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The study provides the first proposal for acute exacerbation definition in paediatric interstitial
lung diseases http://ow.ly/emPs305mpJ6

Interstitial lung disease (ILD) in children (chILD) is an umbrella term for a wide spectrum of rare diseases
affecting the lung parenchyma, the causes of which often remain undetermined. These diffuse lung
disorders are chronic, and often have high morbidity and mortality [1–3]. The epidemiology of the various
forms of chILD is difficult to establish. Extrapolations from small studies have suggested an approximate
incidence of 0.5–0.8 cases per 100000 children [4, 5] However, this is certainly an underestimation due to
the lack of standardised definitions, the inadequacy of organised reporting systems, and the variety of
pathological conditions. In addition, clinical presentation is often nonspecific, contributing to a poor
recognition of these disorders and confusion with other chronic pulmonary diseases. Insufficient
disease-specific knowledge creates particular challenges for medical professionals, caregivers and chILD
patients. Within the international community of clinicians and researchers involved in paediatric
parenchymal lung diseases, the need for multicentre collaborations has resulted in the formation of
networks of expertise to improve and harmonise approaches to diagnosis and management of the various
forms of chILD. In this context, the present article reports expert opinions on the definition and diagnosis
of acute exacerbations, which are major unpredictable deleterious episodes of acute worsening with
significant morbidity that punctuate disease course.
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Current challenges in chILD management
The diagnosis of chILD is based on presenting history and clinical, radiological and functional
abnormalities. Common features include dyspnoea, presence of diffuse infiltrates on chest imaging, and
abnormal pulmonary function tests with evidence of a restrictive ventilatory defect (in older children) and/
or impaired gas exchange. It is now well recognised that the spectrum of disease expression and
presentation is very heterogeneous. This is explained by the large variety of underlying causes, which are
also influenced by the developmental processes of lung growth and maturation. As a consequence, no
chILD classification schemes are entirely satisfactory at the present time. In this context of complexity and
limited medical expertise, progress in improving chILD recognition and care remains slow [6].

Among the difficulties encountered in the various forms of chILD are the recognition and management of
acute exacerbations. In all ILDs, acute exacerbations are probable critical events in the course of the
disease and are associated with increased morbidity and mortality. The aetiology of acute exacerbations
remains largely debated. The current understanding is that acute exacerbation represents an acceleration of
the underlying pathological processes that may be precipitated by external triggers. Prospective studies are
mandatory to elucidate causes. Therefore, we need a definition of acute exacerbations in order to ensure
appropriate management and to define outcome parameters for clinical trials and other research studies.

A major difficulty is the lack of studies on acute exacerbations in chILD, so that working proposals have to
be derived from other lung disease sources. In asthma, cystic fibrosis (CF), non-CF bronchiectasis and
primary ciliary dyskinesia, acute exacerbations have sustained effects on disease progression and loss of
lung function [7–12]. As such, they are increasingly being used as an endpoint in clinical trials. Therefore,
the purpose of this article is to provide an update on the current understanding of acute exacerbations in
children with various forms of ILD, and to propose acute exacerbation diagnostic criteria to improve
patient management and to help define outcome parameters or clinical trials and other research studies.
The work was conducted within the framework of the FP7 chILD-EU programme. It included a panel of
experts in the field who provided recommendations based on opinion and knowledge. The project, which
was launched in August 2015, was a combination of a critical literature review, online web-based surveys
and face-to-face interactions, with the aim of obtaining a broad span of opinions and a comparison of
experiences across clinicians from different countries [13]. We propose a minimal standard of acute
exacerbation recognition that reflects current practice, but which has to be interpreted in the context of a
limited amount of evidence. Finally, it is clear that further prospective studies are needed to develop more
accurate indicators of acute exacerbations in chILD.

Proposal for acute exacerbation definition
The proposals for chILD acute exacerbation definition were first derived from a literature review focused
on ILD. In adult patients with ILD and idiopathic pulmonary fibrosis (IPF), the first proposal was an
acute clinically significant deterioration of unidentifiable cause in patients with underlying pulmonary
fibrosis [14, 15]. This clinical worsening could be related to an acceleration of the primary disease process
and/or a consequence of occult complications such as infection or aspiration [16–21]. Even in adults, there
are ongoing debates about AE definitions. Of importance, the prognosis of acute respiratory worsening in
IPF was the same whether it was idiopathic or caused by identifiable triggers [22]. Therefore, acute
exacerbations may be a deleterious event that accelerates parenchymal damage regardless of its cause.
Consequently, the international working group on acute exacerbation in IPF recently defined acute
exacerbations as an acute, clinically significant, respiratory deterioration characterised by evidence of new
widespread alveolar abnormalities [23]. A categorisation of acute exacerbation based on the presence or
absence of triggers was also proposed in IPF. The chILD expert panel rejected the distinction between
idiopathic and secondary causes of acute exacerbation, largely because of the difficulty in determining
causation [24]. In adults, most acute exacerbation studies are performed in IPF, which is a subgroup of
ILD. However, all ILDs affect the lung parenchymal structure and homeostasis. Therefore, although
extrapolation from IPF to other ILDs including chILD is undesirable, it is unavoidable given the lack of
other good quality evidence, and we accepted this position. Consequently, the final chILD acute
exacerbation definition was a significant worsening of the patient’s respiratory condition that necessitates a
change in regular management.

Proposal for acute exacerbation diagnosis criteria
Overview of acute exacerbation criteria selection process
The list of acute exacerbation diagnostic criteria that was first proposed by the expert panel was derived
from studies performed in multiple lung diseases and patient groups. From the literature analysis, a list of
possible criteria was established by identifying any items that could reflect a deterioration in the patient’s
condition. The severity of the worsening is a key parameter to take into account. However, no valid
severity scores have been proposed so far. Consequently, the items were analysed and discussed
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independently, leading to a proposal of an initial list of 10 criteria. Next, these criteria were discussed in
the context of the various clinical conditions, producing a final list of seven criteria (table 1). The duration
of the deterioration before diagnosis of acute exacerbation was extensively debated. It was acknowledged
that it depends on the severity of the changes. The final proposal was that an acute exacerbation would be
expected to be diagnosed within 4 weeks of the changes first appearing. Lastly, most of the experts agreed
that at least two criteria were needed to diagnose a chILD acute exacerbation.

Clinical criteria and expert opinion
Due to the rarity and heterogeneity of chILD, and the need for an all-age definition, the two initially
proposed criteria that focused on nutrition could not be retained: unexplained feeding problems (after
exclusion of other causes); and unexplained failure to thrive/weight loss (after exclusion of other causes).
Indeed, there were concerns about the list of investigations that may be required in practice, the duration
of nutritional difficulties to be considered, their severity, and their relevance in young or older children.

During the discussions, a consensus evolved about tachypnoea and dyspnoea. Measurement of respiratory
rate is critical and, although the recommended method is to count the number of breaths in 1 min, the
techniques used in clinical practice are highly variable [25]. The expert panel acknowledged the absence of
standard protocols across different hospital settings, as well as the difficulties in getting accurate results.
They also discussed what a clinically significant alteration is in respiratory rate, considering that agreed
levels are mandatory for clinical studies, especially for interventional trials. Finally, it was proposed that a
⩾20% sustained increase in respiratory rate from baseline values was clinically significant [11, 13, 26, 27].
This arbitrary proposal needs to be further evaluated in prospective studies. For the dyspnoea criterion,
discussions were focused on evaluation of its severity. The sensation of difficult or uncomfortable
breathing is a subjective experience perceived and reported by the patient and/or the family for young
children. As there are no validated scoring instruments currently available in the paediatric population, no
consensus could be reached.

Functional criteria and expert opinion
The criteria on oxygen desaturation and oxygen demand were initially proposed based on reports of other
lung diseases. In most situations, however, blood oxygenation is evaluated by pulse oximetry which
provides an estimation of arterial oxygen saturation (SaO2). SaO2 results have difficulties in interpretation,
as SaO2 can fluctuate spontaneously over time and can be influenced by many factors such as motion
artifacts, poor perfusion, patient age and technical bias [28, 29]. At the present time, no recommendations
on SaO2 thresholds for evaluating and monitoring children are available. In this context, the final proposal
was to follow the decision of the referring physician to adjust oxygen therapy based on patient condition
and the degree of desaturation. Consequently, the final wording was: onset and/or increase of oxygen
demand to attain baseline saturation. The usefulness of adding functional tests to the list of criteria was

TABLE 1 Acute exacerbation criteria in interstitial lung disease in children (chILD): initial and final list

Initial list of acute exacerbation criteria Final list of acute exacerbation criteria

1. Increase in respiratory rate 1. Increase in respiratory rate ⩾20% from baseline
2. Increase or development in/of dyspnoea 2. Increase or development in/of dyspnoea
3. Newly developing abnormalities on chest imaging 3. Newly developing or increased abnormalities on chest imaging
4. Unexplained feeding problems (after exclusion of other

causes)
4. Onset/increase of/in oxygen demand to attain the individual baseline

saturation (at rest and/or during exercise)
5. Unexplained failure to thrive/weight loss (after exclusion

of other causes)
5. Need for an additional level of ventilatory support (in addition to oxygen)

6. Newly documented oxygen desaturation (<93%) at rest
and/or during exercise

6. Decrease in spirometry in children able to perform the tests (⩾10%
from baseline for vital capacity)

7. Onset/increase of oxygen demand to attain the individual
baseline saturation

7. Reduced exercise tolerance in children able to perform the test#

8. Need for an additional level of ventilatory support
9. Decrease in lung function in children able to perform

the tests
10. Reduced exercise tolerance in children able to perform

the test#

A panel of chILD experts was asked to provide a consensus proposal on acute exacerbation diagnosis criteria using a combination of critical
literature review, online web-based surveys and face-to-face interactions. Participants rated the relevance and likelihood of use of the proposed
criteria. The initial list included 10 acute exacerbation criteria. The final list retained seven acute exacerbation criteria. #: includes desaturation.
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debated. The conclusion was that they could provide important information. However, lung function
assessment, especially in young children, may not be available or performed to international standards in
all paediatric respiratory units [30]. The final decision was to include physiological tests in the list of acute
exacerbation diagnostic criteria, restricted to those patients able to perform spirometry tests adequately.
The level of alteration in respiratory rate was debated. Finally, it was proposed that a ⩾10% decrease in
vital capacity from baseline values was significant [11, 13, 26, 27].

Radiological criterion and expert opinion
Chest imaging was also extensively discussed. All agreed that radiological worsening as a sign of
deterioration merited consideration. However, chILD is heterogeneous and radiological changes in acute
exacerbation may be disparate. In addition, radiological changes may not be adequately documented on
chest radiographs and may require serial high-resolution computed tomography. Ultimately, since in acute
exacerbations in adult IPF radiological changes were considered critical [23], in keeping with the
importance of harmonisation across the adults and children when possible, the expert decision was to keep
this criterion in the final list.

Conclusions and perspectives
Development and validation of clinical tools to assess disease progression and treatment response are
critical in chILD [6, 13, 31]. We propose a definition of acute exacerbations and select a set of diagnostic
criteria, based on expert knowledge. This empirical approach only provides guidance in a rare and complex
respiratory field. It is a first step that establishes a framework for the prospective studies needed to evaluate
the current acute exacerbation definition, to validate or otherwise the criteria (especially considering the
variability of some of the listed parameters), to document the prevalence of acute exacerbations in the
various forms of chILD, to harmonise the search for specific triggers (e.g. infection and aspiration), and to
determine management protocols for which the collaboration between the international chILD community
and the patients and their families is mandatory.
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