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ABSTRACT

Childhood interstitial lung disease (chILD) is a non-specific umbrella term encompassing a
broad spectrum of over 200 rare respiratory pediatric disorders. These disorders mainly affect
the lung parenchyma leading to impaired alveolar gas exchange. The clinical presentation is
usually non-specific. Most commonly, patients present with tachy-/dyspnea, crackles,
hypoxemia, and dry cough. Clinicians should be familiar with these disorders as they are
associated with high morbidity, mortality and healthcare resource utilization as well as medical
costs. Different diagnostic tools are available, while treatment options are limited. Growing
data and knowledge of pathogenetic genetic variants as well as pathophysiological models

increase therapeutic options for personalized treatments in chILD.

INTRODUCTION

Childhood interstitial lung disease (chILD) is a non-specific umbrella term encompassing a

broad spectrum of over 200 separate respiratory disorders (1). The aim of this review is to give
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an overview about chILD to help clinicians in their diagnostic approach and guide treatment

decisions.

What is chILD?

The acronym chILD encompasses a broad group of rare respiratory diseases that are usually
separated from other diseases including airway disorders, pleural disorders, neoplasm, and
gross structural abnormalities (Table 1). In childhood, the term “interstitial lung disease” may
be misleading as not only the interstitial space, but also the surfactant homeostasis, capillary
network, lymphatic vessels, terminal bronchioles, neuroendocrine cells and alveoli may be

affected (Figure 1).

Therefore, other generic terms including diffuse parenchymal lung disease (DPLD), childhood
diffuse interstitial lung disease, children’s interstitial lung disease, interstitial lung disease in
infancy, children’s interstitial and diffuse lung disease, or chronic interstitial lung disease in
children have been introduced. In affected children, efficient gas exchange is impaired, but the
clinical presentation is non-specific (Figure 2). The earliest clinical presentation is unexplained
respiratory distress after birth. Further clinical features include tachy-/dyspnea, (dry) cough,
hypoxemia, fine crackles (crepitations), wheezing, hemoptysis, exercise intolerance, digital
clubbing, subcostal retractions, chest wall deformities (i.e., pectus excavatum, pectus
carinatum), pulmonary hypertension and failure to thrive/ weight loss (2, 3). None of these
clinical symptoms are specific to chiLD, and there is a broad overlap to the clinical presentation
of children with other respiratory conditions. Before suspecting chlLD, a variety of diagnoses
need to be excluded (pulmonary infections with different pathogenic agents, cystic fibrosis,
primary ciliary dyskinesia, congenital or acquired immunodeficiencies, recurrent aspirations,
structural airway abnormalities, sleep disorder breathing or bronchopulmonary dysplasia).
Importantly, also congenital heart defects may mimic chlLD (4). The interest in chiLD has
increased in recent years (Figure 3), leading to the development of large national and

international registries, including chIiLD-EU in Europe (www.childeu.net), RespiRare in France
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(www.respifil.fr), The Children’s Interstitial and Diffuse Lung Disease Research Network
(ChILDRN) in the USA (www.child-foundation.org), and chILDRN in Australia and New

Zealand (www.lungfoundation.com.au).

Why is chILD important?

For chILD, the overall mortality is suspected to be around 15%, with deaths within the first six
months of life being most common (5, 6). A recent study analyzed health-care resource
utilization and costs for chiLD across different European countries. Patients at young age
presented with extraordinarily high healthcare costs, which were mostly caused by high
hospitalization rates (7). Also, health-related quality of life (HrQoL) is significantly impaired in
chILD compared to healthy children (8, 9). Further studies are needed to assess how these

factors can be influenced and HrQoL improved.

Why is it hard to diagnose chILD?

As chlILD is rare, most pediatric pneumologists will only see a few cases in their working life.
Prevalence rates of chILD have been reported to be between 3.6 and 46.5/1,000,000 in United
Kingdom/lreland (10) and Spain, respectively (11). The annual incidence rates have been
calculated to be 1.3/1,000,000 in Germany (5), 3.1/1,000,000 in Denmark (12) and
8.2/1,000,000 in Spain (11). In contrast to that, interstitial lung diseases in adults are more
common, less diverse, have been studied more intensively and are therefore better
understood than chILD (Figure 3) (13, 14). Over ten different classifications for chlLD have
been proposed (1). Most classifications are based upon histopathology entities, which has
limitations particularly in relation to histopathological findings are overlapping with entities
caused by gene mutations (3). The ability of clinicians to categorize a working diagnosis in the
most commonly used classification system (15, 16) needs structured training for correct
disease allocation (17). The most recently proposed classification offers an easy memorable,
etiologic based system (1). Disorders are divided into four different categories: (1) lung only

(native parenchymal) disorders, (2) systemic disease related disorders, (3) exposure related
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disorders and (4) vascular disorders. Specifiers and subcategories allow to describe the
different disease characteristics (Table 1). The etiologic approach helps harmonizing the
pediatric and adult classification, and lumps disorders with similar diagnostic and therapeutic

principals.

What are the diagnostic tools for chILD?

For children with suspected chlILD, it is recommended determining a specific chiLD diagnosis

to enhance clinical decision making regarding specific treatment options.

Imaging

For patients with suspected child, high-resolution computed tomography (HR-CT) scans of the
chest are the first-line investigation (4, 18, 19). The most common findings associated with
chiLD are noduli, ground-glass opacities (GGO), consolidation, septal thickening
hyperinflation, air trapping, (traction-) bronchiectasis, or mosaic perfusion. Of note, protocols
for optimization of image quality are crucial as approximately 30% of external recordings from
the Kids Lung Registry were of poor image quality (20). When describing HR-CT scanning
results, it is recommended to use terms in accordance with the glossary of terms for thoracic
imaging as suggested by the Fleischner Society (21, 22). In chILD, the presence and absence
of specific HR-CT findings may lead to a specific pattern, e.g., ‘Neuroendocrine hyperplasia of
infancy/NEHI-Pattern’ (GGO located in the middle lobe, lingula, and the parahilar/
paramediastinal distribution without other major abnormalities (23, 24), ‘crazy paving pattern’
(GGO in concert with septal thickening), and ‘Fibrosis’ (reticular opacities, traction
bronchiectasis, architectural distortion, honeycombing, cystic lucency) (25). In most cases,
however, the picture remains non-specific. Thus, HR-CT scanning results are helpful to
diagnose chlILD, but mostly unsuitable for identifying a specific etiology (19). Data on magnetic
resonance imaging (MRI) findings in chlLD, however, are scarce. MRI has been reported to
detect consolidation as well as interstitial thickening, while septal thickening, GGO, nodules

and cystic lesions might be missed (26, 27). Until more studies on the interpretation of lung



MRI scanning results are available, the clinical utility of MRI remains limited. At initial
evaluation, MRI studies may be performed as add-on to HR-CT scanning, whereas it is more
commonly used for follow-up evaluation. Lung ultrasound may be a promising diagnostic tool
as a recent controlled prospective study performed in children with the specific chIiLD
diagnosis (persistent tachypnea of infancy (PTI)/neuroendocrine hyperplasia of infancy

(NEHI)) demonstrated a close correlation between the presence and features of B-lines (28).

Bronchoscopy

Bronchoscopy including bronchoalveolar lavage (BAL) is mostly performed to exclude
pulmonary infections or other diagnoses, like structural airway abnormalities or recurrent
aspirations. Findings leading to a specific chilLD diagnosis are rare but are known to be
reported in pulmonary hemorrhage syndromes, pulmonary alveolar proteinosis, eosinophilic

lung disease, and hypersensitivity pneumonitis (3).

Histopathology

The analysis of lung tissue is reported to be the gold standard to establish a specific chILD
diagnosis (17, 29). Lung tissue can be obtained via open, video-assisted thoracic surgery or
less invasive cryobiopsies, the latter being a rather new diagnostic tool available for children.
Two recent studies investigating cryobiopsies in children reported that the intervention was
safe while maintaining high diagnostic yield (30, 31). Of note, transbronchial biopsies are not
recommended to perform because the samples are usually too small not containing a sufficient
guantity of lung parenchyma to analyze. The current Standard Operating Procedure of the
chILD EU register recommend the biopsy to be performed prior to commencing treatment, to
be performed in centers with expertise in processing the biopsy. Also, the sample should yield
at least 20 x 15 x 10 mm, while the tip of the lobes should be avoided. Electron microscopy is
important for the diagnosis of some conditions and therefore to be collected (32). The lung

tissue should be evaluated by a pathologist specialized in chiLD.



Genetics

Due to recent developments in capability, processing time and fees, testing for pathogenic
genetic variants has become increasingly important. Genetic analysis is recommended for all
pediatric patients with chlLD as specialized treatment is available for certain diseases.
Although disease-causing mutations are considered common in chiILD, currently pathogenic
variants were identified in only 20% of patients with chILD (17). Most genetic centers offer
gene panels or whole exome sequencing to scan for the most common pathogenic variants.
For correct interpretation of testing results, the analysis should be carried out by specialized

genetics centers.

Multi-disciplinary team

In contrast to children, when diagnosing adult interstitial lung diseases, multi-disciplinary
teams (MDTSs) are standard for some time (33). Comprehensive consideration of all available
data concludes with the most precise diagnosis (34). Before coming up with a final working
diagnosis, the goal is to ensure adherence to diagnostic standards and exclusion of differential
diagnoses. The chlLD EU register implemented an expert board for peer-review respiratory
pediatricians, pediatric radiologists, geneticists and pathologists (17). Of note, even with
intensive investigations and a thorough evaluation, in 10-30% of cases no specific diagnosis

was found (35).

What are the treatment options for chlLD?

There is no specific therapy that is approved for chlILD, yet (36). The clinical care of patients
with chlILD is mainly based on supportive measures including supplemental oxygen/ invasive
or non-invasive ventilation, specific nutritional support and respiratory physiotherapy (3, 4).
Respiratory infections are the main driver of acute pulmonary exacerbation in chiLD and lead
to increased morbidity/mortality, persistent lung function decline and impaired HrQoL (37).

However, there are no studies that systematically investigate what preventive measures in



chILD are beneficial. Pharmacological treatment for chiLD is mainly based on anecdotal

evidence and small case collections. Most commonly used are glucocorticosteroids,
hydroxychloroquine, and azithromycin, of which only the clinical effect of hydroxychloroquine
has been systematically evaluated (38). While including only a small study population, one
double-blind, randomized, placebo-controlled trial showed no efficacy of the treatment besides
being well tolerated (39). Another double-blind, randomized, placebo-controlled trial in patients
with chILD and fibrosis on chest HR-CT reported an acceptable safety and tolerability for the
antifibrotic drug nintedanib (40). There were no statistical differences between the placebo
and nintedanib group on pulmonary function testing results or peripheral oxygen saturation at

rest, although the study was not powered to assess efficacy.

Pulmonary alveolar proteinosis (PAP) is a specific chILD diagnosis that is associated with
impaired removal of surfactant (41) due to a variety of different underlying mechanisms
including genetic defects in the surfactant metabolism, impaired function as well as reduction
of alveolar macrophages or autoantibodies that block GM-CSF signaling (42-44). Whole lung
lavage (WLL) is the standard treatment for PAP feasible for stabilizing the clinical condition
until a specific treatment is available, even over a longer period (45). Depending on the
underlying cause, specific treatment option for PAP may include hematopoietic stem cell
transplantation (46), oral methionine supplementation (47), atorvastatin (48), recombinant and

exogenous GM-CSF (49), aerosolized GM-CSF (50, 51), or rituximab (52-54).

For surfactant protein dysfunction caused by genetic defects in ABCA3, promising in vitro
results have been published regarding variant-specific small molecules including Ivacaftor,
genistein and cyclosporine A (55-57). While no reports about the clinical use of ivacaftor and
genistein have been published, a patient with chlLD caused by systemic lupus erythematosus
was successfully treated with cyclosporine A in combination with prifinidone (58). A recent
observational analysis showed a positive effect of inhaled glucocorticosteroids and
bronchodilators on the diseases severity and pulmonary function testing results in

symptomatic children with PTI/NEHI (59). Preliminary data have also been published about



the clinical use of baricitinib in STING-associated vasculopathy with onset in infancy (SAVI)

(60) and COPA syndrome (61), for which ruxolitinib may also be beneficial (62).

For patient with severely impaired pulmonary function who do not respond to therapy, lung
transplantation is a treatment option, which has been successfully performed in infants and
young children with genetic disorders of surfactant metabolism (63). One infant with chlLD
related to ABCA3 gene mutation was successfully treated receiving a living donor lobe
transplant (64), while the first ABO-incompatible lung transplantation was performed in an
infant with surfactant protein B deficiency (65). Good short- and long-term outcome of children
and adolescents following lung transplantation were published recently, reporting a 5-year

graft and patient survival of 72% and 79%, respectively (63).

SUMMARY

chiLD is a rare group of respiratory rare respiratory disorders that typically present with non-
specific clinical features. Clinicians should be familiar with these disorders as they are
associated with high morbidity, mortality and healthcare resource utilization. The diagnosis
and classification are challenging, while treatment options are limited. Growing data and
knowledge of pathogenetic genetic variants as well as pathophysiological models increase
therapeutic options for personalized treatments in chlLD. Multi-center collaboration is the key

for further research to improve the care for our patients.
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Table 1. Etiologic classification of childhood interstitial lung disease (chILD) as used in the chILD EU register (www.childeu.net) (1).
The disorders are divided into four categories (1) lung-only/native parenchymal disorders, (2) systemic disease-related disorders, (3)

exposure-related disorders and (4) vascular disorders. Specifiers and subcategories are used to describe the different disease
characteristics.

Category Specifier Subcategories (examples)
Lung-only/native parenchymal Developmental Al- Diffuse developmental disorders (ACD, acinar dysplasia, CAD)
disorders conditions manifesting in A2- Growth abnormalities deficient alveolarization (related to preterm birth,
infancy associated with diaphragmatic hernia, associated with oligohydramnios)

A3- Infant conditions of undefined etiology (PTI, NEHI, PIG)
A4- related to alveolar surfactant region (CPI)

All ages NSIP, DIP, LIP, PAP, genetic surfactant protein deficiencies.
Systemic disease-related Immuno-competent Lane-Hamilton syndrome, EGPA, Hermansky-Pudlak syndrome
disorders
Immuno-deficient COPA syndrome
Transplanted CLAD
Immune dysregulated STING associated vasculopathy, interferonopathy
Exposure related disorders Non-infectious HP, drug induced interstitial lung disease, radiation pneumonitis
Infectious Postinfectious constrictive bronchiolitis
Vascular disorders DAH, pulmonary capillary hemangiomatosis, VOD

Abbreviations: ACD: Alveolar Capillary Dysplasia; CAD: Congenital Alveolar Dysplasia; CLAD: Chronic Lung Allograph Dysfunction; CPI: Chronic Pneumonitis of Infancy; DAH: Diffuse Alveolar
Hemorrhage; DIP: Desquamative Interstitial Pneumonia; EGPA: Eosinophilic Granulomatosis with Polyangiitis; HP: Hypersensitive Pneumonitis; LIP: Lymphocytic Interstitial Pneumonia; PAP: Pulmonary

Alveolar Proteinosis; PTI: Persistent Tachypnea of Infancy; NEHI: Neuroendocrine Hyperplasia of Infancy; NSIP: Nonspecific Interstitial Pneumonia; PIG: Pulmonary Interstitial Glycogenosis; VOD: Vena
Occlusive Disease.
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