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-is study aimed to explore the diagnostic value of chest computed tomography (CT) based on adaptive statistical iterative
reconstruction (ASiR) in the optimal weight range for children with community-acquired pneumonia (CAP) and find the
differences between chest CTand ultrasound in the diagnosis of CAP. 106 children who were diagnosed as CAP were selected as
the research objects. All objects underwent CT and ultrasound scans to measure the noise of CT images after iterative re-
construction and the contrast-to-noise ratio (CNR) of the thoracic aorta and the back muscles. -e correlation between ASiR
weight, noise, and CNR was analyzed and compared further. In addition, the differences in imaging manifestations of lung
consolidation, abnormal pleural line, alveolar interstitial syndrome, and pleural effusion were observed under the ultrasound and
CTscans of the patients. -e sensitivity, specificity, positive predicted value (PV), and negative PV of the CTscan and ultrasound
were analyzed further for the diagnosis of CAP in children. -e results showed that ASiR weight and image noise were extremely
and negatively correlated (P< 0.001) and that CNR and ASiR weight were extremely and positively correlated (P< 0.001). 40–60%
of ASiR image noise was in the middle position, and the muscle space and subcutaneous fat in CT images were clearer when ASiR
was at 40% and 60%. 60.38% of children were diagnosed as CAP. -e proportions of children with lung consolidation, interstitial
changes, pleural effusion, and atelectasis after ultrasound and CTexamination were not greatly different (P> 0.05). After ASiR, the
sensitivity of CT in detecting the abnormal pleural line + B-line/consolidation feature was the highest, 93.75%. -e results of
ultrasound diagnosis were consistent with those of chest CT diagnosis (P< 0.01). -is indicated that the sensitivity, specificity,
positive PV, and negative PV of ASiR-based chest CT in the diagnosis of CAP were close to those of ultrasound.

1. Introduction

Community-acquired pneumonia (CAP) in children is an
infectious parenchymal inflammation of the lung accom-
panied by pathogen infection, which is infected outside of a
health care facility and in the incubation period, and is
developed during the average incubation period after hos-
pitalization [1]. CAP is the main cause of death for children
under 5 years of age and seriously threatens the life and
health of children [2]. At present, the CAP is mainly di-
agnosed clinically with the chest CT, chest X-ray, and lung
ultrasound. Among them, pulmonary ultrasound is widely
used in clinical diagnosis due to its nonradiation, low cost,

and easy operation. However, the value of applying it to the
diagnosis of CAP is still being confirmed, and the ultrasound
results lack intuitive imaging performance [3]. Chest CTand
chest X-ray examinations cause radiation and have a certain
impact on the health of children.

With the development of medicine and the continuous
updating of multislice spiral CT technology, the application
range of CT in clinical diagnosis is becoming wider and
wider. In order to increase the quality of CT images, the
amount of radioactive agents is also increasing, which
further increases the risk of cancer caused by radiation. -e
CT scanning process is accompanied by low-dose ionizing
radiation, which eventually leads to point mutations in the
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body’s deoxyribonucleic acid (DNA) and chromosomal
ectopic, which stimulate the occurrence of tumors [4]. In
order to minimize ionizing radiation, some scholars have
proposed the concept of low-dose CT (LDCT) scanning. At
present, the commonly used low-dose measures include
adjusting the width of the X-ray beam, using noise reduction
filters, and minimizing the exposure range [5]. However, the
current CT scan based on the filtered back projection (FBP)
algorithm will cause the increase of CT image noise after
adopting low-dose measures [6]. Studies have pointed out
that [7] the ASiR not only can ensure the quality of CT
images, but also has the potential to reduce the CTradiation
dose. At present, the ASiR has been widely used in chest,
abdomen, and CT angiography, but whether this algorithm
can obtain the exact CT value is inconclusive.

To sum up, this study adopted the ASiR algorithm for the
diagnosis of children with CAP and selected 106 children,
who were diagnosed as CAP in the Respiratory Department
of Yiwu Central Hospital from September 2018 to December
2019, as the research objects to analyze the impacts of ra-
diation dose and ASiR on lung CT images of children with
CAP. In addition, the results were compared with the di-
agnosis results of ultrasound to explore the diagnostic value
of chest CT in CAP of children based on the optimal weight
range of ASiR and its difference from ultrasound imaging, so
as to provide reliable reference to apply the ASiR algorithm
to the lung CT reconstructed image clinically.

2. Materials and Methods

2.1. Research Objects and Grouping. In this study, 106
children who were diagnosed as CAP in the hospital from
September 2018 to December 2020 were selected as the
research objects, including 59 boys and 47 girls with the age
range of 6months–3 years old. -e inclusion criteria were
defined as follows: the children had completed ultrasound
and chest CT examinations within 48 hours; the children
underwent ultrasound and CT examinations blindly. -e
exclusion criteria were determined as follows: children with
severe immunosuppression; children who failed to complete
the ultrasound and CT examinations within 48 hours;
children with chronic lung disease; children with basic lung
or cardiovascular disease; newborns. -is study had been
approved by the hospital ethics committee, and guardians of
all subjects included in the study had signed the informed
consent forms.

2.2. CT Scanning and Image Reconstruction Algorithm.
Each child was scanned in a supine position with a com-
puterized tomography device in a quiet state for enhanced
chest scan. -e scanning layer thickness and layer distance
were both 5mm, the pitch was set to 0.984 :1, the collimation
thickness was 0.625mm×64, and the tube voltage was set to
100 kVp. After the CTscan was completed, the collected data
was reconstructed with the ASiR algorithm (with a weight
range of 10–100%), and the obtained mediastinal window
and thin-slice lung window images were transmitted to GE
Healthcare AW4.4 software for analysis. -e reconstructed

image noise and CNR were measured and calculated by the
same experienced radiologist. -e CNR could be calculated
with the following equation:

CNR �
ROIa − ROIb

SD
. (1)

Here, SD refers to the average value of fat density in the
left axillary area of interest, ROIa represents the CT value of
the thoracic aorta, and ROIb represents the CT value of the
muscle. All the above data had to be repeated 3 times, and
the average value was calculated and utilized. In addition, the
Compare software was adopted to ensure that the size and
location of the area of interest were at the same level.

2.3. Evaluation Method and Scoring Criteria of the CT Image
Quality. Quality of all images was evaluated by two radi-
ologists with many years of experience in the AW4.4 soft-
ware alone, and the Compare software was utilized to ensure
that all the areas of interest observed by CT images were at
the same level. -e double-blind method was employed to
evaluate the image quality of the mediastinal window and
the lung window. In addition, the CT image was scored
subjectively according to the European guidelines [8]. -e
scoring criteria were as follows: (1) Lobes interval, network
structure, bronchial vascular bundles, and nodules were
visible under the lung window. (2) -e pericardial and
mediastinal blood vessels, the contrast of lymph nodes and
back muscles, and the clarity of muscle tissue can be ob-
served under the mediastinal window. (3) Contrast, orga-
nization level, and fineness of the image were visible. A 6-
point system was used for scoring [9]: 1 point if the image
was blurred and cannot be diagnosed; 2 points if the image
quality was not good with serious impact on the result of the
diagnosis; 3 points if the quality structure of the image was
severely blurred and it was difficult to give accurate judg-
ments; 4 points if the quality structure of CT image was
moderately fuzzy and the diagnosis judgment was limited; 5
points if the image quality structure was slightly fuzzy
without effect on the diagnosis result; 6 points if the image
structure was clear without any effect on the diagnosis result.

2.4.UltrasoundInspectionandJudgmentMethod. During the
ultrasound examination, the children were placed in the
prone or supine position in a quiet state. -e ultrasound
probe started from the second intercostal space, scanned
along the intercostal space, and then was rotated by 90° for
longitudinal scanning. -e total inspection time was con-
trolled within 8–15minutes. At the same time, the pleural
effusion, abnormal pleural line, and pulmonary consolida-
tion of the children were observed and recorded, and the
imaging performance was determined according to the ul-
trasound imaging standard [10]. Pleural effusion referred to
the presence of fluid with a width greater than 3mm in the
pleural cavity; pulmonary consolidation referred to unin-
flated lungs with or without inflatable bronchial signs; and
abnormal pleural line referred to the blurring, interruption,
thickening, or even disappearing of the pleural line.
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2.5. Imaging Evaluation Standard. -e diagnostic perfor-
mances of CT and ultrasound in children with CAP were
mainly evaluated in terms of sensitivity, specificity, positive
PV, and negative PV [11].-e calculation equations could be
expressed as follows: S � (TP/TP + FN),
Sf � (TN/TN + FP), PPV � (TP/TP + FP), and
NPV � (TN/FN + TN). Among them, S, Sf, PPV, and NPV
represent the sensitivity, specificity, positive PV, and neg-
ative PV, respectively; TP represents true positive; FN refers
to false negative; TN represents true negative; and FP rep-
resents false positive.

2.6. Statistical Methods. -e test data was processed using
SPSS19.0 statistical software. -e measurement data was
expressed as mean± standard deviation (x ± s), and count
data was indicated as percentage (%). -e counted data was
analyzed with χ2 test. -e CNR, SD, and scores of lung
window and mediastinal window were given in the form of
mean± standard deviation (x ± s), and their differences
were analyzed by single-factor variance. -e correlation
between ASiR weight and noise and CNR was analyzed by
Pearson’s product moment analysis. For all data results,
P< 0.05 indicated that the difference was statistically
significant.

3. Results

3.1. Correlation Analysis of CT Image Noise, CNR, and ASiR
Weight. After the ASiR algorithm was employed to re-
construct the CT images of the children, the correlation
between the ASiR weight of the CT image and the image
noise was analyzed, and the result is shown in Figure 1. It
reveals that as the ASiR weight of the CT image increased,
the image noise showed a continuous downward trend,
whichmeans that the ASiR weight had an extremely negative
correlation with the image noise (r� 0.8671, and P< 0.001).
In addition, when the ASiR weight was 10%, the image noise
reached the maximum value (29.87± 2.93HU); moreover,
the image noise reached the minimum value
(10.07± 1.54HU) when the ASiR weight was 100%.

After the CT image of a child was reconstructed with the
ASiR algorithm, the correlation between the ASiR weight
and the image CNR was analyzed further, and the result is
shown in Figure 2. It illustrates that the CNR value of CT
images increased with the increase in the weight of ASiR.
-erefore, the CNR value was observably and positively
correlated with the ASiR weight (r� 0.917, and P< 0.001). In
addition, the CNR value of the image was the smallest
(6.95± 1.92HU) when the ASiR weight was 10%, and the
CNR value of the image reached the maximum
(17.23± 4.41HU) when the ASiR weight was 100%.

3.2. 5e Correlation of Subjective Scores of LungWindow and
Mediastinal Window with ASiR Weight. After reconstruct-
ing a child’s CT image using the ASiR algorithm, the cor-
relation of the subjective scores of lung window and
mediastinal window with the ASiR weight was analyzed, as
given in Figure 3. Figure 3 shows that the image quality of

the lung window and the mediastinal window indicated a
trend of increasing and then decreasing with the continuous
increase of the ASiR weight. When the ASiR weight was less
than 50%, the image quality of the lung window and the
mediastinal window showed a continuously increasing trend
as the ASiR weight increased. When the ASiR weight was
higher than 50%, the image quality reflected a downward
trend. When the ASiR weight was higher than 50%, the
subjective score of the image was also lower as the ASiR
weight increased. When the ASiR weight was higher than
60%, the subjective scores of lung window and mediastinal
window were both lower than 5 points; the subjective score s
of lung window and mediastinal window were lower than 3
when the ASiR weight was greater than 90%, which could
not meet the diagnostic requirements. When the ASiR
weight was 40–60%, the scores of the lung window and the
mediastinal window were both higher than 5. At this time,
the image noise was relatively low, and the image quality was
high.

3.3. CT Images under Various ASiR Weights. CT images
under 20%, 40%, 60%, 80%, and 100% of ASiR weight were
observed and analyzed. -e results shown in Figure 4 reveal
that the streak artifacts and graininess of CT image were
getting smaller and smaller as the weight of ASiR continued
to increase. When the ASiR was 40% and 60%, the muscle
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Figure 1:-e correlation between the ASiR weight of the CT image
and the image noise.
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Figure 2: -e correlation between the ASiR weight and the image
CNR.
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space and subcutaneous fat of the CT image could be dis-
played clearly. However, when ASiR was 80% and 100%, the
intermuscular space and subcutaneous fat were too blurred.

3.4. General Information of Children. -e general informa-
tion of the children showed that the average age of the
children was 1.02± 0.98 years old. -e age distribution of the
children shown in Figure 5(a) illustrated that the children
aged 29 days to 3months accounted for the highest per-
centage (33.02%), followed by the children aged 3–6months
(24.53%) and the children aged 1–2 years (5.66%, the smallest
percentage). Further statistical results on the first symptoms
of children are given in Figure 5(b). It indicates that the
percentage of children with cough as the first symptom was
the highest (92.45%), followed by the percentage of children
with unsmooth breathing (76.42%) and the percentage of
children with convulsions which was the lowest (0.94%).

3.5. Analysis of CT and Ultrasound Diagnosis Results of
Children. After the children were diagnosed by the CT, it was
found that there were a total of 64 children (60.38%) with CAP,
and the remaining 42 cases (39.62%) suffered from lower
respiratory infection instead of CAP. Figure 6 illustrates the
further statistical analysis of the difference in the ultrasound
examination results of CAP and non-CAP children. It suggests
that 64.15% of children with CAP suffered from lung con-
solidation, while children with non-CAP did not suffer from it,

and therewas a very obvious difference between the two groups
(P< 0.01). 59.42% of children with CAP had abnormal pleural
lines, while non-CAP children did not, and the difference was
extremely obvious (P< 0.01). -e percentage of children with
pleural effusion among children with CAP and children
without CAPwas 6.60% and 5.66%, respectively, and there was
no observable difference (P> 0.05). -e percentages of chil-
drenwith lung consolidation+ abnormal pleural line in the two
groups were extremely and dramatically different from each
other (P< 0.01).

3.6. Comparison of the Characteristics of the Two Imaging
Examinations. -e ultrasound and CT examination char-
acteristics of all children with CAP were compared and
analyzed, and the results are illustrated in Figure 7. After the
ultrasound and CT examinations, there was no obvious
difference in lung consolidation, interstitial changes, pleural
effusion, and pulmonary atelectasis (P> 0.05). -ere was
observable difference in the percentage of children with
abnormal pleural line, bronchial sign, bronchiectasis,
lymphadenopathy, and bronchial/vascular malformation in
the results of ultrasound and CT (P< 0.05).

3.7. Comparison of Different Imaging Characteristics in
Children with CAP. -e ultrasound examination result was
taken as the reference to compare the imaging characteristics
of the ultrasound examination.-e results shown in Figure 8

(a) (b) (c) (d) (e)

Figure 4: CT images under different ASiR weights: (a) 20%, (b) 40%, (c) 60%, (d) 80%, and (e) 100%.
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0

5

10

15

20

25

30

35

1 2 3 4 5 6

Pe
rc

en
ta

ge
 (%

)

Age

(a)

0
10
20
30
40
50
60
70
80
90

100

a b c d e f g h i

Pe
rc

en
ta

ge
 (%

)

First symptoms

(b)

Figure 5: General information of patients. (a) -e age distribution of children; 1, 2, 3, 4, 5, and 6 in the horizontal coordinate refer to
29 days–3months, 3–6months, 6–9months, 9–12months, 1–2 years, and 2–3 years old, respectively. (b) -e statistical results of the first
symptom of children; a, b, c, d, e, f, g, h, and i in the horizontal coordinate refer to cough, unsmooth breathing, poor spirit, fever, wheezing,
oliguria, poor diet, convulsions, and consciousness disorder, respectively.
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suggest that the CT detection had the highest sensitivity
(93.75%) in the pleural line abnormality + B-line/consoli-
dation feature after ASiR reconstruction; in addition, the
specificity and the positive PP were both 100% in the lung
consolidation, abnormal pleural line, and abnormal pleural
line + B-line/consolidation detection. -e highest negative
PP was 90.63% for the abnormal pleural line + B-line/con-
solidation, and the lowest negative PV of interstitial changes
was 34.38%. Further analysis of the diagnostic results of
ultrasound and CT revealed that the diagnostic results of
ultrasound and CT were consistent to the greatest degree
(kappa� 0.961, and P< 0.01).

4. Discussion

-e ASiR technology is a new iterative algorithm established
in the projection and image data space [12]. After iterative
processing of the images obtained by the filtered back
projection algorithm, the image noise is reduced, and the
image resolution and image quality are improved [13]. -e
study of Ludwig et al. (2019) et al. [14] found that when the
CT image quality remained unchanged, the amount of
scanning agent used in the diagnosis of the ASiR algorithm
was 46% lower than that of the FBP algorithm. -e key to
improving the image quality relies on the degree of noise
reduction [15], which is represented by the ASiR value [16].
In this study, the ASiR technology was adopted to recon-
struct and analyze the results of CT images. When the ASiR
weight was 10%, the noise of the image reached the maxi-
mum value (29.87± 2.93HU); the ASiR weight had an

observably negative correlation with the image noise
(r� 0.8671, and P< 0.001). -e maximum CNR value of the
image was 17.23± 4.41HU when the ASiR weight was 100%,
and the CNR value had an obviously positive correlation
with the ASiR weight (r� 0.917, and P< 0.001). -e image
noise was relatively high when the ASiR weight was 40–60%;
furthermore, the lower the image noise, the higher the image
quality. -us, ASiR technology could improve the image
quality by reducing noise. De Marco et al. (2018) [17]
adopted the FBP algorithm and the ASiR algorithm to scan
the patient’s chest with 50% ASiR of conventional dose CT
and found that the image noise reconstructed using con-
ventional dose CT of 50% ASiR was similar to that of
conventional dose, but the scanning dose was greatly re-
duced by 50%, which was similar to the results of this study.

Antibiotic treatment within 4 hours after admission of
CAP patients can greatly reduce the mortality rate [18].
-erefore, the use of imaging is of great significance for the
early and rapid diagnosis of CAP.-e imaging means for the
early diagnosis of CAP mainly include X-ray, CT, and ul-
trasound [19].-e diagnostic accuracy of X-ray is lower than
that of CT visibly, and its false positive and false negative
diagnosis rates reach about 30% [20]. CT examination is the
“gold standard” of CAP diagnosis. -e ionizing radiation in
the examination process is harmful to patients, so pregnant
women and children should not be scanned with the CT
examination as possible [21]. -e ASiR algorithm in this
study dramatically reduced the dose of CT examination.
Comparing the diagnosis results after reconstruction with
the results of ultrasound diagnosis, we found that the
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Figure 8: Comparison of imaging results: (a) sensitivity, (b) specificity, (c) positive PV, and (d) negative PV of the CT examination after
ASiR reconstruction.
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sensitivity of CT was 93.75% in detecting the abnormal
pleural line + B-line/consolidation feature after ASiR re-
construction. Studies have found [22] that there is a dif-
ference in the diagnostic coincidence rate of ultrasound and
CT for interstitial lung disease (P< 0.05). Results in this
study proved that there was no huge difference in the
percentage of pulmonary consolidation, interstitial change,
pleural effusion, and pulmonary atelectasis after ultrasound
and CTexamination (P> 0.05).-e results of this study were
contrary to those of Claessens et al., which may be due to the
different methods used in the image reconstruction of the
two. It is further shown that the diagnosis rate of lung in-
terstitial changes based on the ASiR algorithm was dra-
matically improved in this study.

5. Conclusion

-e optimal weight range of ASiR was analyzed and applied
to the diagnosis of CAP in children, and the difference in the
results of CAP diagnosis and ultrasound diagnosis was
detected and analyzed based on ASiR in the optimal weight
range. However, there are still some shortcomings in this
study. It only optimized the optimal weight range of the
ASiR algorithm from the objective results and failed to
compare and analyze the image quality under the optimal
weight range with the image quality of various algorithms
such as FBP. In the future, the image quality under the
optimal weight range of the ASiR algorithm will be com-
pared with the quality of algorithms such as FBP and an-
alyzed. In summary, the sensitivity, specificity, positive PV,
and negative PV of ASiR-based chest CT in the diagnosis of
CAP were close to those of ultrasound, which provided a
reference basis for clinical application of ASiR algorithm to
lung CT reconstruction images.

Data Availability

-e data used to support the findings of this study are
available from the corresponding author upon request.
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