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ABSTRACT
Introduction Acute exacerbations (AEs) increase 
morbidity and mortality of patients with chronic 
pulmonary diseases. Little is known about the 
characteristics and impact of AEs on children’s interstitial 
lung disease (chILD).
Methods The Kids Lung Register collected data on AEs, 
the clinical course and quality of life (patient- reported 
outcomes - PRO) of rare paediatric lung diseases. 
Characteristics of AEs were obtained.
Results Data of 2822 AEs and 2887 register visits 
of 719 patients with chILD were recorded. AEs were 
characterised by increased levels of dyspnoea (74.1%), 
increased respiratory rate (58.6%) and increased oxygen 
demand (57.4%). Mostly, infections (94.4%) were 
suspected causing an AE. AEs between two register 
visits revealed a decline in predicted FEV1 (median 
−1.6%, IQR −8.0 to 3.9; p=0.001), predicted FVC 
(median −1.8%, IQR −7.5 to 3.9; p=0.004), chILD- 
specific questionnaire (median −1.3%, IQR −3.6 to 
4.5; p=0.034) and the physical health summary score 
(median −3.1%, IQR −15.6 to 4.3; p=0.005) compared 
with no AEs in between visits. During the median 
observational period of 2.5 years (IQR 1.2–4.6), 81 
patients died. For 49 of these patients (60.5%), mortality 
was associated with an AE.
Conclusion This is the first comprehensive study 
analysing the characteristics and impact on the clinical 
course of AEs in chILD. AEs have a significant and 
deleterious effect on the clinical course and health- 
related quality of life in chILD.

INTRODUCTION
Children's interstitial lung diseases (chILDs), also 
labelled as diffuse parenchymal lung diseases 
(DPLDs), cover many rare conditions that mainly 
affect the lung parenchyma, leading to impaired 
alveolar gas exchange. Common clinical features 
include tachypnoea, retractions, crackles, hypox-
aemia and failure to thrive.1 The diagnosis of chILD 
is based on clinical, radiological, histopathological 
and genetical findings.2 The current categorisation 
system distinguishes between the two groups ‘A—
DPLD disorders manifesting primary in infancy’ 
and ‘B—DPLD disorders occurring at all ages’. 

These are further subdivided into distinct categories 
and subcategories.1 3

Acute exacerbations (AEs) are critical events of 
chronic conditions and suspected to be associated 
with increased morbidity and mortality. As shown 
in diseases like asthma, cystic fibrosis (CF), non- CF 
bronchiectasis and primary ciliary dyskinesia, AEs 
have strong negative effects on disease progression 
and loss of pulmonary function.4–8 In CF, AEs link 
to increased mortality, higher healthcare costs and 
reduced quality of life.9–12

In adult patients with idiopathic pulmonary 
fibrosis (IPF), AEs are associated with significant 
morbidity and mortality.13–17 As important triggers 
mostly respiratory tract infections have been identi-
fied.18–20 The hypothesis of an underlying infection 
in adult IPF is supported by the fact that AEs occur 
more often during the cold season.21 There is a lack 
of evidence- based data on effective therapies for 
AEs in adult IPF, and recommendations are based 
on anecdotal reports.22 Often AEs are treated with 
antibiotics and glucocorticosteroids.23 24

For chILD, besides one study describing the char-
acteristics of AEs in two patients diagnosed with 
neuroendocrine cell hyperplasia of infancy,25 there 
are no studies published systematically assessing the 
characteristics of AEs. The management of AEs is 
mostly derived from other diseases.26 The purpose 
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of this study was to expand the current understanding of AEs in 
chILD and help to define outcome parameters for clinical inves-
tigations and research studies.

METHODS
Study design and population
The Kids Lung Register is a web- based management platform 
that collects data of rare paediatric lung disorders with a focus 
on chILDs (www.childeu.net).27 The diagnosis of chILD was 
confirmed or disproved in accordance with the clinical guide-
lines of the American Thoracic Society1 and European manage-
ment platform for interstitial lung diseases in children3 by a 
multidisciplinary peer review board, consisting of radiologists, 
pathologists and clinicians with expertise in chILD.27 The clin-
ical course of all patients included was prospectively and longi-
tudinally followed. During the first year, after inclusion into the 
register, visits were scheduled every 6 months, then annually.

Assessment and characteristics of AE
AEs were defined as major unpredictable deleterious episodes 
of the pulmonary condition. This definition was the result of a 
Delphi process during the European Register and Biobank on 
Children's Interstitial Lung Diseases (chILD- EU) project.26 At 
least two criteria of the ‘seven criteria’ were necessary to diagnose 
an AE. The seven criteria were (1) increased respiratory rate, (2) 
increase or development of dyspnoea, (3) newly developing or 
increased abnormalities on chest imaging, (4) onset/increase of 
oxygen demand to attain the individual baseline saturation, (5) 
need for an additional level of ventilatory support, (6) decrease 
in pulmonary function in children able to perform the tests and 
(7) reduced exercise tolerance. Patients experiencing an AE were 
asked to contact their physicians at that time for confirmation. 
If needed, treatment was initiated by the treating physician. The 
characteristics of the AE were recorded for each of these events 
in a standardised form (online supplemental figure 1). At the 
next clinical visit, the duration of the AEs was determined and 
noted. These information were entered into the database at the 
next scheduled register visit. In addition to the seven criteria, 
the following information was collected: hospitalisation, new 
feeding problems, new failure to thrive/weight loss and change 
in treatment prior to AE. At least one suspected cause was asked 
to be listed: infection, prior change of treatment, exposure to 
environmental irritant, extrapulmonary process, changes of 
treatment prior to worsening, poor treatment adherence, side 
effects of current medication and psychological factors.

Data on the clinical course
At every register visit, the severity of illness was assessed and 
categorised using the adapted Fan severity score: (1) asymptom-
atic; (2) symptomatic, normal room air oxygen saturation under 
all conditions; (3) symptomatic, normal resting room air satu-
ration, but abnormal saturation (<90%) with sleep or exercise; 
(4) symptomatic, abnormal resting room air saturation (<90%); 
and (5) symptomatic with pulmonary hypertension.28 29 Further-
more, patients older than 5 years were supposed to perform 
pulmonary function tests (PFTs). Forced expiratory volume in 1 
s (FEV1) and forced vital capacity (FVC) were recorded as abso-
lute values and as percent predicted using values tabulated by 
Quanjer et al.30 Also, health- related quality of life (HrQoL) was 
assessed. Caregivers filled validated patient- reported outcomes 
(PROs; chILD–quality of life for paediatric patients with intersti-
tial lung diseases) at each register visits.31 The following HrQoL 
subscales were assessed: chILD- specific questionnaire, physical 

health summary score, psychosocial health summary score and 
total score. The possible range of each score was between 0% 
and 100%. To assess the impact of AEs on the clinical course, 
the absolute changes in PFT and HrQoL between two register 
visits were calculated.

Statistics
The statistical evaluation of the data was done with SPSS soft-
ware for statistical analyses V.26.0 and GraphPad Prism V.8.4.3. 
For all data median and IQR, for integers, like the Fan severity 
score, additionally the mean was calculated. Differences between 
two groups were calculated using Mann- Whitney U test for 
independent samples. For the comparison of more than two 
groups, Kruskal- Wallis test was used. Bivariate correlations were 
calculated using Spearman’s rho correlation coefficient. It is 
a statistical measure of the strength of a relationship between 
two variables. Analysis of variance was performed if data were 
normally distributed and the variances among the groups were 
approximately equal. To identify possible confounders of the 
dataset, linear regression models were run. The level for statis-
tical significance was set at 0.05.

RESULTS
Study population
When this interim analysis was conducted in early 2021, 2887 
register visits from 719 children with information about AEs 
were entered into the Kids Lung register (figure 1). In 956 
register visits, 1 or more AEs and in 1931, no AEs between 
two register visits were recorded. The median age at inclusion 

Figure 1 Flowchart of register visits, included patients, characteristics 
of reported AES, data on the clinical course and health- related quality of 
life. AE, acute exacerbation.
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into the register was 3.2 years (IQR 0.64–9.8) and the median 
follow- up time was 2.5 years (IQR 1.2–4.6). The median time 
between AE and register visit was 11.5 weeks (IQR 7.5–22.9).

Characteristics of AEs
Characteristics of the study population are shown in table 1; 
characteristics of AE in online supplemental table 1. Most AEs 
lasted 2–3 weeks (40.3%) or longer (33.3%). In over half of the 
children, increased levels of dyspnoea (74.1%), increased respi-
ratory rate (58.6%) and increased oxygen demand (57.4%) and, 
in almost one- third, reduced exercise tolerance (31.3%) were 
reported (figure 2A). Mostly, infections (94.4%) were suspected 
as AE cause. Only a minor proportion reported prior change of 
treatment (7.1%), exposure to environmental irritant (3.3%) or 
related extrapulmonary process (0.4%) as trigger (figure 2A–C). 
Most AEs were reported from September to March (figure 2D). 
If treatment was initiated, most patients received β-lactam anti-
biotics (53.8%), systemic glucocorticosteroids (25.3%), inhaled 
bronchodilators (24.2%) or macrolides (19.2%) (figure 2E). 
As multiple selection was possible, the numbers do not sum 
up to 100%. Over one- third of the children were admitted to 
the hospital (36.6%). Children admitted to the hospital were 

significantly younger (2.0 years, IQR 0.8–12.2) than patients with 
no hospital admission (10.2 years, IQR 7.8–12.6) (p<0.0001).

Data on clinical course
A total of 2810 assessments of the Fan severity score, 987 PFTs 
and 1041 filled PROs were included in this analysis (online 
supplemental table 3 and figure 3A–C). Following one or more 
AEs, we found a significant decline of predicted FEV1 (median 
−1.6%, IQR −8.0 to 3.9; p=0.001), predicted FVC (median 
−1.8%, IQR −7.5 to 3.9; p=0.004), chILD- specific question-
naire (median decline −1.3%, IQR −13.6 to 4.5; p=0.034) and 
physical health summary score (median −3.1%, IQR −15.6 to 
4.3; p=0.005) compared with no AEs in between register visits. 
The median change in Fan severity score showed no difference 
following one or more AEs between two study visits, although 
statistically different (median 0, IQR −1 to 0, mean .11; 
p<0.0001). No differences were found for psychosocial health 
summary score (p=0.190) and total score (p=0.074). A lower 
baseline PFT was associated with a greater decline following 
an AE (predicted FEV1 r=0.185, p<0.0001; predicted FVC 
r=0.133, p<0.0001). Baseline values of clinical assessment, 
PFTs and PROs are listed in online supplemental table 5. The 
disease category, the country in which the patients were treated, 

Table 1 Characteristics of patients (N=719) included in this study

Diagnosis

  A1: DPLD—diffuse developmental disorders 27 (3.8%)

  A2: DPLD—growth abnormalities deficient alveolarisation 50 (7.0%)

  A3: DPLD—infant conditions of undefined aetiology 133 (18.5%)

  A4: DPLD—related to alveolar surfactant region 172 (23.9%)

  Ax: DPLD—unclear RDS in the mature neonate 13 (1.8%)

  Ay: DPLD—unclear RDS in the almost mature neonate 14 (1.9%)

  B1: DPLD—related to systemic disease processes 81 (11.3%)

  B2: DPLD—in the presumed immune intact host related to exposures 96 (13.4%)

  B3: DPLD—in the immunocompromised host or transplanted 40 (5.6%)

  B4: DPLD—related to lung vessels’ structural processes 59 (8.2%)

  B5: DPLD—related to reactive lymphoid lesions 6 (.8%)

  Bx: DPLD—unclear respiratory distress syndrome in the non- neonate 20 (2.8%)

  By: DPLD—unclear non- neonate 8 (1.1%)

Gender

  Male 380 (52.9%)

  Female 339 (47.1%)

Country the patient was treated

  Germany 386 (53.7%)

  UK 90 (12.5)

  Turkey 66 (9.2%)

  Poland 41 (5.7%)

  Italy 25 (3.5)

  Other* 111 (15.4%)

Gestational age

  Mature (≥37 wga) 534 (74.3%)

  Almost mature (32–36 wga) 100 (13.9%)

  Immature (≤31 wga) 54 (7.5%)

  Unknown 31 (4.3%)

*Switzerland, 21 (2.9%); Denmark, 16 (2.2%); Spain, 16 (2.2%); Belgium, 12 (1.7%); Austria, 
9 (1.3%); Greece, 8 (1.1%); Hungary, 7 (1.0%); Portugal, 5 (0.7%); Czech Republic, 4 (0.6%); 
Netherlands, 4 (0.6%); South Africa, 3 (0.4%); Brazil, 2 (0.3%); Croatia, 1 (0.1%); Israel, 1 
(0.1%); Luxembourg, 1 (0.1%); and Romania, 1 (0.1%).
DPLD, diffuse parenchymal lung disease.

Figure 2 Characteristics of reported AEs: (A) frequency of signs 
and symptoms (‘seven criteria’) (n=2822), (B) associated features 
(‘additional criteria’) (n=882), (C) suspected cause of AEs (n=898), 
(D) distribution over the year (n=1252) and (E) initiated therapy 
(n=182). AE, acute exacerbation.
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sex, gestational age or previous hospitalisation had no impact 
on the decline in PFT or HrQoL (online supplemental table 6).

Mortality
During the observational period, 81 patients died. Among these 
patients, sex was equally distributed (male 40 patients, 49.4%; 
female 41 patients, 50.1%). Death mostly occurred in children 
younger than 1 year (45 patients, 55.6%) and over 13 years (12 
patients, 14.8%) (online supplemental table 2). For 49 children 
(60.5%), death was associated with an AE: pulmonary deterioration 
or infection (45 patients, 55.5%) and pulmonary hypertensive crisis 
(4 patients, 4.9%). A non- pulmonary cause (10 patients, 12.3%) or 
unknown reasons (22 patients, 27.1%) were reported less often. 
Over- represented were patients diagnosed with A1: DPLD—diffuse 
developmental disorders (11 patients, 13.6%) and A4: DPLD—
related to alveolar surfactant region (29 patients, 35.8%), whereas 
only one patient (1.2%) diagnosed with A3: DPLD—infant condi-
tions of undefined aetiology died. Linear regression did not show 
an association of decline in PFT and HrQoL between these individ-
uals before death and the rest of the cohort.

DISCUSSION
This is the first comprehensive study analysing characteristics of 
AEs and the impact on the clinical course in chILD. Our results 
show that AEs were mostly triggered by respiratory tract infec-
tion (94.4%) causing increased levels of dyspnoea (74.1%) and 
an increased respiratory rate (58.6%). Other causes for AEs, like 

change of treatment (5.1%) or prior exposure to environmental 
irritants (3.3%), played only a minor role. The high hospitalisa-
tion rate (36.6%) and increased oxygen demand (57.4%) are of 
interest. However, the duration of a hospital admission is diffi-
cult to interpret. Differences in resource and patient manage-
ment practices across different study centres might contribute 
more than the severity of the disease. During the observational 
period, 81 of the patients died. In these patients, mortality was 
associated with an AE in 60.4% of the cases.

Following an AE, the pulmonary function did not fully recover 
but revealed a decline in predicted FEV1 and FVC, which was 
more pronounced in children with an impaired baseline PFT. 
Due to the duration of almost 3 months between AE and register 
visit, this decline might be not only temporary but also persistent 
because children who do not recover after this time may be at 
risk of never regaining. The failure to recover to previous levels 
of pulmonary function has also been reported in CF.6 12 32 33 The 
exact reason has not been fully understood. It is unclear to what 
degree an AE and a chronic decline in pulmonary function indi-
vidually contribute to pulmonary morbidity. Data on the natural 
clinical course of chILD are limited and need further investiga-
tion. Of note, the proportion of children performing spirometry 
following an AE was lower compared with children with no AE 
between register visits. There might be a selection bias, as it may 
be speculated, that children with a very severe clinical course are 
less able to perform an acceptable PFT manoeuvre and therefore 
were excluded from this analysis.

We did not observe a clinically relevant change in Fan severity 
score following one or more AEs between two study visits; the 
median change was 0 and the mean change was 0.11. The signifi-
cant p value calculated was most likely driven by the large number 
of included data points. However, AEs had a lasting effect on the 
HrQoL as we found a decline of scores for chILD- specific question-
naire and physical health summary score. As a multidimensional 
construct assessing different components of well- being,34 PROs 
can provide a more comprehensive description of the medical 
condition than reporting symptoms35 and are frequently used for 
screening and monitoring of the subjective health status as well as 
outcome parameters in clinical trials.31 Infants are mostly at risk of 
AEs and monitoring disease progression is particularly important. 
As infant PFTs are commonly not available,36 37 PROs can provide 
a comprehensive description of the impact of the medical condi-
tion on the life of children.35 Of note, for chILD, the threshold 
for the minimal important difference (MID) is unknown. The MID 
provides the smallest change in the quality of life that patients 
perceive as important, either beneficial or harmful.38

Similar to the findings in adult ILD, respiratory tract infections 
were identified as most prominent triggers18–20 and occurred 
more often during the cold season,21 but seasonal information 
was restricted to a smaller group. As data are missing, we cannot 
prove that these data represent the same information. However, 
we do not think that there is a strong evidence for a bias as the 
included data provide a conclusive picture that AEs are mostly 
triggered by infections as the number of AEs were declining 
during warmer and increasing during colder months.

Preventing infections might reduce morbidity and mortality 
in chILD. Some study centres use passive immunisations against 
the human respiratory syncytial virus during the cold season for 
patients diagnosed with chILD. Furthermore, the use of face 
masks was highly effective, reducing respiratory tract infections 
during the COVID- 19 pandemic.39 There is a need to investi-
gate systematically what preventive measures are beneficial in 
these patients. In chILD, there are no standardised and prospec-
tively evaluated treatments of AE yet and a broad variety of 

Figure 3 Absolute change in (A) Fan severity score (n=2810), 
(B) pulmonary function tests (n=987) and (C) patient- reported outcomes 
(n=1041) between two register visits without (white box) and with 
(grey box) acute exacerbations in between. The boxes represent 50% of 
patients. The end of the boxes are 25th and 75th quartile. The horizontal 
line within the box represents the median. The whiskers expend to the 
minimum and maximum. Black dots represent individual data points. 
chILD, children’s interstitial lung disease; FEV1, forced expiratory volume 
in 1 s; FVC, forced vital capacity; HrQoL, health- related quality of life.
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interventions was initiated following an AE. Antibiotic treatment 
might be helpful in preventing further deteriorations related to 
bacterial superinfections. However, the use of glucocorticoste-
roids to modify disease progression is of interest and question-
able in the face of the experience in adults with IPF.40 As we do 
not know any long- term consequences, the benefit of different 
treatment regimens urgently need to be analysed in prospective 
controlled trials. Our data did not show a correlation between 
hospitalisation rate and decline in PFT or HrQoL, but children 
admitted were significantly younger. Infants might be admitted 
to hospital more liberally for surveillance because of the younger 
age and not merely due to the severity of the AE.

There are several limitations to consider in interpreting our 
findings. This is not a population- based study. Some AEs could be 
missed and not recorded. Furthermore, severe AEs could be over- 
represented, as mild events might not be reported to the treating 
physicians and thus completely excluded from the analysis. More-
over, we did not systematically assess if the physicians confirmed 
AEs following a clinical visit, a telephone- based review or even 
retrospectively at the next clinical visit. Also, when interpreting 
the duration of AEs, one has to be careful as the physician’s judge-
ment might vary. The cause of an AE was defined by the physician 
treating the patient and proof of a causative agent (eg, positive swab 
test) was not mandatory. Other causes for dyspnoea (eg, aspira-
tions) could have caused an AE and are difficult to diagnose. Lastly, 
for this exploratory analysis, many comparisons were made without 
adjustment for multiple testing.

In conclusion, this is the first study to define characteristics of 
AEs in a large cohort of patients with chILD. AEs are related to 
mortality or have a significant and deleterious effect on the clinical 
course and HrQoL in chILD. Prospective studies identifying chil-
dren at risk of AEs and developing standardised treatment interven-
tions are urgently needed to reduce mortality and morbidity and to 
improve the clinical course following AEs in chILD.
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