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A B S T R A C T

Childhood interstitial lung disease (chILD) is a group of lung disorders characterized by lung remodeling leading to abnormal gas exchange. ChILD is classified
differently from adult interstitial lung disease and encompasses 2 broad categories: “disorders more prevalent in infancy” (<2 years) and “disorders not specific
to infancy” (>2 years). High-resolution computed tomography can play an important role in the evaluation of chILD by narrowing the differential diagnosis and
preventing unnecessary invasive procedures if typical imaging patterns are recognized. Thus, the pediatric radiologist should consider chILD in children with
respiratory distress and identify the imaging patterns to suggest the diagnosis.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Childhood interstitial lung diseases (chILD) are an uncommon set of
lung disorders characterized by remodeling of the lung parenchyma
leading to abnormal gas exchange.1 ChILD natural history and etiology
differ from adult presentation of interstitial lung diseases (ILD).1,2

Although there is some overlap in the histopathologic pathologic pat-
terns of ILD in children and adults, they occur in different proportions
and some diseases are unique to each age group.2,3 Thus, chILD is clas-
sified differently from adult ILD to avoid confusion regarding nomen-
clature, etiology, and prognosis.1,2 ChILD is classified together as a
group as they often present overlapping clinical (cough, tachypnea,
and hypoxemia) and imaging features (eg, diffuse abnormalities on
radiography). Grouping facilitates the identification of a phenotype
that warrants prompt diagnostic evaluation and treatment to allay pul-
monary damage.1

The most widely used classification of chILD was published by the
chILD Research Network in 2007, which was recently endorsed by the
American Thoracic Society.1,2 Although the classification system is
based on clinical and histopathologic characteristics, it emphasizes the
importance of age as the primary organizing parameter because of the
unique disorders affecting young children. As a result, the classification
scheme is divided in 2 broad categories: “disorders more prevalent in
infancy” (<2 years) and “disorders not specific to infancy” (>2 years).
High-resolution computed tomography (HRCT) can play an important

role in the evaluation of chILD by narrowing the differential diagnosis
and avoiding invasive procedures for diagnosis if typical imaging pat-
terns are recognized. The objective of this article is to review the HRCT
imaging patterns associated with the chILD spectrum and how imag-
ing can play a role in the diagnostic work-up of these disorders.

Differential Diagnosis Based on HRCT Findings

The recognition of the various patterns of abnormality seen on
HRCT is important in the evaluation of patients with chILD to charac-
terize the nature and distribution of the disease.1 Various patterns of
abnormality have been described in the literature, which sometimes
are overlapped. However, some HRCT patterns of ILD can sometimes
narrow the differential diagnosis or even suggest a specific diagnosis,
improving diagnostic accuracy. As a result, HRCT findings in the right
clinical context may help clinicians to avoid subsequent invasive test-
ing, such as in Neuroendocrine hyperplasia of infancy (NEHI) and sur-
factant dysfunction mutations (SDM),1,4-7 identify the site of highest
yield for biopsy,1 among other advantages as highlighted in Table 1.
Below, we discuss the most common HRCT imaging patterns
observed in chILD. A summary of the imaging findings associated
with each chILD disease herein discussed is provided in Table 2.

Ground-Glass Attenuation

Ground-glass attenuation (GGA) is defined as an increased attenua-
tion of the lung parenchyma without obscuration of the pulmonary vas-
cular markings on CT images.8 There are several chILD conditions
mainly characterized by diffuse GGA in infancy, especially NEHI and
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SDM. This pattern is also very prevalent in chILD of older children.
Hypersensitivity pneumonitis (HP) manifests with diffuse ground-glass
opacification in 73% in the acute phase.9 Additionally, connective tissue
disease (CTD)-related lung disease could show diffuse GGA in patients
with nonspecific interstitial pneumonia (NSIP) and lymphocytic pneu-
monia.

Reticulation, Cysts, and Traction Bronchiectasis/Bronchiolectasis

Reticular pattern demonstrated by septal thickening on imaging
may reflect the presence of pulmonary fibrosis. Other signs of fibrosis
include distortion of the pulmonary architecture, traction bronchiec-
tasis and bronchiolectasis, and cysts.10 Chronic ILD that most often
have a reticular pattern include chronic neonatal lung disease, pul-
monary interstitial glycogenosis (PIG), SDM (especially beyond
infancy), chronic HP, and CTD-related lung disease.

Bronchiectasis and Air Trapping

Bronchiectasis is irreversible localized or diffuse bronchial dilata-
tion, usually resulting from chronic infection, proximal airway
obstruction, or congenital bronchial abnormality.11 Morphologic cri-
teria on thin-section CT scans include bronchial dilatation with
respect to the accompanying pulmonary artery (signet-ring sign),
lack of tapering of bronchi, and identification of bronchi within 1 cm
of the pleural surface.11 Air trapping is defined as areas of decreased
attenuation during end-expiration and lack of volume reduction.8 Air
trapping is commonly seen in NEHI and bronchiolitis obliterans (BO),
but the presence of central bronchiectasis and bronchial wall thicken-
ing is only typical of BO. Also, chronic aspiration may also show bron-
chiectasis bilaterally, especially in the lower lung zones.

Diseases More Prevalent in Infancy

Lung Growth Abnormalities

Lung growth abnormalities (LGA) are among the most common eti-
ologies of infant ILD.12 The several entities of LGA that can be broadly
categorized into chronic lung disease of prematurity (formerly bron-
chopulmonary dysplasia, BPD), pulmonary hypoplasia (due to in utero
effusion, mass compression, thoracic dysplasia, congenital diaphrag-
matic hernia, and oligohydramnios), genetic conditions (particularly
trisomy 21), and congenital heart disease. They also show features of
tachypnea, hypoxemia, retractions, and diffuse radiographic abnor-
malities. Radiological findings are variable as they depend mainly on
the etiology, age of the infant, and severity of the LGA.

CT would show the growth anomalies, such as pulmonary and
vascular hypoplasia, and the resultant decreased size and perfusion
of the affected lung. Figure 1 demonstrates a case of right pulmonary
hypoplasia associated with proximal interruption of the right pulmo-
nary artery. Trisomy 21 is associated with the presence of peripheral
subpleural cysts that most often involve the anteromedial portion of
the lungs13 (Fig 2). Patients with BPD commonly show large areas of
decreased attenuation corresponding to alveolar enlargement and
reduced distal vascularization, linear and subpleural triangular opaci-
ties, bronchial wall thickening, and bullae (Fig 3).14-16 The severity of
lung function and respiratory symptoms is correlated to higher scores
of CT abnormalities in patients with BPD.14

Imaging is helpful in evaluating the possible cause of infants with
LGA presenting with respiratory dysfunction early in life, which makes
lung biopsy generally unnecessary. Patients referred for biopsy are
those who typically have pulmonary symptoms disproportionate to
their clinical circumstances.2 For instance, patchy PIG is a common
concurrent histologic finding in infants with LGA, as discussed below.

Pulmonary Interstitial Glycogenosis

PIG is an idiopathic disorder related to abnormal lung develop-
ment that results in the accumulation of glycogen and lipid-containing
mesenchymal cells consistent with lipofibroblasts.17 These infants typ-
ically present with persistent tachypnea and hypoxemia usually since
birth but or within the first month of life.18-20 This condition is highly

TABLE 1
Advantages of HRCT in the care of patients with chILD syndrome

Avoid unnecessary lung biopsy if typical imaging findings are present (eg, NEHI, BO,
HP)

Suggest appropriate laboratorial tests to avoid invasive procedures (eg, SDM)
Narrow down the differential diagnosis of chILD if imaging is nonspecific
Estimate clinical severity of the disease (eg, bronchopulmonary dysplasia)
Identify higher yield biopsy targets

TABLE 2
Differential diagnoses and radiological features of childhood interstitial lung diseases

What to expect on CT Take-home points

Lung growth abnormalities Decreased size and perfusion of the affected lung (pulmonary
hypoplasia), large areas of decreased attenuation with linear and
subpleural opacities (BPD), subpleural cysts (Down syndrome)

Imaging is often sufficient for evaluating etiology, biopsy is only
performed if symptoms are disproportionate to clinical context

Pulmonary interstitial
glycogenosis

Bilateral GGA and consolidations, septal thickening, cystic lesions Highly associated with LGA due to prematurity and with CHD. Biopsy
is necessary to confirm the diagnosis

Neuroendocrine hyperplasia of
infancy

Bilateral central GGA (RML and lingula > upper lungs), diffuse
air-trapping with mosaic attenuation

No need for biopsy if typical CT findings in the right clinical context

Surfactant deficiency Diffuse GGA (decreases with age), cystic lesions (increase with
aging), septal thickening

Highly associated with congenital malformations (CHD> GI > renal).
Consider genetic tests if adequate clinical suspicion (imaging
increases suspicion)

Alveolar capillary dysplasia Diffuse bilateral GGA, septal thickening, prominence of pulmonary
vessels (due to pulmonary hypertension)

Consider FOFX1 testing if available, otherwise lung biopsy is required
for diagnosis

Bronchiolitis obliterans Mosaic attenuation with bronchial wall thickening/bronchiectasis Typical CT findings in the right clinical context may obviate the need
for lung biopsy

Connective tissue
disease-associated lung disease

Variable Laboratorial and history findings often sufficient to make the diagno-
sis of CTD-related ILD. Biopsy is rarely necessary.

Lysosomal storage diseases Ground-glass attenuation, interlobular septal thickening, cysts and
nodules

Associated with findings of multiple-organ involvement, especially
hepatosplenomegaly

Cryptogenic organizing
pneumonia

Multiple GGA or consolidation (bilateral and peripheral), but may
also present as unifocal opacity

Biopsy is necessary to confirm the diagnosis. CT helps to locate the
site of highest yield for biopsy.

Hypersensitivity pneumonitis Acute/subacute: bilateral GGA, small centrilobular opacities, air
trapping

Chronic: reticulation, traction bronchiectasis, areas of honeycombing

CT findings in the right clinical context is often sufficient for an
accurate non-invasive diagnosis

CHD, congenital heart disease; GI, gastrointestinal.
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associated with a spectrum of pulmonary and extrapulmonary disor-
ders, such as LGA due to prematurity and congenital heart defects, sup-
porting the theory of a development abnormality.19,20 Radiography in
PIG shows hyperinflation of the lungs and diffuse infiltrates or hazy
opacities.18 Most common CT findings are diffuse bilateral GGA, con-
solidations, interlobular septal thickening, and cystic lesions (Fig 4).19-21

The diagnosis can only be made at lung biopsy, as imaging findings
alone are not specific enough to confirm the diagnosis.18,19

Genetic Disorders of Surfactant Dysfunction

Surfactant deficiency is the leading cause of respiratory distress
syndrome (RDS) in newborns; which is primarily caused by preterm
delivery of infants with an immature lung and inadequate surfactant

activity. Another cause of RDS is related to SDM in genes encoding
proteins for normal surfactant metabolism. Full-term newborns with
SDM may manifest with severe RDS that resembles the presentation
of a preterm infant with an immature lung.1 These SDM involve
member A3 of ATP binding cassette family of transporters (locus
ABCA3), surfactant proteins B and C (locus SFTPB and SFTPC, respec-
tively) and thyroid transcription Factor 1 (TTF-1, locus NKX2.1).1 The
clinical presentation of infants with each of these mutations is vari-
able. While children with SFTPB mutation usually have progressive
fatal RDS shortly after birth,22 carriers of the ABCA3, SFTPC, and
NKX2.1 mutation have a more variable presentation, from severe
neonatal diffuse lung disease to chronic ILD later in life.7,22,23

Early imaging findings of SDM resemble those of RDS, character-
ized by GGAs that are either diffuse throughout the lungs or patchy

FIG 1. A 1-month-old child with right pulmonary hypoplasia associated with right pulmonary artery agenesis. (A) Chest radiography depicted an important right-sided volume loss
with rightward mediastinal shift. (B) Contrast-enhanced axial HRCT demonstrated right pulmonary volume loss and proximal interruption of the right pulmonary artery (arrow).
(C) Three-dimensional reconstruction of the heart and great vessels showing proximal interruption of the right pulmonary artery (arrow).

FIG 2. An 18-month-old patient with pulmonary hypoplasia associated with Down syndrome. (A, B) Axial HRCT reveals several subpleural cysts located in the anteromedial portion
of both lungs (arrows). Diffuse ground-glass attenuation (asterisks) intermixed with hyperlucent areas due to perfusion defects (arrowheads) and linear opacities are also observed.

FIG 3. An 8-month-old patient born at 25 weeks of gestation and a history of recurrent pulmonary infections. (A, B) Axial HRCT reveals areas of decreased attenuation (asterisks),
linear opacities (arrows), and subpleural triangular-shaped opacities (arrowheads).
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but involving multiple lobes.7,24,25 The extent of GGA decreases with
age, but patients develop interlobular septal thickening and paren-
chymal lung cysts that increase in number and size over time
(Fig 5).7,25 Patients presenting beyond infancy may have significant
architectural and fibrotic changes (Fig 6). Interestingly, pectus exca-
vatum was seen in all patients of a cohort with ABCA3 who were
imaged beyond infancy.7 It is worth noting that children with NKX2.1
often have associated congenital hypothyroidism and neurologic
abnormalities (eg, chorea, ataxia), which may be clues toward the dif-
ferential diagnosis.23,26 As mentioned before, typical imaging findings
in a patient with clinical suspicion of SDM may obviate the need for
invasive procedures due to the availability of genetic testing for these
mutations.1

Neuroendocrine Cell Hyperplasia of Infancy

Neuroendocrine cell hyperplasia of infancy (NEHI) typically
presents with persistent tachypnea, retractions, and hypoxia usually
before the first year of life.27,28 Findings on chest radiography are
often nonspecific and mimic those of viral illness, such as lung hyper-
inflation and perihilar opacities.27-29 Conversely, HRCT findings are
very distinctive with centrally distributed GGA, preferentially involv-
ing the right middle lobe and lingua, and diffuse air trapping with
mosaic attenuation on expiratory images (not always available;
Fig 7).4 Consolidations are observed in up to 20% of cases, and also
have a preferentially central distribution.4 The central distribution of
the GGA in NEHI helps to distinguish it from other conditions that

FIG 4. A 34-week premature infant evaluated at 14 days-of-life for persistent tachypnea and grunting. (A) Chest radiography shows diffuse interstitial opacities bilaterally. (B) Axial
HRCT revealed diffuse ground-glass attenuation and patchy consolidations around the right middle and right lower lobar bronchi. (C) Coronal minimum intensity projection (MinIP)
reconstruction showed several small ovoid radiolucencies bilaterally (arrows). Lung biopsy confirmed the diagnosis of pulmonary interstitial glycogenosis.

FIG 5. Full-term newborn evaluated for surfactant dysfunction mutation due to a history of respiratory distress at birth and persistent symptoms. (A) Chest radiography performed
at 2 weeks of age shows nonspecific, faint interstitial opacities bilaterally. (B) Axial HRCT at 18 months of age revealed diffuse ground-glass attenuation bilaterally, interstitial septal
thickening, and several cystic lesions in the parenchyma.

FIG 6. A 10-year-old patient diagnosed later in childhood with surfactant deficiency due to ABCA3 mutation. (A, B) Axial HRCT demonstrates areas of ground-glass attenuation
(asterisks) with interlobular septal thickening (arrows) and severe lung architectural distortion. Note the presence of a pectus excavatum deformity, a typical finding of children
with ABCA3 with late presentation.
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present with GGA and air trapping, such as BO and SDM.4 However,
the former is primarily distinguished by the presence of prominent
central bronchiectasis, and the latter by more diffusely distributed
GGAs (rather than central as in NEHI) and the presence of interlobu-
lar septal thickening.

Lung biopsy revealing an increased number of neuroendocrine
cells by bombesin immunostaining was historically considered the
gold standard for NEHI diagnosis.28 However, given the high specific-
ity of the HRCT findings of NEHI, the 2015 American Thoracic Society
guidelines now support the noninvasive diagnosis of NEHI based on
HRCT findings and compatible clinical context.1,6 NEHI has a pro-
longed course with eventual improvement at a mean age of 5 years
with the use of oxygen supplementation.27

Alveolar Capillary Dysplasia With Misalignment of the Pulmonary Veins

It has been hypothesized that alveolar capillary dysplasia with
misalignment of the pulmonary veins arises from an antenatal
insult to the fetal lung vascularization, resulting in a reduced num-
ber of pulmonary capillaries and blood drainage through anoma-
lous (“misaligned”) veins.30 ACD-MPV presents with severe
hypoxemic respiratory failure and pulmonary hypertension in full-
term infants with nearly uniform mortality in the first month of
life.1,31 The presentation may resemble that of persistent pulmo-
nary hypertension of the newborn, except that ACD-MPV typically
does not respond to general supportive care. Additionally, ACD-
MPV is often associated with cardiac, genitourinary, and cardiac
malformations, such as patent ductus arteriosus, hypoplastic left
heart, and ventricular septal defect.32 Radiographs may show dif-
fuse haziness and scattered bilateral GGAs.30,33 On CT, ACD-MPV
presents with diffuse bilateral GGA with extensive interlobular
septal thickening.31,33,34

Atypical cases of ACD-MPV presenting outside the neonatal period
(usually before 6 months of age) with progressive hypoxemia and
signs of idiopathic pulmonary hypertension have been reported in

the literature.31,34,35 Thus, this condition should be suspected even in
children beyond the neonatal period presenting with idiopathic pul-
monary hypertension, congenital malformations, and typical CT find-
ings.31 The presence of diffuse GGA and interlobular septal
thickening on chest CT can be helpful to distinguish ACD-MPV from
other causes of idiopathic pulmonary hypertension in infancy. Defini-
tive diagnosis is based on abnormalities of the pulmonary vasculature
on lung biopsy or autopsy. However, approximately 60%-80% of new-
borns with ACD-MPV were identified with mutations involving the
FOXF1 gene,31,32 which could be tested to avoid the need for lung
biopsy.1 Imaging may play an important role in supporting clinical
suspicion, especially in late presenters.

Diseases More Prevalent in Children

Bronchiolitis Obliterans

BO is a chronic obstructive lung disease most frequently related to
an antecedent lower respiratory tract infection. The predominant
cause of postinfectious BO in children is Adenovirus.36 However, other
causes of BO have been established, such as chronic rejection of lung
transplantation, and graft-vs-host disease associated with bone mar-
row.5,37 Histologically, BO is characterized by fibroproliferative thick-
ening of the bronchial walls leading to concentric narrowing of the
airways and sometimes complete luminal obliteration.38

BO manifests as dyspnea and airflow limitation not reversible
with the use of inhaled bronchodilators.37 Chest radiography is often
normal, but may show hyperinflation, persistent atelectasis, or bron-
chial wall thickening.39 Characteristic HRCT findings of BO are mosaic
pattern of attenuation, air trapping, GGA, bronchial wall thickening,
and central bronchiectasis (Fig 8).39 Centrilobular nodules and atelec-
tasis are also present in around 20%-30% of patients.5 These findings,
especially the diffuse pattern of mosaic attenuation, are particularly
useful for distinguishing BO from severe asthma in children with
obstructive pulmonary disease that do not demonstrate the typical

FIG 7. A 6-month-old patient with persistent tachypnea diagnosed with neuroendocrine cell hyperplasia of infancy. (A, B) Axial HRCT shows areas of ground-glass attenuation in
the bilateral perimediastinal areas of the superior lobes (arrows). (B) Ground-glass attenuation was also observed in the right middle lobe and lingula (asterisks).

FIG 8. Follow-up scan of a 13-year-old with a history of severe adenovirus infection at age 5. (A, B) HRCT demonstrates areas of mosaic pattern of attenuation, bronchiectasis
(arrows), and centrilobular nodules (arrowheads) bilaterally. HRCT findings were compatible with postinfectious bronchiolitis obliterans.
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reversible response to bronchodilators.5 Additionally, the findings of
bronchiectasis and distribution of areas of increased attenuation help
differentiating BO from other conditions with mosaic attenuation,
such as NEHI and SDM. Thus, the presence of those typical CT findings
in the right clinical context may obviate the need for open lung
biopsy.5,39

CTD-Associated Interstitial Lung Disease

CTD-associated ILDs are often encountered in older children and
underlie a significant proportion of the chILD beyond infancy.3,40 Pul-
monary disease onset may precede or be associated with the concur-
rent systematic illness similar to adults, including systemic lupus
erythematosus (SLE), juvenile dermatomyositis, systemic sclerosis,
juvenile idiopathic arthritis, to name a few.41 Patterns of lung
involvement and radiological findings at presentation are variable
and certain patterns of lung involvement are recognized with
increased frequency in each CTD.42 For instance, juvenile dermato-
myositis rarely manifests as ILD in children, differently from adult
dermatomyositis in which symptomatic lung involvement occurs in
more than half of the patients.42 Conversely, systemic sclerosis more
often presents with ILD in children than in adults.41 In a study by
Soares et al, only 35% of children with an ILD underwent a lung
biopsy; the remaining were classified based on clinical history, sero-
logic testing, and imaging.40 Thus, whenever one of the CTD patterns
of pulmonary disease is found on a child, a diligent search of an
underlying CTD is always warranted, especially because it may pres-
ent before the systematic symptoms manifest.

Children with SLE develop pulmonary disease less often than
adults.41 Pleuritis with or without pleural effusion is the most com-
mon pulmonary manifestation of SLE. Acute lupus pneumonitis is a

rare but life-threatening condition characterized by fever and respi-
ratory distress with diffuse bilateral interstitial and alveolar infil-
trates on imaging.43,44 ILD occurs in less than 10% of SLE, with the
most common histologic pattern is nonspecific interstitial pneumo-
nia (NSIP).41,44 In contrast to SLE, more than half of children with sys-
temic sclerosis presents with any form ILD, and NSIP appears to be
the most common histologic appearance.41,45,46 Typical HRCT find-
ings of NSIP include peripheral GGA with variable reticular opacities
that predominates in the lower lobes (Fig 9).46,47 Other imaging find-
ings, including traction bronchiectasis, subpleural nodules, and even
honeycombing are also reported.46,47 Only 10%-20% of children with
dermatomyositis and polymyositis are found to have an ILD; they
most often present with NSIP or pattern similar to cryptogenic orga-
nizing pneumonia (COP). Children with Sjogren’s syndrome are more
likely to present with CT findings of lymphocytic interstitial pneumo-
nitis compared to other CTDs (Fig 10).41

Lysosomal Storage Diseases

Lysosomal storage diseases (LSDs) are a large group of conditions
caused most part by lysosomal enzyme deficiencies leading to a
build-up of undegraded substrates.48 Gaucher disease is the most
common LSDs and is grouped within the sphingolipidoses (lipid stor-
age disease) along with Fabry and Niemann-Pick disease.49 The mani-
festation of the sphingolipidoses is related to the accumulation of
lipid-laden macrophages in spleen, liver, bones, brain, and also lung.
Pulmonary involvement occurs with the infiltration of these cells in
the alveolar space leading to disruption of the surfactant production
and progressive inflammatory response in the alveoli.50,51

Radiological features of LSDs usually include bilateral pulmonary
infiltrates (mostly interstitial, but also alveolar, or mixed) that can be

FIG 9. A 14-year-old patient presenting with dyspnea on exertion. (A, B) Axial HRCT demonstrates diffuse areas of ground-glass attenuation (asterisks) with subpleural sparing
(arrowheads), interlobular septal thickening, and sparse traction bronchiectasis (arrows). Histologic evaluation was compatible with nonspecific interstitial pneumonia.

FIG 10. A 16-year-old female diagnosed with HIV and Sj€ogren's syndrome presenting with chronic cough. (A, B) Axial and coronal HRCT demonstrate centrilobular nodules and
ground-glass attenuation predominantly in the lower lobes (asterisks). Histologic diagnosis revealed the diagnosis of lymphocytic interstitial pneumonitis.
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reticular, nodular, reticulonodular, or even honeycombing. HRCT
helps characterize the disease pattern and other findings suggestive
of ILD, such as interlobular septal thickening, GGA, cysts, and nodules
(Fig 11).52 Radiological findings of LSDs are heterogeneous, and the
radiologist must rely on other clinical (eg, hepatosplenomegaly) and
history findings to consider the diagnosis of LSD-related ILD.

Hypersensitivity Pneumonitis

HP is also known as extrinsic allergic alveolitis and is more fre-
quently diagnosed in school-age children, with a mean age of presen-
tation of 10 years.41 HP results from an immune reaction to inspired
organic particles, which is most often related to bird antigens, but
also associated with exposure to mold, pesticides, or chemicals,

including aerosolized epoxies and volatile compounds.41,53 The pre-
sentation of the acute form of HP occurs hours after the initial expo-
sure to the antigen and may be confused with a viral illness;
symptoms include cough, fever, dyspnea, and malaise that dimin-
ishes over the next 24 hours.53 In the subacute form, children gradu-
ally develop a chronic cough, low-grade fever, hypoxemia, and
crackles on auscultation in up to 50% of patients. With disease pro-
gression to chronic HP, children may remain with chronic cough,
fatigue, and exercise intolerance.41,53

Imaging findings are variable, and there is a significant overlap in
the imaging findings of each of the 3 stages of disease.54,55 In acute/
subacute pulmonary hypertension often shows patchy or diffuse
bilateral GGA and small centrilobular nodular ground-glass opacities
(usually <5 mm; Fig 12).56 Areas of normal extensive GGA

FIG 11. A 9-year-old boy with Niemann-Pick disease presenting with chronic cough. (A) Axial HRCT revealed extensive areas of “crazy paving” pattern in both lower lobes. (B) Imag-
ing of the abdomen showed severe hepatosplenomegaly, compatible with the diagnosis of Niemann-Pick.

FIG 13. A 12-year-old boy with a history of chronic exposure to bat droppings presenting with cough and dyspnea on exertion. (A, B) Axial HRCT images show extensive areas of
honeycombing (arrowheads), interlobular septal thickening, and traction bronchiectasis (arrows) in both superior lobes. (C) Coronal HRCT image depicts the predominance of the
fibrotic changes in the superior lobes. Histopathologic diagnosis demonstrated noncaseous granulomas and giant cells of peribronchovascular distribution, compatible with the
diagnosis of hypersensitivity pneumonitis.

FIG 12. A 17-year-old female diagnosed with HIV and Sj€ogren's syndrome diagnosed with subacute hypersensitivity pneumonitis due to exposure to birds. (A) Coronal inspiratory
HRCT demonstrate diffuse areas of ground-glass attenuation bilaterally. (B) Axial expiratory HRCT shows hyperlucent areas surrounded by normal attenuated lung to air trapping.
(C) Follow-up axial HRCT one year after removal of the exposed antigen.

N. Verma et al. / Current Problems in Diagnostic Radiology 50 (2021) 95�103 101



intercalated with air trapping and normal lung, known as the “head
cheese sign,” are also observed, particularly in the subacute phase.9,57

In the chronic phase, the predominant findings are reticular opacities,
interlobular septal thickening, traction bronchiectasis with architec-
tural distortion, and some cases result in honeycombing similar to an
HRCT pattern of usual interstitial pneumonia (Fig 13).56,57 Reaching
the diagnosis is dependent on a suspicious environmental history
with demonstration of exposure coinciding with the disease, labora-
tory results, and imaging findings compatible with HP.41,53

Cryptogenic Organizing Pneumonia

COP, which was previously known as BO organizing pneumonia, is
the idiopathic form of organizing pneumonia, which affects the distal
airways and alveoli.58 Organizing (secondary) pneumonia may also
be associated with acute infection, transplant, and medications, as
well as autoimmune diseases and the cryptogenic form is exceeding
rare in children.58 Therefore, careful evaluation for secondary causes
of ILD should be performed before suspecting COP, including viral
and mycoplasma illnesses. Pathogenesis has been attributed to ongo-
ing inflammation, and therefore the use of anti-inflammatory drugs
in the treatment of this condition can be helpful. Clinical presentation
is often with flu-like illness with progressive and unresolving dys-
pnea.58 Anorexia and weight loss often accompany the illness.

The predominant imaging pattern of COP is areas of consolidation
or GGA that are usually multiple (but may also be unifocal), located
mainly in the subpleural and peribronchovascular regions, and often
migratory (Fig 14).59,60 Air bronchograms and mild bronchial dilation
are also common within the consolidations.55 As the imaging findings
of COP are nonspecific, this consolidative imaging pattern in children
should be differentiated from lymphoma, eosinophilic pneumonia,
and sarcoidosis. Lung biopsy may be necessary to make the diagnosis.
COP may resolve spontaneously, but response to steroids is very
favorable with improvement within days of week in both imaging
and symptoms.61

Conclusion

ChILD are uncommon in comparison to adult presentation, but
with increased awareness of their etiologies and typical imaging find-
ings, they are being diagnosed more frequently. In the setting of early
infancy (<2 years), congenital etiology should be strongly considered,
as opposed to presentation in toddlers and school-age children when
environmental, CTD-related, and immunologic disorders are more
likely to be the etiology. The radiologist can play an essential role in
the diagnostic work-up, particularly in the “disorders more prevalent
in infancy,” as typical imaging patterns may obviate the need for

invasive lung biopsy for many of the conditions. Even if the imaging
appearance is nonspecific, the radiologist can still contribute to nar-
row the differential diagnosis and identify potentially higher yield
biopsy targets.
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