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Abstract

Background/Aim. Low-dose Katl iterative reconstruction
(KIR) is a commonly used technique in medical imaging. An
iterative algorithm reduces the dose of X-ray radiation while
ensuring image quality, making it a safer and more conven-
ient imaging method. The aim of the study was to analyze
the assessment value of low-dose KIR for the lung structure
of patients with chronic obstructive pulmonary disease
(COPD). Methods. The study included a total of 135
COPD patients undergoing bronchoscopic biopsy from
August 2022 to July 2023. Low-dose KIR was conducted.
Two groups were formed according to the lung structure
examined by bronchoscopic biopsy: an airway remodeling
group and a non-airway remodeling group. The examination
indicators of low-dose KIR were compared. Receiver oper-
ating characteristic curves were plotted to analyze the clini-
cal value of low-dose KIR for assessing the lung structure.
Results. According to the examination results of chest X-
ray, airway remodeling was done in 85 out of 135 (62.96%)
COPD patients. The sensitivities, specificities, and areas
under the cutves of computed tomography value, noise val-
ue, signal-to-noise ratio, and contrast-to-noise ratio were
0.976 vs. 0.965 vs. 0.953 vs. 0.980, 0.960 vs. 0.940 vs. 0.927
vs. 0.753, and 0.623 vs. 0.643 vs. 0.670 vs. 0.640, respective-
ly. Conclusion. Low-dose KIR proved to be a very accu-
rate and fast method for the quantitative study of lung
structure in COPD patients.
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Apstrakt

Uvod/Cilj. Katlova iterativna rekonstrukcija (KIR) niskom
dozom je tehnika koja se cesto koristi u medicinskom
snimanju. Iterativni algoritam smanjuje dozu rendgenskog
zracenja istovremeno osiguravajuci kvalitet slike, Sto ga cini
sigurnijom i pogodnijom metodom snimanja. Cilj rada bio je
da se analizira vrednost procene niskodozne KIR za strukturu
pluéa obolelih od hronicne opstruktivne bolesti pluca
(HOBP). Metode. Studijom je obuhvaéeno ukupno 135
obolelih od HOBP podvrgnutih bronhoskopskoj biopsiji od
avgusta 2022. do jula 2023. godine. Sprovedena je niskodozna
KIR. Formirane su dve grupe prema strukturi pluca ispitanih
bronhoskopskom biopsijom: grupa za remodelovanje disajnih
puteva i grupa bez remodelovanja disajnih puteva. Uporedeni
su indikatori ispitivanja KIR niskim dozama. Za analizu
klinickog znacaja niskodozne KIR u proceni strukture pluca
koris¢ene su receiver operating characteristic krive. Rezultati.
Prema rezultatima ispitivanja rendgenskog snimka grudnog
kosa, remodeliranje disajnih puteva uradeno je kod 85 od 135
(62,96%) obolelih od HOBP. Senzitivnost, specificnost i
povrsina ispod krive vrednosti kompjuterizovane tomografije,
vrednosti $uma, odnosa signal-Sum i odnosa kontrast-Sum
iznosile su 0,976 vs. 0,965 vs. 0,953 vs. 0,980, 0,960 vs. 0,940
vs. 0,927 vs. 0,753, 1 0,623 vs. 0,643 vs. 0,670 vs. 0,640,
redom. Zakljuéak. Niskodozna KIR se pokazala kao veoma
precizna i brza metoda za kvantitativno proucavanje strukture
pluca kod obolelih od HOBP.

Kljucne reci:

disajni putevi, remodeliranje; algoritmi; tomografija,
kompjuterizovana, rendgenska; dijagnosticke tehnike i
procedure; pluca, opstruktivna bolest, hroni¢na.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
common and devastating lung condition characterized by
incomplete reversible airflow limitation ¥ 2. The morbidity
rate of COPD is very high globally 3. The risk factors for
COPD include smoking, air pollution, occupational expo-
sure, etc. Structural changes in the lungs are an important
part of the pathophysiological process of COPD *, includ-
ing airway wall inflammation and mucus hypersecretion,
airway remodeling (AR)-induced airway structural chang-
es, and pulmonary emphysema-induced alveolar destruc-
tion.

AR in COPD patients is associated with disease se-
verity 5, which has a complex mechanism and causes great
harm. Therefore, it is important to assess whether AR oc-
curs in COPD patients in order to improve their quality of
life and prognosis. In routine clinical practice, AR in
COPD npatients is assessed by lung function tests, high-
resolution computed tomography (CT), bronchoscopy, and
histopathological examination. Both early diagnosis and
standardized treatment are essential for ameliorating the
prognosis of COPD patients.

Low-dose Karl iterative reconstruction (KIR) is a
commonly used technique in medical imaging. An iterative
algorithm reduces the dose of X-ray radiation while ensur-
ing image quality, making it a safer and more convenient
imaging method.

The aim of this study was to assess the effect of low-
dose KIR on the lung structure of COPD patients in order
to explore its diagnostic value for structural changes.

Methods

A total of 135 COPD patients undergoing broncho-
scopic biopsy from August 2022 to July 2023 were re-
cruited. Low-dose KIR was performed for all patients.
There were 89 male and 46 female patients aged 56-84
years, with a mean age of 70.39 + 13.82 years. Among
them, 63 patients had a smoking history, 55 had occupa-
tional exposure (harmful gases or dust in the work envi-
ronment), and 39 had a family history (similar diseases in
the family). Meanwhile, 62 cases were complicated with
cardiovascular diseases, 71 had diabetes mellitus, and 59
had a history of cardiovascular disease. This study was ap-
proved by the local Ethics Committee, the First Hospital of
Jiaxing, Jiaxing, Zhejiang Province, China (from August 6,
2022).

Inclusion and exclusion criteria

Inclusion criteria were as follows: patients who met
the diagnostic criteria for COPD in the Global Initiative
for Chronic Obstructive Lung Disease Global Strategy for
the Diagnosis, Management, and Prevention of Chronic
Obstructive Pulmonary Disease 2018 °, i.e., without any
other diseases that may cause lung volume changes, such
as chest deformity; those with forced expiratory volume in

1 second (FEV1)/forced vital capacity (FVC) - FEV1/FVC
< 0.70 after inhalation of bronchodilators; those with very
clear and complete dual-gas phase CT images of the chest
and very clear images of the lung tissue; those who signed
the informed consent form.

Exclusion criteria were as follows: patients with poor
cooperation or blurred images; those with conditions that
may affect the lung volume, including a history of lung
surgery (such as lobectomy or segmentectomy) or morpho-
logical abnormalities of the chest; those with tumors or
tumor-like lesions in the lungs; those with diseases that
may affect CT scan results, such as infections in most of
the lungs, severe atelectasis, or lung consolidation; those
with more severe health problems, such as heart-, liver-, or
kidney-related diseases.

Low-dose Karl iterative reconstruction

The examination method and purpose were explained
to the patients in detail before they signed the informed
consent form. Prior to the examination, the patients were
guided to receive breathing training until meeting the re-
quirements in the scan, and they were instructed to hold
their breath by command at the end of deep inspiration and
deep expiration. CT scanner uCT-760 128-slice spiral
(Shanghai United Imaging Healthcare Co., Ltd., China)
was used.

The scanning conditions and parameters were as fol-
lows: for the routine dose — tube voltage of 120 kV, tube
current of 150 mA, 40 mm collimation, pitch of 1.0875,
0.5 s/r, 5 mm slice thickness, 1-mm thin-slice reconstruc-
tion on inspiratory and expiratory phase images, field of
view of 35 mm, and 1024 x 1024 matrix; under a low dose
— tube voltage of 120 kV, tube current of 80 mA, 40 mm
collimation, pitch of 1.0875, 0.5 s/r, 5 mm slice thickness,
1-mm thin-slice reconstruction on inspiratory and expira-
tory phase images, field of view of 35 mm, and 1024 x
1024 matrix.

The patient held the head with both hands facing for-
ward in a supine position, and the whole lung was scanned
after breath-holding at the end of deep inspiration and
deep expiration. The scanning range was consistent.

Examination parameters of low-dose Karl iterative
reconstruction

All images were imported into the “digital lung” test
platform for lobe segmentation and bronchus quantifica-
tion. Lobe segmentation procedures are described in the
text that follows. The whole lung tissue was extracted us-
ing the adaptive border marching method. Interlobular fis-
sures were detected and segmented by computational ge-
ometry, and the implicit function method was used for
segmenting a few interlobular fissures. Bronchus quanti-
tative analysis software had been verified, automatically
extracting the bronchial skeleton and measuring quantita-
tive indicators required by the skeleton extraction algo-
rithm when used for bronchus segmentation. To be specif-
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ic, following lobe segmentation, the quantitative data, in-
cluding the whole lung volume, volumes less than -910
Hounsfield units (HU) and -950 HU in both lungs, per-
centage of total lung area occupied by low attenuation ar-
ea — LAA (LAA-950%, LAA-910%), emphysema index,
and mean lung density, were measured. The quantitative
indicators, including the number, length, and volume of
bronchi, were obtained using the bronchus quantitative
analysis software.

Evaluation of airway remodeling in COPD patients
undergoing bronchoscopic biopsy

The airway wall thickness was measured to assess
whether it was beyond the normal range. The morphology
and arrangement of epithelial cells, as well as stromal
changes, were observed. The collagen content and distri-
bution were detected. The number and distribution of
smooth muscle cells were observed. The type and number
of inflammatory cells were assessed.

Statistical analysis

SPSS 26.0 software was used for statistical analy-
sis. All measurement data were analyzed using the
Shapiro-Wilk normality test. The normally distributed
measurement data were described by mean + standard
deviation and compared by the independent-samples t-

test between the two groups. Count data were described
by percentages and analyzed using the Chi-square test.
Receiver operating characteristic (ROC) curves were
plotted to detect the clinical value of low-dose KIR for
assessing the lung structure by the area under the curve
(AUC): AUC < 0.50 - no assessment value; 0.50 < AUC
< 0.70 — low assessment value; 0.70 < AUC < 0.90 -
medium assessment value; AUC > 0.90 — high assess-
ment value. The value of p < 0.05 was considered statis-
tically significant.

Results

Bronchoscopic biopsy showed that AR occurred in 85
out of 135 (62.96%) COPD patients.

There was no significant difference in the general da-
ta between the two groups (p > 0.05) (Table 1).

The AR group had significantly higher CT value,
noise value, and signal-to-noise ratio, and a lower con-
trast-to-noise ratio than those of the non-AR group
(p < 0.05) (Table 2).

The ROC curves were plotted with the results of
bronchoscopic biopsy as a state variable (presence of air-
way remodeling = 1, absence of airway remodeling = 0)
and the criteria for objective evaluation of low-dose KIR
image quality as a test variable (Figures 1 and 2). The re-
sults revealed that low-dose KIR had a high value for as-
sessing lung structure in COPD patients (Table 3).

Table 1
General data of patients with chronic obstructive pulmonary disease
Pathological results by bronchoscopic biops
Variable a L Oy PIC DIOPSY /¢ p
AR Group (n=85) non-AR Group (n = 50)

Age, years 71.32 £14.56 69.29 £9.89 0.874 0.384
Gender

male 63 26

1.639 0.201

female 22 24
Smoking history

yes 41 22

o 44 28 0.052 0.821
Occupational exposure

yes 32 23

o 53 27 0.209 0.648
Family history

yes 15 24

o 20 26 3.559 0.059
Complications with cardiovascular disease

yes 35 27

o 50 23 0.477 0.490
Complications with diabetes mellitus

yes 46 25

o 39 25 0.049 0.825
History of cardiovascular diseases

yes 36 23

0.039 0.844
no 49 27

Values are given as mean + standard deviation or numbers.
AR — airway remodeling.
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Table 2
Objective evaluation results of low-dose Karl iterative reconstruction image quality
Lung structural changes in COPD CT value (HU) Noise Signal-to-noise ratio  Contrast-to-noise ratio
Group
AR (n =85) 63.40 £9.36 37.61+7.41 2.25+0.80 0.32+0.29
non-AR (n =50) 59.46 +7.53 34.04 +6.60 1.82+0.43 0.44 +£0.30
t 2.532 2.812 3.510 2.292
p 0.013 0.006 0.001 0.024

COPD - chronic obstructive pulmonary disease; CT — computed tomography; AR — airway remodeling; HU — Hounsfield unit.
Values are given as mean * standard deviation.
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Fig. 1 — ROC curve analysis of low-dose Karl iterative reconstruction
for assessing lung structural changes in COPD patients
[CT value (HU), noise value, and signal-to-noise ratio].
ROC - receiver operating characteristics. For other abbreviations, see Table 2.

ROC CURVE

08

04

SENSITIVITY

0.0 4
0.0 0.2 04 06 08 10

SPECIFICITY

Fig. 2 — ROC curve analysis of low-dose Karl iterative reconstruction for
assessing lung structural changes in COPD patients (contrast-to-noise ratio).
ROC - receiver operating characteristics; COPD - chronic obstructive pulmonary disease.
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Table 3
Clinical value of low-dose Karl iterative reconstruction for assessing the lung structure in COPD patients
Variable Avrea under the curve 95% ClI p Sensitivity ~ Specificity  Youden index
CT value (HU) 0.623 0.530-0.717 0.017 0.976 0.960 0.016
Noise value 0.643 0.548-0.737 0.006 0.965 0.940 0.025
Signal-to-noise ratio 0.670 0.581-0.760 0.001 0.953 0.927 0.026
Contrast-to-noise ratio 0.640 0.547-0.734 0.007 0.980 0.753 0.227

CI - confidence interval.
For other abbreviations, see Table 2.

Discussion

With the aggravation of population aging, the mor-
bidity rate of COPD has also been gradually increasing ’.
As the CT technique develops continuously, people have
also had an increasing demand for routine CT examinations
or diagnosis and determination of the severity of disease @
However, the damage of high radiation doses in CT to
mental and physical health is inevitable. To address these
problems, low-dose CT scans have been proposed to reduce
the radiation dose °. Nevertheless, the image resolution de-
clines and the image noise increases due to dose reduction,
affecting the evaluation of the severity of disease and deci-
sion-making on the correct treatment. Iterative reconstruc-
tion has also been widely used, gradually becoming a new
research hotspot. It is important to reduce the dose without
compromising the image quality %°.

Low-dose KIR is an image reconstruction algorithm
with specific functions. Generally, it is applied in the quan-
titative study of the lung structure in COPD patients. It has
been verified that the KIR algorithm can be used as a sub-
stitute for routine doses for diagnosing COPD, achieving
similar diagnostic efficacy to the routine dose .

In this study, the AR group had a higher CT value,
noise value, and signal-to-noise ratio, and lower contrast-
to-noise ratio than the non-AR group. Thus, low-dose KIR
had a high value for assessing the lung structure in COPD
patients. Moreover, the AUCs of CT value, noise value,
signal-to-noise ratio, and contrast-to-noise ratio were
0.623, 0.643, 0.670, and 0.640, respectively, suggesting
high diagnostic values for airway remodeling.

Low-dose KIR has many advantages in assessing the
lung structure in COPD patients. For instance, compared
with traditional CT, the radiation dose significantly de-
clines, weakening the risks and potential hazards to the
health of patients, especially those who need frequent CT
examinations % 13, The technique is also cost-effective,
with shorter scanning time and fewer consumables due to
decreased radiation dose 4. In addition, surgeons and radi-
ologists involved are safe against radiation exposure 5.
The low-dose KIR with a strong ability of lung structure
detection in COPD patients can detect AR better by opti-
mizing the image quality and reconstruction algorithm,
thereby helping doctors assess the lung structure more ac-
curately. Moreover, this technique also allows accurate
quantitative analysis, which can provide more accurate pa-
rameters of lung structure to help assess disease progres-
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sion and monitor the condition changes in COPD &7,
Meanwhile, this technique can reduce image noise through
the iterative reconstruction algorithm, and clear images
can still be acquired at low doses, which is conducive to
discovering subtle structural changes and displaying lung
microstructure and lesion characteristics. Through regular
examinations, doctors can also understand the changes in
disease conditions to provide a basis for individualized
treatment 18,

The low-dose KIR is of great clinical significance for
assessing the lung structure in COPD patients due to the
following advantages *°. Firstly, it can provide more de-
tailed and accurate information about the lung structure, as-
sist in early identification and diagnosis of COPD, provide
a basis for individualized treatment by tracking disease
progression and monitoring condition changes, guide
treatment decision-making, determine the outcomes of
therapeutic regimen, and help predict the prognosis. Sec-
ondly, it causes less radiation damage in order to reduce
potential risks and improve safety. Thirdly, clearer images
can be acquired with optimized image quality to facilitate
diagnosis, provide a more reliable basis for doctors, and
enhance diagnostic confidence. Finally, it can provide data
support for related research, improve patient experience,
and enhance medical quality 2°.

Conclusion

Low-dose Karl iterative reconstruction has high value
for assessing lung structure in COPD patients. This method
not only quantitatively studies the lung structure in COPD
patients but also determines the health of lung structure in
COPD patients more comprehensively in combination with
the actual condition of lung structure. Hence, more targeted
treatment plans can be developed, the progression of dis-
ease predicted, and individualized suggestions for preven-
tion and healthcare can be given to patients.
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