBIR-Stnd <.001
∗

<.001
∗

0.035 <.001
∗

0.025 <.001
∗

<.001
∗

<.001
∗

0.004
∗

<.001
∗

0.025 0.058 <.001
∗

0.564
uMBIR-Lung vs
uMBIR-Stnd

<.001
∗

0.008
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

<.001
∗

FBP= filtered back projection, MBIR=model-based iterative reconstruction, sFBP= FBP on standard dose CT, uFBP= FBP on ultra-low dose CT, uMBIR-Lung=MBIR with lung setting on ultra-low dose CT,
uMBIR-Stnd=MBIR with conventional setting on ultra-low dose CT.
Subjective analysis scores are expressed as mean± standard deviation.
∗
A Bonferroni-corrected P value <.0083 was considered significant in statistical analysis.
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Figure 3. A 66-year-old man with idiopathic interstitial pneumonia (usual interstitial pneumonia pattern). Body mass index was 22.2kg/m2. Axial images using FBP
on standard-dose CT (A), FBP on ultra-low-dose CT (B), MBIR with the lung setting (C), and MBIR with the conventional setting (D). Bronchiectasis (black arrows),
reticulation (arrowheads), and small vessels (white arrows) are depicted more clearly on MBIR with the lung setting than with the conventional setting. They are
depicted similarly using FBP on standard-dose CT and MBIR with the lung setting. CT=computed tomography, FBP=filtered back projection, MBIR=model-
based iterative reconstruction.
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Figure 4. A 73-year-old woman with idiopathic interstitial pneumonia (usual interstitial pneumonia pattern). Body mass index was 19.7kg/m2. Axial images using
FBP on standard-dose CT (A), FBP on ultra-low-dose CT (B), MBIR with the lung setting (C), and MBIR with the conventional setting (D). Small honeycombing is
detectable on the FBP image on standard-dose CT, but it is difficult to see on ultra-low-dose CT images (arrows). CT=computed tomography, FBP=filtered back
projection, MBIR=model-based iterative reconstruction.
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The previous generation of MBIR was reported to have a
unique feature called pixelated blotchy appearance.[1,2] This
feature resulted in a step-like appearance at the interface of tissues
or blurring of subtle structures. Padole et al[28] reported that
MBIR images on sub-mSv CT were suboptimal for evaluation of
Table 2

Comparison of objective values among standard dose FBP, ultra-
low dose FBP, ultra-low dose MBIR-Stnd, and ultra-low dose
MBIR-Lung.

SD (HU) SNR CNR

Objective value
sFBP 48.0±9.8 19.3±4.6 17.7±2.2
uFBP 202.6±62.8 4.7±1.2 3.3±0.9
uMBIR-Stnd 23.1±4.9 39.4±6.2 49.6±9.1
uMBIR-Lung 39.9±6.6 22.8±4.0 20.4±3.5

Statiscal analysis
sFBP vs uFBP <.001

∗
<.001

∗
<.001

∗

sFBP vs uMBIR-Stnd <.001
∗

<.001
∗

<.001
∗

sFBP vs uMBIR-Lung <.001
∗

<.001
∗

<.001
∗

uFBP vs uMBIR-Stnd <.001
∗

<.001
∗

<.001
∗

uFBP vs uMBIR-Lung <.001
∗

<.001
∗

<.001
∗

uMBIR-Stnd vs uMBIR-lung <.001
∗

<.001
∗

<.001
∗

CNR= contrast-to-noise ratio, FBP= filtered back projection, MBIR=model-based iterative
reconstruction, SD= standard deviation, sFBP= FBP on standard dose CT, SNR= signal-to-noise
ratio, uFBP=FBP on ultra-low dose CT, uMBIR-Lung=MBIR with lung setting on ultra-low dose CT,
uMBIR-Stnd=MBIR with conventional setting on ultra-low-dose CT.
∗
A P value of <.0083 was considered significant in statistical analysis.
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visibility of normal structures of the lung. Yanagawa et al[3] also
reported that MBIR images on ultra-low-dose CT may decrease
the visibility of fine and low-contrast abnormalities such as
intralobular reticular opacities. The present study showed that
the lung setting of the latest generation MBIR improved
small vessel clarity, blurring of the border of lung and
chest wall, and CT findings of ILD, even on ultra-low-dose
Table 3

Summary of CT quantitative measurements and Bland-Altman
analysis for 32 cases of idiopathic interstitial pneumonia.

Mean±SD Bias P Limits of agreement

sFBP
TLV (L) 3.68±1.17 — — —

%ILDV (%) 11.84±5.00 — — —

uMBIR-Lung
TLV (L) 3.71±1.17 �0.03 0.31 (�0.34, 0.28)
%ILDV (%) 11.91±5.15 �0.07 0.80 (�3.09, 2.95)

uMBIR-Stnd
TLV (L) 3.70±1.18 �0.02 0.59 (0.34, 0.30)
%ILDV (%) 12.69±5.57 �0.84 0.013

∗
(�4.39, 2.71)

%ILDV=percentage of interstitial lung disease volume, FBP= filtered back projection, MBIR=model-
based iterative reconstruction, SD= standard deviation, sFBP= FBP on standard-dose CT, TLV= total
lung volume, uMBIR-Lung=MBIR with lung setting on ultra-low-dose CT, uMBIR-Stnd=MBIR with
conventional setting on ultra-low-dose CT.
Bias was calculated as the difference between sFBP and MBIRs and assessed with t-test. The limit of
agreement was calculated by multiplying the SD of the difference between sFBP and MBIRs by 1.96.
∗
A P value of <.05 was considered significant.
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Figure 5. Bland-Altman plots of TLV (A and B) and %ILDV (C and D) comparing MBIRs on ultra-low-dose CT with FBP on standard-dose CT. MBIR with lung
setting (a and c) andMBIR with conventional setting (b and d). Solid thin line indicates mean difference (bias). Top and bottom dashed lines correspond to upper and
lower margins of limits of agreement. Linear regression lines are indicated as solid bold lines; y=0.004 x � 0.046, R2=0.001, and P= .86 for (A); y=�0.002 x �
0.009, R2<0.001, and P=0.94 for (B); y=�0.031 x + 0.3, R2=0.01, and P= .58 for (C); y=�0.1.11 x + 0.5, R2=0.10, and P=0.08 for (D). CT=computed
tomography, FBP=filtered back projection, ILDV= the percentage of interstitial lung disease volume, MBIR=model-based iterative reconstruction, TLV= total lung
volume%.
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CT. These improvements may solve the previously described
disadvantage of MBIR.
For the CT quantitative analysis, FBP on ultra-low-dose CT

was inappropriate because of segmentation failure. Excessive
image noise on the FBP image on ultra-low-dose CT may
prevent successful segmentation. However, the segmentation
was successful using MBIR on ultra-low-dose CT and MBIR
with the lung setting showed equivalent %ILDV to standard-
dose CT. %ILDV has been reported to correlate with the visual
extent of ILD or the results of pulmonary function testing.[20]

Our result suggests that ultra-low-dose CT using MBIR with
the lung setting may be useful for evaluation of extent or
progression of ILD. In one case, the bias of %ILDV was >6%
in both uMBIR-Lung and uMBIR-Stnd. In this case, TLV was
reduced by 14% in both uMBIR-Lung and uMBIR-Stnd
compared with sFBP. The separate breath-hold for the ultra-
low-dose and standard-dose scan might affect the CT
8

quantitative measurements. It is necessary to validate our
results using spirometry-gated CT.
The image quality of ultra-low-dose CT with MBIR performed

worse than that of standard-dose CT, except for noise and streak
artifact. In some cases, it was difficult to identify honeycombing
on ultra-low-dose CT. Honeycombing is necessary for the
diagnosis of the UIP pattern, and the presence of the UIP pattern
on CT is sufficient for the diagnosis of idiopathic pulmonary
fibrosis according to the international consensus.[29] If the
honeycombing is overlooked on CT with poor image quality, an
unnecessary surgical lung biopsy may be performed. Thus, ultra-
low-dose CT with our protocol may be insufficient for detailed
assessment of ILD. However, %ILDV evaluation using MBIR
with lung-setting on ultra-low-dose CT showed good agreement
with that of standard-dose CT. It is necessary to detect interstitial
lesions for screening CT and to evaluate the change of the extent
of the lesions at follow-up, but detailed assessment, such as
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classification of ILD, is not necessarily needed. For simple
assessments such as screening or follow-up of ILD, ultra-low-
dose CT with MBIR may be useful clinically.
Thepresent studyhad several limitations. First,most of the study

population had no pathological proof of ILD, and it was not
possible to evaluate the diagnostic ability of MBIR on ultra-low-
dose CT. Second, although there are some reports of objective
analyses for ILD using histogram analysis or texture classification
method,[30] those analyses were not performed in this study. We
considered that ultra-low-dose CT would be used mainly for
screening or follow-up and simple assessments were needed, but
our quantitative analysismight be too simple to reflect the accurate
extent of the ILD lesion. Third, only a CT scanner and an IR
technique developed by a single vendor were used. Differences in
CT scanners and IR techniques may show different results, even at
the same radiation dose level. Fourth, although analyses were
conducted in a blinded manner for reconstruction and radiation
dose, MBIRs showed some unique appearances, so complete
blindingwas difficult. Fifth, only 1 obese patient (BMI>30kg/m2)
was included in the study, and the protocol was not changed
depending on the BMI. Generally, patients with a high BMI need a
higher radiation dose to achieve appropriate image quality. The
present results cannot be applied to high-BMI patients. Lastly,
fixed tube current was used for ultra-low-dose CT, whereas
automatic tube current modulation was used for standard-dose
CT. Automatic modulation for ultra-low-dose CT was not
available at the time of the study. Further investigations are
needed to develop the optimal protocol for ultra-low-dose CT.
In conclusion, the lung setting provided more appropriate

image quality than the conventional setting for ILD using MBIR
on ultra-low-dose CT. Although inferior to standard-dose CT for
image quality, MBIR with the lung setting on ultra-low-dose CT
showed equivalent CT quantitative measurements to standard
dose CT.
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