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InTroDuCTIon
Lung cancer is the most common malignant tumor with the 
highest morbidity and mortality in the respiratory system. 
Related studies1,2 have shown that the 5-year average 
survival rate of patients with lung cancer (small cell lung 
cancer and non-small cell lung cancer) is 13–15%. While, 
5-year survival rate of patients with Stage I lung cancer is as 
high as 70%. Pulmonary nodules, as an important manifes-
tation of early stage lung cancer, are mainly characterized 

by round or irregular lesions with a diameter of no more 
than 3 cm in the lung, which are of great significance for the 
early detection and diagnosis of lung cancer. At present, the 
differential diagnosis of benign and malignant pulmonary 
nodules depends mainly on regular CT review and study 
of nodular multiplication relationship. The potential down-
side of radiation dose in CT has drawn increasing atten-
tion. Some studies3 have shown that the radiation-related 
cancer risk has increased from 0.4% to 1.5–2.0% due to a 
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objective: To evaluate the clinical value of low-dose 
chest CT combined with the new generation adaptive 
statistical iterative reconstruction (ASIR-V) algorithm in 
the diagnosis of pulmonary nodule.
Methods: 30 patients with pulmonary nodules under-
went chest CT using Revolution CT. The patients were 
first scanned with standard-dose at a noise index (NI) 
of 14, and the images were reconstructed with filtered 
back projection (FBP) algorithm. If pulmonary nodules 
were found, a low-dose targeted scan, with NI of 24, 
was performed localized on the nodules, and the images 
were reconstructed with 60% ASIR-V. The detection rate 
of pulmonary nodules in the two scanning modes was 
recorded. The size of nodules, CT value and standard 
deviation of nodules were measured. The signal-to-noise 
ratio and contrast-to-noise ratio were also calculated. 
Two experienced radiologists used a 5-point method 
to score the image quality. The volumetric CT dose 
index, and dose–length product were recorded and the 
effective dose (ED) was calculated of the two scanning 
modes.
results: Volumetric CT dose index (ED) of the stand-
ard-dose scan covering the entire lungs was 7.29 ± 
2.38 mGy (3.52 ± 1.09 mSv), and that of low-dose targeted 
scan was 2.56 ± 1.87 mGy (0.51 ± 0.32 mSv). However, 
the ED of the virtual low-dose scan for the entire lungs 

was 1.44 ± 0.15 mSv, which would mean a dose reduc-
tion of 59.1% compared with the standard-dose scan. 
85 of the 87 pulmonary nodules were detected in the 
low-dose targeted scan, with 2 of the ground-glass 
density nodules with size less than 1 cm missed, resulting 
in 97.7% overall detection rate. There was no differ-
ence between the low-dose ASIR-V images and stand-
ard-dose FBP images for the size (1.49 ± 0.74 cm vs 1.48 
± 0.75 cm), CT value [33.02 ± 1.95 Hounsfield unit (HU) 
vs 34.6 ± 3.07 HU], standard deviation (27.64 ± 14.42 HU 
vs 30.38 ± 20.04 HU), signal-to-noise ratio (1.44 ± 0.88 
vs 1.43 ± 1.31) and contrast-to-noise ratio (38.95 ± 18.43 
vs 38.23 ± 14.99) of nodules (all p > 0.05). There was 
no difference in the subjective scores between the two 
scanning modes.
Conclusion: The low-dose CT scan combined with 
ASIR-V algorithm is of comparable value in the detection 
and the display of pulmonary nodules when compared 
with the FBP images obtained by standard-dose scan.
advances in knowledge: This is a clinical study to 
evaluate the clinical value of pulmonary nodules using 
ASIR-V algorithm in the same patients in the low-dose 
chest CT scans. It suggests that ASIR-V provides similar 
image quality and detection rate for pulmonary nodules 
at much reduced radiation dose.
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substantial increase in the CT examination. Patients undergoing 
a standard-dose chest CT scan receive 10–100 times radiation 
dose than that of conventional chest radiographs, especially 
for the high-risk groups.4 The great radiation exposure of CT 
examination makes it to become the main source of iatrogenic 
radiation.

Low-dose chest CT scan has been used more frequently in the 
early lung cancer screening in clinical application.5 The inherent 
high contrast and resolution, between the lung lesions and lung 
tissue, provide a basis for the chest low-dose CT screening of 
lung cancers. However, for routine CT, reducing the radiation 
dose will inevitably reduce the image quality, affecting the clini-
cians' diagnosis of pulmonary nodules. Therefore, it is important 
to balance between the radiation dose and image quality.

In order to obtain acceptable image quality with the minimum 
radiation dose, different reconstruction algorithms came into 
being. Compared with the traditional filtered back projection 
(FBP) technique, the iterative reconstruction technique can 
significantly reduce the image noise and provide more possibil-
ities for reducing the radiation dose.6 At the same time, itera-
tive reconstruction technique, because of its real noise reduction 
ability to restore the scan objects, has become the focus and 

hotspot of many scholars. Adaptivestatistical iterative recon-
struction (ASIR-V) is a new generation adaptive statistical iter-
ative reconstruction algorithm that contains more advanced 
noise modeling and object modeling than the previous iterative 
reconstruction algorithms. ASIR-V has also added some physics 
modeling to be more robust in terms of reducing the image 
noise and improving the spatial resolution through changing the 
ASIR-V percentage weight.7–10 However, there are a relatively 
small number of studies on ASIR-V currently, especially in the 
diagnosis of pulmonary nodules.

This study aimed to discuss the clinical value of ASIR-V on image 
noise reduction and image quality improvement at reduced radi-
ation dose in comparison with FBP technique at standard dose in 
the diagnosis of pulmonary nodules.

SubjeCTS anD MeTHoDS
This study was approved by the Ethics Committees of Xi'an No.1 
Hospital. All patients had signed the written informed consent.

Patient population
From January 12 to July 28, 2017, 37 patients with pulmonary 
nodules who were reviewed for CT examination within 3 months 
were initially recruited to our study. The inclusion criteria were 
as follows: (1) patients with pulmonary nodules less than 3 cm 
in diameter, (2) patients aged 18–80 years old, (3) patients with 
a body mass index (BMI) of 18.5–32 kg/m2, (4) patients with 
complete clinical information. The exclusion criteria were as 
follows: (1) patients with severe respiratory symptoms who could 
not complete CT examination, (2) images of the patients had 
large artifacts caused by improper movement during the scan, 
(3) image quality was too poor for accurate data measurements, 
(4) patients with calcified pulmonary nodules.

37 patients were initially being considered with 7 patients 
excluded (4 patients with large image artifacts and three patients 
with calcified pulmonary nodules) according to the above 
criteria. Finally, 30 patients were included in our study including 
16 males and 14 females (age range, 24–73 years; mean age, 52.86 
± 1.93 years; BMI, 22.48 ± 3.19 kg/m2).

Table 1. Subjective scoring for the whole image quality

Grading 
score Qualitative image analysis

Morphological display of all 
nodules

Visibility for surrounding lung tissue Artifacts and diagnostic confidence

1 Very poor display, unclear edge Unacceptable visibility, cannot distinguish small structures Severe artifacts, without diagnostic 
confidence

2 Poor display, fuzzy edge Small structures are not displayed very well, seriously impact 
diagnosis

Substantial artifacts, insufficient 
confidence

3 Moderate display, not very clear 
edge

Small structures can be displayed, and enough for diagnosis Moderate artifacts, low confidence 
but diagnosis possible

4 Better display, still clear edge Small structures can be clearly displayed with good contrast Minor artifacts, good diagnostic 
confidence

5 Excellent display, clear edge Small structures can be clearly displayed with excellent 
contrast

No artifacts, excellent diagnostic 
confidence

Table 2. Subjective scoring for the special morphological 
signs of the partial pulmonary nodules

Grading 
score

Qualitative image analysis for the partial 
pulmonary nodules

1 Very poor display for the morphologic signs, unclearly 
margins of the nodules

2 Poor display for the morphologic signs, fuzzy margins of 
the nodules

3 Moderate display for the morphologic signs, not very 
clearly margins of the nodules

4 Better display for the morphologic signs, still clearly 
margins of the nodules

5 Excellent display for the morphologic signs, very clearly 
margins of the nodules

http://birpublications.org/bjr
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Scanning techniques and image reconstruction
All patients underwent plain chest CT on a Revolution CT (GE 
Healthcare, Waukesha, WI). Patients were trained to hold breath 
before CT scan to minimize respiratory motion. The patients 
were scanned on a supine position during the examination from 
the apex to the top of the diaphragm with their upper arms over 
the head, and the images were captured at the end of inspira-
tion. The scan parameters were as follows: tube voltage of 120 
kVp, automatic tube current modulation for achieving a set noise 
index (NI), pitch of 0.992:1, rotation speed of 0.5 s, and image 
slice thickness of 5 mm. For the 30 patients, in their first visit, 
the chest CT images were acquired with standard dose scan 
(NI = 14), and reconstructed with FBP technique. If pulmonary 
nodules were found, a low-dose target scan, with the noise index 
of 24, was performed localized on the nodules on the same day, 
and the images were reconstructed with 60% ASIR-V algorithm. 
All reconstruction images included mediastinum window and 
lung window images, with slice thickness of 0.625 mm.

Objective image quality analysis
All images were transferred to and reviewed on an AW4.6 CT 
workstation with all patient, scan and reconstruction informa-
tion removed. The window width of 350 Hounsfield unit (HU) 
and window level of 40 HU was used for the mediastinal window, 
and window width of 1500 HU and window level of −800 HU was 
used for the lung window. On the cross-sectional lung window 
images of the two scanning modes, the number and the type of all 
pulmonary nodules (ground-glass density nodule, mixed-den-
sity nodule and solid nodule) were recorded. The morpholog-
ical characteristics of the pulmonary nodules (lobular sign, burr 
or spinous, pleural traction sign, vacuoles or voids) were also 
recorded for the two scanning modes. The size of all nodules, 
including the longest diameter, the shortest diameter, and the 
average diameter were measured. In addition, a circular region 
of interest (ROI) was placed on the nodule and the surrounding 
normal lung tissue area in the maximum transverse section of 
the nodule. The size of the ROI was consistent and placed on 

Table 3. Comparison of detection numbers of pulmonary nodules in the two scanning modes

Different pulmonary nodules Standard-dose scan Low-dose scan Detection rate
Ground-glass density nodules 14 12 85.71%

Average diameter <1 cm 8 6 75%

1 cm < average diameter <2 cm 6 6 100%

2 cm < average diameter <3 cm 0 0 0

Mixed-density nodules 18 18 100%

Average diameter <1 cm 4 4 100%

1cm < average diameter <2 cm 9 9 100%

2cm < average diameter <3 cm 5 5 100%

Solid nodules 55 55 100%

Average diameter <1 cm 18 18 100%

1 cm < average diameter <2 cm 23 23 100%

2 cm < average diameter <3 cm 14 14 100%

  Total number of all nodules 87 85 97.70%

Table 4. Comparison of objective results of the pulmonary nodules and surrounding normal lung tissue of the two scanning modes

Parameters Standard-dose scan Low-dose scan T value p value
The longest diameter of nodules (cm) 1.72 ± 0.88 1.76 ± 8.55 0.093 0.648

The shortest diameter of nodules (cm) 1.24 ± 0.69 1.23 ± 0.69 0.007 0.701

Average diameter of nodules (cm) 1.48 ± 0.75 1.49 ± 0.74 0.018 0.759

CT values of nodules (HU) 34.6 ± 3.07 33.02 ± 1.95 1.445 0.577

SD values of nodules (HU) 30.38 ± 20.04 27.64 ± 14.42 0.226 0.105

SNR values of nodules 1.43 ± 1.31 1.44 ± 0.88 2.475 0.144

CNR values of nodules 38.23 ± 14.99 38.95 ± 18.43 0.002 0.707

CT values of surrounding normal lung tissue (HU) −874.01 ± 37.82 −867.76 ± 37.62 0.003 0.592

SD values of surrounding normal lung tissue (HU) 27.50 ± 13.71 26.52 ± 9.72 0.183 0.263

CNR, contrast-to-noise ratio;HU, Hounsfield unit; SD, standard deviation; SNR, signal-to-noise ratio.
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an area where the density of nodules was uniform, avoiding the 
edge and necrotic area of nodules, and an area without patho-
logical changes of lung tissue. The CT values and standard 
deviation (SD) values within the ROI were measured. All data 
were measured three times and the average values were taken 
as the final statistical results. The signal-to-noise ratio (SNR) 
and contrast-to-noise ratio (CNR) of the nodules were calcu-
lated using the following formula: SNR = CT nodule / SD nodule, 
CNR=(CT nodule – CT lung tissue) / SD lung tissue, The volumetric CT 
dose index, dose–length product (DLP) of each patient in the two 
scan modes were recorded, and the effective dose (ED) calcu-
lated as follows: ED = DLP×K (K = 0.014.11 Specifically, the stan-
dard-dose scan for the whole lung tissue was recorded as ED1, 
the low-dose target scan for pulmonary nodules was recorded 
as ED2. In addition, we also recorded the virtual low-dose scan 
for the whole lung tissue as EDvirtual using 24 as a reference noise 
index, but no actual scans were performed in practice. The scan 
range of the virtual low-dose scan would be the same as that of 
standard-dose scan to cover the entire lungs.

Subjective image quality analysis
All reconstructed images were transmitted to an AW4.6 work-
station. Two radiologists with more than 10 years of working 
experience evaluated the subjective image quality using a 5-point 
scoring system from the aspects of the morphological display 
of all pulmonary nodules, visibility of surrounding lung tissue, 

image artifacts and diagnostic confidence in the two scan modes. 
The specific scoring criteria are listed in Table  1. In addition, 
partial pulmonary nodules with special morphological signs 
(lobular sign, burr sign, pleural traction sign and vacuole sign) 
were also evaluated subjectively by a 5-point method, as detailed 
in Table 2. The basic information and image parameters of the 
patients were hidden before evaluation. When the evaluation was 
inconsistent, the final score was decided by two radiologists after 
consulting each other.

Statistical analysis
All data were analyzed by SPSS® v. 19.0 (IBM Corp, New York, 
NY; formerly SPSS Inc, Chicago, IL). For quantitative data, the 
form of mean ± SD was used to show all the results. The objec-
tive parameters (including image noise, SNR and CNR) were 
compared using the paired-samples t test. Subjective scores for 
the morphological display of pulmonary nodules, visibility of 
surrounding lung tissue, image artifacts and diagnostic confi-
dence were analyzed using the Mann–Whitney U test. A p-value 
of less than 0.05 was considered statistically significant. Cohen’s 
κ test was used to evaluate the interobserver agreements of image 
quality scores between the two radiologists. Agreements were 
analyzed as follows: (1) k value of 0–0.20, poor agreement; (2) 
k value of 0.21–0.40, fair agreement; (3) k value of 0.41–0.60, 

Figure 1. Transverse chest CT images of a 62-year-old female 
with a solid pulmonary nodule in the upper lobe of the right 
lung. The edges of nodules (arrows) of images reconstructed 
with FBP in the standard-dose scan (A1) and 60% ASIR-V in 
the low-dose scan (A2) were all clearly. The scores of the vis-
ibility of nodules of FBP image (A1) and 60% ASIR-V image 
(A2) were 5, 5, respectively. ASIR-V, adaptive statistical itera-
tive reconstruction V; FBP, filtered back projection.

Figure 2. Transverse chest CT images of a 54-year-old male 
with a mixed-density pulmonary nodule in the middle lobe 
of the right lung. The edges of nodules (arrows) of images 
reconstructed with FBP in the standard-dose scan (B1) and 
60% ASIR-V in the low-dose scan (B2) appeared blurred. The 
scores of the visibility of nodules of FBP image (B1) and 60% 
ASIR-V image (B2) were 3, 3, respectively. ASIR-V, adaptive 
statistical iterative reconstruction V; FBP, filtered back pro-
jection.

Table 5. Comparison of subjective scores of the overall image quality of all pulmonary nodules between the two scanning modes

Score

Morphological display of 
nodules

Visibility for surrounding 
lung tissue

Artifacts and diagnostic 
confidence

Standard-dose scan 4.58 ± 0.51 4.51 ± 0.22 4.63 ± 0.82

Low-dose scan 4.52 ± 0.39 4.47 ± 0.36 4.60 ± 0.29

Z value −0.438 −0.391 −0.416

p value 0.673 0.729 0.694

http://birpublications.org/bjr
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moderate agreement; (4) k value of 0.61–0.80, good agreement; 
(5) k value of 0.81–1.00, almost excellent agreement.

reSulTS
Objective measurement
A total of 87 pulmonary nodules were detected in the stan-
dard-dose scan, and 85 pulmonary nodules were detected in the 
low-dose scan. Among them, the detection rate of the ground-
glass density nodule, mixed-density nodule and solid nodule 
under the low-dose scanning conditions were 85.71%, 100%, 
100%, respectively (Table 3).

The size of pulmonary nodules (the longest diameter, the shortest 
diameter, and the average diameters), the CT values, SD values, 
SNR values, CNR values of pulmonary nodules as well as the 
CT values and SD values of surrounding normal lung tissue had 
no statistically significant difference between the two scanning 
modes (Table 4).

Subjective measurement
The two radiologists had good consistencies for the subjective 
evaluation of the morphological display of nodules (κ = 0.791, 
p < 0.001), visibility for surrounding lung tissue (κ = 0.826, p 
< 0.001), artifacts and diagnostic confidence (κ = 0.803, p < 
0.001). The subjective image quality scores of the two scan are 
listed in Table 5. There were no statistically significant differences 
between the standard-dose scan and low-dose scan in scores for 
the morphological display of nodules, visibility for surrounding 
lung tissue, artifacts and diagnostic confidence (Figures 1–4).

As for some pulmonary nodules with special morphologic signs, 
there were also no statistically significant differences in the 
subjective scores from the aspects of the lobular sign, burr or 

spinous, pleural traction sign, vacuoles or voids between the two 
scanning modes (Table 6).

Effective dose
The volumetricCT dose index and effective dose (ED1) for 
the standard-dose scan covering the entire lungs were 7.29 
± 2.38 mGy and 3.52 ± 1.09 mSv, respectively, and those of 
the low-dose scan targeting pulmonary nodules were 2.56 ± 
1.87 mGy and 0.51 ± 0.32 mSv. However, using the low dose scan 
settings to cover the entire lungs would require an effective dose 
(EDvirtual) of 1.44 ± 0.15 mSv, which would mean a dose reduc-
tion of 59.1% compared with the standard-dose scan (Table 7).

DISCuSSIon
With the continuous development of CT imaging technology, 
various methods used in pulmonary nodule examination are 
constantly being updated. The high sensitivity of CT examina-
tion makes it a main recommend review method to observe the 
dynamic changes of pulmonary nodules.12 The doubling rate of 
nodules is often used to identify the benign or malignant soli-
tary pulmonary nodules, and it provides a guarantee for the 
detection of pulmonary nodules and the late follow-up review.13 
However, patients will inevitably receive more radiation during 
the multiple reviews. Therefore, how to achieve diagnostic chest 
CT images at low radiation dose to minimize the dose of the 
entire tested population has become a major public demand for 
the CT scan.

In recent years, many scholars at home and abroad have done a 
lot of experiments on how to reduce the radiation dose under 
the premise of ensuring the image quality and diagnostic accu-
racy. However, their main research focuses on reducing the tube 
current.14 In the CT examination performed for the review of 

Figure 3. Transverse chest CT images of a 67-year-old male 
with a solid pulmonary nodule in the lower lobe of the right 
lung. Both the image reconstructed with FBP in the stand-
ard-dose scan (C1) and image reconstructed with 60%ASIR-V 
in the low-dose scan (C2) clearly showed the vocule sign 
(green arrows) inside the nodules and the halo sign (red 
arrows) around the nodules. The scores of the visibility of 
nodules of FBP image (C1) and 60% ASIR-V image (C2) were 
4, 4, respectively. ASIR-V, adaptive statistical iterative recon-
struction V; FBP, filtered back projection.

Figure 4. Transverse chest CT images of a 49-year-old female 
with a ground-glass pulmonary nodule in the lower lobe 
of the right lung. The edges of nodules (arrows) of images 
reconstructed with FBP in the standard-dose scan (D1) and 
60% ASIR-V in the low-dose scan (D2) appeared blurred. The 
scores of the visibility of nodules of FBP image (D1) and 60% 
ASIR-V image (D2) were 3, 3, respectively. However, the other 
small ground-glass nodule was shown in the lower lobe of the 
right lung (D1, red solid circle), which was not clearly visible 
on the same level (D2, red dashed circle). ASIR-V, adaptive 
statistical iterative reconstruction V; FBP, filtered back pro-
jection.
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specific pulmonary nodules, the imaging physicians usually have 
certain requirements for the spatial resolution of the image, which 
is mainly related to the layer thickness, the field of view and the 
image reconstruction algorithm, and all these factors provide an 
objective basis for reducing the radiation dose of patients. Due 
to the large differences in the brand, model and parameters of 
CT machines used by different medical institutions, the low-dose 
scanning protocol of various medical institutions are also 
different, and one of the most important influencing factors is the 
iterative reconstruction algorithm. Iterative reconstruction algo-
rithms such as iDose4 and IMR by Philips, SAFIRE by Siemens, 
AIDR-3D by Toshiba as well as ASIR-V and MBIR by GE Health-
care have been proposed in recent years and have achieve certain 
degrees of dose reduction in clinical appication.15–18

Although the traditional FBP reconstruction algorithm is 
computationally fast, it imposes high requirements on the radi-
ation dose, and it needs the accurate and complete data of each 
measurement. Meanwhile, the inherent noise of the image will 
significantly increase under the low radiation dose condition. So, 
reducing radiation dose is not conducive to further improve the 
image quality.19 As the first-generation iterative reconstruction 
algorithm, ASIR has been widely used in clinical practice. ASIR 
technique can help to reconstruct high quality image with low 
noise. MBIR is a more advanced iterative algorithm than ASIR. 
MBIR has many complex models, including system noise model, 
object model, physics model and optical model, which all can 
reduce the image noise more effectively than ASIR. Recent study 
also suggests that MBIR allows dramatic reduction of radia-
tion dose without affecting image quality and has the potential 
to further increase the detection rate of some subtle lesions at 
the expense of longer reconstruction time.20 As an advanced 
iterative reconstruction algorithm, ASIR-V is a new reconstruc-
tion algorithm between ASIR and MBIR algorithms. ASIR-V 

reconstruction algorithm takes full account of the digital statis-
tical noise of the data, which helps to better deal with the image 
artifacts caused by electronic noise and other physical factors. 
ASIR-V can reduce image noise with a much shorter reconstruc-
tion time than MBIR and improve the image quality without 
seriously degrading the resolution and contrast of all images 
under low radiation dose conditions.21,22

In our study, through the analysis of the objective parameters 
of pulmonary nodules in the two scanning modes, the results 
showed that there was no significant difference in the detection 
of pulmonary nodules, especially for mixed-density nodules and 
solid nodules. The detection rate of mixed-density nodules and 
solid nodules in the low-dose scan combined with ASIR-V algo-
rithm was 100%, and that of ground glass nodules was as high 
as 85%. Two cases of ground-glass density nodules with diame-
ters less than 1 cm were not detected in the low-dose scan group 
which may indicate the limitation of low-dose CT scans for the 
detection of lung lesions with low density and small size. Whether 
optimizing the weighting factors of ASIR-V or using the more 
sophisticated MBIR algorithms can improve the detection rate in 
this situation needs further study. On the other hand, the images 
in low-dose scan did not affect the detection of mixed-density 
nodules and solid nodules, which was of high sensitivity and 
could meet the clinical requirements for the follow up of pulmo-
nary nodules. In terms of the size of the lesion, there was not 
statistically significant difference between the two scanning 
modes, indicating that the low-dose scan combined with ASIR-V 
algorithm is still accurate for the measurement of nodules. At 
the same time, there was no statistical difference in the objective 
noise, SNR and CNR of nodules in both scan modes, which fully 
demonstrated that ASIR-V algorithm had strong ability to reduce 
image noise and provided a theoretical and technical support for 
the low-dose CT examination.

Table 6. Comparison of subjective scores of the morphological characteristics of partial pulmonary nodules between the two 
scanning modes

The morphological characteristics

Standard-dose scan Low-dose scan

Z value p valueScore (5/4/3/2/1) Score (5/4/3/2/1)
Lobular sign 11/17/5/0/0 11/15/7/0/0 −0.329 0.715

Burr or spinous 10/14/5/0/0 9/13/7/0/0 −0.494 0.664

Pleural traction sign 9/11/3/0/0 9/10/4/0/0 −0.119 0.793

Vacuole or void 4/5/3/0/0 3/5/4/0/0 −0.590 0.627

Table 7. Comparison of radiation dose in the two scanning modes

Parameters

Standard-dose scan Low-dose scan

F value p valueFor entire lungs Targeted scan for nodules Virtual scan for entire lungs
CTDIvol (mGy) 7.29 ± 2.38 2.56 ± 1.87 3.01 ± 0.30 32.056 p < 0.001

DLP (mGy·cm) 251.43 ± 77.52 34.83 ± 22.78 102.78 ± 11.04 115.261 p < 0.001

ED (mSv) 3.52 ± 1.09 0.51 ± 0.32 1.44 ± 0.15 113.893 p < 0.001

CTDIvol, volumetric CT dose index; DLP, dose–length product; ED, effective dose.
Virtual scan: only record the radiation dose according to the positioning data, no scans in the actual operation.
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In the subjective evaluation in terms of the changes of the 
internal features of the pulmonary nodules and the surrounding 
morphology, low-dose CT scan combined with ASIR-V to some 
extent compensated for the low dose-induced higher image noise, 
making low-dose CT images to have the same quality as stan-
dard-dose scans, and the image quality fully meets the clinical 
diagnosis requirements. In addition, due to the high air content 
in lungs, there is a good natural contrast between the pulmonary 
nodules and lung tissue, which is not affected by the image noise 
fluctuation. It is precisely because of the high contrast between 
the pulmonary nodules and lung tissue, within a certain range, 
the increase of image noise has little effect on the detailed display 
and observation of pulmonary nodules.

In terms of radiation dose, the results of our study showed that 
the virtual effective dose of low-dose chest CT scan to cover the 
entire lungs could be 1.44 ± 0.15 mSv. This was a reduction of 
about 59.1% compared with the 3.52 ± 1.09 mSv in the stan-
dard-dose scan. This is especially important for patients who 
need early lung cancer screening, or for patients who need 
regular follow-up CT examinations for dynamic changes of the 
lesion. Therefore, low-dose CT scan can significantly reduce the 
cumulative radiation dose of patients and has important clinical 
significance.23,24

There were several limitations in our present study. First, our 
study focused on detection rate instead of diagnostic accuracy, 
the potential false positive rates were not evaluated in the present 

study. Second, our study focused on the display of morphological 
features of the pulmonary nodule. However, low-dose CT scans 
may impact on the observation of mediastinal structures. Even 
though the observation requirements for mediastinal struc-
tures were not as high in the detection and follow-up review 
of pulmonary nodules, its impact needs to be further studied. 
Third, although the two experienced radiologists had used blind 
methods to evaluate the image quality without patient basic 
information on the images, there still existed some subjective 
bias for the data characteristics of the two reconstruction algo-
rithms. In addition, the detection rate for the low-dose scan with 
ASIR-V may also be favorably biased by two facts: (a) all images 
that were evaluated in the low-dose study had nodules. There-
fore, readers knew they had to find at least one nodule in the 
low-dose scan and, most likely, were looking closer and longer 
than they would in clinical routine; (b) the targeted scans had 
much smaller scan range. Hence, readers had to analyze smaller 
fields of interests than in clinical routine. Finally, the sample size 
was not large enough, we have only studied a very small number 
of people, and we need to do more with a large sample.

ConCluSIon
The low-dose CT scan combined with ASIR-V algorithm is of 
comparable value in the detection of pulmonary nodules and the 
display of the morphological signs of nodules when compared 
with the images obtained by standard-dose scan. Low-dose scan 
can significantly reduce the radiation dose and is recommended 
for primary screening and follow-up for pulmonary nodules.
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