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ABSTRACT

Objective: Interstitial lung diseases (ILDs) are difficult to diagnose and require accurate imaging methods. The purpose of this work is to
investigate ILD patterns and their relationships to pulmonary function using high-resolution computed tomography (HRCT). The aim is to augment
our comprehension of ILDs, thereby facilitating customized approaches to diagnosis and treatment.

Methods: We recruited 50 ILD patients with radiological and clinical issues for a single-center trial. Spirometric data, symptoms, and demographics
were recorded on comprehensive patient proformas. An expert radiologist used a Siemens-Somatom 6-slice CT scanner to analyze the HRCT.
Pulmonary function indices were obtained using spirometry, which was carried out using a Medisoft Spiro Air spirometer.

Results: In fifty cases with ILD, common features on HRCT were uneven pleural borders, ground glass opacities, and septal/subpleural lines. The
complex interaction between radiological symptoms and respiratory health was highlighted by the substantial correlations seen between HRCT
severities; extent scores, and reduced pulmonary function.

Conclusion: The study reinforces the necessity for individualized diagnostic and treatment methods in the ILD respiratory landscape by providing
detailed insights into their disease patterns and relationships.

Keywords: Interstitial lung diseases, High-resolution computed tomography, Spirometry, Pulmonary function, Radiological patterns, Personalized
medicine.
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INTRODUCTION

The term “interstitial lung diseases” (ILDs) denotes to a broad category
of pulmonary conditions affecting the interstitium, or the area in the
lungs between the alveoli and capillaries, that are marked by fibrosis
and inflammation [1]. These disorders are varied in character with
overlapping clinical manifestations, making proper diagnosis and
monitoring extremely difficult. In the field of respiratory medicine,
high-resolution computed tomography (HRCT) has become a crucial
instrument, providing unmatched insights into the complex structural
alterations linked to a range of interstitial lung disorders [2]. We also
investigated the finer points of HRCT imaging in order to clarify its
monitoring and diagnostic use with respect to ILDs. In the process, we
also established correlations with spirometry data.

More accurate and advanced diagnostic techniques are becoming
more and more needed in the field of interstitial lung disorders. Due
to their comparable clinical presentations, these disorders—which
include but are not limited to sarcoidosis, idiopathic pulmonary
fibrosis, and connective tissue disorders linked to ILDs—present a
diagnostic challenge [3]. The degree of resolution needed for precise
separation and monitoring of these diseases is sometimes lacking in
traditional imaging methods. Clinicians may now see and measure
minor parenchymal abnormalities, ground-glass opacities, and fibrotic
alterations that are invisible to traditional radiography techniques
because of HRCT’s excellent spatial resolution [4-6].

The primary aspect of this research is the thorough assessment of
HRCT results about ILDs. We want to analyze the distinct radiological
patterns linked to various interstitial lung diseases systematically and

thoroughly. In addition to identifying distinctive imaging characteristics,
our study will stress how crucial it is to correlate these results with
spirometric data. As a basic pulmonary function test, spirometry adds a
dynamic component to our knowledge of ILDs by providing important
information regarding lung function and capacity [7].

Our study’s integration of spirometric and HRCT data is not random;
rather, itis based on the understanding that both diagnostic instruments
are complementary. HRCT is an excellent tool for revealing anatomical
changes in the lungs, even the smallest abnormalities that are invisible
to the unaided eye [8]. Spirometry, on the other hand, offers functional
insights by providing a quantitative evaluation of vital capacity (VC),
airflow restriction, and other parameters essential for comprehending
the effect of ILDs on respiratory function [9]. By combining these two
diagnostic techniques, medical professionals may monitor treatment
options based on a thorough grasp of both structural and functional
features, perhaps leading to a more accurate and complete evaluation.

Furthermore, by adding a longitudinal monitoring component, our
research aims to address the dynamic character of ILDs. We understand
that these illnesses are dynamic processes that require on-going
evaluation of the patient’s state since they change over time. HRCT
will be a beneficial tool in tracking the course of the disorder and the
effectiveness of therapy because of its capacity to record increasing
fibrotic alterations. Concurrent spirometric data analysis will offer
another level of understanding of the functional implications of these
dynamic structural alterations [10-12].

This research was an attempt to fully search the monitoring and
diagnostic capabilities of HRCT for interstitial lung disorders. Through



Jain et al.

the analysis of radiological subtleties and their correlation with
spirometric parameters, our goal is to provide a valuable contribution
to the more individualized and comprehensive therapy of ILDs. Our
research is expected to improve diagnostic precision and open the
door to a deeper comprehension of the interaction between anatomical
deformities and functional deficits in the setting of interstitial lung
illnesses.

METHODS

Study design
The study was a prospective observational study designed to investigate
the diagnostic and monitoring capabilities of HRCT in ILDs.

Study setting

Research was performed at the Radio-Diagnosis Department, Pacific
Medical College and Hospital, providing a conductive environment
equipped with state-of-the-art facilities, including a 6-slice Siemens-
Somatom CT scanner and a Medisoft Spiro Air dry rolling seal spirometer.

Study period
The study spanned over 6 months, from January to June 2023,
ensuring a sufficiently robust dataset for comprehensive analysis and
interpretation.

Study participants

Fifty patients presenting to the Department of Radio-Diagnosis
with a clinical diagnosis of ILD were comprised. Irrespective of sex,
participants exhibiting symptoms such as dyspnea and chronic
cough, along with X-ray outcomes suggestive of ILD, were considered
eligible for enrollment. The study encompassed patients with diverse
socioeconomic backgrounds and literacy levels.

Inclusion and exclusion criteria

Inclusion criteria encompassed patients with clinical profiles indicative
of ILD, irrespective of gender, socioeconomic status, or literacy
levels. Exclusion criteria comprised cases with infective etiology
(HIV, tuberculosis, etc.), malignant etiology, and chronic obstructive
pulmonary disease.

Sample size

50 participants were included in the study, providing a balanced
representation of individuals with ILD within the specified setting and
time frame.

Sampling methods

Consecutive sampling was employed, enrolling eligible patients as
they presented to the Department of Radio-Diagnosis during the study
period.

Study procedure

The study involved a meticulous data collection process. A detailed
pro forma was completed for each participant meeting the inclusion
criteria, encompassing information such as patient demographics,
complaints, risk factors, medical history, and laboratory investigations.

Complaints, including dyspnea, dry cough, generalized weakness,
weight loss, chest pain, and joint pain, were assessed in detail. Severity
grading was conducted using established scales such as the modified
Medical Research Council (mMRC) dyspnea scale and visual analog-
type response scales.

HRCT chest imaging was performed using a 6-slice Siemens-Somatom CT
scanner, following a standard protocol. The images were interpreted by a
single qualified radiologist, and parenchymal defects were characterized
into 4 patterns and 12 linked features across lung zones. The HRCT
severity score was considered using a semi-quantitative scoring method.

Spirometry was conducted using a Medisoft Spiro Air dry rolling seal
spirometer. Prior to the process, detailed explanations were provided
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to participants, and written consent was attained. Spirometry indices,
including forced vital capacity (FVC) and forced expiratory volume in
1 second (FEV,), were performed as per American Thoracic Society
procedures. These indices were subsequently associated with HRCT
scores.

Ethical issues

Informed consent was collected from all subjects, and the study was
approved by the institution’s ethical committee. Patient confidentiality
was maintained, and data were anonymized to ensure privacy and
compliance with ethical standards.

Statistical analysis

The data analysis was accompanied by IBM SPSS software version 25.
The Pearson correlation test was used to examine correlations among
HRCT scores (severity and extent) and PFT parameters in interstitial
lung diseases. Chi-Square and Fisher’s exact tests explored the
relationship between qualitative variables (ILD types) and severity/
extent scores, providing comprehensive insights into the interplay
between radiological and functional aspects. In all these tests, a p<0.05
was considered to be statistically significant.

RESULTS

In our investigation, the most prevalent ILD (50%) was found to be
usual interstitial pneumonia (UIP), which was followed by nonspecific
interstitial pneumonia (NSIP) (12%) and sarcoidosis (10%). HRCT
severity was negatively correlated with spirometry indices, particularly
FVC, VC, and Forced Expiratory Volume in First Second (FEV,). The
connection was high and significant.

The distribution of typical HRCT patterns linked to interstitial lung
disease (ILD) is shown in Table 1. Septal and subpleural lines were the
most reported HRCT characteristic, detected in 48 instances (96%).
Ground glass opacities (GGOs) were found in 34 cases (68%), uneven
pleural margins in 32 cases (64%), and honeycombing was found in
28 cases (56%).

Less often, 4 instances (8%) had microcystic honeycombing; nodules
and tractional bronchiectasis were seen in 22 cases (44%) and 18 cases
(36%), respectively. Subpleural cysts, tractional bronchioloectasis,
mosaic attenuation, and consolidation were observed in 10 cases
(20%), 12 cases (24%), 10 cases (20%), and 20 cases (40%), in that
order. In addition, structural distortion, emphysematous alterations,
bronchovascular thickening, and mediastinal lymphadenopathy were
seen in 18 instances (36%), 9 cases (18%), 12 cases (24%), and 22 cases
(44%), respectively. Pleural effusion was only seen in two cases (4%)
and was considered unusual. After further classifying the distribution
of these HRCT findings according to lung zones, different frequencies
were found in the upper, middle/lateral, and lower areas. In 11 patients
(22%), subpleural sparing was seen.

Table 2 illustrates the severity ratings for different forms of ILD
constructed based on the results of HRCT. Fifty ILD patients in all were
enrolled in the study, and several ILD kinds were identified based on
the preliminary diagnosis they received. The distribution of HRCT
severity scores for patients who had a tentative diagnosis of UIP was
as follows: 33 instances (55%) or 4 cases (22%) in the 0-5 severity
score range, 12 cases (56%) in the 6-10 range, and 7 cases (77%) in the
11-15 range. Nine instances (15%) of NSIP patients showed severity
ratings, with two cases (11%) falling into the 0-5 range, seven cases
(21%) fall into the 6-10 range, and none fall into the 11-15 range.
Sarcoidosis, hypersensitivity pneumonitis (HSP), and unclassified
idiopathic interstitial pneumonia (IIP) each showed distinct patterns of
severity scores. Additionally, respiratory bronchiolitis-interstitial lung
disease (RB-ILD) and desquamative interstitial pneumonia (DIP) were
identified in 1 case (1%) each.

Table 3 presents the extent of scores found in different forms of ILD
according to HRCT evaluations. The extent scores of a group of fifty
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ILD patients with various preliminary diagnoses were categorized into
several categories. Twenty-five instances (50%) of the patients who were
tentatively diagnosed with UIP had an extent score of 0-5, seven cases
(46%) were in the 6-10 range, and thirteen cases (56%) were in the
11-15 range. The extent scores of subjects with NSIP varied; 2 instances
(16%) fell within the 0-5 range, none fell within the 6-10 range, and
7 cases (21%) fell within the 11-15 range, accounting for 6 cases (12%).

Table 1: Common HRCT patterns connected with ILD and their

distribution
HRCT Features in ILD patients (N=50) Frequency (%)
Septal/subpleural lines 48 (96)
GGOs 34 (68)
Irregular pleural margins 32 (64)
Honeycombing 28 (56)
Microcystic honeycombing 4(8)
Tractional bronchiectasis 22 (44)
Nodules 18 (36)
Tractional bronchioloectasis 10 (20)
Consolidation 12 24)
Subpleural cysts 10 (20)
Mosaic attenuation 20 (40)
Bronchovascular thickening 18 36)
Emphysematous changes 9 (18)
Mediastinal lymphadenopathy 12 (24)
Architectural distortion 22 (44)
Pleural effusion 2(4)
Middle/lingual 29 (58)
Lower 36 (72)
Upper 8 (16)
Subpleural sparing 11 (22)

GGOs: Ground glass opacities, HRCT: High-resolution computed tomography,
ILD: Interstitial lung diseases

Table 2: Severity score among numerous categories of ILD

Provisional HRCT severity 6-10 11-15 Total
diagnosis score 0-5 (%) (%) (%) (%)

UIP 4(22) 12 (56) 7(77) 33 (55)
NSIP 2(11) 7 (21) 0(0) 9 (15)
Sarcoidosis 4(22) 1(3) 0(0) 5(8)
HSP 4(22) 1(3) 0(0) 5(8)
RB-ILD 0(0) 0(0) 1(11) 1(1)
DIP 0 (0) 0 (0) 1(11)  1(1)
Unclassified IIP 4 (22) 2(6.06) 0(0.00) 6(10)
Total 18 (100) 23(100) 9(100) 50(100)

UIP: Usual interstitial pneumonia, NSIP: Non-specific interstitial
pneumonia, HSP: Hypersensitivity pneumonitis, RB-ILD: Respiratory
bronchiolitis-interstitial lung disease, DIP: Desquamative interstitial
pneumonia, Unclassified IIP: Unclassified idiopathic interstitial pneumonia,
HRCT: High-resolution computed tomography

Table 3: Extent score in various types of ILD
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Sarcoidosis, HSP, and unclassified idiopathic interstitial pneumonia
(ITP) each demonstrated distinctive patterns of extent scores. RB-
ILD and DIP were identified in 2 subjects (4%) and 1 subject (2%),
respectively.

The relationship between the severity and extent of HRCT scores and
the parameters of the Pulmonary Function Test (PFT), namely FVC%,
VC%, and Forced Expiratory Volume in First Second (FEV, %), is shown
in Table 4. Strong negative correlations were seen between the HRCT
severity score (correlation coefficient=-0.514, p=0.003) and extent
score (correlation coefficient=-0.654, p=0.003) and FVC%, suggesting
a substantial relationship between higher HRCT scores and reduced
forced VC. Correlation values of -0.327 (p=0.001) for the HRCT severity
score and -0.312 (p=0.001) for the HRCT extent score showed similar
negative relationships for VC%. Additionally, FEV,% demonstrated
negative correlations, though less pronounced, with correlation
coefficients of -0.276 (p=0.02) for the HRCT severity score and -0.187
(p=0.04) for the HRCT extent score.

DISCUSSION

Our study’s conclusions provide insight into the connections between
pulmonary function, clinical traits, and HRCT configurations in
individuals with ILD. Interestingly, our investigation included a large
cohort of 50 patients, which made it possible to examine the various
ILD types and how they related to spirometric data.

According to Palalane et al. [13], typical HRCT patterns linked to
ILD included septal/subpleural lines, GGOs, and uneven pleural
margins. Our cohort’s prevalence of these patterns (96%, 68%, and
64%, respectively) is similar to the findings of Palalane et al. [13],
indicating that these symptoms are constant across a range of patient
demographics.

According to our findings, there are typical HRCT patterns linked to ILD,
including uneven pleural margins (64%) and GGOs (68%), as well as
septal and subpleural lines (96%). These findings are consistent with
earlier research by Li et al. [14], Doshi et al. [15], and Palalane et al. [13],
in which NSIP and UIP were the most common patterns. According to
Palalane et al. [13], NSIP is the most prevalent ILD pattern, accounting
for 63.7% of cases. Li et al. [14] found that UIP (36.2%) and NSIP
(60.6%) are the two main patterns. These results are supported by our
analysis, which shows that NSIP and UIP are consistently prevalent in a
variety of patient groups.

We find comparisons in the incidence of NSIP and UIP when comparing
our findings to Li et al’s study [14], which categorized ILD patterns
based on rheumatoid arthritis (RA), dermatomyositis, systemic
sclerosis, Sjogren syndrome, mixed connective tissue disorder, and
systemic lupus erythematosus. According to Li et al. [14], NSIP is the
most prevalent pattern in both RA (33.3%) and systemic sclerosis

Table 4: Association among HRCT scores

Provisional HRCT extent 6-10 11-15 Total
diagnosis score 0-5 (%) (%) (%) (%)

uIp 3(25) 7(461) 13(56) 25(50)
NSIP 2(16) 0(0) 7(21)  6(12)
Sarcoidosis 2 (16) 2 (13) 1(3) 5(10)
HSP 1(8) 4(26) 0(0) 5(8.33)
RB-ILD 0(0) 0(0) 1(3) 2(4)
DIP 0(0) 0(0) 1(3) 1(2)
Unclassified IIP 4 (33) 2(13) 0(0) 6(10)
Total 12 (100) 15(100) 23(100) 50 (100)

UIP: Usual interstitial pneumonia, NSIP: Non-specific interstitial
pneumonia, HSP: Hypersensitivity pneumonitis, RB-ILD: Respiratory
bronchiolitis-interstitial lung disease, DIP: Desquamative interstitial
pneumonia, Unclassified IIP: Unclassified idiopathic interstitial pneumonia,
HRCT: High-resolution computed tomography

Variables HRCT severity HRCT extent
score score
Forced vital capacity (FVC%)
Correlation coefficient -0.514 -0.654
Significance Level P 0.003 0.003
N 50 50
Vital capacity (VC%)
Correlation coefficient -0.327 -0.312
Significance Level P 0.001 0.001
N 50 50
Forced expiratory volume in 1* second (FEV, %)
Correlation coefficient -0.276 -0.187
Significance level P 0.02 0.04
N 50 50

HRCT: High-resolution computed tomography
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(67.8%), which is consistent with our findings of the prevalence of NSIP
and UIP patterns.

Our study’s emphasis on the link between pulmonary function
measures and HRCT results is supported by studies conducted by Li
et al. [14], Doshi et al. [15], and Chen et al. [16]. The stability of these
interactions across several patient cohorts is shown by the constant
negative correlations seen between spirometric measures (FVC%, VC%,
and FEV %) and HRCT severity and extent scores. Similar to our results,
the Doshi et al. study [15], which examined ILD patterns in 50 patients,
identified UIP and NSIP as the most prevalent patterns. Notably, our
investigation, which uses a different patient population, confirms the
frequency of these patterns, which is consistent with the findings of
Doshi et al. [15].

Taking demographic disparities into account, our research confirms
the findings of Ebner et al. [17], showing that NSIP patients are often
younger, less likely to be male, and less likely to smoke than UIP patients.
This steady pattern highlights how crucial demographic factors are to
comprehending the diversity among ILDs. In contrast to UIP patients,
NSIP subjects were much younger, less often male, and smoked less
frequently, according to investigations by Ebner et al. [17]. These
demographic discrepancies are confirmed by our analysis, which lends
credence to the idea that ILD patterns differ throughout patient groups.

Our findings showed significant negative associations among the
severity and extent of HRCT abnormalities and impaired pulmonary
function in terms of severity and extent scores, with FVC%, VC%, and
FEV % being the three variables that were most strongly correlated.
This is consistent with research by Li et al. [14], Chen et al. [16],
Doshi et al. [15], and Palalane et al. [13], which found comparable
relationships between pulmonary function measures and HRCT results.
The consistency of these associations highlights how strong these
connections are across various patient populations.

By classifying patients according to preliminary diagnoses of several ILD
kinds, such as UIP, NSIP, sarcoidosis, and others, our study also delves
into the qualitative component. The observations of Li et al. [14], Doshi
et al. [15], and Ebner et al. [17] are consistent with the distribution of
HRCT patterns among various ILD categories. The HRCT results for
RA, polymyositis and dermatomyositis, systemic sclerosis, Sjogren
syndrome, mixed connective tissue disorder, and systemic lupus
erythematosus were published by Li et al. [14,18-22]. Our analysis is
consistent with these categories, offering a thorough understanding of
HRCT trends among different ILD kinds.

The conclusions drawn from our research add to the expanding corpus
of information on ILDs and highlight the necessity of a customized
strategy for comprehending and treating these intricate respiratory
disorders [23-25]. But it is important to recognize that ILDs are
inherently heterogeneous, requiring further study to improve our
knowledge and patient treatment approaches. Our work not only
confirms the relationships seen in earlier studies but also advances the
conversation by offering in-depth understandings of the HRCT patterns,
severity, and extent scores, as well as the relationships between them
and pulmonary function in a unique patient population.

Limitations

There are a few limitations. First off, the small sample size of 50 patients
could restrict how broadly the results can be applied to other ILD
groups. Furthermore, biases peculiar to a particular center may be
introduced by the study’s single-center design. The comprehensiveness
of ILD representations may be impacted by the removal of patients with
malignant or infectious etiologies. Finally, the evaluation of longitudinal
trends is hampered by the cross-sectional design.

CONCLUSION

Consistent patterns have been found in this study on the identification
of ILDs using HRCT, including septal/subpleural lines and GGOs.
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Verifying the association between reduced pulmonary function, extent
scores, and HRCT severity, this work establishes a platform for tailored
diagnostic and treatment methods, acknowledging the fundamental
variability of ILD.
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