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Abstract

Background: Acute exacerbations of interstitial lung disease (AE-ILD) are associated with significant
morbidity and mortality; however, data from South Asian populations remain limited. Regional variations in
ILD subtypes, environmental exposures, and healthcare access may influence disease characteristics and
outcomes. This study aimed to evaluate the demographic profile, underlying ILD subtypes, precipitating factors,
clinical features, and outcomes of patients presenting with AE-ILD in a tertiary care setting in Sri Lanka.
Methods: A prospective descriptive study was conducted at National Hospital Kandy, a tertiary care respiratory
unit in Sri Lanka, from June 2025 to January 2026, with consecutive recruitment of adult patients (=18 years)
with established interstitial lung disease (ILD) admitted with acute exacerbations. Acute exacerbation was
defined as an acute worsening of respiratory symptoms within one month with new radiological abnormalities
not explained by cardiac failure or fluid overload.

Data on demographics, ILD subtype, comorbidities, environmental exposures, clinical features, laboratory and
radiological findings, precipitating factors, treatment, and outcomes were collected using structured
questionnaires and clinical records. Exacerbation severity was classified based on the need for intensive care,
ventilatory support, or in-hospital mortality. Patients were followed up for three months to assess functional
recovery.

Descriptive statistics were used to summarise data, and associations with exacerbation severity were analysed
using Chi-square or Fishers exact test, with a p-value <0.05 considered statistically significant.
Results: A total of 50 patients with acute exacerbation of ILD were included, predominantly female (74.0%, n =
37) and aged 61-80 years (60.0%, n = 30). Non-IPF ILDs predominated, including unclassified ILD (44.0%, n
= 22) and connective tissue disease—associated ILD (38.0%, n = 19), followed by hypersensitivity pneumonitis
(16.0%, n = 8), while idiopathic pulmonary fibrosis was rare (2.0%, n = 1).

Comorbidities were present in 68.0% (n = 34), most commonly autoimmune diseases (38.0%, n = 19) and
diabetes mellitus (28.0%, n = 14). Most patients were never smokers (88.0%, n = 44). Environmental exposure
was highly prevalent, including indoor air pollution (98.0%, n = 49), biomass fuel exposure (94.0%, n = 47),
and outdoor air pollution (84.0%, n = 42).
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Infective triggers were most common (78.0%, n = 39), including community-acquired pneumonia (50.0%, n =
25) and viral or bacterial lower respiratory tract infections (28.0%, n = 14), followed by high environmental
exposure (18.0%, n = 9), drug-induced causes (8.0%, n = 4), and aspiration (4.0%, n = 2).
Dyspnoea (94.0%, n = 47) and cough (92.0%, n = 46) were the most frequent symptoms, with fever in 38.0% (n
= 19). Elevated inflammatory markers included raised C-reactive protein (64.0%, n = 32), leukocytosis (48.0%,
n = 24), neutrophilia (44.0%, n = 22), and lymphopenia (46.0%, n = 23). Chest radiography demonstrated
chronic fibrotic changes in 84.0% (n=42), with superimposed consolidation in 12.0% (n=6). On HRCT, NSIP
was the predominant pattern (48.0%, n=24), followed by UIP, hypersensitivity pneumonitis, and mixed patterns
(each 10.0%, n=5).

Severe exacerbations occurred in 8.0% (n = 4) and were significantly associated with hypersensitivity
pneumonitis (p = 0.020), diabetes mellitus (p = 0.029), occupational exposure (p = 0.037), neutrophilia (p =
0.018), lymphopenia (p = 0.038), chest X-ray findings (p=0.011) and HRCT findings (p = 0.037), and
respiratory failure on Arterial blood gas (p < 0.001).

All patients received treatment, including antibiotics (80.0%, n = 40), corticosteroids (36.0%, n = 18), and
immunosuppressive therapy (18.0%, n = 9). ICU admission was required in 4.0% (n = 2) and non-invasive
ventilation in 6.0% (n = 3), with an in-hospital mortality of 6.0% (n = 3).

At three-month follow-up, functional recovery was observed, with normal lung function in 36.0% (n = 18),
improved exercise capacity in 72.0% (n = 36), and normalisation of inflammatory markers in 94.0% (n = 47).
Conclusion: AE-ILD in this Sri Lankan cohort predominantly affected older females and was mainly associated
with non-IPF ILDs, with IPF being relatively uncommon. The female predominance may reflect greater
exposure to indoor air pollution due to household cooking practices, particularly with biomass fuels.
Environmental exposures including indoor and outdoor air pollution were highly prevalent and likely contribute
to both ILD development and acute exacerbations. Infections were the leading trigger for AE-ILD, emphasizing
the importance of early recognition and prompt management. Despite limited resources, in-hospital mortality
was relatively low, and substantial functional recovery was observed. These findings highlight the need for
targeted public health interventions to reduce indoor air pollution, promote cleaner cooking methods, and
improve air quality. Strengthening preventive strategies and early management may improve outcomes, while
further multicentre studies are needed to better define risk factors and long-term outcomes in this population.
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1. Introduction

Interstitial lung diseases (ILDs) comprise a heterogeneous group of diffuse parenchymal lung disorders
characterised by varying degrees of inflammation and fibrosis, ultimately leading to impaired gas exchange and
progressive respiratory failure.r The American Thoracic Society/European Respiratory Society (ATS/ERS)
classification provides a standardised framework for the diagnosis and categorisation of idiopathic interstitial
pneumonias, emphasising the importance of a multidisciplinary approach integrating clinical, radiological and
pathological data.t

Idiopathic pulmonary fibrosis (IPF) represents the most common and severe form of chronic fibrosing ILD,
characterised by a progressive and irreversible decline in lung function.z Although traditionally described as a
slowly progressive disease, it is now well recognised that a subset of patients experience acute, clinically
significant deteriorations in respiratory status, termed acute exacerbations of IPF (AE-IPF).2 These events are
defined by rapid worsening of dyspnoea, new radiological abnormalities, and the absence of alternative
identifiable causes such as infection or cardiac failure.?
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Acute exacerbations are associated with a particularly poor prognosis and represent a major cause of morbidity
and mortality in patients with IPF.3 A recent systematic review and meta-analysis reported that the incidence of
AE-IPF is approximately 9% at one year and increases to nearly 19% at three years, highlighting the
progressive risk of these events over time.3 Furthermore, previous cohort studies have demonstrated that AE-
IPF is associated with high in-hospital mortality and poor long-term outcomes, underscoring its clinical
significance.*

The epidemiology and clinical characteristics of ILD vary considerably across different geographic regions due
to differences in environmental exposures, genetic susceptibility, and healthcare practices.>® Large registry data
from India have demonstrated that hypersensitivity pneumonitis is the most common ILD subtype, whereas
idiopathic interstitial pneumonias and connective tissue disease—associated ILD (CTD-ILD) predominate in
other settings.® In Sri Lanka, limited available data suggest that idiopathic interstitial pneumonias and secondary
ILDs, particularly CTD-ILD, contribute significantly to disease burden, with a predominance of nonspecific
interstitial pneumonia (NSIP) patterns on imaging.”®

Environmental and occupational exposures, particularly in low- and middle-income countries, further influence
the development and progression of ILD. Household air pollution due to biomass fuel exposure remains a major
risk factor for chronic respiratory diseases and may contribute to the burden of ILD in these regions.’

Despite the growing recognition of ILD and its complications, there remains a paucity of region-specific data on
the clinical characteristics and outcomes of patients experiencing acute exacerbations, particularly in developing
countries. Therefore, this study aims to evaluate the clinical profile, associated factors, and outcomes of acute
exacerbations in interstitial lung disease in a Sri Lankan population, thereby contributing to the limited regional
evidence and improving understanding of this clinically significant condition.

2. Methodology

This prospective descriptive study was conducted at Respiratory Unit 2 of the National Hospital Kandy, a
tertiary care referral centre in Central Sri Lanka. The study was carried out over an eight-month period from 1st
June 2025 to 31st January 2026, with patient recruitment occurring between 1st August and 31st December
2025. The study population included adult patients aged 18 years and above with a previously established
diagnosis of interstitial lung disease (ILD) who were admitted with acute exacerbations during the study period.
Patients were eligible for inclusion if they had a confirmed diagnosis of ILD based on clinical, radiological,
and/or multidisciplinary assessment and presented with acute worsening of respiratory symptoms consistent
with acute exacerbation of ILD (AE-ILD).

Patients with stable ILD without evidence of acute exacerbation and those unwilling or unable to provide
informed consent were excluded. Acute exacerbation was defined as including a known diagnosis of ILD, acute
clinical deterioration within less than one month and deterioration not fully explained by cardiac failure or fluid
overload. In the absence of a universally accepted definition for AE-ILD in non-idiopathic pulmonary fibrosis
(non-IPF) ILD, criteria adapted from established definitions for acute exacerbation of idiopathic pulmonary
fibrosis (AE-IPF) were applied.”> Both idiopathic and triggered exacerbations, including those related to
infection, aspiration, environmental exposure, and drug-induced causes, were included in the analysis.

A non-probability convenience sampling method was used, and all eligible patients admitted during the
recruitment period were consecutively enrolled. Data were collected prospectively by the principal investigator
using a structured, clinician-administered questionnaire in combination with information obtained from clinical
records and bed head tickets. Data collected included demographic characteristics such as age and sex, ILD
subtype (including idiopathic pulmonary fibrosis, connective tissue disease—associated ILD, hypersensitivity
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pneumonitis, and other or unclassified ILDs), occupation, comorbidity, duration from diagnosis, current
treatment status, baseline disease control, and treatment compliance. Alcohol consumption was also recorded.

Information on comorbidities, including diabetes mellitus, autoimmune diseases, chronic kidney disease,
bronchial asthma, and chronic obstructive pulmonary disease (COPD), was recorded. Exposure history was
assessed in detail, including smoking status, occupational exposures, indoor air pollution (including biomass
fuel use, passive smoking, dust, perfumes/incense, insect repellents) and outdoor pollution (including residue
burning, transportation-related exposure, and industrial-related, construction-related, mining-related exposure
and other). Indoor and outdoor air pollution exposures were recorded separately based on routine or habitual
exposure. Clinical presentation at admission, including symptom profile (cough, hemoptysis, fever/night
sweats/ shortness of breath, pleuritic type chest pain, loss of appetite and loss of weight), physical examination
findings (clubbing, cyanosis, plethora, coarse crepitations, fine crepitations, loud pulmonary 2™ heart sound)
were also documented.

All patients underwent a comprehensive clinical evaluation. Laboratory investigations included full blood
count, inflammatory markers such as C-reactive protein and D-dimer. Arterial blood gas analysis was performed
to assess respiratory failure. Radiological evaluation included chest radiography and high-resolution computed
tomography (HRCT) of the chest. Microbiological investigations were performed where clinically indicated.
Pulmonary function tests, including forced expiratory volume in one second (FEV1) and forced vital capacity
(FVC), and functional assessment using the six-minute walk test (6MWT) were recorded.

Potential triggers for acute exacerbation were identified based on clinical, radiological, and laboratory findings
and categorised as community-acquired pneumonia, viral or bacterial lower respiratory tract infections, high
environmental exposure, drug-induced causes, aspiration, post-procedural or other causes. High environmental
exposure” was defined as a history of recent (within the preceding one month) increased or intense exposure to
either indoor or outdoor air pollutants, beyond the patient’s usual baseline exposure.

Currently, there is no universally established severity grading system specific to acute exacerbations of
interstitial lung disease (AE-ILD). Therefore, for the purposes of this study, exacerbation severity was
operationally defined based on clinical outcomes and the level of required respiratory support, an approach
adapted from established severity frameworks in other chronic respiratory diseases.” A severe exacerbation was
defined as any event requiring Intensive Care Unit (ICU) admission, the need for non-invasive ventilation
(NIV) an event resulting in in-hospital mortality. Non-severe exacerbations were defined as those requiring
standard hospital admission without the aforementioned criteria.

Details of treatment during hospitalisation were recorded, including the use of antibiotics, corticosteroids such
as intravenous methylprednisolone, immunosuppressive therapy (rituximab), and ventilatory support (non-
invasive ventilation/NIV). Treatment outcomes assessed included in-hospital mortality, need for intensive care
unit admission and requirement for ventilatory support. Length of hospital stay is also recorded.

Patients were followed up at 2 weeks and 3 months after discharge. At each follow-up visit, clinical symptoms,
pulmonary function (FEV: and FVC), exercise capacity using the six-minute walk test, and inflammatory
markers such as C-reactive protein were reassessed.

Data were entered, cleaned, and analysed using Jamovi statistical software (version 2.3.5). Descriptive statistics
were used to summarise the data, with categorical variables presented as frequencies and percentages.
Inferential statistical analysis was performed to assess associations between variables and exacerbation severity.
The Chi-square test was used for categorical variables, and Fisher’s exact test was applied when expected cell
counts were less than five. A p-value of less than 0.05 was considered statistically significant.

Ethical approval for the study was obtained from the Ethical Review Committee of the National Hospital
Kandy, and institutional permission was secured before data collection. Written informed consent was obtained
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from all participants. Confidentiality and anonymity were maintained throughout the study, and the study was
self-funded.

3. Results
Study participants were recruited from the patients admitted to Respiratory Unit 2, National Hospital

Kandy. A total of 50 patients with acute exacerbation of interstitial lung disease (ILD) were included in
the analysis.

3.1 Demographic characteristics

Females predominated the cohort, comprising 74.0% (n = 37) of patients, while males accounted for 26.0% (n =
13). (Table 1, Figure 1)

Most patients were aged 61-80 years (n = 30, 60.0%), followed by those aged 41-60 years (n = 13, 26.0%).
Patients aged 18—40 years accounted for 8.0% (n = 4), while 6.0% (n = 3) were older than 80 years. (Table 2,
Figure 2)

Table 1: Frequencies of Gender

Gender n Percentage (%)
Female 37 74.0

Male 13 26.0

Total 50 100.0

Table 2: Frequencies of Age categories

Age group (years) n Percentage (%)
18-40 4 8.0

41-60 13 26.0

61-80 30 60.0

>80 3 6.0

Total 50 100.0
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>B0
Male
18-40
- 61-80
41-60
Female
Figure 1: Frequencies of Gender Figure 2: Frequencies of Age Categories

3.2 ILD subtype

With respect to ILD subtype, other/unclassified ILD was the most common diagnosis (n = 22, 44.0%), followed
by connective tissue disease—associated ILD (CTD-ILD) (n = 19, 38.0%), hypersensitivity pneumonitis (HP) (n
=8, 16.0%), and idiopathic pulmonary fibrosis (IPF) (n = 1, 2.0%). (Table 3, Figure 3)

Table 3: Frequencies of ILD subtype

ILD subtype n Percentage (%)
CTD-associated ILD 19 38.0
Hypersensitivity pneumonitis (HP) 8 16.0
Idiopathic pulmonary fibrosis (IPF) 1 2.0
Other / Unclassified ILD 22 44.0
Total 50 100.0

44.0%

TLD Subtypes

e CTD-associated 1LD

e Hypersensitivity pneumonitis (HP)
Idiopathic pulmonary fibrosis (IPF)
Other { Unclassified ILD

2.0%
38.0%
16.0%

Figure 3:  Frequencies of ILD subtype
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3.3 Co-morbidities

At least one comorbid condition was present in 68.0% of patients (n = 34), while 32.0% (n = 16) had no
comorbidities. Diabetes mellitus was present in 28.0% (n = 14) of patients. Autoimmune diseases (Rheumatoid
arthritis, Systemic lupus erythematosus, Scleroderma) were observed in 38.0% (n = 19). Chronic kidney disease
(CKD) was present in 4.0% (n = 2), and bronchial asthma in 6.0% (n = 3). No patients had coexisting chronic
obstructive pulmonary disease (Table 4) (Figure 4).

Comorbidity patterns were shown in Table 5 and Figure 5.

Table 4: Distribution of comorbidities among the study population

Comorbidity n Percentage (%)
Autoimmune diseases 19 38.0
Diabetes mellitus 14 28.0
Chronic kidney disease (CKD) 2 4.0
Bronchial asthma 3 6.0
Chronic obstructive pulmonary disease (COPD) 0 0.0
Autoimmune diseases 19 (38.0%)
Diabetes mellitus - 14 (28.0%)
Bronchial asthma - 3 (6.0%)
Chronic kidney disease (CKD) 2 (1.0%)
Chronic obstructive pulmonary | g (0.0%)
disease (COPD)
0 1 ;.) 2'() l;() 4'0 :)b

Figure 4: Distribution of Comorbidities among the study

Percentage (%)

Table 5: Distribution of comorbidity patterns among the study population

Comorbidity pattern n Percentage (%)
Autoimmune disease (RA / SLE / Scleroderma) 16 32.0

Bronchial asthma (BA) 3 6.0

CKD + Autoimmune disease 1 2.0

Diabetes mellitus (DM) 11 22.0
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DM + Autoimmune disease 2 4.0
DM + CKD 1 2.0
No comorbidity 16 32.0
Total 50 100.0
No comorbidity 16 (32.0%)
Autoimmune disease (RA / SLE / J 16 (32.0%)
Scleroderma)
Diabetes mellitus (DM) 1 11 (22.0%)
Bronchlal asthma (BA) 3 (6.0%)
DM + Autoimmune disease 4 2 (4.0%)
DM 4 CKD 4 1 (2.0%)
CKD + Autoimmune disease 1(2.0%)
0 5 10 15 20 25 30 35 40

Percentage (%)

Figure 5: Distribution of comorbidity patterns among the study population

3.4 Smoking status and substance use

Most patients were never smokers (n = 44, 88.0%), while 12.0% (n = 6) were former smokers. (Table 6, Figure
6). Among the study population, 8.0% (n = 4) had a smoking history exceeding 15 pack-years. (Table 6, Figure
6). No current smokers among this population. In terms of smoking exposure, the majority of patients had 0
pack-years (n=44, 88.0%). A smaller proportion had a smoking exposure of <15 pack-years (n=2, 4.0%), while
8.0% (n=4) had a smoking history of >15 pack-years. (Table 7, Figure 7) Alcohol consumption was uncommon,
with 94.0% (n = 47) reporting no alcohol use and 6.0% (n = 3) reporting current alcohol consumption. (Table 8§,
Figure 8)

Table 6: Smoking status of the study population

Smoking status n Percentage (%)
Former smoker 6 12.0

Never smoker 44 88.0

Total 50 100.0

Table 7: Smoking exposure in pack-years among study participants
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|Pack-years of smoking Hn HPercentage (%) \
|0 years laa  |j88.0 |
|<15 years HZ H4.0 \
[>15 years |4 8.0 \
[Total |0 ][200.0 |

Former smoxer

12.0%
0 years
>15 years
0%
<15 years
Never smoker

Figure 6: Smoking status of the study Figure 7: Smoking exposure in pack years
population among study participants

Table 8: Alcohol consumption of the study population

Alcohol consumption n Percentage (%)
No alcohol use 47 94.0

Current alcohol use 3 6.0

Total 50 100.0

Curvent alcohol o

N2 sicotol use

Figure 8: Alcohol consumption of the study population
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3.5 Environmental and occupational exposures

Occupational exposure was reported by 50.0% of patients (n = 25). (Figure 9). Indoor air pollution exposure
was highly prevalent, reported by 98.0% (n = 49) of patients. Biomass fuel exposure was noted in 94.0% (n =
47), while dust exposure (organic and inorganic) was reported in 58.0% (n = 29) and passive smoking exposure
in 32.0% (n = 16). (Table 9, Figure 10)

Outdoor air pollution exposure was present in 84.0% (n = 42) of patients. The most common outdoor exposures
were residue burning (n = 33, 66.0%), transportation-related pollution (n = 15, 30.0%), and industrial exposure

(n=13, 26.0%). (Table 10, Figure 11)

Table 9: Types of indoor air pollutants among the study population

[Type of Indoor Air Pollution In ||Percentage (%) |
[Biomass Fuel [l47 194.0 |
[Dust (organic & inorganic) [[29 |I58.0 |
[Passive Smoking 116 [32.0 |
[Perfumes / Incense o 0.0 |
[Insect Repellents o 0.0 |

Table 10: Types of outdoor air pollutants among the study population

IType of Outdoor Air Pollution Hn HPercentage (%) I
Residue Burning 33 66.0

[Transportation-related |15 [[30.0 |
[Industrial Exposure |13 [26.0 |
Construction Activities o 0.0 |
[Mining llo 0.0 |
|Other o 0.0 |

No occupational exposure present .

Occupational exposure present
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Figure 9: Occupational exposure among the study population
Overall Indoor Air Pollution Types of Exposure

Bomass Fuel

Exposed
Not Exposed
Passive Smoking
Dust

Figure 10: Indoor air pollutantion among the study population
Overall Outdoor Air Pollution Types of Outdoor Exposure

Residue Burning

Expozed
Not Exposed
ndustrial
Trarsportation

Figure 11: Outdoor air pollution among the study population

3.6 Clinical presentation during acute exacerbation

The most common presenting symptom was shortness of breath (n = 47, 94.0%), followed by cough (n = 46,
92.0%) no wheezing was presented among this cohort. Fever or night sweats were reported in 38.0% (n = 19),
pleuritic chest pain in 34.0% (n = 17), loss of appetite in 32.0% (n = 16), and weight loss in 46.0% (n = 23). No
patients reported haemoptysis (n = 0). (Table 11, Figure 12)

On clinical examination, clubbing was present in 60.0% (n = 30), no rhonchi were detected, while cyanosis was
observed in 2.0% (n = 1). Fine crepitations were present in all patients (n = 50, 100%), with coarse crepitations
observed in a subset.(Table 12, Figure 13)

Table 11: Presenting symptoms during acute exacerbation of ILD

Symptom n Percentage (%)
Shortness of breath 47 94.0
Cough 46 92.0
Fever / night sweats 19 38.0
Pleuritic chest pain 17 34.0
Loss of appetite 16 32.0
Weight loss 23 46.0

https://casestudiesjournal.com/ Page 77



https://casestudiesjournal.com/

Impact Factor 4.428 Case Studies Journal ISSN (2305-509X) - Volume 15, Issue 5-May-2026

Hemoptysis 0 0.0

Shortness of breath 47 (91.0%)

Cough 46 (92.0%)

Weight loss 23 (46.0%)

Fever / night sweats 19 (38.0%)

Pleuritic chest pain 17 (34.0%)
Loss of appetite

16 (32.0%)

Hemoptysis 40 (0.0%)

A0 60 80 100
Percentage (%)

=]
[
=4

Figure 12: Presenting symptom during acute exacerbation

Table 12: Clinical signs observed on examination during acute exacerbation

Clinical sign n Percentage (%)
Clubbing 30 60.0
Cyanosis 1 2.0
Fine crepitations 50 100.0
Coarse crepitations 50 100.0
Coarse crepitations 30 (100.0%)
Fine cropitations 50 (100.0%)

Cyanosis 1 1 (2.0%)

20 40 60 80 100
Porcontage {%)

© T ——

Figure 13: Clinical signs observed on examination during acute exacerbation
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3.7 Causes of acute exacerbation

An infective etiology was common. Community-acquired pneumonia (CAP) was identified in 50.0% (n = 25) of
patients, while viral or bacterial lower respiratory tract infection was present in 28.0% (n = 14). High
environmental exposure was identified in 18.0% (n = 9), drug-induced exacerbation in 8.0% (n = 4), and
aspiration in 4.0% (n = 2). Other causes were noted in 16.0% (n = 8). (Table 13, Figure 14)

Table 13: Causes of acute exacerbation among patients with ILD

Cause of acute exacerbation n Percentage (%)
Community-acquired pneumonia (CAP) 25 50.0

Viral or bacterial lower respiratory tract infection 14 28.0

High environmental exposure 9 18.0
Drug-induced exacerbation 4 8.0

Aspiration 2 4.0

Other causes 8 16.0

12.9%

145%

unses
Community acquired prewmonis (CAF)
Viral infectiun

High enviconmental exposiry
Drug-nduced exacuristion

Aspiration

Ol Causes

40.9% 6%

Figure 14: Distribution of causes of acute exacerbation

3.8 Laboratory and radiological findings

Elevated inflammatory markers were common at presentation, with elevated CRP levels in 64.0% (n = 32).
Leukocytosis was present in 48.0% (n = 24), neutrophilia in 44.0% (n = 22), and lymphopenia in 46.0% (n =
23). On arterial blood gas analysis, 84.0% (n = 42) had no respiratory failure, while type 1 respiratory failure
was present in 14.0% (n = 7) and type 2 respiratory failure in 2.0% (n = 1).

Chest radiography showed old fibrotic changes in 84.0% (n = 42), with consolidation in addition to chronic
changes in 12.0% (n = 6). (Table 14, Figure 15). On HRCT, the most common pattern was NSIP (n = 24,
48.0%), followed by UIP (n = 5, 10.0%), hypersensitivity pneumonitis (n = 5, 10.0%), and mixed radiological
patterns (n =5, 10.0%). (Table 15, Figure 16)

Table 14: Chest radiographic findings during acute exacerbation of ILD

Chest X-ray finding n Percentage (%)

Old fibrotic changes 42 84.0
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Old fibrotic changes with consolidation 6 12.0
Other findings 2 4.0
Total 50 100.0
Old Nbrotic changes with consolidation
Other findings
12.0%
4.0%
84.0%

Old fibrotic changes

Figure 15: Chest radiographic findings during acute exacerbation of ILD

Table 15: HRCT patterns observed during acute exacerbation of ILD

HRCT pattern n Percentage (7o)
NSIP 24 48.0

UIP 5 10.0
Hypersensitivity pneumonitis 5 10.0

Mixed radiological pattern 5 10.0

Other patterns 11 22.0

Total 50 100.0

22.0%

10.0%

HRCT Patlerns
10.0% NSIP
up
Hypersensitivity pneumonitis
Mixed radiological pattern
Other patterns

10.0%

48.0%

Figure 16: HRCT patterns observed in acute exacerbation of ILD
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3.9 Exacerbation severity
Severe exacerbations—defined by the need for ICU admission, non-invasive ventilation, or in-hospital
mortality—were observed in 8.0% of patients (n = 4). The remaining 92.0% (n = 46) experienced non-severe

exacerbations. (Table 16, Figure 17)

Table 16: Severity of acute exacerbation among patients with ILD

Exacerbation severity n Percentage (%)
Non-severe 46 92.0

Severe 4 8.0

Total 50 100.0

(Severe exacerbation was defined as the requirement for ICU admission, non-invasive ventilation, or in hospital
mortality.)

Severe

8.0%

92.0%

Non-severe

Figure 17: Severity of acute exacerbation of ILD

3.10 Treatment and in-hospital outcomes

All patients received treatment for acute exacerbation (n = 50, 100%). Antibiotics were administered to 80.0%
(n = 40), intravenous methylprednisolone to 36.0% (n = 18), and rituximab to 18.0% (n = 9). Non-invasive
ventilation was required in 6.0% (n = 3), and ICU admission in 4.0% (n = 2). In-hospital mortality occurred in
6.0% of patients (n = 3).

Table 17: Treatment modalities administered during acute exacerbation of ILD

Treatment modality n Percentage (7o)
Any treatment received 50 100.0
Antibiotics 40 80.0
Intravenous methylprednisolone 18 36.0
Rituximab 9 18.0
Non-invasive ventilation (NIV) 3 6.0

ICU admission 2 4.0
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Table 18: In-hospital outcomes of patients with acute exacerbation of ILD

In-hospital outcome n Percentage (%)
Survival 47 94.0
In-hospital mortality 3 6.0

Total 50 100.0

In-hospital mortality

94.0%

Survival

Figure 18: In-hospital outcomes of patients with acute exacerbation of ILD

3.11. Lenth of hospital stay

Most patients required a hospital stay exceeding one week (60.0%, n = 30), whereas 40.0% (n = 20) had a
duration of stay less than one week. (Table 19)

Table 19: Lenth of Hospital stay

Length of Hospital Stay n Percentage (%)

< 1 week |20 |[40.0 |

> 1 week 30 |l60.0 |

[Total |l50 |[100.0 |
= 1 week

= 1 week

Figure 19: Lenth of hospital stay
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3.12 Follow-up outcomes

At 2-week follow-up, reduced FEV: and FVC were observed in 92.0% (n = 46) of patients, while 70.0% (n =
35) had a 6-minute walk distance of less than 200 m. Elevated CRP persisted in 22.4% (n = 11) of patients.

(Table 20, figure 20, 21,22)

At 3-month follow-up, reduced FEV: and FVC persisted in 64.0% (n = 32) of patients, while 28.0% (n = 14)
had a 6-minute walk distance of less than 200 m. Elevated CRP was observed in only 6.0% (n = 3), indicating

marked resolution of inflammation. (Table 21, figure 23, 24,25)

Table 20: Lung function and functional outcomes at 2-week follow-up

Parameter n Percentage (%)
Low FEVi: and FVC 46 92.0
6-minute walk distance <200 m 35 70.0
Elevated CRP 11 22.4

<200 m

Normal

>200m

Figure 20: Proportion of patients achieving
low and normal FEV1 and FVC (2-week minute walk distance (2-week follow-up)
follow-up)

Elevated

Normal

Figure 22: Proportion of patients achieving elevated and normal CRP (2-week follow-up)

Figure 21: Proportion of patients achieving 6-
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Table 21: Lung function and functional outcomes at 3-month follow-up

Parameter n Percentage (%)
Low FEVi and FVC 32 64.0

6-minute walk distance <200 m 14 28.0

Elevated CRP 3 6.0

Low

Normal
Figure 23: Proportion of patients achieving low Figure 24: Proportion of patients achieving 6-minute
and normal FEV1 and FVC (3 month follow-up) walk distance (3-month follow-up)

Elevated

Normal

Figure 25: Proportion of patients achieving elevated and normal CRP (3-month follow-up)

3.13 Association with exacerbation severity

There was no significant association between exacerbation severity and age group (Chi-square test, p = 0.373)
or gender (Chi-square test, p =0.216)
However, ILD subtype was significantly associated with exacerbation severity. Severe exacerbations were more

frequent among patients with hypersensitivity pneumonitis compared to other ILD subtypes (Fisher’s exact test,
p =0.020)
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When individual comorbidities were analysed, diabetes mellitus showed a significant association with
exacerbation severity (Chi-square test, p = 0.029), with a higher proportion of severe exacerbations among
patients with diabetes.Although chronic kidney disease appeared more frequent among patients with severe
exacerbations, this association was not statistically significant when Fisher’s exact test was applied (p = 0.155)

No significant associations were observed between exacerbation severity and autoimmune disease, bronchial
asthma, or the absence of comorbidities (Fisher’s exact test, p > 0.05 for all). Exacerbation severity was not
significantly associated with smoking status, pack-year category, or alcohol use (Fisher’s exact test, p > 0.05 for
all comparisons)

A significant association was observed between occupational exposure and exacerbation severity (Chi-square
test, p = 0.037).No significant associations were identified between exacerbation severity and indoor air
pollution exposure, outdoor air pollution exposure, or individual types of indoor and outdoor pollutants when
analysed separately (Fisher’s exact test, p > 0.05 for all) Exacerbation severity was not significantly associated
with the baseline control state of ILD (Fisher’s exact test, p = 0.243) or treatment compliance (Fisher’s exact
test, p = 0.571). Among haematological parameters, neutrophil count and lymphocyte count showed significant
associations with exacerbation severity. Severe exacerbations were more frequent among patients with
neutrophilia (Fisher’s exact test, p = 0.018) and lymphopenia (Fisher’s exact test, p = 0.038)

No significant associations were observed between exacerbation severity and total white blood cell count, CRP
category, or D-dimer levels (Fisher’s exact test, p > 0.05 for all). Chest radiographic findings were significantly
associated with exacerbation severity, with a higher proportion of severe exacerbations among patients with
consolidation in addition to chronic fibrotic changes (Fisher’s exact test, p = 0.011).

Similarly, HRCT patterns demonstrated a significant association with severity, with severe exacerbations more
frequently observed in patients with hypersensitivity pneumonitis and mixed radiological patterns (Fisher’s
exact test, p = 0.037). The presence and type of respiratory failure on arterial blood gas analysis were strongly
associated with exacerbation severity (Fisher’s exact test, p < 0.001), with severe exacerbations occurring
predominantly among patients with type 1 or type 2 respiratory failure.

No statistically significant associations were observed between exacerbation severity and hospital stay (Chi-
square test p> 0.05), follow-up FEV1 or FVC categories at 2 weeks or 3 months (Fisher’s exact test, p > 0.05
for all). Similarly, 6-minute walk distance at follow-up was not significantly different between severe and non-
severe exacerbation groups (Fisher’s exact test, p > 0.05)

4. Discussion

This prospective descriptive study provides valuable insight into the clinical characteristics, precipitating
factors, and outcomes of acute exacerbations of interstitial lung disease (AE-ILD) in a Sri Lankan tertiary care
setting. Given the limited data from South Asia, these findings contribute important regional evidence and
highlight differences in disease patterns compared to Western populations.

The study population was predominantly elderly, with a clear female predominance. This demographic profile
differs from classic idiopathic pulmonary fibrosis (IPF) cohorts, which are typically male-predominant, but is
consistent with non-IPF ILD populations where connective tissue disease—associated ILD (CTD-ILD) is more
common.? This likely reflects the higher prevalence of autoimmune diseases among women and underscores the
importance of considering CTD-ILD in similar populations.

A key finding of this study is the predominance of non-IPF ILD, particularly unclassified ILD and CTD-ILD,
with IPF representing a relatively small proportion of cases. This contrasts with Western studies, where IPF
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accounts for a substantial proportion of ILD and acute exacerbations.* However, similar patterns have been
observed in South Asian cohorts, including India, where hypersensitivity pneumonitis and CTD-ILD are more
prevalent.>¢ These regional differences may be explained by variations in environmental exposures,
occupational factors, genetic predisposition, and healthcare access. Additionally, limited availability of
advanced diagnostic modalities may contribute to a higher proportion of unclassified ILD in resource-limited
settings.

The strong association between hypersensitivity pneumonitis and severe exacerbations in this study is
particularly noteworthy. Hypersensitivity pneumonitis is a complex immune-mediated disease resulting from
repeated inhalation of environmental antigens, leading to chronic inflammation and fibrosis.'* Continued
antigen exposure may drive disease progression and predispose patients to acute deterioration. In contrast, some
studies from high-income settings report a lower proportion of hypersensitivity pneumonitis—related
exacerbations, likely reflecting differences in environmental exposure profiles and earlier diagnosis. This
highlights the critical importance of environmental control and exposure avoidance in preventing disease
progression in affected patients.

Infective triggers were the most common precipitating factor for acute exacerbations in this cohort, accounting
for the majority of cases. This finding is consistent with previous studies that identify infection as a major
contributor to acute respiratory worsening in ILD, particularly in non-IPF disease.®® However, in IPF-dominant
cohorts, a higher proportion of exacerbations are classified as idiopathic, reflecting differences in underlying
disease biology and diagnostic practices.”> The high burden of infection in this study may be attributed to
environmental factors, including exposure to biomass fuel and air pollution, as well as potential delays in
presentation and treatment. Household air pollution has been shown to impair mucociliary clearance, promote
airway inflammation, and increase susceptibility to respiratory infections, thereby contributing to disease
exacerbation.'”

It is also important to recognise that acute exacerbations may be multifactorial. In addition to infection, other
triggers such as invasive procedures, aspiration, drug toxicity, and mechanical stress have been implicated.'
The contribution of these factors may be under-recognised in routine clinical practice, particularly in settings
with limited diagnostic resources.

Comorbidities played a significant role in disease severity, with diabetes mellitus showing a strong association
with severe exacerbations. This finding is consistent with broader literature demonstrating that metabolic and
systemic comorbidities can adversely affect outcomes in chronic lung disease. Impaired immune function and
increased susceptibility to infection in diabetic patients may partly explain this association. In contrast, smoking
was not significantly associated with exacerbation severity in this cohort, which differs from IPF-dominant
populations where smoking is a well-established risk factor.?,” This may be partly explained by the demographic
profile of our cohort, which was predominantly female, with a low prevalence of smoking. Furthermore,
idiopathic pulmonary fibrosis is typically more common in older males and strongly associated with smoking,
which was rare in this population, with non-IPF ILDs predominating among females. These findings highlight a
distinct etiological and risk factor profile in this setting, where environmental exposures and autoimmune-
related ILDs appear to play a more prominent role than traditional smoking-related pathways.

Radiological findings were strongly associated with disease severity, with consolidation superimposed on
fibrotic lung changes indicating more severe exacerbations. This is consistent with the concept that
superimposed infection or diffuse alveolar damage contributes to acute clinical deterioration. HRCT patterns
such as hypersensitivity pneumonitis and mixed fibrosis were also associated with worse outcomes, suggesting
that underlying disease phenotype influences the severity of exacerbations.

Laboratory findings, including neutrophilia and lymphopenia, were significantly associated with severe
exacerbations and likely reflect systemic inflammation and immune dysregulation. Similar inflammatory
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profiles have been described in other studies of acute exacerbations, supporting the role of an exaggerated
inflammatory response in disease progression. The presence of respiratory failure on arterial blood gas analysis
was strongly associated with severity and remains one of the most important prognostic indicators in acute ILD
exacerbations.

The pathophysiology of acute exacerbations is complex and incompletely understood. Histopathological
studies have demonstrated diffuse alveolar damage superimposed on a background of chronic fibrosis,
resembling an acute respiratory distress syndrome—like process.? Recent evidence suggests that progressive
pulmonary fibrosis (PPF) plays a central role in determining long-term outcomes, with both acute exacerbations
and progressive fibrosis representing overlapping and interrelated processes in the natural history of ILD."''2
This evolving understanding highlights the importance of early antifibrotic therapy and strategies aimed at
preventing disease progression.

Despite the high burden of infection-related exacerbations, the overall in-hospital mortality rate in this study
was relatively low (6%) compared to international reports, where mortality rates of acute exacerbations—
particularly in [IPF—are substantially higher.?,” This difference may be explained by the predominance of non-
IPF ILD, which is generally associated with better outcomes, as well as earlier presentation and timely initiation
of treatment. Furthermore, the observed functional recovery during follow-up suggests that acute exacerbations
in non-IPF ILD may be partially reversible, in contrast to the often fatal course seen in IPF.

5. Conclusion

Acute exacerbations of interstitial lung disease (AE-ILD) represent a clinically significant complication and an
important contributor to morbidity in patients with ILD. In this tertiary care cohort from Sri Lanka, AE-ILD
predominantly affected elderly patients, with a notable female predominance, largely reflecting the higher
burden of other non-IPF subtypes and connective tissue disease—associated ILD in this population. Non-IPF
ILDs constituted the majority of cases, highlighting a distinct epidemiological pattern compared to Western
cohorts where IPF predominates. Infection emerged as the leading precipitating factor for acute exacerbations,
underscoring the critical importance of infection prevention, early recognition, and prompt treatment in
reducing disease severity and improving outcomes.  Several factors, including diabetes mellitus,
hypersensitivity pneumonitis, occupational exposure, neutrophilia, lymphophinia, radiological consolidation,
and respiratory failure, were associated with more severe exacerbations. These findings emphasise the need for
careful risk stratification and close monitoring of high-risk patients. Despite the severity of presentation in a
subset of patients, overall in-hospital mortality was relatively low, and most patients demonstrated clinical and
functional improvement during follow-up. This suggests that timely hospital admission and appropriate
management may result in favourable outcomes, particularly in non-IPF ILD. From a clinical and public health
perspective, strengthening preventive strategies—such as vaccination, reduction of environmental and
occupational exposures, optimal control of comorbidities, and patient education on early symptom
recognition—may help reduce the burden of AE-ILD. Further large-scale, multicentre studies are warranted to
better define risk factors, clarify disease mechanisms, and evaluate long-term outcomes in ILD populations
within Sri Lanka and similar settings.

6. Limitations

This study has several limitations that should be considered when interpreting the findings. First, this was a
single-centre study conducted in a tertiary care setting with a relatively small sample size of 50 patients. This
may limit the generalizability of the results to other healthcare settings or regions within Sri Lanka and may
have reduced the statistical power to detect associations involving less common ILD subtypes and rare
comorbidities. Second, the descriptive study design precludes the establishment of causal relationships between
identified risk factors and the severity of acute exacerbations. Therefore, the associations observed should be
interpreted with caution. Third, a considerable proportion of patients were categorised as having unclassified or
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other ILD. Limited access to advanced diagnostic modalities, including histopathology and formal
multidisciplinary ILD discussions, may have contributed to this classification, potentially affecting the accuracy
of subtype-specific analyses and comparisons. Fourth, although infection was identified as the most common
precipitating factor, microbiological confirmation was not available in all cases. In addition, prior antibiotic use
before hospital admission may have reduced the yield of microbiological investigations, leading to possible
misclassification or underestimation of infective exacerbations. Fifth, environmental and occupational exposure
data were based on patient self-reporting and are therefore subject to recall bias. This may have affected the
accuracy of exposure assessment, particularly with regard to duration and intensity. Finally, the follow-up
period was limited to three months, which may not adequately capture long-term outcomes, recurrent
exacerbations, or the natural progression of disease following an acute exacerbation.

7. Recommendations

Early recognition and prompt management of acute exacerbations of interstitial lung disease (AE-ILD) should
be emphasised, particularly among elderly patients and those with identified risk factors such as diabetes
mellitus and hypersensitivity pneumonitis. Patient education on early symptom recognition and timely
healthcare seeking is essential to improve outcomes.

Management of AE-ILD should ideally be undertaken in specialised centres with multidisciplinary expertise,
ensuring comprehensive care delivered by experienced respiratory physicians. Given that exacerbations may be
multifactorial, a systematic approach—including detailed history taking, thorough clinical examination, and
appropriate investigations—is crucial to identify underlying causes such as infection, pulmonary embolism,
pneumothorax, cardiovascular events, and malignancy.

As infection was identified as the leading precipitating factor, preventive strategies should be prioritised. These
include routine vaccination against influenza, pneumococcal disease, COVID-19, and other relevant respiratory
pathogens, along with optimisation of infection control practices and early initiation of appropriate
antimicrobial therapy.

Regular monitoring and optimal management of comorbid conditions, particularly diabetes mellitus, should be
integrated into ILD care pathways to reduce the risk of severe exacerbations.

Environmental and occupational risk reduction is also essential. Measures such as minimising exposure to
biomass fuel, improving household ventilation, and implementing broader public health interventions to reduce
air pollution may help decrease the burden of AE-ILD, particularly in resource-limited settings.

The establishment of multidisciplinary ILD clinics, involving pulmonologists, radiologists, rheumatologists, and
pathologists, is recommended to enhance diagnostic accuracy and improve the classification of ILD, especially
in patients with previously unclassified disease.

Future research should focus on large-scale, multicentre prospective studies with longer follow-up durations to
better define risk factors, validate prognostic indicators, and evaluate long-term outcomes of AE-ILD in Sri
Lanka and similar settings.
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