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Abstract

Background: Pneumonia is a common respiratory disease in children, frequently requiring imaging for diagnosis and

treatment evaluation. Optimizing image quality is crucial to ensure diagnostic accuracy while minimizing radiation exposure.

Comparing advanced image reconstruction algorithms can help achieve this balance.

Objectives: We aimed to compare the effects of the model-based iterative reconstruction (MBIR) algorithm and the adaptive

statistical iterative reconstruction (ASIR) algorithm on the noise and overall image quality of low-dose chest computed

tomography (CT) for pediatric pneumonia.

Patients and Methods: This was a prospective study. A total of 102 children diagnosed with pneumonia between June 2023

and May 2024 were recruited. All of them underwent a low-dose chest CT scan, and then MBIR and ASIR algorithms were

employed for image reconstruction using a simple randomization method (n = 51 in each group). The noise, signal-to-noise ratio

(SNR), and contrast-to-noise ratio (CNR) of the reconstructed images were measured and compared. Subjective evaluation of the

image quality was performed by two experienced radiologists. The agreement between them was evaluated based on the Kappa

value.

Results: The two radiologists provided highly consistent subjective evaluation results for the reconstructed images (Kappa

value of 0.85, 95% confidence interval: 0.80 - 0.90). The reconstructed images in the MBIR group were better than those in the

ASIR group in terms of image noise, microstructure display, definition of lesion edges, and overall image quality (P < 0.05). The

dose-length product and effective dose decreased in the MBIR group compared with those in the ASIR group (P < 0.05). The SNR

and CNR of the lung field, main pulmonary artery, and muscle were higher in the MBIR group than in the ASIR group (P < 0.05).

Conclusion: The MBIR algorithm shows more promise than the ASIR algorithm in reducing noise, improving SNR, and

maintaining good image quality of low-dose chest CT scans for children with pneumonia, without increasing the radiation

dose. Further research may be needed to confirm its broader applicability.
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1. Background

Pneumonia is one of the most common respiratory

diseases in children. Early and accurate diagnosis, as

well as timely and effective treatment, is essential for

improving the prognosis of children suffering from

pneumonia (1). Among various diagnostic methods,

computed tomography (CT) scan is a valuable medical
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imaging examination due to its ability to provide clear

and detailed images of lung lesions, enabling accurate

assessment of lesion location, size, and morphology (2).

However, the high radiation dose is a non-negligible

problem faced by conventional CT scans. Such a

technique is hazardous to radiation-sensitive groups

like children and pregnant women. Exposure to

radiation during the critical stages of growth and

development may increase the risk of long-term adverse

effects, including radiation-induced malignancies (3).

This has driven increasing interest in reducing radiation

exposure in pediatric imaging while maintaining the

diagnostic image quality.

Model-based iterative reconstruction (MBIR)

algorithm and adaptive statistical iterative

reconstruction (ASIR) algorithm have become new-

generation CT image reconstruction techniques in

recent years (4). Different from traditional image

reconstruction methods, these two algorithms can

maintain and even improve image quality while

reducing the radiation dose through complicated

iterative computation processes (5). The MBIR algorithm

achieves repeated iterative optimization of raw data by

establishing an accurate physical model with a variety

of factors considered, thereby effectively reducing noise

and improving the definition and contrast of images. In

the ASIR algorithm, prior knowledge and statistical

information are utilized to automatically adjust the

iterative parameters based on the characteristics of

images, generating high-quality images at low doses (6).

Although several studies have evaluated the

application of MBIR and ASIR in pediatric chest CT scans,

most have focused on general image quality

improvements or specific clinical scenarios, such as

necrotizing pneumonia (7, 8). However, direct

quantitative comparisons of signal-to-noise ratio (SNR)

and contrast-to-noise ratio (CNR) across specific

anatomical regions (e.g., lung field, pulmonary artery,

and muscle) remain limited. Additionally, few studies

have comprehensively assessed the potential for dose

reduction using these reconstruction techniques for an

ultra-low-dose pediatric CT protocol.

2. Objectives

Based on this background, the present study

evaluated the effects of the aforementioned two

algorithms on optimizing the image quality of low-dose

chest CT scans for children with pneumonia, aiming to

provide a potentially more precise and safer diagnostic

tool. Our findings may have important clinical

implications, as they can guide pediatric radiologists in

selecting reconstruction algorithms that achieve the

lowest possible radiation dose while ensuring

diagnostic image quality.

3. Patients and Methods

3.1. Subjects

This was a prospective study. The sample size was

determined based on an a priori power analysis

conducted using G*Power software. This study was

approved by the ethics committee of our hospital, and

written informed consent was obtained from the

guardians of all enrolled children. A total of 102 children

diagnosed with pneumonia in our hospital between

June 2023 and May 2024 were enrolled, including 61

boys and 41 girls aged 3.14 ± 2.05 years old. All of them

underwent a low-dose chest CT scan, and then MBIR and

ASIR algorithms were employed for image

reconstruction using a simple randomization method

(n = 51 in each group).

The following inclusion criteria were employed: (1)

Child patients clinically diagnosed with pneumonia; (2)

those examined by low-dose chest CT scan; and (3) those

without contraindications to CT scan. The exclusion

criteria involved: (1) Child patients complicated with

other serious lung diseases; (2) those whose images

could not be analyzed due to severely impaired quality;

or (3) those who had recently undergone high-dose

chest CT scan or other radioactive examinations. The

flow chart for subject enrollment is exhibited in Figure 1.

3.2. Computed Tomography Scan Methods

Low-dose CT scanning mode was employed to scan

the child patients' chests, with parameters set as follows:

Tube voltage at 100 kV, tube current automatically

adjusted according to the age and weight of the child,

scan slice thickness of 5 mm, and reconstruction

interval at 5 mm. All participants in this study were

required to complete systematic breathing training

prior to scanning, thus ensuring smooth breathing

during the scanning process. After scanning, the raw

data were saved in the workstation for subsequent

processing.

3.3. Image Reconstruction Methods

https://brieflands.com/articles/ijradiology-158779
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Figure 1. Flow chart for subject enrollment

The raw data were separately reconstructed using the

MBIR and ASIR algorithms. In brief, the MBIR algorithm

was executed using the specialized software equipped in

the GE HD750 scanner, and the ASIR algorithm was

performed through the ASIR technique of GE. All

reconstructed images were standardized to ensure

identical image brightness.

3.4. Objective Evaluation of Image Quality

3.4.1. Noise (Primary Outcome)

Several regions of interest (ROIs) were selected from

the lung parenchyma, and their standard deviation was

measured as the image noise. Lower noise indicated

higher image quality. The efficacy of the two algorithms

https://brieflands.com/articles/ijradiology-158779
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Table 1. Baseline Clinical Data

Characteristic MBIR group (n = 51) ASIR group (n = 51) t/χ2 P-value

Age (y) 3.21 ± 2.10 3.07 ± 2.00 0.329 0.743

Gender (boy/girl) 30/21 31/20 0.049 0.825

Body weight (kg) 14.8 ± 3.6 15.1 ± 3.9 0.385 0.701

Disease severity (mild/moderate/severe) 35/14/2 34/15/2 0.073 0.964

Abbreviations: ASIR, adaptive statistical iterative reconstruction; MBIR, model-based iterative reconstruction.

in reducing image noise was assessed by comparing the

noise levels of the images reconstructed with the MBIR

algorithm and the ASIR algorithm.

3.4.2. Signal to Noise Ratio (Secondary Outcome)

The SNR was calculated as follows: SNR = average CT

value of lung parenchyma/noise. A higher SNR indicates

a higher ratio of signal to noise in the image, resulting

in better image quality. The calculated SNR of the

reconstructed images by both algorithms was applied as

a measure of their specific performance in improving

image quality.

3.4.3. Contras to Noise Ratio (Secondary Outcome)

For the CNR, ROIs were selected from the lung

parenchyma and mediastinum to measure

corresponding CT values and standard deviations. The

CNR was calculated as: CNR = (average CT value of lung

parenchyma - average CT value of mediastinum) /

mediastinal noise. A higher CNR denotes higher

contrast between lung parenchyma and mediastinum,

which is beneficial for a clear display of lesions.

3.5. Subjective Evaluation of Image Quality

Two experienced radiologists were responsible for

subjective quality scoring on the reconstructed images

according to the following criteria:

3.5.1. Image Noise Scoring Criteria (Secondary Outcome)

- 1 point: Noise obviously affecting observation.

- 2 points: Loud noise narrowly allowing observation.

- 3 points: Moderate noise not affecting observation.

- 4 points: Low noise and clear images.

- 5 points: Minimal noise and very clear images.

3.5.2. Microstructure Display (Secondary Outcome)

- 1 point: Almost invisible.

- 2 points: Fuzzy and indistinct.

- 3 points: Partially visible and unclear.

- 4 points: Clear and visible.

- 5 points: Clear, distinct, and rich in detail.

3.5.3. Scoring Criteria for the Definition of Lesion Edges
(Secondary Outcome)

- 1 point: Blurry edges with the scope difficult to

determine.

- 2 points: Relatively blurry edges with the scope that

can be roughly determined.

- 3 points: Clear unsharp edges with the scope that

can be generally determined.

- 4 points: Fairly clear boundaries.

- 5 points: Very clear and sharply recognizable edges.

3.5.4. Overall Image Quality (Primary Outcome)

- 1 point: Extremely poor quality, unable to meet

diagnostic needs.

- 2 points: Poor quality that can barely be used for

diagnosis.

- 3 points: Average quality capable of meeting basic

diagnostic needs.

- 4 points: Good quality enabling relatively high

accuracy of diagnosis.

- 5 points: Very good quality with high accuracy of

diagnosis.

The final result of the subjective quality score was

defined as the mean of scores provided by the two

radiologists.

3.6. Determination of Radiation Dose

The dose-length product (DLP) and effective dose (ED)

(secondary outcomes) of each examination were

measured and recorded using the in-built dose

monitoring system of the CT equipment. Dose-length

product reflected the total radiation dose received by
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Table 2. Subjective Quality Evaluation Results of Model-Based Iterative Reconstruction and Adaptive Statistical Iterative Reconstruction Groups

Group Image noise Microstructure display Definition of lesion edges Overall image quality

MBIR (n = 51) 4.52 ± 0.45 4.72 ± 0.34 4.19 ± 0.37 4.46 ± 0.35

ASIR (n = 51) 3.64 ± 0.57 3.27 ± 0.41 3.33 ± 0.51 3.53 ± 0.50

t 8.653 19.441 9.747 22.582

P-value 0.001 0.001 0.001 0.001

Abbreviations: ASIR, Adaptive statistical iterative reconstruction; MBIR, model-based iterative reconstruction.

the patient during scanning, while ED served as a dose

index associated with the risk of radiation-induced

carcinogenesis. The effective dose was calculated based

on a specific formula, which typically involves

multiplying the DLP by a conversion factor that

accounts for the sensitivity of the irradiated tissues to

radiation.

3.7. Statistical Analysis

Statistical analysis was conducted using SPSS

Statistics for Windows, Version 26.0 software (IBM Corp.,

Armonk, NY, USA). The Kappa test was carried out to

analyze the consistency of subjective scores provided by

the two radiologists, with the Kappa coefficient and its

95% confidence interval reported. For objective noise

values, SNR, and other continuous variables,

comparisons between the two groups were performed

using the t-test. Prior to the t-test, the normality of the

data was assessed using the Shapiro-Wilk test, and the

homogeneity of variances was assessed using Levene’s

test. Categorical data were compared using the χ² test. A

P-value of less than 0.05 was considered statistically

significant.

4. Results

4.1. Baseline Clinical Data

The baseline characteristics of the two groups were

comparable, with no statistically significant differences

observed (P > 0.05) (Table 1).

4.2. Subjective Quality Evaluation Results of Model-Based
Iterative Reconstruction and Adaptive Statistical Iterative
Reconstruction Groups

The two radiologists provided highly consistent

subjective evaluation results for the reconstructed

images, with a Kappa value of 0.85 (95% confidence

interval: 0.80 - 0.90) (Table 2). The images in the MBIR

group were superior to those in the ASIR group in terms

of image noise, microstructure display, definition of

lesion edges, and overall image quality (P < 0.05) (Figure

2).

4.3. Radiation Doses of Model-Based Iterative Reconstruction
and Adaptive Statistical Iterative Reconstruction Groups

The DLP and ED decreased in the MBIR group

compared with those in the ASIR group (Table 3).

Specifically, the MBIR group had a DLP of 98.48 ± 7.63

mGy·cm, while the ASIR group had a DLP of 156.34 ± 18.47

mGy·cm (P = 0.001). Similarly, the ED was significantly

reduced in the MBIR group (1.56 ± 0.24 mSv) compared

with the ASIR group (2.98 ± 1.25 mSv) (P = 0.001).

4.4. Objective Images of Model-Based Iterative
Reconstruction and Adaptive Statistical Iterative
Reconstruction Groups

The SNR and CNR of the lung field, main pulmonary

artery, and muscle were higher in the MBIR group than

in the ASIR group (Table 4). Specifically, the lung field

SNR increased by approximately 40%, the main

pulmonary artery SNR increased by 82%, and the muscle

SNR increased by 112%, with all differences reaching

statistical significance (P = 0.001). Similarly, the MBIR

algorithm led to a 95% improvement in lung field CNR, a

107% increase in main pulmonary artery CNR, and a 106%

rise in muscle CNR (P = 0.001).

5. Discussion

Chest CT scans play a key role in the diagnosis of

childhood pneumonia. They provide detailed

information about the anatomical structure and lesions

in the lungs, assisting doctors in accurately identifying

the type, scope, and severity of pneumonia. However,

children are particularly sensitive to radiation, and

long-term or high-dose radiation exposure may elevate

the risk of cancer (9). Therefore, low-dose chest CT scans

are significant for diagnosing childhood pneumonia, as

https://brieflands.com/articles/ijradiology-158779
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Figure 2. A, An example of a low-dose chest CT image of a child with pneumonia reconstructed by model-based iterative reconstruction (MBIR) algorithm, with the details of the
lung structure and lesions clearly displayed; B, An example of a low-dose chest CT image of a pneumonia child reconstructed using adaptive statistical iterative reconstruction
(ASIR) algorithm, in which the image noise is lower and the edges of lung markings are more blurred than those in MBIR algorithm.

they reduce the radiation dose while maintaining image

quality, thus minimizing potential health hazards (10).

The MBIR algorithm is an advanced image

reconstruction technique with several significant

advantages. It establishes a precise physical model that

considers complex factors such as X-ray transmission,

detector response, and photon scattering (11). During

reconstruction, MBIR performs multiple iterative

computations on raw data to continuously optimize

image quality, effectively reducing image noise. Noise in

low-dose CT images can affect image definition and

readability (12). The MBIR substantially attenuates image

noise, increases SNR and CNR, and enhances image

definition. It also improves contrast and resolution,

particularly in low-dose chest CT images of children

with pneumonia. The MBIR can display microstructure

features of the lung parenchyma, which are valuable for

accurately determining the scope and nature of

pneumonia (13). Additionally, MBIR enhances the

definition of lesion edges, helping doctors accurately

determine lesion scope and morphology, which is

crucial for developing effective treatment protocols.

Clear lesion edges assist in assessing lesion invasiveness

and determining tissue infiltration, providing a

reference for selecting therapeutic methods such as

surgery, radiotherapy, and chemotherapy (14). High-

quality images from MBIR lower the risk of

misdiagnosis and missed diagnosis, ensuring timely

treatment (15). Accurate determination of pneumonia

type is essential for selecting appropriate therapies, and

MBIR's high-quality images aid in identifying

pneumonia types for individualized treatment

protocols.

The ASIR algorithm is a statistical MBIR technique

that uses prior knowledge and statistical information

for iterative reconstruction, reducing noise and

improving image quality (16). However, ASIR is less

capable than MBIR in enhancing image quality. In low-

dose chest CT images of children with pneumonia, ASIR

is inferior to MBIR in microstructure display, lesion edge

definition, and overall image quality, though it reduces

noise to some extent (16). The ASIR may not display

microstructures as clearly as MBIR, potentially affecting

accurate judgment of lesion scope and nature. ASIR may

also struggle to present lesion edges clearly,

complicating the determination of lesion scope and

morphology. Overall, ASIR-reconstructed images may be

less clear and accurate than MBIR-reconstructed images,

influencing diagnostic accuracy.

In this study, two experienced radiologists conducted

subjective evaluations of the reconstructed images,

showing high consistency and reliability. The

evaluations covered image noise, microstructure

display, lesion edge definition, and overall image

quality. Results indicated that MBIR produced better

images than ASIR in all aspects, aligning with objective

measurements and confirming MBIR's advantages in

optimizing low-dose chest CT image quality for children

with pneumonia. Subjective evaluation is vital for

clinical diagnosis (17).

https://brieflands.com/articles/ijradiology-158779


Ye Y et al. Brieflands

I J Radiol. 2024; 21(4): e158779 7

Table 3. Radiation Doses of Model-Based Iterative Reconstruction and Adaptive Statistical Iterative Reconstruction Groups

Group Number DLP (mGy·cm) ED (mSv)

MBIR 51 98.48 ± 7.63 1.56 ± 0.24

ASIR 51 156.34 ± 18.47 2.98 ± 1.25

t - 20.676 7.967

P-value - 0.001 0.001

Abbreviations: ASIR, adaptive statistical iterative reconstruction; DLP, dose-length product; ED, effective dose; MBIR, model-based iterative reconstruction.

Table 4. Objective Images of Model-Based Iterative Reconstruction and Adaptive Statistical Iterative Reconstruction Groups

Group
SNR CNR

Lung field Main pulmonary artery Muscle Lung field Main pulmonary artery Muscle

MBIR (n = 51) 31.32 ± 12.11 5.41 ± 2.26 12.36 ± 2.32 42.98 ± 10.43 18.52 ± 5.23 13.87 ± 2.57

ASIR (n = 51) 22.41 ± 9.82 2.97 ± 1.67 5.84 ± 1.37 22.05 ± 7.36 8.94 ± 2.34 6.74 ± 1.83

t 4.081 6.200 17.281 11.709 11.940 16.139

P-value 0.001 0.001 0.001 0.001 0.001 0.001

Abbreviations: ASIR, Adaptive statistical iterative reconstruction; CNR, contrast-to-noise ratio; MBIR, model-based iterative reconstruction; SNR, signal-to-noise ratio.

Radiologists primarily rely on image observation for

diagnosis in their daily work, so image quality directly

impacts diagnostic accuracy (18). The MBIR algorithm

can reconstruct higher-quality images, providing

doctors with more distinct and accurate information. In

diagnosing childhood pneumonia, accurate diagnosis is

foundational for formulating effective treatment

protocols. Inaccurate diagnosis may lead to improper

treatment, disease exacerbation, or missed treatment

opportunities, potentially resulting in serious

consequences for children (19). Therefore, improving

image quality is vital for diagnosing and treating

childhood pneumonia.

From the perspective of radiation dose, this study

found that the MBIR group had lower DLP and ED than

the ASIR group, suggesting that the MBIR algorithm also

has advantages in decreasing radiation dose. Reducing

radiation dose is especially important for child patients

in clinical practice. Children in growth and

development stages have immature organs and systems,

making them more sensitive to radiation. Minimizing

potential radiation hazards to children's health is

crucial. Although low-dose CT scans reduce radiation

dose, further reduction is possible with advanced image

reconstruction algorithms like MBIR. This is of great

clinical value for children requiring multiple CT scans,

as it reduces cumulative radiation dose and lowers

cancer risk. The reduction in radiation dose also aligns

with medical ethics, reflecting care and protection for

patients.

Signal-to-noise ratio and CNR are vital objective

indexes of image quality. This study revealed increases

in SNR and CNR in the MBIR group compared to the ASIR

group, indicating that MBIR-reconstructed images excel

in SNR and contrast between lung parenchyma and

mediastinum. High SNR and CNR facilitate visualizing

lung lesions and enhance diagnostic accuracy. In low-

dose chest CT images of children with pneumonia, the

MBIR algorithm enhances SNR and CNR, allowing

doctors to observe differences between pneumonia

lesions and surrounding normal tissues more clearly,

aiding in accurate identification of lesion scope, nature,

and characteristics (20). Clear contrast between lesions

and surrounding tissues helps define lesion boundaries

and determine invasiveness. High SNR and CNR assist in

identifying lesions with unclear boundaries, avoiding

missed diagnoses.

However, this study has limitations. The relatively

small sample size might impact the generalizability of

the results. Future studies could expand the sample size

to further validate MBIR's strengths in optimizing low-

dose chest CT image quality for children with

pneumonia. An enlarged sample size could better reflect

conditions across different age groups and severities,

enhancing generalizability and reliability (21).

Additionally, confounding factors such as operator

experience, differences in CT equipment or settings, and
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clinical context were not controlled, which may

influence result generalizability. Standardization efforts

were made, but these variables could introduce

variability. Future multicenter studies with diverse

clinical contexts and equipment will help further

validate the results.

In conclusion, the MBIR algorithm shows significant

advantages in optimizing low-dose chest CT image

quality for children with pneumonia, reducing

radiation dose while ensuring diagnostic accuracy.

These improvements in image quality can lead to more

accurate lesion detection, better visualization of subtle

abnormalities, and more confident decision-making by

clinicians, ultimately contributing to more effective

management and treatment of pediatric pneumonia.
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