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U104 Background: Quantitative computed tomography (QCT) enables sensitive
evaluation of dynamic parenchymal changes in lung disease, yet the
behavior of expiratory ground-glass (GG) lesion change across different
pulmonary phenotypes remains insufficiently characterized.

Objective: To compare inspiratory—expiratory GG change across dominant
QCT-defined pulmonary groups.

Methods: This retrospective study included 46 patients who underwent
paired inspiratory—expiratory QCT at Ngoc Minh Clinic. GG lesion
percentages were extracted separately for the right and left lungs. GG
change (%) was calculated as the relative difference between expiratory
and inspiratory GG values. Patients were categorized into air trapping,
emphysema, interstitial lung disease (ILD), and normal groups based
on dominant QCT findings. Between-group differences were assessed
using non-parametric tests, and within-subject lung-side differences were
evaluated using linear mixed-effects modeling.

Results: GG change differed significantly among disease groups in both
lungs (p < 0.001). The air trapping group demonstrated markedly higher
GG change compared with emphysema, ILD, and normal lungs (all p <
0.05). No significant difference in GG change was observed between the
right and left lungs, and no lung-side—by—group interaction was identified.

Conclusion: Expiratory GG change effectively distinguishes air trapping
from other pulmonary phenotypes and represents a symmetric functional
QCT marker of small airway dysfunction.
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I. INTRODUCTION

Quantitative Computed Tomography (QCT) has become
an essential non-invasive tool in the phenotyping and
monitoring of various chronic lung diseases, including
Chronic Obstructive Pulmonary Disease (COPD),
interstitial lung disease (ILD), and small airway disease.
Traditional inspiratory-phase CT imaging provides
important structural information, but it may fail to capture
dynamic changes associated with air trapping and
ventilation heterogeneity, especially in early disease
stages or mild cases without overt structural destruction
[1]with the goal of contributing to a personalized approach
to the treatment of patients with COPD. Quantitative CT
is useful for identifying and sequentially evaluating the
extent of emphysematous lung destruction, changes
in airway walls, and expiratory air trapping. However,
visual assessment of CT scans remains important to
describe patterns of altered lung structure in COPD.
The classification system proposed and illustrated in
this article provides a structured approach to visual
and quantitative assessment of COPD. Emphysema
is classified as centrilobular (subclassified as trace,
mild, moderate, confluent, and advanced destructive
emphysema [2].

Expiratory CT, when paired with inspiratory imaging, can
highlight functional impairments such as air trapping and
expiratory ground-glass opacities—features that often
correspond to small airway obstruction, bronchiolar
collapse, or ventilation inhomogeneity [3] [4]. The
assessment of ground-glass (GG) lesions has historically
been qualitative or semi-quantitative; however, recent
advances in QCT now allow automated, volumetric
quantification of parenchymal patterns across both
respiratory phases [5] [6].

Despite growing interest in expiratory imaging, systematic
comparisons of ground-glass (GG) behavior across
pulmonary disease subtypes remain limited. In particular,
how GG attenuation patterns change from inspiration to
expiration among patients with air trapping, emphysema,
interstitial lung disease, and normal lungs is not fully
understood. Quantitative assessment of dynamic GG
change using paired inspiratory—expiratory QCT provides
an objective marker of small airway dysfunction that may

be missed on conventional inspiratory CT alone. This
approach can facilitate early detection of air trapping in
patients with inconclusive spirometry or minimal visual
abnormalities, support functional phenotyping of diffuse
lung diseases, and improve differentiation between
airway-predominant and  parenchymal-predominant
processes, thereby enhancing the clinical interpretation
of functional lung imaging.

This study therefore aims to quantify the percentage
change in GG lesions between inspiratory and expiratory
CT scans across multiple disease groups and to determine
whether such changes can be used to differentiate
disease phenotypes.

Il. SUBJECTS AND METHODS
1. Study Population

This retrospective study included 46 adult patients (mean
age: 59.8 + 12.7 years; 61% male) who underwent
clinically indicated paired inspiratory and expiratory
chest CT scans between March and April 2025 at Ngoc
Minh Clinic in Ho Chi Minh City, Vietnam. Patients
were categorized into four groups based on consensus
interpretation by thoracic radiologists and dominant
QCT findings: (1) Air Trapping +, (2) Emphysema, (3)
Interstitial Lung Disease (ILD) including both fibrotic and
non-fibrotic subtypes, and (4) Normal lung parenchyma.
Patients with incomplete data or artifacts significantly
affecting lung segmentation were excluded.

2. CT Protocol and Image Analysis

All scans were performed using a standardized
inspiratory-expiratory CT protocol on a 128-slice
multidetector scanner (Revolution EVO, GE Healthcare).
Images were acquired at full inspiration (TLC) and end
expiration (RV), reconstructed with 0.625-1.25-mm slice
thickness, and analyzed using a validated CT software
platform (Thoracic VCar, GE Healthcare) [7].

Ground-glass (GG) lesions were defined as regions with
attenuation values between —703 and —-368 HU without
obscuration of underlying vessels [8]comparing the
consistency of tools. Materials and Methods: Included in
the study group were 120 COVID-19 patients (56 women
and 104 men; 61 years of median age; range: 21-93
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years. Automated segmentation and quantification of GG
lesion volumes were performed for each lung separately
in both respiratory phases. The percentage change in

(Expiratory GG — Inspiratory GG)

ground-glass lesion volume was calculated using the
following formula:

GG Change (%) =

Definition of dominant QCT patterns

Dominant QCT patterns were defined based on combined
visual assessment of paired inspiratory—expiratory CT
images and quantitative findings.

+ Normal lungs were defined as the absence of significant
parenchymal abnormalities on both inspiratory and
expiratory CT, including no evidence of air trapping,
emphysema, or interstitial disease. Representative
imaging examples are shown in Appendix 1.
+ Air trapping was defined as areas of persistently low
attenuation on expiratory CT with relative attenuation
normalization on inspiratory images, in the absence
of dominant emphysematous destruction or interstitial
abnormalities. Cases were classified as air trapping when
this finding represented the predominant abnormality. An
example of illustrative imaging is presented in Appendix 2.

+ Emphysema was defined by the presence of low-
attenuation areas on inspiratory CT consistent with
parenchymal destruction and reduced vascular markings.
To minimize confounding, cases with emphysematous
changes associated with clinically diagnosed asthma
were excluded based on information provided by
respiratory physicians, including clinical history and
pulmonary function testing. An imaging example is
provided in Appendix 3.

+ Interstitial lung disease (ILD) was defined by the presence
of diffuse parenchymal abnormalities on inspiratory
CT, including reticulation, ground-glass opacities with
architectural distortion, traction bronchiectasis, or
honeycombing, and included both fibrotic and non-
fibrotic subtypes. When ILD features coexisted with other
abnormalities, ILD was considered the dominant pattern.
An example is shown in Appendix 4.

Each case was assigned to a single dominant QCT
group based on the predominant imaging pattern to allow
mutually exclusive classification for statistical analysis.

x 100

Inspiratory GG

3. Statistical Analysis

Descriptive  statistics were used to summarize
demographic and clinical characteristics. Continuous
variables are presented as median values with
distribution ranges. For descriptive purposes, GG change
distributions within each disease group and lung side were
summarized using the median and a 95% distribution
interval defined as mean + 2 standard deviations (SD),
reflecting the biological variability of GG change rather

than the confidence interval of the median.

Between-group comparisons of GG change were
performed separately for the right and left lungs using the
Kruskal-Wallis test. When the overall test was significant,
pairwise comparisons were conducted using the Mann—
Whitney U test, with p values reported for key clinically
relevant comparisons.

To assess within-subject differences between the right
and left lungs and to account for the paired structure
of the data, a linear mixed-effects model (LMM) was
constructed. GG change was modeled as the dependent
variable, with lung side (right vs left), disease group, and
their interaction included as fixed effects, and subject
identity included as a random effect. An extended model
incorporating a random slope for lung side was also
evaluated to allow subject-specific asymmetry.

All statistical tests were two-sided, and a p value <
0.05 was considered statistically significant. Statistical
analyses were performed using Python (version 3.11.2,
SciPy and stats models libraries) by Dr. HTTN.

Ill. RESULTS

A total of 46 patients were included in the analysis (28
men, 18 women; age range: 40-84 years). Patients
were classified according to the dominant QCT pattern
determined by expert interpretation, 17 patients were
categorized as Air Trapping +, 14 as Emphysema, 8 as

34 VIETNAMESE JOURNAL OF RADIOLOGY& NUCLEAR MEDICINE No: 05 (December 2025)



SCIENTIFIC RESEARCH

ILD (non-fibrotic: n=6, fibrotic: n=2), and 7 as Normal. The
average inspiratory-to-expiratory change in ground-glass
(GG) lesions was significantly higher in the Air Trapping
+ group compared to all other groups. Representative

examples illustrating GG change calculations across the
four groups are presented in Appendices 1 through 4.

For the right lung, the median GG change and 95% CI

(mean + 2SD) for each group were:

HRCT images, quantitative measurements, and
Table 1. GG Change on the right lung
Group N Median (%) 95% CI lower 95% CI upper
Air trapping 13 337.9 52.7 552.2
Emphysema 11 31.2 -84.0 195.4
ILD 8 143.5 -136.1 459.9
Normal 8 117.3 -73.2 346.4
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Figure 1. GG change on Right Lung by Disease group. The comparisons are shown (Mann-Whitney U): Air trapping
vs Emphysema (p < 0.001), Air trapping vs ILD (p = 0.037), Air trapping vs Normal (p = 0.010).

For the left lung, the median GG change and 95% CI (mean + 2SD) for each group were:

Table 1. GG Change on the left lung

Group N Median (%) 95% CI lower 95% CI upper
Air trapping 13 320.3 20.6 612.0
Emphysema 11 33.7 -81.9 207.2
ILD 9 131.1 -149.3 446.6
Normal 8 122.3 -72.0 365.7
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Figure 2. GG change on Left Lung by Disease group. The comparisons are shown (Mann-Whitney U): Air trapping
vs Emphysema (p < 0.001), Air trapping vs ILD (p = 0.009), Air trapping vs Normal (p = 0.013).

Boxplots of ground-glass opacity (GG) change (%)
across dominant QCT groups in the right (table 1 & figure
1) and left (table 2 & figure 2) lungs. GG change was
significantly higher in the air trapping group compared
with emphysema, interstitial lung disease (ILD), and
normal lungs in both lungs. P values were calculated
using the Mann—Whitney U test.

Median GG change was highest in the air trapping group
in both lungs (right: 337.9%, left: 320.3%), with wide but
upward-shifted 95% distribution intervals (mean + 2SD).
In contrast, emphysema showed minimal GG change
with intervals overlapping zero, whereas ILD and normal
lungs demonstrated intermediate values with substantial
overlap.

Side-Specific Effects

Ground-glass opacity (GG) change differed significantly
among dominant QCT groups in both lungs (right lung:
Kruskal-Wallis H=17.21, p = 0.0006; left lung: H=17.79,
p = 0.0005). Patients with air trapping demonstrated
markedly higher GG change compared with other groups.
Post-hoc analysis revealed a significant difference
between the air trapping and emphysema groups in both
the right and left lungs (Bonferroni-adjusted p = 0.0025
for both), whereas differences between other group pairs
were not statistically significant. No significant difference

in GG change was observed between the right and left
lungs, either in the overall cohort or within individual QCT
groups (all p > 0.3) after accounting for within-subject
correlation using a mixed-effects model, indicating
symmetric behavior of GG change across lungs.

IV. DISCUSSION

This study demonstrates that the expiratory behavior of
ground-glass lesions varies significantly across common
pulmonary disease subtypes, as assessed by quantitative
CT. The most striking finding was the markedly elevated
percentage increase in GG lesions during expiration in
patients with Air Trapping +, supporting the hypothesis
that such patients exhibit significant small airway
dysfunction that is only revealed during forced expiration.

The use of paired inspiratory—expiratory QCT allowed
for functional imaging that goes beyond structural
assessment. In diseases such as COPD and bronchiolitis,
air trapping leads to hyperinflation and dynamic changes
that are otherwise invisible on standard inspiratory CT
[1,2]. Our results align with prior work suggesting that
expiratory GG opacities may represent gas retention
within partially collapsed or poorly ventilated alveoli [3].
Within the asthma—COPD overlap spectrum, structural
abnormalities such as airway wall thickening and lobular
air trapping are frequently observed [9]. Quantitative
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CT (QCT) offers objective measures of small-airway
dysfunction—such as the expiratory-to-inspiratory mean
lung density ratio (E/I-MLD) and expiratory—inspiratory
relative volume changes across HU thresholds using
parametric response mapping for functional small
airways disease (PRM-fSAD). These metrics correlate
with airflow obstruction severity and enable more refined
disease phenotyping beyond visual CT assessment [10].

Interestingly, patients with /[LD—regardless of fibrosis-
showed moderate changes in GG percentage but not
significantly different from those with Normal lungs. This
may reflect the mixed restrictive pattern of ILD, where
small airway obstruction is not the primary mechanism.
The Emphysema group demonstrated limited GG change,
likely due to reduced parenchymal tissue available to
express such changes.

Finally, our findings indicate that GG change varies
primarily according to disease phenotype rather than
lung side. The consistently higher GG change observed
in the air trapping group supports its role as a dynamic
marker of small airway dysfunction. The absence of
significant right-left differences, even after mixed-effects
modeling, suggests that GG change reflects a symmetric
global ventilation abnormality, reinforcing its robustness
for cross-group comparisons without the need for side-
specific adjustment.
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Appendix 1: Quantitative HRCT in the coronal plane of a 46-year-old normal male patient. Coronal inspiration
CT (A,B), the correspondent lung composition statistic table (C); Coronal expiration CT (D,E), the correspondent
lung composition statistic table (F). Lung parenchyma within the ground-glass attenuation (highlighted in pink)
range accounts for 8% of the right lung and 9.6% of the left lung on the inspiratory phase (A,B), showing a mild
increase on expiration to 16.5% in the right lung and 21.5% in the left lung (D,E). The parenchyma falling within
the ground-glass attenuation threshold is predominantly distributed in the lung bases, which may be attributable to
gravitational effects. The percentage change in ground-glass opacities is calculated as (16.5 — 8)/8 = 106% for the
right lung and (21.5 - 9.6)/9.6 = 124% for the left lung.
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Appendix 2: Example of Air trapping lung in bipasic CT of a 67-year-old male patient. Coronal inspiration CT
(A,B), the correspondent lung composition statistic table (C); Coronal expiration CT (D,E), the correspondent
lung composition statistic table (F). On the inspiratory phase, only minimal ground-glass opacities are present,
highlighted in pink (A, B). The ground-glass regions are more clearly visualized on the expiratory phase, appearing
as air trapping pattern (D,E). Quantitative analysis demonstrates that ground-glass opacities account for 6.8% of
the right lung parenchyma and 6.2% of the left lung on inspiration and increase markedly to 29.95% of the right
lung and 28.2% of the left lung on expiration. The percentage change in ground-glass opacities is calculated as
(29.95 - 6.8)/6.8 = 340% for the right lung and (28.2 — 6.2)/6.2 = 354% for the left lung.
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Appendix 3. Quantitative HRCT in
the coronal plane of a 63-year-old
male patient diagnosed with COPD.
Quantified emphysema, highlighted
in blue cyan (A, C), involves 22% of
the right lung and 36% of the left lung
on inspiration. Quantified ground-
glass opacities, highlighted in pink,
account for 6% of the right lung
parenchyma and 8.2% of the left lung
on the inspiratory phase (A,B), with
only a minimal increase on expiration
to 6.7% in the right lung and 9% in
the left lung (C,D). The percentage
change in ground-glass opacities is
calculated as (6.7 — 6)/6 = 12% for
the right lung and (9 — 8.2)/8.2 = 10%
for the left lung.

Appendix 4. Quantitative HRCT
images in the coronal plane of a
55-year-old female patient diagnosed
with  interstitial lung  disease
associated with systemic sclerosis.
Ground-glass opacities (highlighted
in pink) account for 27.4% of the right
lung parenchyma and 30% of the left
lung parenchyma on the inspiratory
phase (A,B), with a slight increase
on expiration to 30% in the right lung
and 32.3% in the left lung (C,D).
The percentage change in ground-
glass opacities is calculated as (30 -
27.4)/27.4 = 9% for the right lung and
(32.3 - 30)/30 = 8% for the left lung.
In addition, the increase in ground-
glass opacities on the expiratory
phase is predominantly located in the
bilateral lung bases.
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