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ABSTRACT

Background Interstitial lung diseases (ILDs) are a
heterogeneous group of often progressive, unpredictable
diseases. They frequently result in hospitalisations
secondary to respiratory decompensation, termed ILD-
related admissions. A proportion are due to an acute
exacerbation of ILD (AEILD). All are associated with high
mortality but are poorly characterised in real-world
populations.

Aim To evaluate mortality outcomes and associated risk
factors following ILD-related hospital admissions, including
AEILD.

Methods We conducted a multicentre retrospective cohort
study of primary International Classification of Diseases Version
10 coded admissions for ILD between 1 January 2017 and 31
December 2019 across 11 NHS hospitals in the North West of
England. AEILD events were classified using clinical criteria:
<30-day respiratory deterioration not secondary to cardiac
failure, pulmonary embolism or pneumothorax. The AEILD
subgroup was divided into those with CT confirmation (definite
AEILD) and without CT confirmation (suspected AEILD). Primary
outcome was time from admission to death. Statistical analyses
included Kaplan-Meier and multivariate proportional hazards
modelling.

Results Of 938 ILD-related admissions, 54.5% met study
AEILD criteria. Overall, cumulative all-cause mortality to
90-days post-discharge was 40.2%. For the AEILD cohort,
cumulative all-cause mortality to 90-days post-discharge

was 47.6%. Median survival of the AEILD cohort was 107

days (95%Cl 87.0 to 141.0days) and the other ILD-related
admission cohort 241.0days (95% Cl 208.0 to 308.0days),
with a statistically significant difference in survival (p<0.0001).
37.6% (192/511) of AEILD events had CT confirmation.

Within the AEILD subgroup, median survival was higher in

the CT group (144 days vs 100 days, p=0.027). AEILD was
independently associated with mortality in a multivariate model.
Preadmission oxygen, age and neutrophilia were associated
with mortality in both ILD-admission and AEILD 90-day all-
cause mortality models. 13.9% of admissions had documented
palliative care input.

Conclusions Mortality associated with ILD-related
admissions is high, with AEILD events independently

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Hospital admissions in interstitial lung disease (ILD)
carry a high risk of mortality, particularly when pre-
cipitated by an acute exacerbation of ILD (AEILD).
Prior international surveys have highlighted clinician
heterogeneity in the approach to AEILD, but there is
very limited real-world data describing admission
outcomes, diagnostic and treatment patterns from
the UK.

WHAT THIS STUDY ADDS

= This study adds to the understanding that AEILD
conveys poor survival outcomes and highlights age,
preadmission oxygen use and neutrophilia as poor
prognostic indicators. It highlights underuse of CT
for diagnostic confirmation and demonstrates that
a lack of CT confirmation is associated with shorter
survival in simple modelling. It also demonstrates
low palliative care inpatient service utilisation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings highlight the urgent need for con-
sistent diagnostic pathways, equitable access to CT
imaging and early multidisciplinary input for AEILD.
Improved education of the non-specialist, patients
and their relatives could improve recognition and
outcomes in this high-risk population—including
timely access to palliative care and acute admission
burden.

associated with mortality. Findings highlight the need for
improved education, access to palliative care and targeted
AEILD research.

INTRODUCTION
Interstitial lung diseases (ILDs) represent a
heterogeneous group of disorders affecting
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the lung parenchyma, causing a spectrum of disease from
inflammation to fibrosis.' The UK has the highest number of
patients with ILD in Europe with an approximate incidence
of 4.6-8.65 per 100000 people per year.” The disease trajec-
tory is variable, but often results in hospitalisation secondary
to respiratory decompensation. Hospital admission in ILD
is associated with significant morbidity and mortality.” * A
subset of admissions is secondary to an acute exacerbation
of ILD (AEILD). AEILD is defined clinically by a less than
30-day deterioration in symptoms not secondary to throm-
boembolic, cardiac or pneumothorax events. Radiologically,
they are defined via high-resolution CT (HRCT) demon-
strating evidence of bilateral ground-glass changes superim-
posed on a chronic ILD.” Both must be present to diagnose
a definite AEILD event. If only the clinical criterion is met,
a diagnosis of suspected AEILD is made.’ While AEILD was
initially defined among a cohort of patients with idiopathic
pulmonary fibrosis (IPF), it has been extrapolated more
recently to encompass all ILDs. Retrospective data have esti-
mated annual incidence of AEILD at 9%, with AEILD events
accounting for an estimated 41% of ILD-related admis-
sions.”®

It is recognised that ILD-related hospital admissions have
a significant impact on disease trajectory, with both high
inpatient and 90-day mortality rates observed.**'” However,
there is limited worldwide data reporting ILD-related
admission outcomes. Management of ILD-related hospi-
talisations and AEILDs is currently guided by international
consensus statements based on expert opinion. These state-
ments recommend supportive interventions, although the
scope of recommendations is limited due to lack of robust
evidence.’ ' At present, only one negative randomised
control trial in the treatment of AEILD has been published'
and there is a major need to increase research capacity in
AEILD." There is also recognised heterogeneity among the
international community in diagnosis and management of
AEILD events—including use of CT imaging. Europe has
the lowest rates of CT use in AEILD diagnosis (67% vs 91%
in Asia) but no UKsspecific data are currently available."*

We aimed to understand the role of ILD-related hospi-
talisation in ILD all-cause mortality using real-world data.
Secondary aims included understanding risk factors associ-
ated with 90-day all-cause mortality in ILD-related hospital
admissions and AEILD, alongside diagnostic and manage-
ment patterns in AEILD. By increasing our understanding
from real-world data, we can hope to identify research and
service design priorities.

METHODS

Study setting and population

We performed a multicentre retrospective observational
cohort study of ILD-related admissions in adults >18 years
old using International Classification of Diseases Version 10
(ICD-10) coding across a 3-year period (1 January 2017 to
31 December 2019) from seven NHS trusts, encompassing
11 NHS secondary and tertiary hospitals, in the North West
of England, covering an estimated population of 7.3 million

people.”” ICD-10 codes of B22.1, D86.0, D86.2, ]67.0-67.9,
J70.2-70.4, J84.1, J84.8 and J84.9 within the primary diag-
nosis of admission event triggered inclusion in the study
(online supplemental table 1). Admissions for attendance
at day-case procedures, for provision of medications or lack
of available medical records were excluded. Any prior docu-
mented dissent for use of data in research resulted in exclu-
sion.

Medical records were retrospectively reviewed and manu-
ally searched between June 2024 and April 2025. The
primary outcome was the number of days from the start of
ILD-related admission to death."®

Patient and public involvement

Rationale for developing this research question initially
stemmed from the published top ten priorities for progres-
sive pulmonary fibrosis, of which its stakeholders included
patients living with PPF and their relatives and carers. Among
the top 15 questions, two were related to acute exacerba-
tions: (a) ‘How can acute deteriorations of PPF be predicted
in patients with PPF?” and (b) ‘What is the best management
of acute deterioration in PPF?*."”

Following the development of the study protocol, the
concept and planned design was presented to a group of
expert patients, the Research Champions through Action
for Pulmonary Fibrosis, prior to IRAS submission. They
confirmed the acceptability of the proposed design and
assisted with planning of a dissemination strategy, including
radio and newsletter appearances following publication.

Data collection and variables

All data were sourced from coding and manual searching of
medical records. All admissions meeting inclusion criteria
underwent manual review of medical notes. Where available,
data collection on demographics and pre-admission diag-
noses included: age, gender, postcode, ethnicity, smoking
history, comorbidities, ILD diagnosis, preadmission anti-
fibrotic use, preadmission oxygen use, preadmission lung
function tests (including forced vital capacity (FVC)) and
transfer factor of the lung for carbon monoxide (TLCO).
Comorbidities were converted to a Charlson Comorbidity
Index value." Full postcodes were converted to depriva-
tion deciles (DD), as per the 2019 UK Government English
Indices of Deprivation data.'” A DD of 1 represents the most
deprived and 10 the least deprived.

An underlying ILD diagnosis was obtained from manual
searching of medical records, using multidisciplinary
team (MDT) documentation, radiology and clinic letters
where available. During data collection, we identified a
group of patients without an MDT-confirmed diagnosis,
but in whom evidence of fibrotic ILD was present. This
group was labelled ‘pulmonary fibrosis as a diagnostic
label’, reflecting real-world access to ILD MDT diagnosis.

Mortality-relevant data included AEILD status, at-ad-
mission investigations (white cell count and differential,
C reactive protein (CRP), chest X-ray findings), data
on CT of the chest, echocardiogram and bronchoscopy

2 White LJ, et al. BMJ Open Respir Res 2026;13:€004017. doi:10.1136/bmjresp-2025-004017


https://dx.doi.org/10.1136/bmjresp-2025-004017

use, and provision of antibiotics or steroids throughout
admission. Data on ventilatory support given, specialist
respiratory and palliative reviews were also obtained.

Patients were allocated to AEILD or ‘other’ ILD-related
admission cohorts. AEILD status was determined by manual
searching of medical records and investigations relating
to the admission event. For the purposes of this study, we
defined AEILD clinically only by a <30-day clinical deterio-
ration, not secondary to cardiac failure, thromboembolic
disease or pneumothorax event. Manual searching of the
clinical narrative, biochemical investigations (negative pro-B
natriuretic peptide and negative D-dimer, where available),
radiological investigations (chest X-ray and CT pulmonary
angiogram (CTPA), where available) and medical treatments
determined diagnosis and subsequently AEILD or ‘other’
ILD-related admission status. If a patient met this criterion,
their admission was labelled ‘AEILD’ and if not, was labelled
as ‘other’ ILD-related admission. Other ILD-related admis-
sions reflected admissions secondary to disease progression
and other acute cardiorespiratory events, including pneu-
mothorax and pulmonary embolism, although these were
not extracted as discrete variables. A respiratory review was
considered a review from any respiratory-specialist health-
care professional. A palliative review was considered a review
from any palliative-specialist healthcare professional.

The primary outcome was number of days from admis-
sion start date to date of death.

Statistical analysis

To power the study to achieve statistical significance, we used
a predicted allcause mortality of 60% in the follow-up period,
a mortality-based model of ten predictors and an R-squared
of 0.1, determining the inclusion of 850 admission events.
We chose a multicentre, 3-year inclusion period to achieve
this threshold.

All statistical analysis was undertaken using SPSS V.31.0
and Python V.3.9.7, with the ‘statsmodel’ package for Cox
proportional hazards modelling. Continuous observational
data were analysed by mean (SD). Categorical observational
data were reported as frequencies (percentage). Admis-
sions were grouped into AEILD or other primary admission
based on clinical criterion defined above. For subanalysis
of the AEILD cohort, patients were grouped by presence
of CTconfirmed AEILD (definite AEILD) and absence of
CT-=confirmed AEILD (suspected AEILD).

Continuous data were assessed for normality using the
Shapiro-Wilk test and compared using the unpaired t-test
or Mann-Whitney U test dependent on presence of normal
distribution. Categorical data were compared with the ” test
or Fisher’s exact test if the expected count was less than five.
Post hoc analysis of % with multiple comparisons was under-
taken using standardised residuals, converted to p values
and compared with the Bonferroni correction for statistical
significance.

For time-to-event outcomes, Kaplan-Meier survival anal-
ysis with log-rank comparison for two or more curves was
undertaken. Mean and median survival were calculated.

To quantify risk for all-cause mortality, HRs with corre-
sponding 95% Cls were estimated using a multivariate Cox
proportional hazards model using the ENTER method.
Variables were selected and entered into the model simul-
taneously. Variable selection was informed by both clinical
relevance and prior evidence, rather than data-driven step-
wise methods, to minimise model overfitting. Demographic
characteristics (eg, age, gender, ethnicity) were included to
assess the impact of non-modifiable risk factors, while clin-
ical and inflammatory variables were chosen for their known
or hypothesised relevance to mortality risk in ILD popula-
tions.” 2! For the AEILD cohort subanalysis, CT confirma-
tion status and treatment strategies were also included in the
model. The proportional hazards assumption was checked
using Schoenfeld residuals. Results yielding p<0.05 were
considered statistically significant.

Complete case analysis was undertaken. Variables with
high proportions of missing data (>15%), once data collec-
tion had been undertaken, were removed. FVC was originally
planned to be included in the model but removed due to a
high proportion of missing data (390,938 or 38.9%).

RESULTS

3451 admissions were identified. 2449/3451 (70.9%) of
admissions were excluded. Main reason for exclusion was day
case procedure (1984/2449, 81.1%, (online supplemental
figure 1), with additional reasons including incorrect coding
(67/2449), non-ILD related admissions (108/2449) and
transplantrelated attendances (158/2449). The remaining
1002 admission events all underwent manual searching of
medical records and coding data. 64,/1002 (6.4%) had insuf-
ficient data available to determine admission status, leaving
938 admissions for inclusion in analysis. Median follow-up
among censored patients (those alive at the end of the study
period) was 2125 days (range 1563-2968 days).

Descriptive statistics

In total, 511/938 (54.5%) of admission events met study
AEILD criteria and 427/938 (45.5%) were considered
other ILD-related admissions.

Baseline and admission characteristics, including
rates of CT confirmation, respiratory and palliative
specialist review and treatments, for the overall dataset
and AEILD subgroup are summarised in tables 1 and
2, respectively.

Primary outcome: Mortality rate and time-to-event analysis
Overall cumulative all-cause mortality to 90-days post-
discharge was 40.2% (377/938). For the AEILD cohort,
cumulative all-cause mortality to 90-days post-discharge
was 47.6% (243/511). For the other ILD-related admis-
sion cohort, cumulative all-cause mortality to 90-days post-
discharge was 31.4% (134/427).

Median and mean survival of the AEILD cohort was 107
days (95%CI 87.0 to 141.0days) and 408.6days (95% CI
355.9 to 465.3days). Median and mean survival of the other
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Table 1 Summary of descriptive patient characteristics for overall, AEILD and other ILD-related admission cohorts

Overall AEILD cohort Other cohort Adjusted P value
n=938 n=511 n=427 P value (Bonferroni)
Baseline characteristics
Age (mean, SD) 74.18 (12.48) 73.87 (11.63) 74.55 (13.42) 0.058
Gender-male (number, %) 521 (55.5) 288 (56.4) 233 (54.6) 0.582
Ethnicity (number, %) 0.067
Not stated 61 (6.5) 25 (4.9) 36 (8.4) 0.029 0.115
White 802 (85.5) 444 (86.9) 358 (83.8) 0.187
Asian 68 (7.2) 40 (7.8) 28 (6.6) 0.455
Black 7 (0.7) 2(0.4) 5(1.2) 0.167
CClI (mean, SD) 4.46 (1.98) 4.38 (1.86) 4.54 (2.11) 0.165
Deprivation decile (mean, SD) 4.62 (2.89) 4.62 (2.92) 4.63 (2.85) 0.980
Ever-smoker (number, %) 488 (52.0) 262 (51.3) 226 (52.9) 0.786
ILD subtype (humber, %) <0.0001
Not stated 91 (9.7) 22 (4.9) 69 (16.2) <0.0001 <0.0001
IPF 295 (31.4) 178 (34.8) 117 (27.4) 0.015 0.161
NSIP 84 (9.0) 52 (10.2) 32 (7.5) 0.152
CTD-ILD 46 (4.9) 28 (5.5) 18 (4.2) 0.372
HP 77 (8.2) 44 (8.6) 33(7.7) 0.624
Drug-related 22 (2.3) 9(1.8) 13 (3.0) 0.196
Industry-related 19 (2.0) 10 (2.0) 9 (2.1) 0.870
Sarcoidosis 25 (2.7) 11 (2.2) 14 (3.3) 0.286
PFD 221 (23.6) 126 (24.7) 95 (22.2) 0.387
Unclassifiable 28 (3.0) 18 (3.5) 10 (2.3) 0.290
Other 30 (3.2) 13 (2.5) 17 (4.0) 0.213
On antifibrotics (number, %) 118 (12.6) 73 (14.3) 45 (10.5) 0.001
Oxygen preadmission 0.013
(number, %)
Long-term 256 (27.3) 153 (29.9) 103 (24.1) 0.046 0.139
Ambulatory 78 (8.3) 50 (9.8) 28 (6.6) 0.075 0.224
None 604 (64.4) 308 (60.3) 296 (69.3) 0.004 0.012
FVC (L) (mean, SD) 2.11 (0.83) 2.16 (0.86) 2.03 (0.79) 0.102
TLCO (mm Hg) (mean, SD) 3.88 (2.19) 3.37 (1.61) 4.64 (2.67) <0.0001
Admission characteristics
Any CT of thorax performed 326 (34.8) 192 (37.6) 134 (31.4) 0.05
(number, %)
Bronchoscopy performed 19 (2.0) 4 (0.8) 15 (3.5) 0.0041
(number, %)
Respiratory specialist review 508 (54.2) 350 (68.5) 158 (37.0) <0.0001
(number, %)
Palliative specialist review 130 (13.9) 92 (18.0) 38 (8.9) 0.0003
(number, %)
Steroids (number, %) <0.0001
Methylprednisolone
Methylprednisolone 500 mg 14 (1.5) 14 (2.7) 0(0.0) 0.0006 0.002
Methylprednisolone 1000 mg 23 (2.5) 20 (3.9) 3(0.7) 0.002 0.005
None 862 (91.9) 460 (90.0) 402 (94.1) <0.0001 <0.0001
Oral steroids <0.0001
Prednisolone >50mg 19 (2.1) 14 (2.8) 5(1.2) 0.087 0.523

Continued
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Table 1 Continued

Overall AEILD cohort Other cohort Adjusted P value
n=938 n=511 n=427 P value (Bonferroni)
Prednisolone 30-40 mg 390 (42.8) 282 (55.5) 108 (25.3) <0.0001 <0.0001
Prednisolone 15-20 mg 51 (5.6) 33 (6.5) 18 (4.2) 0.126
Prednisolone <10 mg 12 (1.3) 5(1.0) 7(1.6) 0.375
None 422 (46.3) 153 (30.1) 268 (62.8) <0.0001 <0.0001
Initial antibiotics (number, %) <0.0001
Intravenous 325 (34.6) 231 (45.2) 109 (25.5) <0.0001 <0.0001
Oral 288 (30.7) 179 (35.0) 94 (22.0) 0.002 0.007
None 297 (31.7) 91 (17.8) 206 (48.2) <0.0001 <0.0001
HFNO (number, %) 54 (5.8) 43 (8.4) 11 (2.6) 0.0001
CPAP or NIV (number, %) 16 (1.7) 15 (2.9) 1(0.2) 0.002
Invasive ventilation 2(0.2) 0 (0.0) 2 (0.5) 0.607

(number, %)

P value refers to comparison between AEILD and other cohorts using independent t-test or Mann-Whitney U test for continuous

variables, and XZ or Fisher’s exact test for categorical variables.

Post-hoc analysis of chi-squared was undertaken using standardised residuals, converted to P values and compared to the Bonferroni

correction for statistical significance.
Results in bold indicate statistical significance (p value <0.05).

AE-ILD, acute exacerbation of ILD; CCI, Charlson Comorbidity Index; CPAP, continuous positive airway pressure; CTD-ILD, connective
tissue disease-ILD; FVC, forced vital capacity; HFNO, high-flow nasal oxygen; HP, hypersensitivity pneumonitis; ILD, interstitial lung
disease; IPF, idiopathic pulmonary fibrosis; NIV, non-invasive ventilation; NSIP, non-specific interstitial pneumonitis; PFD, primary
fibrosis as diagnostic label; TLCO, transfer factor of the lung for carbon monoxide.

cohort was 241.0days (95%CI 208.0 to 308.0days) and
621.1days (95% CI 549.5 to 700.3days). The difference in
survival between the two groups was statistically significant
(p<0.0001; figure 1).

Secondary outcomes

Ten variables were included in a multivariate model for
all-cause mortality across the ILD-related hospital admis-
sions (table 3).

Subanalysis of the AEILD cohort was undertaken through
assigning patients to definite or suspected AEILD by pres-
ence of CT imaging confirmation. 37.6% (192/511) of
AEILD admissions had CT thorax imaging to confirm
diagnosis, of which 90/192 (46.9%) were CTPA. Median
and mean survival of AEILD with CT confirmation was
144.0days (95%CI 87.0 to 237.0)and 476.8days (95% CI
369.0 to 566.1). Median and mean survival of AEILD without
CT confirmation was 100.0days (95% CI 71.0 to 132.0) and
359.3days (95% 289.1 days—425.2 days), with a statistically
significant difference between the two cohorts (p=0.027;
figure 2). Multivariate modelling of 90-day all-cause mortality
for the AEILD sub-group was undertaken with 13 variables
(table 3).

DISCUSSION

Summary of findings

To the best of our knowledge, this is the largest real-world
UK dataset analysing ILD-related admission outcomes. Our
data demonstrates significant 90-day all-cause mortality

following ILD-related admissions (40.2%). Mortality is signif-
icantly greater in an AEILD admission compared with other
ILD-related admission reasons (median survival 107 days
vs 241 days; p<0.0001). AEILD remained a risk factor for
mortality in a multivariate model of 90-day mortality (HR
1.490, 95%CI 1.183 to 1.877; p=0.0007), alongside pread-
mission long-term oxygen use (HR 1.965, 95% CI 1.548 to
2.495; p<0.0001), age (HR 1.032, 95%CI 1.017 to 1.046;
p<0.0001), male gender (HR 1.350, 95% CI 1.072 to 1.700;
p=0.011) and neutrophilia (HR 1.077,95% CI 1.045 to 1.110;
p<0.0001). Ethnicity demonstrated a variable association,
with Asian ethnicity (compared with a reference of White
ethnicity) demonstrating protection against mortality (HR
0.589,95% CI 0.357 to 0.970; p=0.038). Drug-related ILD was
also associated with protection against mortality (HR 0.242,
95% CI 0.114 to 0.517; p=0.0002).

Given our AEILD cohort encompassed both definite
AFEILD and suspected AEILD, subanalysis was undertaken
to understand the impact of CT confirmation on outcomes.
Our data demonstrates a statistically significant difference in
mortality between those with and without CT confirmation
(median survival 144 days vs 100 days; p=0.027). Interestingly,
it was our suspected AEILD cohort who experienced higher
mortality. When taken into a multivariate model for all AEILD
admissions, CT confirmation was not significantly associated
with reduced risk of mortality (HR 0.847, 95% CI 0.608 to
1.178; p=0.324). Age, preadmission oxygen and neutro-
philia were again associated with increased risk of mortality,
and drugrelated ILD reduced risk. Methylprednisolone
and high-dose steroid use (>50mg/day) demonstrated HRs
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Table 2 Summary of descriptive patient characteristics for all AEILD, AEILD with CT confirmation (definite AEILD) and AEILD
without CT confirmation (suspected AEILD)

Overall AEILD AEILD with CT AEILD without CT
cohort (definite AEILD) (suspected AEILD) Adjusted P value
n=511 n=192 n=319 P value (Bonferroni)

Baseline characteristics

Age (mean, SD) 73.87 (11.63) 73.16 (12.83) 74.30 (10.84) 0.549

Gender-male (number, %) 288 (56.4) 113 (58.9) 175 (564.9) 0.378

Ethnicity (number, %) 0.312
Not stated 25 (4.9) 13 (6.8) 12 (3.8) 0.127
White 444 (86.9) 165 (85.9) 279 (87.5) 0.621
Asian 40 (7.8) 14 (7.3) 26 (8.2) 0.726
Black 2 (0.4) 0 (0.0 2(0.6) 0.271

CClI (mean, SD) 4.38 (1.86) 417 (1.91) 4.51(1.82) 0.094

Deprivation decile (mean, SD) 4.62 (2.92) 4.82 (2.98) 4.50 (2.89) 0.225

Ever-smoker (number, %) 262 (51.3) 109 (56.8) 153 (48.0) 0.134

ILD subtype (number, %) 0.209
Not stated 22 (4.3) 12 (6.2) 10 (3.1) 0.019 0.208
IPF 178 (34.8) 60 (31.2) 118 (37.0) 0.093
NSIP 52 (10.2) 21 (10.9) 31(9.7) 0.187
CTD-ILD 28 (5.5) 12 (6.2) 16 (5.0) 0.659
HP 44 (8.6) 20 (10.4) 24 (7.5) 0.553
Drug-related 9(1.8) 0 (0.0) 9(2.8) 0.259
Industry-related 10 (2.0) 5 (2.6) 5(1.6) 0.413
Sarcoidosis 11 (2.2) 6 (3.1) 5(1.6) 0.240
PFD 126 (24.7) 45 (23.4) 81 (25.4) 0.620
Unclassifiable 18 (3.5) 6 (3.1) 12 (3.8) 0.705
Other 13 (2.5) 5 (2.6) 8 (2.5) 0.947

On antifibrotics (number, %) 73 (14.3) 21 (10.9) 52 (16.3) 0.240

Oxygen preadmission (number, 0.0004

%)

Long-term 153 (29.9) 39 (20.3) 114 (35.7) 0.0002 0.0005
Ambulatory 50 (9.8) 17 (8.9) 33 (10.3) 0.583 0.999
None 308 (60.3) 136 (70.8) 172 (53.9) 0.0002 0.0005

FVC (L) (mean, SD) 2.16 (0.86) 2.20 (0.81) 2.14 (0.88) 0.304

TLCO (mm Hg) (mean, SD) 3.37 (1.61) 3.46 (1.49) 3.31 (1.69) 0.210

Admission characteristics

Respiratory specialist review 350 (68.5) 152 (79.2) 198 (62.1) 0.0001

(number, %)

Palliative specialist review 92 (18.0) 28 (14.6) 64 (20.1) 0.072

(number, %)

Steroids (number, %)

Methylprednisolone 0.0096
Methylprednisolone 500 mg 14 (2.7) 9(4.7) 5(1.6) 0.036 0.109
Methylprednisolone 1000 mg 20 (3.9) 13 (6.8) 7(2.2) 0.0098 0.029
None 460 (90.0) 164 (85.4) 296 (92.8) 0.0071 0.021

Oral steroids 0.021
Prednisolone >50 mg 14 (2.8) 10 (5.2) 4 (1.3) 0.008 0.048
Prednisolone 30-40 mg 282 (55.5) 109 (57.1) 173 (54.6) 0.584 0.104
Prednisolone 15-20 mg 33 (6.5) 6 (3.1) 27 (8.5) 0.017 0.999
Prednisolone <10 mg 5(1.0) 1(0.5) 4(1.3) 0.414 0.999

Continued
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Table 2 Continued

Overall AEILD AEILD with CT AEILD without CT
cohort (definite AEILD) (suspected AEILD) Adjusted P value
n=511 n=192 n=319 P value (Bonferroni)
None 153 (30.1) 56 (29.3) 97 (30.6) 0.760 0.999
Initial antibiotics (number, %) 0.128
Intravenous 231 (45.2) 91 (47.4) 140 (43.9) 0.440
Oral 179 (35.0) 62 (32.3) 117 (36.7) 0.314
None 91 (17.8) 32 (16.7) 59 (18.5) 0.601
HFNO (number, %) 43 (8.4) 14 (7.3) 29 (9.1) 0.478
CPAP or NIV (number, %) 15 (2.9) 3(1.6) 12 (3.8) 0.153
Invasive ventilation (number, %) 0 (0.0) 0 (0.0) 0 (0.0 N/A
Admission outcome
Death during inpatient admission 103 (20.2) 32 (16.7) 71 (22.3)
(number, %)
Cumulative % 20.2 16.7 22.3
Death within 30 days of discharge 49 (9.6) 15 (7.8) 34 (10.7)
(number, %)
Cumulative % 29.7 24.5 88
Death within 90 days of discharge 91 (17.8) 39 (20.3) 52 (16.3)
(number, %)
Cumulative % 47.6 44.8 49.3
Death >90days from discharge 239 (46.6) 93 (48.4) 145 (45.5)
(number, %)
Cumulative % 941 93.2 94.8
Alive (number, %) 30 (5.9) 13 (6.8) 17 (6.3)
Cumulative % 100 100 100

P value refers to comparison between AEILD and other cohorts using independent t-test or Mann-Whitney U test for continuous variables, and X2 or

Fisher’s exact test for categorical variables.

Post-hoc analysis of chi-squared was undertaken using standardised residuals, converted to P values and compared to the Bonferroni correction for

statistical significance
Results in bold indicate statistical significance (p value <0.05).

AE-ILD, acute exacerbation of ILD; CCI, Charlson Comorbidity Index; CPAP, continuous positive airway pressure; CTD-ILD, connective tissue
disease-ILD; FVC, forced vital capacity; HFNO, high-flow nasal oxygen; HP, hypersensitivity pneumonitis; ILD, interstitial lung disease; IPF, idiopathic
pulmonary fibrosis; N/A, not available; NIV, non-invasive ventilation; NSIP, non-specific interstitial pneumonitis; PFD, primary fibrosis as diagnostic

label; TLCO, transfer factor of the lung for carbon monoxide.

suggesting increased risk of mortality within the model—but
did not meet statistically significant thresholds.

These findings underscore the high mortality burden
associated with ILD-related admissions and highlight
diagnostic and management heterogeneity that may
contribute to outcome variation.

Study strengths and limitations

The main strength of this study is its multicentre design,
encompassing several geographical regions—enhancing
its power. By including secondary and tertiary hospitals,
these combined strengths increase generalisability—but
key limitations remain.

Our retrospective data is from 2017 to 2019. While this
time frame was chosen to remove the confounding variable
of the COVID-19 pandemic, it is important to recognise the
change in treatment landscape since this timeframe, such as
wider antifibrotic use—meaning the study may not reflect
current patient outcomes.

The retrospective design also introduces the poten-
tial for recall and misclassification bias. This was particu-
larly important for determining AEILD based on clinical,
biochemical and radiological information available. While
manually searching notes and investigations aimed to miti-
gate misclassification bias, interrater reliability was not
assessed. Full CT reports nor discrete reasons for other ILD-
related admissions were recorded—which may affect consis-
tency in classification. Future studies should look to include
both. Alongside this, cases were identified through ICD-10
coding. At present, no specific ICD-10 code exists for AEILD.
This meant identification was reliant on the ILD diagnosis
being coded as the primary reason for admission. Given the
potential for incorrect coding, it is unlikely all cases during
this time period have been identified. Manual searching of
the clinical notes aimed to mitigate the inclusion of incor-
rectly coded admission events, but this raises the important
need for an AEILD ICD-10 code, or equivalent, to help iden-
tify such cases for real world evidence review.

White LJ, et al. BMJ Open Respir Res 2026;13:€004017. doi:10.1136/bmjresp-2025-004017 7
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Cumulative % 16.0 20.2 11.0
Death within 30 days of | 86 (9.2) 49 (9.6) 37 (8.7)
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Cumulative % 25.2 29.7 19.7
Death within 90 days of | 141 (15.0) 91 (17.8) 50 (11.7)
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Number (%)
Cumulative % 40.2 47.6 31.7
Death >90 days from |473 (50.4) 239 (46.6) 235 (55.0)
discharge
Number (%)
Cumulative % 90.6 94 .1 86.4
Alive 88 (9.4) 30 (5.9) 58 (13.6)
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Figure 1 Kaplan-Meier analysis of interstitial lung disease-related admissions, comparing entire AEILD cohort
(encompassing definite AEILD, with CT confirmation and suspected AEILD, with clinical definition only met) versus other ILD-
related admissions. Median and mean survival of the AEILD cohort was 107 days (95% CI 87.0 to 141.0days) and 408.6days
(95% CI 355.9 to 465.3 days), respectively. Median and mean survival of the other cohort was 241.0days (95% CI 208.0

to 308.0days) and 621.1 days (95% CIl 549.5 to 700.3 days), respectively. There was a statistically significant difference in
survival between the cohorts with log-rank comparison (p<0.0001). AEILD, acute exacerbations of interstitial lung disease;
other, other interstitial lung disease-related admission reason.

need to remove FVC from our multivariate model. Addi-
tionally, hospital-only based data collection risks hospital-
isation bias. Different results may be observed if respiratory

Missing data are also a further challenge of retrospec-
tive data. We observed high rates of this when recording
lung function testing (FVC and TLCO), resulting in the

8 White LJ, et al. BMJ Open Respir Res 2026;13:€004017. doi:10.1136/bmjresp-2025-004017
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Figure 2 Kaplan-Meier analysis of AEILD cohort, comparing definite AEILD (with CT confirmation) versus suspected AEILD
(without CT confirmation) using log-rank analysis. Mean and median survival of AEILD with CT was 476.8days (95% CI
369.0 to 566.1)and 144.0days (95% CI 87.0 to 237.0). Mean and median survival of AEILD without CT was 359.3days (95%
Cl 289.1 to 425.2) and 100.0days (95% CI 71.0 to 132.0), with a statistically significant difference between the two cohorts
(p=0.027). AEILD, acute exacerbations of interstitial lung disease.
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decompensation events relating to ILD that do not result in
hospital admission are also accounted for.

Despite covering a large geographic area in the North West
of England, this study is region-specific and may not gener-
alise to different health systems or ILD pathways observed
outside of it. Further studies on a national scale, ideally with
prospective data collection, are required to validate the
results observed here.

The role of AEILD in ILD admission mortality

AEILD events are not infrequent in the hospitalised ILD
population. A prior retrospective study identifying AEILD
events with clinical criterion only reported an AEILD rate
of 52%*—similar to our observation. In studies where radi-
ological and clinical criteria were used, fulfilling ‘definite
AEILD’ criteria,” the rate of AEILD in hospitalised patients
was 20.8%—41%.%*

AEILDs are frequent events and are associated with high
mortality. Prior literature reports mortality of up to 100%
in the intensive care setting.”* Our findings reinforce this
high mortality among a UK population: AEILD admissions
were associated with significantly higher 90-day mortality
compared with other ILD-related admissions. Notably,
median survival following AEILD admission was only 107
days and remained significantly different to other ILD-
related admission reasons—even after multivariate adjust-
ment. This suggests an AEILD event itself represents a
distinct and high-risk clinical picture. However, there are a
proportion of patients who survive beyond the 90-day mark
for considerable periods (figure 1), raising the possibility
of different phenotypes, causes and severities within the
umbrella term AEILD. The possibility of differing AEILD
severities was addressed in a post hoc analysis for exacerba-
tors within the INPULSIS trial, with those meeting criteria
for a serious adverse event demonstrating worse outcomes.”

The hypothesis of differing AEILD phenotypes, causes and
severities is supported by the observed differences in AEILD
outcomes between differing underlying ILD disease types,”
which is further suggested in our multivariate model—
although not to a statistically significant threshold. The small
numbers within each ILD sub-group may have impacted the
ability to reach such thresholds. It is likely also limited by the
choice to group by disease, rather than radiological pattern.
The 2025 joint European Respiratory Society and American
Thoracic Society guidelines have moved initial diagnostic
labelling to a two-step process, first based on morpholog-
ical patterns in pathology and imaging.”” This distinction
appears important in AEILD, too, with usual interstitial pneu-
monia and nonspecific interstitial pneumonitis radiological
patterns shown to have different survival outcomes.” * We
did not collect radiological pattern data in this study. Future
studies should look to categorising by radiological pattern,
rather than disease, to understand the impact on prognosis
more clearly.

The mechanisms driving poor outcomes in AEILD
are poorly understood,” and treatment options remain
limited."" " The current international consensus guidance

recommends supportive care but lacks specific pharmaco-
logical and non-pharmacological strategies.” Our results
support the argument that AEILD represents not only an
acute crisis but also a turning point in the disease course.
The elevated mortality risk underscores the need for early
identification, prompt multidisciplinary input and targeted
therapeutic trials alongside clear, defined, palliative and end-
ofife care strategies.

Impact of CT confirmation on AEILD outcomes

CT thorax imaging currently remains an essential part
of the diagnostic criteria for confirming an AEILD.’
However, there is heterogeneity among its use inter-
nationally'*—and patterns of its use have never been
studied in a specific UK dataset.

In our real-world dataset, we demonstrate poor uptake of
CT imaging to confirm an AEILD. And, even when under-
taken, the majority are CTPA—increasing the challenge
of accurately demonstrating the hallmark diffuse alveolar
damage in AEILD given administration of contrast. Despite
this, we still observed a significant difference in survival,
whereby mortality risk increased if CT confirmation was not
undertaken (suspected AEILD) in Kaplan-Meier survival
analysis. There are some potential explanations for this.
First, patients with AEILD often develop profound respira-
tory failure®—meaning they may not be safe to transfer to
CT imaging to confirm the diagnosis. However, these data
did not demonstrate significant differences in high-flow
nasal oxygen use, non-invasive ventilation or specialist palli-
ative care inpatient review. A second possibility is that CT is
a marker for more intensive therapies and specialist care.
The group with CT did demonstrate a higher respiratory
review rate (62.1% in suspected AEILD vs 79.2% in definite
AEILD; p=0.0001; table 2) and higher rate of methylprednis-
olone (1.6% in suspected AEILD vs 4.7% in definite AEILD
for 500mg; p=0.036; 2.2% in suspected AEILD vs 6.8% in
definite AEILD for 1000mg; p=0.0098; table 2) or high-dose
(>50mg/day) prednisolone use (1.3% in suspected AEILD
v$ 5.2% in definite AEILD, p=0.008; table 2). However, in
a multivariate model of 90-day AEILD all-cause mortality,
neither CT, nor respiratory review, nor steroid use met statis-
tically significant thresholds for association with or protection
from mortality. In fact, high-dose steroid use had numerical
HRs associated with increased mortality (table 3)—but this
may be confounded by the fact that the most unwell patients
receive this therapy.” Instead, increased age, preadmission
long-term oxygen therapy and neutrophilia were signifi-
cantly associated with increased all-cause mortality across
AEILD admissions. Finally, a further consideration is that the
suspected AEILD cohort has potential for significant hetero-
geneity, with the worse mortality outcomes observed being
non-respiratory related. While ground glass opacities are not
a specific pathological marker—and still have potential for
misinterpretation—they must be taken in the context of clin-
ical and biochemical markers to draw diagnostic conclusions.
Future suspected and definite AEILD comparisons should
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consider interrogation of death certificate data combined
with inter-relatability assessments of cohort classifications.

There are limited data comparing suspected versus defi-
nite AEILD outcomes. Post hoc analysis from the STEP-IPF
trial found no significant difference in mortality between
suspected and definite AE-IPF events—suggesting both
convey significant postevent mortality.” Our findings
support this, with a multivariate model highlighting the
complex interaction of many variables contributing to
AEILD mortality.

These findings have important service and education
implications. They emphasise the need for harmonised
diagnostic criteria and greater accessibility of HRCT in the
acutely unwell population, to ensure consistent identifica-
tion and management of AEILD events. If CT remains an
essential part of the diagnostic criteria, then low rates of
CT use also highlight an essential education need for the
non-respiratory physician who may see these patients in the
emergency or acute medical take setting. They also raise the
question of the possible need for a pragmatic, real-world
diagnostic algorithm to standardise care—but these findings
first need confirmation in a validatory cohort.

Palliative care input

Our study highlights a concerning underutilisation of
specialist palliative care services in a population with excep-
tionally high short and long-term mortality—greater than
many common cancers. Less than one in five patients experi-
encing an AEILD received inpatient specialist palliative care
reviews despite a 90-day mortality of just under 50%. There
have been several calls to improve access and use of pallia-
tive care services in ILD, with a growing understanding of
the unmet needs of this population.”™ But a lower referral
rate may reflect the clinical uncertainty ILD brings and the
lack of direct palliative recommendations in the context of a
respiratory decompensation or AEILD event.®” This reflects
the lack of evidence in this area, and much of what is avail-
able is of low quality to base recommendations on.” There is
a well-recognised international heterogeneity in approaches
to AEILDs, with 50%—-71% of specialist clinicians reporting
they routinely offer palliative care support in the context of
ILD."

In the UK, the National Institute for Clinical Excellence
care quality standard 5 for IPF states: “people with IPF and
their families and carers have access to services that meet their
palliative care needs”.”” The recent British Thoracic Society
ILD registry report summarising 2024 data demonstrates the
heterogeneity in meeting this care standard across UK hospi-
tals,” further supported by our findings. However, our study
may underappreciate the palliative care provided by respi-
ratory and general physicians. Our study recorded palliative
care input as a documented inpatient review by a palliative
care specialist only. More recent palliative-focused studies
have shown the merits of an MDT model to improve patient-
reported outcomes.™ Follow-up studies should acknowledge
palliative care input from the non-palliative specialist to

build a full picture of the palliative care approaches in ILD
admissions.

This current observed underutilisation of palliative
care highlights an area of education for the non-specialist.
Improved education and awareness of the poor prognosis,
alongside improved diagnostic confirmation, may help to
improve patient and carer access to the vital palliative and
supportive care services they need.

CONCLUSIONS

This retrospective study demonstrates high mortality in the
90 days following ILD-related inpatient admissions, espe-
cially in the context of AEILD. It demonstrates the real-world
application of the AEILD diagnostic criteria, highlighting
essential need for education among the non-ILD specialists
to improve rates of CT use and timely palliative care utilisa-
tion.
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