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A B S T R A C T

Computer tomography plays a major role in the evaluation of thoracic diseases, especially since the advent of the
multidetector-row CT (MDCT) technology. However, the increase use of this technique has raised some concerns
about the resulting radiation dose. In this review, we will present the various methods allowing limiting the
radiation dose exposure resulting from chest CT acquisitions, including the options of image filtering and
iterative reconstruction (IR) algorithms. The clinical applications of reduced dose protocols will be reviewed,
especially for lung nodule detection and diagnosis of pulmonary thromboembolism. The performance of reduced
dose protocols for infiltrative lung disease assessment will also be discussed. Lastly, the influence of using IR
algorithms on computer-aided detection and volumetry of lung nodules, as well as on quantitative and functional
assessment of chest diseases will be presented and discussed.

1. Introduction

The advent of multidetector-row CT (MDCT) technology in the late
1990s has played an important role in many areas of routine clinical
practice, including chest imaging. However, the increasing number of
CT scans being obtained has also raised some concerns about the re-
sulting radiation exposure, so that currently the issue of radiation dose
reduction is drawing widespread attention.

In the last decade, dose reduction strategies have been relying on a
variety of techniques for data acquisition, such as tube current or tube
voltage reduction, increased helical pitch, scan length optimization,
and utilization of automatic exposure control (AEC) [1–3]. Generally
speaking, image noise is inversely proportional to the square root of the
radiation dose, so that reduced-dose CT images have a higher noise
level than standard-dose images, and care must be exercised to ensure
that the former remain suitable for diagnosis. To overcome the increase
in image noise on reduced-dose CT images, various imaging filters,
reconstruction algorithms and kernels have been developed. Among
these, imaging filters are software applications designed to improve
image quality by removing noise and artifacts. Currently, two types of

imaging filters are in use: spatial domain filters, applied to the re-
constructed images, and raw data–based filters, operating before image
reconstruction [1–3]. These techniques have been used over the past
few decades in conjunction with filtered back projection (FBP).

More recently, enhanced computer performance has made it pos-
sible to apply iterative reconstruction (IR) algorithms for image re-
construction in routine clinical practice. Currently, IR algorithms are
roughly divided into hybrid-type IR and model-based IR methods, with
slight differences in details among vendors. These methods result in less
image noise from raw data, although longer reconstruction times are
required by some vendors [4]. These algorithms have been reported
more useful than FBP for image quality improvements on reduced-dose
CT images. They allow acquiring ultra-low-dose CT images, with ra-
diation dose close to that for chest radiographs, for pulmonary nodule
detection during lung cancer screening or meta surveillance of onco-
logic patients [5–10].

With this in mind, we will overview the recent improvements in
radiation dose reduction, and discuss 1) image quality improvement
methods for reduced-dose CT, 2) influence on computer-aided detection
and volumetry of pulmonary nodules and 3) influence on quantitative
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and functional assessment of chest diseases.

1.1. Options for image quality improvement: image filtering and iterative
reconstruction algorithm

1.1.1. Image filtering
Image data processing is a way to improve image quality without

increasing the radiation dose to patients [1–3,11–14]. It allows using
CT protocols with reduced radiation doses and attain image quality
similar to that obtained with higher dose. Originally, spatial domain-
based filters were used after image reconstruction using the FBP algo-
rithm. Since 2008, however, three-dimensional (3D) adaptive raw data
filtering has been introduced to be used on raw data before image re-
construction [1–3,13,14]. Raw data can be degraded if an incoming x-
ray beam traverses structures with extremely high attenuation, re-
sulting in streak artifacts. The 3D raw data filter removes such streak
artifacts by modifying parts of the raw data corrupted by the presence
of highly attenuated structures.

The International Multicenter Study for Low-Dose Chest CT
Examination and Diagnosis (iLEAD) study group has been reporting on
the utility of 3D raw data filters in Japanese [14,15], German [16] and
United States (USA) [17] populations. Lung nodule detection and
characterization were compared on standard- and reduced-dose CTs
with and without using 3D raw data filters [15]. These studies found
that 3D raw data filters could markedly decrease streak artifacts and
reduce tube current to 50 or 60mA levels while maintaining image
quality and depiction of pulmonary findings without any significant
differences in comparison with standard-dose CT [14–17]. In addition,
it was demonstrated that lesion characterization on reduced-dose CT
images was comparable to that performed using standard-dose CT
images [14–17]. However, there was no further radiation dose reduc-
tion reported since 2011 using the above-mentioned techniques [18],
the reason why iterative reconstruction is currently applied rather than
these previous techniques to achieve a larger dose reduction on CT.

1.1.2. Iterative reconstruction algorithms for radiation dose reduction
These last years, most CT vendors have introduced hybrid-type and/

or model-based IR algorithms for use in routine clinical practice
(Table 1), and many investigators have found them useful for cardi-
othoracic imaging. As explained in a state-of-the art review of iterative
CT reconstruction techniques, hybrid algorithms combine both analy-
tical and iterative methods. The initial image can be generated by
means of analytical methods and iterative methods secondarily used to
reduce noise in the image domain. However iterative algorithms can
also be directly employed in the reconstruction process. The term hy-
brid IR usually refers to algorithms that mainly reduce image noise
through cyclic image processing [4]. In contrast, the term model-based
iterative reconstruction usually refers to algorithms that employ models
of the acquisition process, image statistics, and system geometry.
Moreover, the clinical performance of IR algorithms is not necessarily

related to the complexity of the method. Nevertheless, the reconstruc-
tion times of hybrid-type IR algorithms are generally and comparatively
faster than those of model-based IR algorithms and more easily applied
in routine clinical practice.

Since the first applications of IR algorithms, hybrid-type IR algo-
rithms have been tested more extensively than model-based IR algo-
rithms [5–7,19–22]. Almost all investigators reported that IR algo-
rithms had better potential for greater radiation dose reduction than
FBP algorithms for various pulmonary diseases [5–7,19–21].

One study reported that the image quality obtained with tube cur-
rents of 100mA and 50mA and a FBP algorithm, was significantly
lower than that for both protocols using a hybrid-type IR algorithm for
image reconstruction [22]. In addition, all inter-method agreements for
bronchiectasis, emphysema, ground-glass opacity, honeycomb pattern,
interlobar septal thickening, nodules and reticular opacity were mod-
erate, substantial, or almost perfect [22]. Moreover all agreements for
the mediastinal and pleural findings among reduced-dose CTs with
AIDR 3D algorithms and standard-dose CT with FBP algorithm were
almost perfect [22]. The results of this study were supported by those of
a multicenter study conducted by the Area-Detector Computed Tomo-
graphy for the Investigation of Thoracic Diseases (ACTIve) study group,
evaluating image quality and radiation dose reduction of chest CT using
the same hybrid-type IR method, although the multicenter study ap-
plied standard-dose CT with a tube current of 240mA and reduced-dose
CTs with tube currents of 120mA and 60mA [23].

When considering the use of reduced-dose CT in clinical practice,
one of the most important applications is lung cancer screening. The
ACTIve study group also assessed the utility of the AIDR 3D algorithm
for lung nodule detection on reduced-dose CT [24]. No significant
differences in solid lung nodule detection was found between reduced-
dose CT protocols using tube currents of 120mA and 20mA. For the
detection of ground glass nodules of at least 8 mm in diameter, the
performance of the two protocols was similar [23]. The authors
therefore concluded that, for cases with normal body mass index values,
lung nodule detection with reduced-dose CT protocol using 20mA and
the AIDR 3D algorithm, at a chest radiograph equivalent dose, was
comparable to that obtained with CT protocols using 120mA and the
AIDR 3D algorithm., except for the detection of smaller ground glass
nodules of less than 8mm in diameter [24].

Another study used model-based and hybrid-type IR reconstruction
algorithms from another vendor [25]. In this study, 59 patients gave
informed consent to undergo reference-, low-, and ultralow-dose chest
CT acquisitions using a 64-row multidetector CT. They used automatic
tube current modulation with 2 fixed noise index values (31.5 and
70.44 for reference and low-dose CT images, respectively) re-
constructed with 50% adaptive iterative reconstruction (ASiR; GE
Healthcare, Waukesha, WI, USA) The ultralow-dose CT was acquired
with a fixed tube current-time product of 5 mAs and reconstructed with
model-based IR (MBIR). No significant differences were observed be-
tween the low-dose ASIR and the ultralow-dose MBIR protocols for

Table 1
Clinically available iterative reconstruction algorithms provided by CT vendors.

Method CT vendor

Model-Based Iterative Reconstruction (IR) Veo GE Healthcare
Iterative Model Reconstruction (IMR) Philips Healthcare
Forward Projected Model-Based Iterative Reconstruction Solution
(FIRST)

Canon Medical Systems (previously Toshiba Medical
Systems)

Hybrid-Type Iterative Reconstruction (IR) Adaptive Statistical Iterative Reconstruction (ASiR) GE Healthcare
Iterative Reconstruction in Image Space (IRIS) Siemens Healthcare
Sinogram Affirmed Iterative Reconstruction (SAFIRE) Siemens Healthcare
Advanced Modeled Iterative Reconstruction (ADMIRE) Siemens Healthcare
Adaptive Iterative Dose Reduction using 3D Processing (AIDR 3D) Canon Medical Systems (previously Toshiba Medical

Systems)
4th-Generation Iterative Reconstruction (iDose [4]) Philips Healthcare
Intelli Iterative Processing (Inteli IP) Hitachi
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overall nodule detection, ground-glass, part- solid, or solid nodule de-
tection. They thus concluded that model-based iterative reconstruction
enabled nearly 80% radiation dose reduction without affecting nodule
detectability [25]. Taking into account these studies, nodule detection
in routine clinical practice and during lung cancer screening is probably
one of the best applications for CT dose reduction.

Another important application of radiation dose reduction is pul-
monary thromboembolism diagnosis. Pontana et al used IR algorithm
and low tube voltage for radiation dose reduction when performing
contrast-enhanced CT pulmonary angiography (CTPA) [26]. They
compared image quality of low-voltage CTPA acquisitions re-
constructed with a hybrid-type IR algorithm (SAFIRE: sonogram-af-
firmed iterative reconstruction; Siemens Healthcare, Forchheim, Ger-
many), with that of standard-dose, standard-voltage CTPA acquisitions
reconstructed with FBP algorithm [26]. The low-voltage CTPA images
reconstructed with SAFIRE algorithm showed improved quality at both
lung and mediastinal window settings and superior signal-to-noise and
contrast-to-noise ratios [26].

Hybrid-type and model-based IR algorithms have also been tested
on simulated low-dose CTPA examinations of 16 patients with

pulmonary thromboembolism with dose levels (DL) of 50%, 25%,
12.5%, 6.3% or 3.1% of the original tube current setting [27]. The
original and simulated low-dose data sets were reconstructed with three
reconstruction algorithms: FBP standard reconstruction algorithm, a
hybrid-type IR algorithm (iDose; Philips Healthcare, Cleveland, OH,
USA) and a model-based IR algorithm (Iterative Model Reconstruction
(IMR), Philips). The authors found that iDose and IMR showed superior
capability for detection of pulmonary thromboembolism. With IMR,
sensitivity for detection of pulmonary embolism was 100% down to a
dose level of 12.5%, and contrast-to-noise ratio was higher than for the
2 other reconstruction algorithm.

Whereas applying dose reduction for lung cancer screening and
pulmonary thromboembolism detection seemed validated, there have
been some concerns about the diagnostic performance of reduced dose
CT for interstitial lung disease (ILD) assessment compared to that
standard dose CT. It was therefore important to determine the cap-
ability of IR algorithms to maintain diagnostic performance for patients
with interstitial lung disease. In 2016, two major studies were pub-
lished which addressed the above-mentioned concerns [28,29].

One study [28] evaluated the effect of IR algorithms on the

Fig. 1. 76-year-old female with ground glass nodule (GGN) in the right lower lobe.
A (L to R: 200mA, 100mA, 20mA and 10mA): FBP reconstructed CT using Boost 3D (Canon). With a reduction in tube current, GGN in the right lower lobe is visible
on each CT image, but streak artifacts increase, especially at tube current of 20mA and 10mA. B (L to R: 200mA, 100mA, 20mA and 10mA): Hybrid type IR (i.e.
AIDR 3D, Canon) reconstructed CT. With a reduction in tube current, GGN in the right lower lobe on each CT image reconstructed with the AIDR 3D algorithm is
more clearly visible than on that reconstructed with the FBP algorithm. In addition, streak artifacts slightly increased, especially at tube current of 20mA and 10mA.
C (L to R: 200mA, 100mA, 20mA and 10mA): Model-based IR (i.e. FIRST, Canon) reconstructed CT. Although the tube current was reduced, GGN in the right lower
lobe remains clearly visible and no streak artifacts appear on any CT image.
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depiction of systemic sclerosis–related ILD when the radiation dose was
reduced by 60%. In this study, 55 patients underwent chest CT ex-
aminations using a dual-source CT unit with both tubes set at 120 kVp
and the 110mAs reference milliampere seconds divided into 40% for
tube A and 60% for tube B. Two series of images were generated :
standard-dose images (group 1), generated from both tubes and re-
constructed with FBP algorithm and reduced-dose images (group 2),
generated from tube A with 60% dose reduction and reconstructed with
SAFIRE algorithm. The authors reported that the mean objective noise
level was significantly lower for group 2. The ILD CT features seen in
group 1 were always depicted in group 2, with subjective conspicuity
scores improved for ground-glass opacity, reticulation, and bronch-
iectasis. The authors therefore concluded that the hybrid-type IR al-
gorithm allowed for similar detection of systematic sclerosis–related
ILD on reduced-dose images, with a CT radiation dose reduced to 60%
[28].

Another study evaluated the utility of IR algorithms for the assess-
ment of diffuse ILD on thin-section CT [29]. Chest CT scans were

performed in 23 patients with ILD, using a standard-dose protocol (120
kVp and 142–275mA with dose modulation) and a reduced-dose pro-
tocol (120 kVp and 20mA). Standard-dose CT images were re-
constructed with FBP and reduced-dose CT images were reconstructed
with FBP, ASiR, and MBIR algorithms. The disease detection was not
significantly different for the various doses. However, in comparison
with standard-dose CT images, reduced-dose CT images reconstructed
with FBP, ASiR, and MBIR tended to underestimate reticular or hon-
eycombing opacities and overestimate ground glass opacities. The au-
thors therefore concluded that the diagnostic performance of reduced-
dose protocols was similar to that of standard-dose but that caution
should be exercised when comparing disease extent in follow-up studies
using an IR algorithm [29].

The ALARA acronym for "as low as reasonably achievable (i.e.
ALARA)" is a fundamental principle for diagnostic radiology. There is
no doubt that medical imaging, which has undergone tremendous
technological advances in the last decades, is essential for patient care.
However, technological advances generally precede the knowledge of

Fig. 2. 83-year-old male patient with polymyositis.
A (L to R: 200mA, 100mA, 20mA and 10mA): FBP reconstructed CT using Boost 3D. Pulmonary emphysema and reticulation in both lungs, especially the lower
lobes, are depicted at tube currents of 200mA, 100mA and 20mA, but are not clearly visible at the tube current of 10mA. However, image clarity is markedly
reduced, and streak artifacts have significantly increased, especially at 20mA and 10mA. B (L to R: 200mA, 100mA, 20mA and 10mA): Hybrid type IR (i.e. AIDR
3D) reconstructed CT. Pulmonary emphysema and reticulation in both lungs, especially the lower lobes, are seen at each tube current. However, image clarity is
slightly reduced, and streak artifacts have slightly increased, especially at 10mA. C (L to R: 200mA, 100mA, 20mA and 10mA): Model-based IR (i.e. FIRST)
reconstructed CT. Pulmonary emphysema and reticulation are equally visible at each tube current. In addition, image clarity remains the same, and no streak artifacts
are visible at any tube current.
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end-users concerning the optimal use of imaging equipments, and such
knowledge is essential to minimizing potential risks to the patients. It
means making all efforts to maintain exposures to ionizing radiation as
low as possible. When considering the recently developed IR algo-
rithms, they have made possible to reduce the radiation dose resulting
from CT examinations in routine clinical practice, because they can
maintain satisfactory diagnostic performance and image conspicuity
(Figs. 1 and 2). Moreover, when using IR algorithms, tube current can
be reduced at a 50mA level for the evaluation of most pulmonary
diseases and even reduced at a 10mA level for nodule detection. Model-
based IR algorithms might decrease spatial resolution and change the
image appearance which can be found disturbing. Therefore, hybrid-
type IR algorithms are probably more appropriate to be applied for CT
evaluation of pulmonary diseases in routine clinical practice.

1.2. Influence of iterative reconstruction for computer-aided detection and
volumetry of lung nodules

1.2.1. Computer-aided detection of lung nodules
A Computer-Aided Detection and Diagnosis (CAD) system is a class

of computer systems designed to assist in the detection and/or diag-
nosis of diseases through a “second opinion” [30]. The main purpose of
CAD systems is to improve the accuracy of radiologists by reducing the
time needed for the interpretation of images and /or limiting the de-
tection errors. CAD systems are classified into two groups: computer-
aided detection (CADe) systems and computer-aided diagnosis (CADx)
systems.

Several studies have reported improvements in radiologists’

detection of lung nodules when using CADe. A wide range of sensitiv-
ities, from 54% to 95%, with false positive rates of 0.55–8.3 per ex-
amination, has been reported when CADe is employed alone [31]. It has
also been suggested that image quality is an important factor, with a
decline in CADe performance when it is used on reduced-dose CT ac-
quisitions reconstructed with FBP algorithm [32–34].

One study evaluated CADe performance for the detection of artifi-
cial pulmonary nodules [32]. In this study, seven porcine lung explants
were inflated in a dedicated ex vivo phantom shell and supplied with
162 artificial nodules, after which CT was performed with different
combinations of 120 and 80 kV with 120, 60, 30 and 12mAs. CT images
were reconstructed with an FBP algorithm and the SAFIRE hybrid-type
IR algorithm. Subsequently, 16 data sets per lung were analyzed using a
dedicated CADe software (Syngo Via VA20 A, Siemens), and the rates of
true-positive, false-negative and false-positive CADe marks were de-
termined for each reconstruction. It was found that the rates of true-
positive findings were not significantly different for most exposure
settings except for the combination of 80 kV and 12mAs. The authors
therefore concluded that the CADe results were robust over a wide
range of exposure settings. In addition, noise reduction by SAFIRE was
not detrimental, and had the potential to be used to improve image
quality of reduced-dose CT acquisitions performed for lung cancer
screening [32].

The results of two in vivo studies were recently reported [33,34].
Ohno et al. evaluated the proprietary CADe software developed by
Canon Medical Systems Corporation (previously Toshiba Medical Sys-
tems Corporation) and Kobe University, using standard-, reduced- and
ultra-low-dose CT acquisitions reconstructed by means of FBP and IR

Fig. 3. 70-year-old man with mild pulmonary emphysema (permission obtained from reference No. 52).
A: Standard-dose CT reconstructed with FBP algorithm using boost 3D (Canon), B: Reduced-dose CT reconstructed with FBP algorithm using boost 3D (Canon), and C:
Reduced-dose CT reconstructed with a hybrid-type IR algorithm (AIDR 3D, Canon). Low-attenuation lung regions shown in images are color coded based on size as
follows: class 1, red (2–8mm [3]); class 2, yellow (8–65mm [3]); class 3, green (65–120mm [3]); class 4, cyan (> 120 mm [3]).
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algorithms. Doses of 250mA, 50mA and 10mA, were respectively used
for standard-, reduced- and ultra-low-dose chest CTs, reconstructed by
FBP and hybrid-type IR algorithm (AIDR 3D, Canon) in 40 patients who
had both solid and subsolid nodules to be automatically detected. Vo-
lume CT dose indexes (CTDIvols) obtained with ultra-low-dose CT, re-
duced-dose CT and standard-dose CT were 0.5 mGy, 2.5mGy and
12.6 mGy, respectively. The sensitivity of CADe for nodule detection on

ultra-low-dose CT reconstructed by means of an FBP algorithm was
significantly reduced compared to what was observed for standard- and
reduced-dose CTs and ultra-low-dose CT reconstructed with the AIDR
3D algorithm. Thus, the authors concluded that the hybrid-type IR al-
gorithm had a positive effect on nodule detection capability of the
CADe system when the radiation dose was reduced [33]. In addition,
there were no significant difference of sensitivity and false-positive rate

Fig. 4. 72-year-old male patient with invasive adenocarcinoma in the right lower lobe (permission obtained from reference No. 60).
(A: standard-dose perfusion ADCT at 120mA, reduced-dose ADCT at 80mA, that at 60mA and that ADCT at 40mA reconstructed with and without AIDR 3D
(Canon); B: pulmonary arterial perfusion maps derived from all ADCT data obtained with and without AIDR 3D; C: systemic arterial perfusion maps derived from all
ADCT data obtained with and without AIDR 3D; D: total perfusion maps derived from all ADCT data obtained with and without AIDR 3D; E: perfusion maps derived
from all ADCT data obtained with and without AIDR 3D; F: extraction fraction maps derived from all ADCT data obtained with and without AIDR 3D; G: blood
volume maps derived from all ADCT data obtained with and without AIDR 3D. Although image noise slightly increased on all reduced-dose ADCTs obtained with and
without AIDR 3D, all perfusion maps except for the blood volume map showed only minor differences among all simulated dose data, for both lung parenchyma and
nodules evaluation. Regional blood volumes within lung parenchyma and nodules derived from data obtained without AIDR 3D changed more than those obtained
from data reconstructed with AIDR 3D.
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between standard-dose and reduced and ultra-low-dose CT acquisitions
when reconstructed with AIDR 3D.

Similar results were obtained in another study by Nomura et al.,
which used the same FBP and hybrid-type IR algorithms, and in addi-
tion a model-based IR algorithm (Forward projected model-based
Iterative Reconstruction SoluTion (FIRST); Canon, previously Toshiba)
[34]. A reduced-dose CT protocol with a CTDI value of 3.02mGy and an
ultra-low-dose CT protocol with a CTDI of 0.3mGy were used for 85
subjects enrolled in a lung cancer screening program. The reduced-dose
CT images were reconstructed with the FBP algorithm, and the ultra-
low-dose CT images with the FBP, AIDR 3D and FIRST algorithms. Each
image dataset was evaluated by using the authors’ proprietary CADe
software. The sensitivity of CADe on the ultra-low-dose CT datasets
reconstructed both IR algorithms was significantly higher than that on

the ultra-low-dose dataset reconstructed with the FBP algorithm [34].
These studies [32–34] demonstrate that IR algorithms are capable of
maintaining the CADe performance as high as that observed on stan-
dard-dose CT images, despite the radiation dose reduction. In addition,
as compared with previously applied FBP algorithm, both IR algorithms
can achieve further radiation dose reduction in this setting.

1.2.2. Computer-aided volumetry of pulmonary nodules
Since the demonstration by the National Lung Screening Trial

(NLST) that lung cancer screening reduces the lung cancer-related
mortality [35], several other trials have been performed worldwide
[36,37]. Some investigators, especially The Dutch-Belgian Randomized
Lung Cancer Screening Trial (Dutch acronym: NELSON study) group,
have suggested that volume measurements and/or doubling time of

Fig. 4. (continued)
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assessment by computer-aided volumetry (CADv) software should be
used for the evaluation of indeterminate screen –detected lung nodules
[38–41]. The Quantitative Imaging Biomarkers Alliance (QIBA), es-
tablished by the Radiological Society of North America, has evaluated
the measurement accuracy of CADv software from many vendors on a
QIBA recommended phantom study [40].

Ohno et al. performed a phantom study in accordance with QIBA
recommendations using standard-, reduced- and ultra-low-dose CT ac-
quisitions. Images were reconstructed by means of FBP and hybrid-type
and model-based IR algorithms (AIDR 3D and FIRST) provided by
Canon Medical Systems Corporation, and analyzed using a commer-
cially available 3D CADv software (CT Lung Nodule Analysis; Vital
Images Inc., Minnetonka, MN) [41]. In this study, an anthropomorphic
thoracic phantom with 30 simulated nodules of three density types
(100, −630, and −800 HU) and five different diameters was scanned

with an area-detector CT at tube currents of 270, 200, 120, 80, 40, 20,
and 10mA. Each dataset was reconstructed as a thin-section CT with
the three algorithms (FBP, AIDR 3D and FIRST) and all simulated no-
dules were measured with CADv software. The percentages of absolute
measurement errors for all three reconstruction methods were then
statistically compared among all data sets. Statistical analyses de-
termined that the mean absolute measurement errors for both IR al-
gorithms for each nodule type were significantly lower than those ob-
served for the FBP algorithm used on 20mA and 10mA CT acquisitions.
Moreover, there were no significant differences of absolute measure-
ment errors between standard-dose CT with all reconstruction methods
and reduced- and ultra-low-dose CTs with both IR algorithms. Both IR
algorithms were thus shown to be more effective than the FBP algo-
rithm for radiation dose reduction, while CADv yielded more accurate
measurements [41].

Fig. 4. (continued)
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1.3. Quantitative and functional evaluation of chest diseases

1.3.1. Quantitative assessment of chronic obstructive pulmonary disease
CT can be used to evaluate morphologic and functional changes

related to chronic obstructive pulmonary disease (COPD) [42–46]. A
large number of commercially available and proprietary software as
well as various visual scoring systems have been used for CT-based
assessment of pulmonary emphysema [42,43]. Two major approaches
have been reported for quantitative CT assessment of COPD
[42,43,46–48]. One is the determination of the percentage of low at-
tenuation area (%LAA) in the lung, which reflects emphysema changes
and the other is the determination of the wall area ratio (WA%) of the
bronchi, which reflects bronchial lumen narrowing and bronchial wall
thickening [48]. In addition, three-dimensional (3D) airway luminal
volumetry has been introduced as another quantitative method for
airway evaluation in COPD patients [49–51]. Taking these quantitative
CT assessments of COPD and the current situation regarding radiation
dose reduction strategies into consideration [45–53], the application of
IR algorithms is viewed as an important issue for an accurate quanti-
tative CT evaluation of COPD.

The %LAA was evaluated in 26 patients who had undergone stan-
dard-dose and reduced-dose CT acquisitions with tube currents of
300mA and 50mA [52]. Standard-dose CT images were reconstructed
with the FBP algorithm whereas reduced-dose CT images were re-
constructed with both the FBP and the AIDR 3D algorithm. Agreement
for %LAA between standard-dose and reduced-dose CTs tended to im-
prove when using the AIDR 3D algorithm [52] (Fig. 3). The ACTIve
study group applied the same hybrid-type IR algorithm and obtained
similar results for standard-dose CT at 240mA and reduced-dose CTs at
120mA and 60mA [53]. Thus, the use of a hybrid-type IR algorithm
resulted in a greater consistency of emphysema quantification on re-
duced-dose and ultra-low-dose CTs as compared with the quantification
performed on standard-dose CT images.

Although %LAA and WA% have been advocated as the two main
quantitative parameters for COPD assessment, [42,43,48–51], 3D
airway luminal volumetry has also been proposed as another method
for quantitative evaluation of airflow limitation in COPD [50,49–51].
Koyama et al. evaluated the utility of a hybrid-type IR algorithm for
quantitative bronchial assessment on reduced-dose CT in patients with

and without COPD [51]. Fifty patients underwent standard-dose CT
acquisition at a tube current of 300mA, with image reconstruction
using FBP and reduced-dose CT acquisition at 50mA, with image re-
construction using the AIDR 3D algorithm. For quantitative bronchial
assessment, WA% of the sub-segmental bronchi and the airway luminal
volume percentage (LV%) from the main bronchus to the peripheral
bronchi were assessed for each dataset. A significant correlation of
WA% and LV% were found between the standard and reduced-dose CT
images. The LV% agreement between standard-dose CT and reduced-
dose CT reconstructed with AIDR 3D was moderate, while the other
agreements proved to be poor.

1.3.2. Quantitative assessment of lung parenchyma and tumors perfusion
using dynamic contrast-enhanced first-pass perfusion on area-detector CT

Reports published during these last years have suggested that dy-
namic contrast-enhanced (CE-) first-pass perfusion area-detector CT
(ADCT) could be used for quantitative evaluation of perfusion within
the lung as well as for tumor assessment, characterization of pulmonary
nodules or prediction of therapeutic response in non-small cell lung
carcinomas [54–60]. One drawback for clinical application of dynamic
CE-first-pass perfusion ADCT examination is the resulting higher ra-
diation dose. Consequently, radiation dose reduction when performing
dynamic CE-first-pass perfusion ADCT is considered a key issue for
fostering the acceptance of this technique in routine clinical practice.

To address radiation dose reduction for dynamic CE-first-pass per-
fusion ADCT examinations, a simulation study was published in 2016
[60]. In this study, 36 lung cancer patients underwent dynamic CE-first-
pass perfusion ADCT at 120mA, and the original ADCT data were
computationally simulated at 80mA, 60mA and 40mA tube current
values. Each dataset was then reconstructed with and without the AIDR
3D algorithm (Fig. 4). At every tube current level, the image quality of
CE-perfusion ADCT reconstructed with the AIDR 3D algorithm was
significantly higher than of that observed for datasets reconstructed
with the FBP algorithm. Significant correlations were found for each
lung or tumor perfusion matrix between the standard-dose and the re-
duced-dose methods using AIDR 3D. Therefore, the AIDR 3D algorithm
allowed dose reduction for dynamic CE-first-pass perfusion ADCT,
while maintaining image quality and reducing measurement errors.

Fig. 4. (continued)
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2. Conclusion

Many efforts have been deployed by institutions and companies for
radiation dose reduction during CT examinations. IR algorithms have
been developed and clinically tested for various clinical applications
and evaluation of chest diseases. These applications include lung no-
dule detection especially during lung cancer CT screening, pulmonary
thromboembolism diagnosis and assessment of infiltrative lung dis-
eases. Iterative reconstruction algorithms may be supportive for main-
taining accuracy of CADe and CADv especially for reduced and ultra-
low-dose CT protocols. New algorithms and techniques are continually
being developed for further reduction of radiation dose resulting from
chest CT examinations. Clinicians as well as academics should therefore
follow closely any progress made with regard to these issues, and,
where appropriate, clinically apply these improvements for optimizing
the morphological and functional evaluation of pulmonary diseases in
routine clinical practice.
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