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Imaging of Childhood Interstitial Lung Disease

R. Paul Guillerman, M.D.

The aphorism that children are not little adults certainly applies for the imaging of interstitial lung disease.
Acquiring motion-free images of fine pulmonary structures at desired lung volumes is much more difficult in
children than in adults. Several forms of interstitial lung disease are unique to children, and some forms of in-
terstitial lung disease encountered in adults rarely, if ever, occur in children. Meticulous attention to imaging
technique and specialized knowledge are required to properly perform and interpret chest imaging studies
obtained for the evaluation of childhood interstitial lung disease (chILD). This review will address technique
recommendations for imaging chILD, the salient imaging findings in various forms of chILD, and the efficacy of

imaging in the diagnosis and management of chILD.

Introduction

CHILDHOOD INTERSTITIAL LUNG DISEASE (chILD) encom-
passes a heterogeneous group of rare diffuse lung
diseases that can result in considerable morbidity and mor-
tality. Although interstitial lung disease is an entrenched
term in the vernacular, the associated disease processes
may affect not only the interstitium but also the alveoli, air-
ways, blood vessels, lymphatic channels, and pleural spaces.
Classification of these diseases is based primarily on clinico-
pathologic patterns and expert opinion.

The American Thoracic Society/European Respiratory
Society International Multidisciplinary Consensus Classi-
fication of the Idiopathic Interstitial Pneumonias developed
for the adult population is inappropriate for chILD since it
includes diseases that rarely, if ever, occur in children and
omits several diseases that are unique to the pediatric popu-
lation.! These diseases are incorporated in the classification
scheme for diffuse lung disease in young children proposed
by the chILD Research Cooperative and organized on the
basis of the presumed etiology.> According to this novel
scheme, unique diseases more prevalent in infancy include
the diffuse developmental disorders (alveolar capillary
dysplasia with misalignment of the pulmonary veins, con-
genital alveolar dysplasia), growth abnormalities (chronic
neonatal lung disease, chromosomal disorders such as
Down syndrome), pulmonary interstitial glycogenosis (PIG),
neuroendocrine cell hyperplasia of infancy (NEHI), and ge-
netic surfactant dysfunction disorders. Other categories in
this scheme include disorders of the normal host (bron-
chiolitis obliterans, aspiration, eosinophilic pneumonia,

hypersensitivity pneumonitis), disorders of the immuno-
compromised host (diffuse alveolar damage (DAD), oppor-
tunistic infection), disorders related to systemic disease
(collagen-vascular diseases, capillaritis, storage diseases), and
masquerading disorders such as pulmonary arterial hyper-
tensive vasculopathy, pulmonary veno-occlusive disease
(PVOD), and lymphatic disorders.

Studies reporting the diagnostic imaging findings for
specific forms of chILD in this classification scheme are
emerging. In some diseases, such as NEHI and bronchioli-
tis obliterans, the imaging findings are specific or highly
suggestive of the diagnosis, while the imaging findings are
entirely nonspecific in others. In any case, the effectiveness
of diagnostic imaging depends on the nature and quality of
the images obtained.

Imaging Technique

Chest radiographs (CXRs) are commonly performed on a
child presenting with symptoms or signs of interstitial lung
disease. CXRs have a favorable profile in terms of low radi-
ation dose, low cost, ease of performance, and ready avail-
ability, but have limited low-contrast resolution and are very
nonspecific. CXRs are usually abnormal in children with in-
terstitial lung disease, with the most common abnormality
being hyperinflation. However, a normal CXR does not ex-
clude chILD.?

Following its introduction in the 1980s, high-resolution
computed tomography (HRCT) quickly became the preferred
imaging technique for evaluating the lungs. Compared with
CXR, HRCT is more sensitive for detecting chILD, more
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precise for defining disease extent, and more accurate for
characterizing disease involvement as interstitial, airspace,
or airway.* HRCT can detect chILD that is occult on CXR,
confirm the presence of chILD when the CXR is abnormal,
and facilitate a more refined differential diagnosis compared
with CXR.

In conventional HRCT, noncontiguous thin-section
(~1 mm thickness) axial images of the lungs are acquired
without intravascular contrast and reconstructed with a high
spatial resolution algorithm to depict fine details of the lung
parenchyma (Fig. 1). The patient is sequentially moved and
stopped in the CT scanner to separately acquire each of the
image slices at the specified locations or spacing increments
(usually 5-20 mm). This technique was developed in an era
when the long-imaging times and high radiation doses asso-
ciated with acquiring thin-section axial images through the
entire lungs with the available single-slice step-and-shoot
CT technology was prohibitive. Due to the noncontiguous
nature of the image slices acquired with conventional HRCT,
multiplanar (coronal or sagittal) image reconstructions can-
not be generated and there is a risk of missing pulmonary
abnormalities located in the gaps between the axial slices,
leading to false-negative exams or underestimation of dis-
ease extent.’> The noncontiguous nature of the images also
limits assessment of the mediastinum and central airways.*
Evaluation of the mediastinal and hilar structures on HRCT
is further limited by the lack of intravascular contrast.

The advent of multislice helical CT scanners allowed mul-
tiple contiguous sections of the lungs to be imaged simul-
taneously as a volume while the patient is continuously
moved through the scanner, dramatically reducing the im-
aging time (Fig. 2). High-resolution thin-section images of
similar quality to conventional HRCT images can be recon-
structed from the volumetric data acquired by contemporary
multislice helical CT scanners’” (Fig. 3). If high-resolution
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FIG. 1. Fine anatomic details of the lungs
are much better depicted on a thin (1.25 mm)
axial image slice (A) from an HRCT exam
than on a thicker (5 mm) axial image slice (B)
from a routine chest CT exam obtained at the
same level.

thin-section images of the lungs are reconstructed from a
multislice helical CT exam, it is very unlikely that the addi-
tion of a conventional HRCT will provide further useful
information.?

Because there is heightened concern of the risks of radia-
tion to children and the radiation dose from a conventional
HRCT scan with noncontiguous slices is substantially lower
than from a multislice helical CT exam, conventional HRCT
is still the generally preferred method of surveying known
or suspected diffuse disease of the pulmonary interstitium,
peripheral airspaces, or small airways in children.5 Possible
exceptions include settings in which pulmonary nodules or
bronchiectasis is a primary concern. Multislice helical CT
with oblique coronal image reconstructions is more accurate
than conventional noncontiguous HRCT for the diagnosis
of bronchiectasis, particularly of the right middle lobe and
lingula1®!! It is important not to confuse blurred pulmonary
vessels from motion as bronchiectasis. This is a particularly
common artifact adjacent to the heart (Fig. 4).

High-quality CT images of the lungs are essential for eval-
uating chILD."? Factors influencing the quality of CT images
of the lungs include patient motion, lung volumes, and CT
scanning and image reconstruction technique. Most cases
of chILD are diagnosed in infancy or early childhood, the
period of life when obtaining high-quality CT images of the
lungs is the most difficult due to the small size of the ana-
tomic structures, the rapid respiration of the patient, and the
inability of the patient to breath-hold or refrain from moving,.
Both normal anatomy and lung pathology can be obscured
by image blurring from respiratory motion.” Technological
advances in CT scanner speed have reduced motion artifact
and allowed more children to be scanned without sedation.
A chest CT can often be successfully performed without se-
dation on infants up to 6 months of age following normal
feeding and swaddling and on cooperative children older

FIG.2. Volumetric multislice CT technique
covers the entire lungs (A). Conventional
noncontiguous HRCT technique samples
only portions of the lungs at increments (B),
leaving gaps that are not imaged, but ex-
posing the patient to a lower radiation dose.
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than 3 years of age.** However, CT scanners are still not
fast enough to acquire motion-free images of the lungs in
patients incapable of breath-holding.!s

HRCT exams should generally include a set of images
acquired after deep inspiration with the lung volumes near
total lung capacity. The greater the lung inflation, the greater
the inherent contrast between air and the lung soft tissues,
the lower the radiation dose necessary to resolve the lung
soft tissues, the greater the conspicuity of the airways, the
lesser the atelectasis, the higher the sensitivity for bronchi-
ectasis, and the more reproducible the images are for follow-
up® (Fig. 5). The greater the spacing increment between the
noncontiguous HRCT images, the lower the radiation dose
but the greater the undersampling of lung tissue, and a spac-
ing increment of >10 mm for the inspiratory images may
compromise evaluation of lung disease that is diffuse but
heterogeneous in distribution.’ A set of expiratory HRCT
images of the lungs with the lung volumes at or below func-
tional residual capacity should be acquired if a disorder
with pulmonary air trapping or airway malacia is a clinical
concern. An expiratory state of the lungs on HRCT images is
suggested if the posterior tracheal membrane is horizontal
or concave, while a convex contour suggests an inspiratory

FIG. 4. Blurring of pulmonary vessels from motion in-
duced by transmitted cardiac pulsations can obscure or sim-
ulate pathology such as bronchiectasis on CT, particularly in
the lower left lung adjacent to the heart.
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FIG. 3. A thin-section CT image recon-
structed from volumetric data acquired by
modern multislice helical CT technique (A) is
very similar in quality to an image acquired
by conventional noncontiguous HRCT tech-
nique (B).

state (Fig. 6). Expiratory HRCT images can be obtained at
greater increments than the inspiratory images to minimize
the radiation dose, but a sampling density below 6% of the
whole lung significantly decreases the precision of evalua-
tion of air trapping.”

Images of the lungs obtained during quiet respiration at
shallow tidal volumes are less sensitive for bronchiectasis
and air trapping and are compromised by motion artifact
and pulmonary underexpansion that can mask or mimic
pathology, possibly leading to an unnecessary or misdi-
rected lung biopsy'>?® (Fig. 7). Infants and young children
typically cannot cooperate with breath-hold maneuvers
necessary for obtaining high-quality HRCT images of the
lungs. School-age children can usually comply with instruc-
tions for breath-holding near full lung inflation after deep
inspiration, but compliance with expiratory breath-hold
instructions is difficult to achieve even in older children,
and often requires diligent coaching and practice prior to
the CT scan.

When volitional breath-holding by the patient is not
feasible, options for acquiring inspiratory and expiratory
HRCT images of the lungs include decubitus positioning
of the patient, respiratory-gated or dynamic cine CT, and
controlled-ventilation CT under sedation or general anes-
thesia. In decubitus positioning, the volume of the depen-
dent lung is similar to that in an expiratory state and the
volume of the nondependent lung is similar to that in an
inspiratory state.!® Disadvantages of decubitus positioning
include slice misregistration and arousing the patient from
a sedated state. Respiratory-gated CT allows precise timing
of image acquisition with phases of the respiratory cycle
during free breathing, but requires special equipment that
may not be available at many institutions. The very fast
image acquisition times possible with modern CT scan-
ners allows multiple cine CT images of a lung section or
airway to be obtained throughout the respiratory cycle, dy-
namically revealing air trapping or airway malacia during
expiration.”

General anesthesia with endotracheal tube or laryngeal
mask airway ventilation is an effective method for obtaining
motion-free inspiratory and expiratory images, but is inva-
sive, expensive, and subject to procedural risks.”® Infants and
children are particularly prone to atelectasis under general
anesthesia due to their high chest wall compliance and un-
derdeveloped collateral ventilation system (pores of Kohn
and channels of Lambert) coupled with the loss of respi-
ratory drive and loss of intercostals muscle tone. The lung
CT images obtained from infants and children under gen-
eral anesthesia are often compromised by atelectasis unless



alveolar recruitment maneuvers with adequate positive in-
spiratory and end-expiratory pressures are used and scan-
ning is performed promptly after anesthesia induction.?
Imaging the lung regions of concern with the patient in both
supine and prone positions can be used to re-expand depen-
dent atelectasis (Fig. 8) and to clarify the nature of depen-
dent lung opacities (Fig. 9).

FIG. 7. A ground-glass appearance with hazy increased at-
tenuation of the lungs and preserved visibility of the broncho-
vascular structures can occur physiologically on a chest CT
image obtained at tidal volumes during quiet respiration and
simulate diffuse lung disease. This physiologicincrease in lung
attenuation is more pronounced dependently where the pul-
monary vascular blood volume is greatest and the airspaces
are least distended (image courtesy of Fred Long, M.D.).
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FIG. 5. The fuller the lung inflation the
greater the distention of the airways; con-
sequently, bronchiectasis that is occult on
HRCT performed at low lung volumes (A)
may become overt on HRCT performed at
deep inspiration (B).

FIG. 6. Compared with its appear-
ance on inspiratory HRCT (A), the
normal lung manifests increased atten-
uation on expiratory HRCT (B) due to
the lower proportion of air relative to
solid pulmonary parenchymal tissue at
smaller lung volumes. An inspiratory
state is suggested by a convex contour
of the posterior tracheal membrane,
while a horizontal or concave contour
of the posterior tracheal membrane
suggests an expiratory state.

As an alternative to general anesthesia and intuba-
tion, transient respiratory pauses long enough to acquire
motion-free CT images of the lungs can be induced in a
sedated infant or young child by synchronously apply-
ing positive pressure with face-mask ventilation to several
consecutive spontaneous tidal inspirations. The lungs can
be inflated with sustained positive pressure or allowed to
deflate during the respiratory pause to acquire CT images
at desired lung volumes. This controlled-ventilation CT
technique requires coordination with an anesthesiologist
or respiratory therapist familiar with the required venti-
lator maneuvers, and the respiratory pause may not be of
adequate length for expiratory imaging if the child is very
tachypneic.?!

The method of CT image reconstruction also influences
image quality. HRCT images of the lungs are usually recon-
structed at a slice thickness of ~1 mm. Finer structures can
be resolved with thinner slices but at the cost of increased
image noise unless the radiation dose used to acquire the
images is increased. The image reconstruction algorithm
that provides the best spatial resolution at a tolerable image
noise level is generally preferred for HRCT and is depen-
dent on the proprietary techniques that vary among CT
scanner models. HRCT images of the lungs generated with
so-called “bone” reconstruction algorithms may be pref-
erable to those generated with “lung” reconstruction algo-
rithms due to edge enhancement effects with the latter that
can result in overestimation of the extent of diffuse lung
disease?? (Fig. 10). The appearance of the lung parenchyma
and airways is also influenced by the windowing selected
for image display. A window width of around 1,500 HU
(Hounsfield units) is usually selected for HRCT image
viewing, and too wide of a window width can obscure
mosaic attenuation, cysts, and air trapping, while too nar-
row of a window width can result in artifactual ground-
glass opacification or artifactual bronchial wall thickening
(Fig. 11).
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Radiation exposure to children from CT exams is an in-
creasing concern. Depending on technique, the radiation
dose from a chest CT can range from tens to hundreds of
times greater than that from a CXR. Image quality is im-
proved by the use of higher radiation doses, but the goal
should be to incur the lowest radiation dose necessary to
acquire images of sufficient quality for diagnostic purposes
according to the ALARA (As Low As Reasonably Achievable)
principle (Fig. 12). CT exams should be performed only in
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the setting of a clear clinical indication, and the CT imaging
technique should be tailored to the clinical indication and
patient size, since less radiation is needed to achieve the
same image quality in smaller patients. The inherent high
contrast between air and lung soft tissues, the small size of
children, and the diffuse nature of chILD allow CT images
sufficient for the evaluation of chILD to be acquired at rela-
tively low radiation doses. A diagnostic quality helical mul-
tislice CT scan of the pediatric chest can be performed with

FIG.8. A CT image shows confluent opaci-

fication of the dependent posterior aspects of
-j’ the lungs of an infant scanned while supine
(A). A CT image acquired after prone repo-
sitioning of the patient (B) re-expands the
posterior atelectasis and reveals underlying
patchy pulmonary consolidation and ground-
glass opacification related to surfactant dys-
function from an SP-C gene mutation.

FIG. 9. A supine chest CT image from a
teenager with systemic sclerosis image shows
peripheral opacities at the dependent poster-
obasilar lower lobes (A). A CT image acquired
after prone repositioning of the patient reveals
persistence of these opacities which represent
pulmonary involvement by systemic sclerosis
rather than just atelectasis (B).

FIG.10. An HRCT image generated with a
“bone” reconstruction algorithm (A) is pref-
erable to an HRCT image generated with a
“lung” reconstruction algorithm (B) due to
excessive edge enhancement artifact with the
latter, exemplified by the dark etching at the
lung periphery.

FIG. 11. A hypoattenuating focus of air
trapping at the peripheral lateral left upper
lobe is more conspicuous on an HRCT image
viewed with a narrow (900 HU) window
width (A) than with a conventional (1,500
HU) window width (B), but the narrow
window width produces artifactual bron-
chial wall thickening.
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FIG. 13.

Image from an infant HRCT obtained with an es-
timated radiation effective dose of 0.1 milliSievert, which is
equivalent to the dose from a few chest radiographs (CXRs).
Although the image quality is degraded by the high noise
level, the pattern of ground-glass opacities is sufficiently
depicted to corroborate the clinical diagnosis of neuroendo-
crine cell hyperplasia of infancy.

a radiation dose substantially less than the average annual
natural background radiation effective dose of 2-3 mil-
liSievert.” By using noncontiguous technique for HRCT, the
radiation dose can be reduced to as low as that associated
with a few weeks of natural background radiation or a few
CXRs and still make a confident diagnosis of certain forms
of chILD* (Fig. 13).

Magnetic resonance imaging (MRI) is a good modality
for assessing the mediastinum and chest wall and does
not entail exposure of the patient to ionizing radiation.
However, conventional MRI is of limited utility for evalu-
ating chILD due to the low proton content of the lungs and
poor depiction of the pulmonary interstitium. Specialized
MRI using inhaled hyperpolarized gases as a contrast agent
has shown promise as an investigational technique for im-
aging the pulmonary airspaces. Measuring the diffusion of
hyperpolarized gas in the pulmonary airspaces with MRI
provides information on alveolar morphology and could
be used as a noninvasive means to identify children with
lung growth disorders characterized by enlarged simpli-
fied alveoli.®
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FIG. 12. There is no clinically relevant dif-
ference in the diagnostic quality of this HRCT
image (A) compared with an HRCT image
obtained with a 3 times greater radiation dose
(B). The inherent high contrast between air and
lung soft tissues permits HRCT images of di-
agnostic quality to be acquired with relatively
low radiation doses, particularly if the lungs
are well inflated.

Imaging Findings in ChILD

Correct interpretation of chest imaging studies in chil-
dren requires high-quality images so that abnormalities can
be confidently identified and characterized.> A properly per-
formed HRCT can depict the pulmonary airways and ves-
sels down to the level of the secondary pulmonary lobule,
the smallest lung unit demarcated by connective tissue sep-
tations. Centrilobular arteries (1 mm diameter) are visible
by HRCT, but intralobular bronchioles and alveoli (<0.2 mm
diameter) are normally too small to resolve.?® Interlobular
septa can occasionally be seen by CT in the normal lung,
especially at the periphery of the anterior, lateral, and jux-
tamediastinal regions of the upper and middle lobes, and
at the periphery of the anterior and juxtadiaphragmatic
regions of the lower lobes.” Because of the resolution lim-
its, HRCT cannot truly distinguish alveolar spaces from the
interstitium, and diffuse lung disease is a more appropriate
descriptor than interstitial lung disease.

To effectively describe and communicate findings on
HRCT, application of a standardized lexicon is advised.
Terminology such as “ground-glass,” “tree-in-bud,” “crazy-
paving,” and “honeycombing” should be used in accordance
with the precise definitions provided by the glossary of terms
for thoracic imaging from the Fleischner Society.?® Potentially
confusing descriptors should be avoided. For example, the
presence of nonspecific findings does not warrant an inter-
pretation of nonspecific interstitial pneumonia (NSIP), which
is actually a specific clinicopathologic diagnosis.

Pulmonary abnormalities found on HRCT in chILD pre-
dominantly consist of some combination of hyperinflation,
mosaic attenuation, air trapping, ground-glass opacities,
consolidation, linear/reticular opacities, nodules, or cysts. A
mosaic attenuation pattern in children is usually attributable
to patchy interstitial disease or small airway disease with air
trapping, but can also be seen with pulmonary hypertension,
thromboembolism, or other occlusive vascular diseases that
result in mixed oligemic and plethoric lung.>* Air trapping
appears on HRCT as hypoattenuating regions that exhibit
less than a normal increase in attenuation and less than a
normal decrease in volume on expiratory images® (Fig. 14).
It is not unusual to see a few subsegmental hypoattenuating
foci in the lungs of normal children, especially in the poste-
rior juxtapleural region.

In consolidation, the airspace opacification obscures the
pulmonary vessels (Fig. 15). Consolidation can be seen in
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FIG. 14. Inspiratory (A) and expiratory (B) HRCT images of a patient with bronchiolitis obliterans show mosaic attenua-
tion of the lungs with patchy ground-glass opacification that is accentuated on expiration. Areas of pulmonary air trapping
related to obliterated airways exhibit decreased conspicuity of the pulmonary vessels, little decrease in volume on expira-
tion, and little increase in attenuation on expiration. Areas of spared normal lung exhibit marked increased attenuation on
expiration related to the decreased volume of air in the airspaces and the increased capillary blood flow diverted from the

areas with air trapping.

infectious pneumonia, organizing pneumonia, eosinophilic
pneumonia, aspiration pneumonia, acute interstitial pneu-
monia (AIP), pulmonary hemorrhage syndromes, and alve-
olar pulmonary edema.?” Ground-glass opacity is defined as
hazy increased attenuation of the lung with preserved visi-
bility of the bronchovascular structures on HRCT. Ground-
glass opacity is very nonspecific and can be seen in lung
with increased capillary blood volume, such as from shunt-
ing, or in lung affected by processes that thicken the inter-
stitium or partially remove or replace the air in the alveoli
with cells, fluid, or other material>*® (Figs. 8, 13, and 14).
Ground-glass opacities can also be observed physiologically
in underinflated lungs, particularly in the dependent lung
bases of infants on images acquired at expiration or shallow
inspiration® (Fig. 7).

Interlobular or intralobular septal thickening results from
edematous, infiltrative, or fibrotic processes affecting the
pulmonary interstitium and produces a linear or reticular
pattern on HRCT. The septal thickening is typically smooth
in cases of pulmonary edema, lymphangiectasis, and lymp-
hangiomatosis (Fig. 16), and nodular in cases of sarcoidosis
and lymphoid interstitial pneumonia (LIP). A fine pattern

of linear or reticular septal thickening can be seen in NSIP
and connective tissue disorders (Fig. 17), and a coarse pat-
tern with subpleural bands and architectural distortion
suggests fibrosis?* (Fig. 18). Crazy-paving refers to the pat-
tern of septal thickening superimposed on a background of
ground-glass opacity, evocative of the appearance of irregu-
larly shaped paving stones® (Fig. 19). Crazy-paving is associ-
ated with pulmonary alveolar proteinosis (PAP), pulmonary
hemorrhage syndromes, exogenous lipoid pneumonia, DAD,
organizing pneumonia, Prneumocystis pneumonia, and idio-
pathic pneumonia syndrome.

Pulmonary nodules can be classified according to their
distribution as perilymphatic, military, or centrilobular.
Perilymphatic nodules are found along the interlobular
septa, interlobar fissures, and bronchovascular bundles, and
may be seen in sarcoidosis (Fig. 20). Miliary nodules have
a random distribution indicating hematogenous dissemi-
nation, and may be seen in miliary tuberculosis, metastatic
disease, and Langerhans cell histiocytosis (LCH) (Fig. 21).
Centrilobular nodules are found within the secondary pul-
monary lobule and are separated from the pleural fissures
and interlobular septa by a distance of several millimeters.

FIG. 15. Chest CT image from a case of aspiration pneu-
monia showing consolidation with air bronchograms in-
volving the lower lobes of the lungs.

FIG.16. HRCT in a patient with lymphangiomatosis shows
linear and polygonal opacities related to interlobular septal
thickening, most conspicuously at the peripheral paramedi-
astinal and posterior lung regions.



FIG. 17. A fine reticular pattern of septal thickening is
demonstrated on this HRCT image from a child with non-
specific interstitial pneumonia.

Centrilobular nodules are often ill-defined and ground-glass
in attenuation, and are commonly seen in hypersensitivity
pneumonitis, bronchiolitis, cystic fibrosis, asthma, immotile
cilia syndrome, idiopathic pulmonary hemosiderosis (IPH),
and PVOD%? (Fig. 22). The tree-in-bud pattern refers to
branching centrilobular opacities that resemble a budding
tree, and is most commonly observed in disorders associ-
ated with endobronchiolar plugging, such as cystic fibrosis
and bronchiolitis (Fig. 23), but can also be seen in diseases
such as capillaritis that affect the intralobular vessels.?

A cyst appears on CT as a round low-attenuating struc-
ture with a well-defined interface with normal lung. Cysts
usually contain air but occasionally contain fluid or solid
material.® Thin-walled cysts are seen in pulmonary LCH,
LIP, NSIP, lung growth disorders, disorders of surfactant
metabolism, and pulmonary alveolar microlithiasis (Fig. 24).
Thicker-walled cysts seen in honeycombing reflect the dis-
solution of alveoli and loss of acinar architecture associated
with pulmonary fibrosis.

FIG. 19. HRCT image from a patient with acute myeloge-
nous leukemia and idiopathic pneumonia syndrome shows
a “crazy-paving” pattern of superimposed septal thickening
and ground-glass opacification, most conspicuously in the
right lung.
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FIG. 18. A chest CT image from a patient with juvenile
dermatomyositis shows coarse peripheral opacities with
subpleural bands, architectural distortion, and traction
bronchiectasis related to pulmonary fibrosis.

Imaging Features of Specific Disorders

While rare, the disorders comprising chILD are likely
under-recognized onimaging studies. Chestimaging studies
on children are frequently performed at institutions without
pediatric thoracic radiology expertise and the studies are
often interpreted by those unfamiliar with newly character-
ized disorders and reclassifications of previous disorders.
To serve as a guide for those interpreting pediatric chest im-
aging studies, the following section will review the salient
imaging features of specific disorders in the chILD spec-
trum, focusing initially on the disorders that typically pre-
sent in infancy, followed by the disorders that are primarily
encountered later in childhood. Knowledge of the imaging
findings in chILD is predominantly derived from descrip-
tive case reports and small retrospective cross-sectional case
series. Larger prospective and longitudinal studies are still
needed to demonstrate the natural evolution of the findings
with aging and growth, and to define the diagnostic perfor-
mance characteristics of imaging in terms of its sensitivity,

FIG. 20. The presence of perilymphatic nodules gives a
beaded appearance to some of the bronchovascular bun-
dles on this chest CT image from a patient with pulmonary
sarcoidosis.
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FIG. 21. Hematogenous dissemination of the disease pro-
cess in miliary tuberculosis is represented by the presence of
randomly distributed pulmonary nodules on this chest CT
image.

specificity, accuracy, likelihood ratios, and predictive values
for specific disorders in the chILD spectrum.

Diffuse Developmental Disorders

The diffuse developmental disorders of the lung include
acinar dysplasia, congenital alveolar dysplasia, and alve-
olar capillary dysplasia with misalignment of pulmonary
veins (ACD/MPV). ACD/MPYV is associated with forkhead
box (FOX) gene mutations and deletions and most cases are
associated with extrapulmonary abnormalities, including
hypoplastic left heart syndrome, urinary tract malforma-
tions, and intestinal malrotation and atresias.’ The usual
presentation is a full-term neonate that develops progres-
sive respiratory distress and cyanosis within 48 h of birth.

\ y

FIG. 23. Branching centrilobular opacities in a tree-in-bud
pattern are shown in the left lower lobe on this chest CT
image from an adolescent with an atypical mycobacterial in-
fection and lymphocytic bronchiolitis.
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FIG. 22. Numerous centrilobular ground-glass nodular
opacities are depicted on this chest CT image from an ado-
lescent with hypersensitivity pneumonitis.

Knowledge of the imaging features of the diffuse devel-
opmental disorders is limited to descriptions of the CXRs
from case reports and small case series of ACD/MPV and
acinar dysplasia. The lungs may be initially clear on CXR,
and follow-up radiographs show progressive hazy bilateral
pulmonary opacification, similar to that seen with surfac-
tant deficiency of prematurity or inborn errors of surfactant
metabolism. Air leaks including pneumothorax and pneu-
momediastinum develop in 50%, likely from barotrauma3-*
(Fig. 25). Although the CXR findings are nonspecific, diag-
nosis should be considered in the setting of a full-term ne-
onate with severe respiratory distress resembling persistent
pulmonary hypertension of the newborn but lacking the
usual predisposing features such as meconium aspiration,
asphyxia, prematurity, or sepsis.®

Lung Growth Disorders

The lung growth disorders are characterized by defec-
tive alveolarization with lobular simplification, deficient
alveolar septation, and airspace enlargement that may be
misinterpreted as “emphysematous changes” on imaging
and pathologic inspection. Prenatally, the best known form

FIG. 24. A chest CT image from a child with pulmonary
Langerhans cell histiocytosis demonstrates numerous air-
filled thin-walled cysts in the lungs.
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FIG. 25. CXR of a full-term neonate with alveolar capil-
lary dysplasia with misalignment of the pulmonary veins
shows hazy pulmonary opacities resembling the findings of
surfactant deficiency. Small pneumothoraces and pneumo-
mediastinum related to air leak from barotrauma are also

present.

is pulmonary hypoplasia related to oligohydramnios or in
utero restriction of fetal thoracic space. Postnatally, the most
commonly encountered form is chronic neonatal lung dis-
ease of prematurity or bronchopulmonary dysplasia (BPD).?

BPD is a disorder of lung growth impairment, injury, and
repair originally attributed to positive pressure mechanical
ventilation and oxygen toxicity. On CXR, infants with clas-
sic BPD demonstrate coarse reticular pulmonary opacities,
cystic lucencies, and disordered lung aeration reflecting
alternating regions of alveolar septal fibrosis and hyperin-
flated lung parenchyma. Advances in perinatal medicine,
including administration of antenatal glucocorticoids, sur-
factant replacement therapy, and refined ventilatory strate-
gies, have lowered the threshold of viability to ~23 weeks
gestational age when the alveolar ducts and alveoli are
just beginning to develop. Compared with classic BPD, the
“new” BPD is a disorder of extremely premature neonates
with arrested or delayed alveolar and pulmonary vascular
development, less pronounced alveolar septal fibrosis and
inflammation, and more subtle imaging abnormalities.’ The
most frequent abnormalities of new BPD on CT are hyperlu-
cent areas, linear opacities, and triangular subpleural opac-
ities (Fig. 26). The hyperlucent areas correspond to alveolar
enlargement and simplification and reduced distal vascular-
ization. The linear and subpleural opacities correspond to
interstitial fibroproliferation and are associated with a low
functional residual capacity, oxygen supplementation, and
mechanical ventilation. The CT findings do not correlate
with the severity of current symptoms.%

Lung growth disorders with lobular simplification and
alveolar enlargement may also be encountered in term
infants, often in the setting of congenital heart disease or
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FIG. 26. A chest CT image from a very premature neonate
with bronchopulmonary dysplasia exhibits hyperlucent
areas that correspond to alveolar enlargement and simplifi-
cation and reduced distal vascularization, and linear opaci-
ties that correspond to interstitial fibroproliferation.

genetic disorders such as trisomy 21. The Imaging Working
Group of the chILD Research Cooperative noted variability
in the imaging findings associated with lung growth dis-
orders, including distortion of the lung architecture with
perilobular opacities and lobules of variable attenuation on
chest CT in some cases? (Fig. 27). Subpleural cysts along the
lung periphery, pulmonary fissures, and bronchovascular
bundles are visible in 36% of children with the lung growth
disorder associated with trisomy 21% (Fig. 28). Mutations
of the filamin A (FLNA) X-linked gene are associated with
periventricular nodular gray matter heterotopia, cardiovas-
cular anomalies, skeletal dysplasia, Ehlers-Danlos variants,
and a lung growth disorder characterized by simplified
enlarged alveolar airspaces and pulmonary hypertensive
changes leading to progressive respiratory failure in infancy.
The chest imaging findings of the lung growth disorder as-
sociated with FLNA mutations consist of severe multilo-
bar hyperinflation with hyperlucent lung parenchyma and
peripheral pulmonary vascular attenuation resembling
emphysema® (Fig. 29).

Neuroendocrine Cell Hyperplasia of Infancy

Neuroendocrine cell hyperplasia of infancy (NEHI),
originally reported as persistent tachypnea of infancy, typ-
ically presents before 2 years of age with tachypnea, hyp-
oxia, and retractions and usually has a prolonged, slowly
improving course unresponsive to steroids. HRCT findings
of air trapping in a mosaic attenuation pattern affecting at
least 4 lobes with geographic ground-glass opacities that are
most conspicuous of the right middle lobe and lingula are
very characteristic of NEHI (Fig. 30). When interpreted by
experienced pediatric thoracic radiologists, the sensitivity
and specificity of HRCT for NEHI are 78%-83% and 100%,
respectively. Unlike many other forms of chILD, a specific
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FIG. 27. A chest CT image from a 4-month-old term in-
fant with respiratory insufficiency showing distortion of the
lung architecture with perilobular opacities and pulmonary
lobules of variable attenuation. Histopathologic inspection
revealed a lung growth disorder characterized by lobular
simplification and alveolar enlargement.

diagnosis of NEHI can be suggested by HRCT, and a con-
firmatory biopsy may not be necessary for patients with a
classic clinical presentation and characteristic radiologic
findings."> However, the diagnosis cannot be excluded by
radiographs, and misdiagnoses can occur when other ab-
normalities such as superimposed infections are present
and the distribution pattern of ground-glass opacities is
atypical.* CXRs consistently show hyperexpansion, which
can be confused for reactive airways disease or bronchioli-
tis in infants* (Fig. 31). Most patients require supplemental
oxygen for many years and hyperinflation may persist into
adolescence.*!

Pulmonary Interstitial Glycogenosis

Pulmonary interstitial glycogenosis (PIG), also known
as neonatal pulmonary interstitial glycogen accumulation
disorder and infantile cellular interstitial pneumonitis, typ-
ically presents with respiratory distress in the early neo-
natal period and is characterized by interstitial thickening
with immature glycogen-laden mesenchymal cells without
inflammation or fibrosis. The radiographic abnormalities
are nonspecific. CXR shows progressive hyperinflation and
evolution from a fine interstitial to a coarse interstitial and
alveolar pattern. HRCT demonstrates distortion of the lung

FIG. 28. Multiple subpleural cysts are demonstrated on
this chest CT image from a 5-year-old with a lung growth
disorder associated with trisomy 21.

architecture with linear and ground-glass opacities mixed
with hyperinflated or hyperlucent areas. There is often clin-
ical, histologic, and radiologic amelioration over the first few

FIG.29. An HRCT image from an infant with a filamin A
gene mutation shows severe multilobar pulmonary hyper-
inflation and hyperlucency with peripheral pulmonary vas-
cular attenuation resembling emphysema. A lung growth
disorder characterized by simplified enlarged alveolar air-
spaces and pulmonary hypertensive changes was noted on
a lung biopsy specimen.

FIG. 30. Chest CT images of a
3-month-old infant with persistent tac-
hypnea show mosaic attenuation with
geographic ground-glass opacities of
the posteromedial upper lobes (A),
infrahilar lower lobes, right middle
lobe, and lingula (B). These findings
are highly characteristic of neuroen-

l docrine cell hyperplasia of infancy.
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months of life, but hyperexpansion of the lungs may persist
for years.*>** PIG can be an isolated disorder, but is more
commonly seen as a patchy process in infants with lung
growth disorders, and the radiographic findings and clinical

FIG.31. The CXR of a 9-month-old infant with neuroendo-
crine cell hyperplasia of infancy shows pulmonary hyper-
expansion. This can be misattributed to reactive airways
disease or bronchiolitis.
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course in these cases tend to be dominated by the severity of
the lung growth disorder? (Fig. 32).

Inborn Errors of Surfactant Metabolism

The importance of a developmental perspective on chILD
is illustrated by the different histopathologic patterns mani-
fested by the inborn errors of surfactant metabolism at dif-
ferent ages. Histopathologies associated with inborn errors
of surfactant metabolism include chronic pneumonitis of
infancy, PAP, desquamative interstitial pneumonia, endog-
enous lipoid pneumonia, and NSIP. The clinical and radio-
logic manifestations correspondingly vary with patient age,
suggesting the influence of environmental factors and other
genes.*

Term neonates with homozygous loss-of-function muta-
tions of the surfactant protein B (SP-B) gene usually de-
velop diffuse lung disease resembling respiratory distress
syndrome (RDS) of surfactant-deficient premature infants,
but are refractory to treatment for RDS and succumb to
their disease unless lung transplantation is performed.
CXR shows diffuse granular or hazy pulmonary opacities,
while HRCT shows diffuse ground-glass opacities, inter-
lobular septal thickening, and crazy-paving.**8 The differ-
ential diagnosis includes infection, obstructed pulmonary
venous return, and diffuse developmental disorders.

In term infants, autosomal dominant mutations of the
surfactant protein C (SP-C) gene or autosomal recessive
mutations of the ATP-binding cassette subfamily A member
3 (ABCA3) gene can be associated with respiratory failure
similar to that seen with SP-B mutations, with diffuse hazy
pulmonary airspace opacification on CXR and diffuse

FIG. 32. The CXR (A) of a 2-month-old
former premature infant with a persisting
supplemental oxygen requirement shows a
coarse interstitial pattern, while HRCT (B)
demonstrates distortion of the lung architec-
ture with ground-glass opacities and pulmo-
nary lobules of variable attenuation. Lung
biopsy revealed patchy pulmonary intersti-
tial glycogenosis superimposed on a severe
lung growth disorder.

FIG. 33. A full-term infant with re-
spiratory failure related to ABCA3 gene
mutations exhibits diffuse hazy gran-
ular pulmonary airspace opacification
on CXR (A) resembling the findings of
surfactant deficiency of prematurity.
Diffuse ground-glass pulmonary opaci-
fication is observed on chest CT (B).
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ground-glass opacities, interlobular septal thickening, and
crazy-paving on CT** (Fig. 33). ABCA3 and SP-C gene
mutations can also be associated with chronic interstitial
lung disease presenting later in infancy and childhood.5"%
In these older patients, the ground-glass opacities can be
diffuse or patchy and the septal thickening can be fine or
coarse with architectural distortion. Small pulmonary
cysts develop and increase in number and size over time.
Pectus excavatum also develops in those surviving beyond
infancy® (Fig. 34).

When the above imaging findings are noted in a neonate
with unexplained or refractory RDS or in an older infant
or child with unexplained respiratory insufficiency, partic-
ularly if familial, genetic testing for surfactant gene muta-
tions should be pursued and could avert the need for lung
biopsy in some cases.*** Routine imaging surveillance is not
warranted following diagnosis since changes in the imaging
findings do not correlate with lung function or outcome.*

Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is characterized
by intra-alveolar accumulation of lipoproteinaceous mate-
rial. The congenital form of PAP presenting in the neonatal
period is usually caused by inborn errors of surfactant
metabolism. The idiopathic form of PAP is more insid-
ious, presenting later in childhood or adulthood, and is
now known to be most commonly related to the presence
of neutralizing autoantibodies to granulocyte macrophage
colony-stimulating factor (GM-CSF) that disrupts signaling
of alveolar macrophages, resulting in impaired clearance
of surfactant-derived intra-alveolar lipoproteins, but pre-
serving the underlying lung architecture. Secondary PAP
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is associated with leukemia, inhalation of toxic fumes or
dusts, or other processes that inhibit alveolar macrophage
function.’® Very rare defects of the GM-CSF receptor « or 3
subunit gene, solute carrier family 7 subfamily A isoform
7 (SLC7A7) gene, NK2 homeobox 1(NKX2-1)/(thyroid tran-
scription factor 1 (T'TF-1) gene, or Niemann-Pick disease
type C2 (NPC2) gene can also lead to PAP in infancy or
childhood. SLC7A7 mutations are associated with lysinuric
protein intolerance; NPC2 mutations are associated with
hepatosplenomegaly and Niemann-Pick disease type C2%;
and NKX2-1/TTF-1 mutations are associated with concom-
itant maldevelopment of the basal ganglia and thyroid.*
The CXR pattern of PAP is diffuse or perihilar airspace
opacification. HRCT tends to show widespread ground-
glass opacities, consolidation, septal thickening, and cra-
zy-paving®- (Fig. 35). In the case of autosomal recessive
lysinuric protein intolerance due to SLC747 gene mutations,
HRCT can show PAP prior to clinical symptoms and facili-
tate early diagnosis.®*®2 Opportunistic infections (especially
Pneumocystis jiroveci, Listeria monocytogenes, Mycobacterium
tuberculosis, adenovirus, and group B streptococcus) are
an important source of morbidity and mortality in PAP
patients, and can be difficult to diagnose radiographically in
the setting of underlying widespread pulmonary disease.

Pulmonary Lymphangiectasia and
Lymphangiomatosis

Pulmonary lymphangiectasia is characterized by dilation of
the lymphatics draining the subpleural and pulmonary inter-
stitial spaces. The primary form can be restricted to the lungs
or can be generalized and involve extrapulmonary structures.
The secondary form is due to pulmonary lymphatic or venous

FIG. 34. HRCT image (A) of a 10-year-old
with cough and dyspnea shows extensive
ground-glass pulmonary opacities, small
cysts, and a few thickened septa. Additional
evaluation revealed ABCA3 gene mutations,
demonstrating that inborn errors of surfac-
tant metabolism can present after infancy
with chronic diffuse lung disease. Pectus
excavatum also develops in those with in-
born errors of surfactant metabolism sur-
viving beyond infancy, as illustrated on a CT
image (B) of a 4-year-old with ABCA3 gene
mutations.

FIG. 35. Pulmonary alveolar proteinosis
attributable to a GM-CSF-alpha-receptor de-
fect in a 3-year-old manifests with diffuse
airspace opacification on CXR (A) and con-
solidation, ground-glass opacification, septal
thickening, and crazy-paving on HRCT (B).



56

obstruction, such as from hypoplastic left heart syndrome,
total anomalous pulmonary venous return, pulmonary vein
stenosis, pulmonary vein atresia, or cor triatriatum.

Pulmonary lymphangiectasia classically presents as se-
vere respiratory distress in term neonates with diffuse hazy
opacification of the lungs on CXR resembling the findings
of surfactant deficiency of prematurity or inborn errors of
surfactant metabolism. HRCT shows a characteristic con-
stellation of smooth thickening of the septa and bronchovas-
cular bundles, patchy perihilar and subpleural ground-glass
opacities, pleural thickening, and effusions (often chylous).
In those surviving the neonatal period, the lungs become
clearer and interstitial thickening decreases but hyperinfla-
tion increases with age. Patchy ground-glass opacities that
are fixed in location may be observed. Pectus excavatum
develops in one-third of cases.®*-%

In lymphangiomatosis, there is a proliferation of com-
plex anastomosing lymphatic channels with secondary
lymphatic dilation. Pulmonary lymphangiomatosis can be
difficult to differentiate from pulmonary lymphangiecta-
sia, since the histopathologic and radiographic findings in
the lungs are very similar and chylous pleural effusions
are common in both.®5% As distinguishing features, lymp-
hangiomatosis most often presents in late childhood and
frequently involves extrapulmonary tissues, with lytic
bone lesions and mediastinal soft tissue edema commonly
observed® (Fig. 36).

Pulmonary Veno-Occlusive Disease and
Pulmonary Capillary Hemangiomatosis

The obstructive process of the pulmonary venules in
PVOD and alveolar capillary bed in pulmonary capillary
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hemangiomatosis (PCH) results in pulmonary arterial hy-
pertension, low or normal pulmonary vein pressure, and
transudative pulmonary edema. These hemodynamic alter-
ations produce the constellation of CT findings of smooth
septal thickening, ground-glass opacities (diffuse, mosaic,
or centrilobular), consolidation, pleural effusions, central
pulmonary artery and right heart chamber enlargement,
normal left atrial and ventricular contours, and normal-
caliber main pulmonary veins (Fig. 37). PCH manifests with
less pronounced septal thickening and better defined nod-
ular ground-glass opacities than PVOD. The pulmonary im-
aging findings of PVOD and PCH have marked similarity
with those seen in pulmonary vein stenosis, pulmonary
vein atresia, total anomalous pulmonary venous return,
cor triatriatum, left heart failure, and pulmonary lymp-
hangiomatosis or lymphangiectasia, and attention to the
pulmonary veins and cardiomediastinal structures can aid
in distinction of these disorders. It is important not to misdi-
agnose PVOD or PCH as primary pulmonary hypertension
or pulmonary thromboembolic disease, since the vasodila-
tors used to treat primary pulmonary arterial hypertension
can induce fulminant pulmonary edema in patients with
PVOD or PCH. Primary pulmonary hypertension and pul-
monary thromboembolic disease may exhibit pulmonary
artery enlargement and mosaic lung attenuation, but septal
thickening, centrilobular opacities, and pleural effusions are
usually not a feature, facilitating distinction from PVOD and
PCH.®

Diffuse Pulmonary Lymphoid Hyperplasia

Follicular bronchitis/bronchiolitis and LIP fall in the
spectrum of “diffuse pulmonary lymphoid hyperplasia” that
develops in response to viral infection (eg, EBV, HIV, HHV-6),

FIG. 36. Chest CT images of a 6-year-old
viewed at lung windows (A) and soft tissue
windows (B) shows thickening of the sep-
tae and bronchovascular bundles, as well
as a small right pleural effusion and me-
diastinal edema characteristic of thoracic
lymphangiomatosis.

FIG.37. Ina 7-year-old with pulmonary hy-
pertension and cor pulmonale, a coronal chest
CT image viewed at lung windows (A) shows
smooth septal thickening and ill-defined
ground-glass centrilobular opacities, while
an axial chest CT image viewed at soft tissue
windows (B) demonstrates a right pleural
effusion and marked pulmonary artery en-
largement. This constellation of findings
reflects the hemodynamic alterations in the
pulmonary circulation resulting from pul-
monary veno-occlusive disease (PVOD).
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autoimmune disease (especially Sjogren’s syndrome), immu-
nodeficiency, or an unknown trigger.” Follicular bronchitis/
bronchiolitis is characterized by prominent peribronchial
lymphoid follicles while LIP is characterized by an intersti-
tial lymphocytic infiltrate.

Follicular bronchitis/bronchiolitis typically presents by
6-8 weeks of age with unremitting respiratory distress and
fever. At the initial presentation, CXR shows hyperinflation
and peribronchial thickening resembling the findings of
acute lower airway infection or reactive airways disease.”
Evolution to LIP occurs over several months as the radio-
graphic findings sequence from peribronchial thickening to
fine reticular opacities, reticulonodular opacities, and coa-
lescent nodules forming confluent opacities. HRCT reveals
micronodules of 1-3 mm diameter in a perilymphatic in-
terstitial distribution (subpleural > septal> centrilobu-
lar> peribronchovascular) with a basilar predominance”™”
(Fig. 38). Bronchiectasis develops in 3% of cases at a fol-
low-up period of 3-7 years,” and formation of cysts has also
been described.” With the exception of bronchiectasis, the
pulmonary findings potentially reverse in response to anti-
retroviral therapy or in the natural course of the disease.™

LIP occurs in 30%-40% of children infected with human
immunodeficiency virus (HIV). In 1987, the CDC formulated
criteria for a presumptive diagnosis of LIP to differentiate it
from mycobacterial, viral, and fungal infections, and obviate
the need for lung biopsy. These criteria include diffuse, sym-
metric, reticulonodular, or nodular pulmonary opacities that
persist for at least 2 months with no identifiable pathogen or
response to antibiotic therapy. A recent systematic literature
review of the radiologic features of LIP in HIV-infected chil-
dren found that 75%-92% of all biopsy-proven cases of LIP
in HIV-infected children would be diagnosed using the 1987
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CDC criteria for a presumptive diagnosis, supporting the
continued validity of the criteria. In 20% of cases of LIP in
the review, mediastinal abnormalities attributable to lymph-
adenopathy were recorded, although miliary tuberculosis
should still be considered if lymphadenopathy is present.”

Bronchiolitis Obliterans

The most common abnormality on CXR in patients with
bronchiolitis obliterans is hyperinflation, but the findings
are often nonspecific and the CXR can be normal.” Both
lung ventilation-perfusion scintigraphy and CXR are less
sensitive than HRCT for bronchiolitis obliterans.”” The char-
acteristics findings of bronchiolitis obliterans on HRCT are
mosaic attenuation, air trapping, pulmonary vascular at-
tenuation, bronchial wall thickening, and bronchiectasis
(Fig. 39). Bronchiolitis obliterans can be confidently di-
agnosed in children on the basis of clinical presentation
(especially a history of viral or Mycoplasma infection, graft-
versus-host disease, Stevens—-Johnson syndrome, or lung
transplantation), fixed obstructive lung disease on pulmo-
nary function testing, and characteristic findings on HRCT,
obviating the need for lung biopsy.” In fact, the heteroge-
neous distribution of airway involvement by bronchiolitis
obliterans can lead to sampling error, and lung biopsies are
normal or nondiagnostic in up to one-third of children with
bronchiolitis obliterans.”

Swyer-James-MacLeod syndrome is a particular form of
bronchiolitis obliterans characterized on CXR by a small- or
normal-sized hyperlucent lung with decreased vascularity
presenting several months or a few years after the precip-
itating infection. Although the abnormalities may appear
to be unilateral on CXR, HRCT reveals that the findings of

FIG. 38. CXR (A) and chest CT (B) images
show numerous tiny pulmonary nodules in
a perilymphatic interstitial distribution in a
child with lymphoid interstitial pneumonia.

FIG. 39. The lateral CXR (A) of a 2-year-
old with recurrent wheezing following ad-
enovirus pneumonia shows diaphragmatic
flattening consistent with pulmonary hy-
perinflation. An image from an HRCT exam
(B) obtained at 4 years of age reveals charac-
teristics findings of bronchiolitis obliterans,
including mosaicattenuation, pulmonary vas-
cular attenuation in hyperlucent areas, bron-
chial wall thickening, and bronchiectasis.
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bronchiolitis obliterans, including mosaic attenuation and
air trapping, are bilateral in about one-half of cases of Swyer-
James-MacLeod syndrome” (Fig. 40).

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis, also known as extrinsic
allergic alveolitis, is usually precipitated in children by expo-
sure to organic antigens from birds or fungi. The diagnosis
of hypersensitivity pneumonitis is supported by a history
of exposure, the presence of precipitating antibodies, and
the observation of compatible imaging findings.®" In acute
hypersensitivity pneumonitis, the CXR may show opacities
resembling pulmonary edema or pneumonia within the
mid and lower lung zones. However, a normal CXR does not
exclude hypersensitivity pneumonitis, and 40% of the cases
with a normal CXR have pulmonary abnormalities visible
by HRCT. As with CXR, the acute phase on HRCT is char-
acterized by opacities that may mimic infection or edema.
In the subacute phase, HRCT reveals poorly defined centri-
lobular nodules, ground-glass opacities, and air trapping.
There is relative sparing of the upper lung zones in the acute
and subacute phases. Subpleural irregular linear opacities,
architectural distortion, and honeycombing related to pul-
monary fibrosis are found on HRCT in the chronic phase.
HRCT often shows findings associated with multiple phases
concurrently related to ongoing antigen exposure prior to
diagnosis (Fig. 41). The clinical symptoms typically resolve
within a few days of starting treatment and ceasing exposure
to the inciting antigen, although it may take several weeks
for the HRCT findings of acute and subacute hypersensi-
tivity pneumonitis to resolve. The findings of pulmonary
fibrosis on HRCT persist and may even progress despite
elimination of exposure to the offending antigen.?8!

Diffuse Pulmonary Hemorrhage Disorders

Diffuse pulmonary hemorrhage disorders can be clas-
sified by etiology and grouped according to the presence
or absence of pulmonary capillaritis, a pathologic process
characterized by inflammatory disruption of the capillary
network of the interstitium. Pulmonary hemorrhage disor-
ders with capillaritis include idiopathic pulmonary capil-
laritis, Wegener’s granulomatosis, microscopic polyangiitis,
Goodpasture’s syndrome, idiopathic pulmonary-renal syn-
drome, lupus, and drug-induced capillaritis. Pulmonary
hemorrhage disorders without capillaritis include IPH, acute
idiopathic pulmonary hemorrhage of infancy, Heiner syn-
drome, coagulation disorders, and cardiovascular disorders
(eg, PVOD, pulmonary arteriovenous malformations).®?
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FIG. 40. A chest CT image from a teenager with Swyer-
James-MacLeod syndrome shows a small hyperlucent left
lung with attenuated pulmonary vasculature. Mosaic atten-
uation related to bronchiolitis obliterans is also observed in
the right lung.

Hemoptysis is present in only a minority of children with
diffuse pulmonary hemorrhage, but most have anemia and
an abnormal CXR on presentation.®> The classic CXR appear-
ance of acute diffuse pulmonary hemorrhage is described
as a “butterfly” or “batwing” pattern of symmetric airspace
opacities. However, the opacities may be asymmetric or
unilateral.#% HRCT is more sensitive than CXR for pulmo-
nary hemorrhage and shows patchy ground-glass opacities
and consolidation in the acute phase, reflecting filling of the
airspaces with blood.®*%* Hemosiderin-laden macrophages
aggregate in the interstitium after repetitive or chronic hem-
orrhage, resulting in septal thickening and nodular opaci-
ties. Crazy-paving may also be observed#5%¢ (Fig. 42).

The imaging findings of pulmonary hemorrhage are
not specific, although certain features favor particular dis-
orders.® Capillaritis should be suspected if small fluffy or
centrilobular perivascular opacities are present (Fig. 43).
These opacities reflect the angiocentric inflammation and
hemorrhage associated with capillaritis, and biopsy may be
obviated in the appropriate clinical setting.®” IPH usually
presents before the age of 3 years and is linked with certain
household molds and decreased levels of von Willebrand
factor, suggesting an environmental trigger in genetically
predisposed individuals. IPH is occasionally associated
with lymphadenopathy and celiac disease, suggesting an
autoimmune etiology in these cases.®5%5¢

FIG.41. HRCT images of a 10-year-old with
cough, fatigue, and hypoxemia following ex-
posure to chickens demonstrate diffuse ill-
defined ground-glass centrilobular nodular
opacities involving the upper lung zones (A)
and irregular linear opacities at the posterior
lung bases (B). These findings are consistent
with concurrent subacute and chronic phases
of hypersensitivity pneumonitis from on-
going antigen exposure prior to diagnosis.
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Pulmonary Alveolar Microlithiasis

Pulmonary alveolar microlithiasis is an autosomal re-
cessive disease associated with mutations of the solute
carrier family 34 subfamily A isoform 2 (SLC34A2) gene
that encodes a sodium-dependent phosphate transporter
expressed in alveolar type II cells. Inability of alveolar type
IT cells to clear phosphorus ions likely leads to the charac-
teristic accumulation of calcium phosphate microliths in the
alveoli, subpleural space, interlobular septa, and broncho-
vascular bundles. The pathologic and radiologic findings
correlate well, with CXR showing sand-like micronodules
scattered throughout the lungs and obliterating the medi-
astinal and diaphragmatic contours in advanced cases (Fig.
44). HRCT demonstrates calcified micronodules (<3 mm
diameter) with thickening of interlobular septa, broncho-
vascular bundles, and fissures. Ground-glass opacities, con-
solidation, and small cysts are also commonly observed in
pulmonary alveolar microlithiasis on HRCT. Involvement is
most pronounced of the posterior lower lobes and anterior
upper lobes, and the calcifications are rendered more con-
spicuous by using soft tissue window settings rather than
lung window settings. The differential diagnosis of calcified
micronodules includes miliary tuberculosis, pulmonary
hemosiderosis, and metastatic calcinosis associated with
chronic renal failure, and distinction is usually possible by
appropriate clinical correlation.®

The degree of pulmonary function loss correlates with
the extent of pulmonary parenchymal abnormalities on

—

FIG. 43. A chest CT image from a 15-year-old with pul-
monary capillaritis demonstrates multiple fluffy nodular
opacities at the lung bases resulting from angiocentric in-
flammation and hemorrhage.
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FIG. 42. A 4-year-old with anemia and he-
moptysis exhibits symmetric perihilar and
medial basilar pulmonary airspace opaci-
ties on CXR (A) and patchy consolidation,
ground-glass opacities, septal thickening,
and crazy-paving on HRCT (B), reflecting the
effects of combined acute and chronic pul-
monary hemorrhage.

imaging in patients with pulmonary alveolar microlithia-
sis. Clinical symptoms are usually absent or very mild in
earlier stages of pulmonary alveolar microlithiasis, and
the diagnosis of clinically occult cases can often be estab-
lished by CXR or CT screening of the relatives of the index
patient.¥

Nonspecific Interstitial Pneumonia

Nonspecific interstitial pneumonia (NSIP) bears an un-
fortunate name because it is associated with a distinct
histologic appearance. It is characterized on pathology by
spatially and temporally uniform interstitial inflammation
with varying degrees of fibrosis. In children, it can be idio-
pathic, familial, or affiliated with certain conditions, including

FIG. 44. A CXR of a 12-year-old with pulmonary alveolar
microlithiasis shows numerous pulmonary micronodules
with relative sparing of the apices (image courtesy of Robin
Deterding, M.D.).
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FIG.45. AnHRCT image from an 11-year-old with familial
NSIP shows fine linear and ground-glass opacities at the
lung periphery and a few subtle subpleural cysts.

PB

autoimmune connective tissue disorders and inborn errors
of surfactant metabolism.>*

The HRCT findings most often seen with NSIP are
ground-glass and fine linear or reticular opacities predom-
inantly at the lung periphery (Fig. 45). Consolidation and
cysts are occasionally seen. Traction bronchiectasis, volume
loss, and honeycombing may develop over time. The HRCT
findings of NSIP can resolve or persist, depending on the
degree of fibrosis.”

Connective Tissue and Collagen-Vascular
Diseases

The use of HRCT has revealed a high prevalence of inter-
stitial lung disease, particularly NSIP, in those with connec-
tive tissue and collagen-vascular diseases such as systemic
sclerosis and dermatomyositis. The pulmonary findings
on HRCT scans have limited specificity for distinguishing
among these diseases, although ancillary findings may pro-
vide a clue to the specific diagnosis, such as the presence of
esophageal dilation that suggests systemic sclerosis.?*

Lung involvement is an adverse prognostic factor in
juvenile systemic sclerosis, and evidence of lung involve-
ment in present on HRCT in 53% of children with systemic
sclerosis at initial assessment.”’ The HRCT findings of
lung involvement in systemic sclerosis often present in an
NSIP pattern, with fine reticular or ground-glass opaci-
ties principally involving the lung periphery.” Subpleural
micronodules, subpleural cysts, traction bronchiectasis,
and honeycombing may also be observed (Fig. 46). Only a
subset of patients develops progressive pulmonary fibrosis,
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but the fibrosis may be advanced before clinical symptoms
manifest. There is no clear correlation between the dura-
tion of illness and the severity of lung involvement, but
the severity of lung involvement on HRCT correlates with
deficits in pulmonary function testing. Early detection of
lung involvement by HRCT surveillance may be beneficial
by directing prompt treatment to prevent irreversible pul-
monary fibrosis.”*

Findings of lung involvement are noted on CT in 25%
of patients with juvenile-onset mixed connective tissue
disease. These findings include a microcystic reticular
pattern with fine intralobular and ground-glass opaci-
ties, evocative of NSIP. The lung involvement is predomi-
nantly mild with a median disease extent of 2% of the lung
parenchyma.”

Studies reporting thoracic involvement by systemic lupus
erythematosus (SLE) consist largely of adult patients and

FIG.46. HRCT images of NSIP in a 10-year-
old with systemic sclerosis show fine linear
and ground-glass opacities (A) and coales-
cent subpleural cysts resembling honey-
combing (B). Esophageal dilation related to
the systemic sclerosis is also demonstrated.

describe the most common CT findings as interlobular septal
thickening, parenchymal bands, bronchiectasis, mediastinal
lymphadenopathy, and pleuropericardial effusions.” In dis-
tinction to adult-onset SLE, interstitial lung disease is un-
common in childhood-onset SLE, with only 8% of patients
having abnormal findings on HRCT. This suggests that
asymptomatic children with SLE do not need HRCT screen-
ing.® When the lungs are involved in childhood-onset SLE,
it is frequently in the form of vasculitis with pulmonary
hemorrhage (Fig. 47).

FIG. 47. Ground-glass opacities centered around the pul-
monary vasculature on this HRCT image of a 14-year-old
with systemic lupus erythematosus represent foci of hemor-
rhage from pulmonary vasculitis.
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Lung involvement is reported to occur in 55%-92% of
pediatric patients with sarcoidosis and is more common in
children older than 8 years of age than in younger children.
The majority (89%-100%) of these children present with
hilar lymphadenopathy, which is bilateral in most cases.
Isolated lung involvement without lymphadenopathy is un-
common, being found in only 11% of cases, and is usually
interstitial rather than alveolar.”® The typical HRCT find-
ings of sarcoidosis are peribronchovascular and interstitial
thickening, and small well-defined pulmonary nodules
that may be interlobular, centrilobular, or peribronchovas-
cular in distribution. The nodules give a beaded appearance
to the bronchovascular bundles and interlobular septa®”
(Fig. 48).

Organizing Pneumonia

Organizing pneumonia in children can be idiopathic or
secondary to infection, asthma, drug reaction, aspiration
pneumonia, autoimmune disease, chemotherapy, bone
marrow transplantation, or other disorders that incite a
reparative response in the lung.”® Organizing pneumonia
is characterized histologically by intraluminal organizing
fibrosis in the distal airways and airspaces (bronchioles,
alveolar ducts, and alveoli). The appearance of organizing
pneumonia on CT is variable, with the most frequent pat-
tern consisting of peripheral patchy consolidations with
or without surrounding ground-glass-like opacities. Air
bronchograms and mild bronchial dilation are common
within the consolidations (Fig. 49). Other patterns in-
clude central ground-glass opacity surrounded by con-
solidation (atoll or reverse halo sign), small pulmonary
nodules along bronchovascular bundles, linear and band-
like subpleural opacities, perilobular thickening, and pro-
gressive fibrosis.” Differential diagnostic considerations
include infectious pneumonia, vasculitis, and eosinophilic
pneumonia.'

Acute Interstitial Pneumonia and Diffuse Alveolar
Damage

Diffuse alveolar damage (DAD) is a histopathologic
pattern characterized by an exudative phase exhibiting
edema, hyaline membranes, and interstitial acute inflam-
mation, and an organizing phase exhibiting loose orga-
nizing fibrosis, mostly within the alveolar septa, and Type
IT pneumocyte hyperplasia. DAD is associated with acute
respiratory distress syndrome (ARDS), infection (especially
CMV or Pneumocystis), bone marrow transplantation, and
primary graft dysfunction in lung transplant recipients.
DAD is also associated with the clinicopathologic diagnosis
of idiopathic AIP in previously healthy children, and has a
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FIG. 48. In a 12-year-old with pulmo-
nary sarcoidosis, the presence of perilym-
phatic nodules gives a beaded appearance
to the bronchovascular bundles on a chest
CT image viewed at lung windows (A).
Mediastinal lymphadenopathy is revealed
on a chest CT image viewed at soft tissue
windows (B).

poor prognosis. The initial HRCT findings of AIP/DAD are
patchy or geographic ground-glass opacity, consolidation,
and sometimes crazy-paving, followed by architectural dis-
tortion and traction bronchiectasis (Fig. 50). The differential
diagnosis includes infectious pneumonitis, hydrostatic pul-
monary edema, PAP, pulmonary hemorrhage, and acute eo-
sinophilic pneumonia (AEP).>*

Lipoid Pneumonia

Endogenous lipoid pneumonia arises from PAP or an
obstructed airway leading to the accumulation of choles-
terol and other lipids in the distal airspaces, while exoge-
nous lipid pneumonia arises from aspiration of mineral,
vegetable, or animal oils. Exogenous lipoid pneumonia in
the pediatric population is most frequently associated with
mineral oil use for chronic constipation. Neonates and chil-
dren with swallowing dysfunction related to neurologic or
neuromuscular disorders are at higher risk of exogenous
lipoid pneumonia, although oropharyngeal dysphagia and
silent aspiration can occur even in developmentally appro-
priate infants and young children. Those with exogenous li-
poid pneumonia may be asymptomatic or have nonspecific
symptoms such as cough, tachypnea, or fever, and the rel-
evant clinical history may not be proffered. Consequently,
lipoid pneumonia may be unsuspected, and the diagnosis
may be first suggested on the basis of the radiographic
findings.

FIG. 49. A chest CT image of an 18-year-old with graft-
versus-host-disease shows patchy ground-glass opacity and
consolidation with air bronchograms at the periphery of the
right lower lobe, consistent with organizing pneumonia.
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FIG.51. AnHRCT image from a 17-year-old with a history
of mineral oil use for chronic constipation depicts a crazy-
paving pattern attributable to exogenous lipoid pneumonia.

The most common CT finding in exogenous lipoid pneu-
monia is consolidation, predominantly in the central and
posterior aspects of the lower lobes and right upper lobe.
Ground-glass opacities, nodules, and a crazy-paving pat-
tern may also be observed (Fig. 51). The consolidation usu-
ally contains characteristic foci of fatty attenuation, but
in some cases the fat attenuation is not evident because of

V.
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FIG. 52. A chest CT image from an 18-year-old with dys-
pnea and peripheral eosinophilia induced by minocycline
demonstrates peripheral consolidations sparing the cen-

tral lung zones, characteristic of drug-induced eosinophilic
pneumonia.
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FIG.50. Diffuse alveolar damage is the his-
topathologic correlate in this infant with re-
spiratory failure and crazy-paving on chest
CT (A) and in this teenage lung transplant re-
cipient with primary graft dysfunction and
2 patchy ground-glass opacity and consolida-
: tion on chest CT (B).

volume averaging with adjacent inflammatory exudates.
Also, volume averaging of air and inflammatory exudates in
other forms of pneumonitis can produce foci of seeming fat
attenuation and result in a false positive impression of lipoid
pneumonia.

Pulmonary Infiltrate With Eosinophilia

Disorders under the rubric of pulmonary infiltrate with
eosinophilia (PIE) include simple pulmonary eosinophilia
(SPE, or Loffler’s syndrome), chronic eosinophilic pneu-
monia (CEP), AEP, idiopathic hypereosinophilic syndrome
(IHS), allergic bronchopulmonary aspergillosis (ABPA),
bronchocentric granulomatosis (BG), allergic angiitis and
granulomatosis (Churg-Strauss syndrome), drug-induced
PIE, and PIE induced by parasitic infection. Peripheral eo-
sinophilia is usually present in these disorders, but can be
absent in AEP.

The associated radiographic findings of interstitial, alve-
olar, or mixed interstitial/alveolar pulmonary opacities are
often nonspecific, although a specific diagnosis can be sug-
gested in some instances. The pattern of peripheral consolida-
tions sparing the central lung zones (“photographic negative
of pulmonary edema”) coupled with peripheral eosinophilia
allows a presumptive diagnosis of CEP or drug-induced PIE
(Fig. 52). ABPA presents with central bronchiectasis with or
without mucoid impaction. Pulmonary nodules with ground-
glass halos are characteristic of SPE and IHS. AEP without pe-
ripheral eosinophilia can simulate ARDS, AIP, or hydrostatic
pulmonary edema with airspace opacities, septal thickening,
and pleural effusions. BG manifests with focal masses and
nodules or lobar consolidation with atelectasis. Findings in
Churg-Strauss syndrome include subpleural consolidation,
centrilobular nodules, bronchial wall thickening, and inter-
lobular septal thickening. Even if the findings are nonspecific,
imaging localizes potential sites for lung biopsy and provides
a noninvasive method to evaluate response to therapy.1>1%

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH) is characterized by
granulomatous infiltration of various tissues by large den-
dritic cells (Langerhans cells). In later stages, the granulomas
may be replaced by fibrosis, scarring, and cyst formation.
Childhood pulmonary LCH is clonal and is unassociated
with smoking, distinguishing it from adult pulmonary
LCH. With rare exception, pulmonary LCH in children is ob-
served only in the setting of multisystem LCH. Pulmonary
involvement is present in a minority of cases of multisystem
LCH, and most cases initially present with a skin rash in
infancy.10#105
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Diffuse reticulonodular opacities constitute the most
common appearance of childhood pulmonary LCH on CXR.
Cysts, often irregular in shape, are seen in 31% of cases.
Spontaneous pneumothorax can complicate cyst rupture.
Thymic involvement is common, especially in multisystem
disease, and serves as a potential clue to the diagnosis.
Thymic involvement is suggested by the presence of thymic
enlargement, particularly if intrathymic calcifications, cysts,
or cavitations are present'® (Fig. 53).

Only one-half of the patients with lung involvement on
imaging present with respiratory symptoms or signs, and
lung imaging should be performed in all newly diagnosed
LCH patients. Lung involvement usually parallels overall
disease activity, but the severity of lung involvement is not
predictive of outcome in children despite the designation
of the lung as a risk organ in the treatment protocols of the
Histiocyte Society. Of children treated for LCH, 6% have
asymptomatic lung involvement at a mean of 15 years off-
treatment.19415

Storage Diseases

Gaucher disease and Niemann-Pick disease are lyso-
somal storage disorders in which lipid-laden “foamy” mac-
rophages (Gaucher cells or Niemann-Pick cells) accumulate
in various tissues. The lipid-laden macrophages occupy the
alveoli, thicken the alveolar walls, and fill the peribroncho-
vascular, subpleural, and interlobular lymphatic spaces.
Pulmonary abnormalities in children with lysosomal stor-
age disorders can be also be caused by repeated pneumonia
from immunologic deficits or chronic aspiration from neu-
rologic deficits.

Symptomatic lung involvement by Gaucher disease is
rare at presentation, but develops later in the disease course
in some patients, especially those with neuronopathic type
III. Respiratory failure from interstitial lung disease is
second only to hepatic failure as a cause of death in young
patients with type III Gaucher disease. CXR may demon-
strate reticulonodular opacities in Gaucher disease, while
HRCT displays a broader range of abnormalities including
ground-glass opacities, consolidation, interstitial thick-
ening, and bronchial wall thickening. Hilar and mediastinal
lymphadenopathy are common, and thymic enlargement
may also be noted in Gaucher disease.'’” In children with
Gaucher disease receiving enzyme replacement therapy,
gradual improvement of the pulmonary abnormalities can
be noted radiographically, although complete reversal does
not occur and significant pulmonary involvement may
persist.1®
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In Niemann-Pick disease, lung involvement is most
common in the type B form in which a nonspecific reticu-
lonodular interstitial pattern is usually observed. The pro-
gression of lung disease in Niemann-Pick type B is slow
and respiratory symptoms are usually mild, and chest im-
aging has not proven useful for determining the severity or
outcome of lung involvement.!” In distinction, lung disease
in Niemann-Pick type 2C is characterized by respiratory
distress presenting in infancy from PAP due to alveolar
overfilling with dysfunctional cholesterol-laden surfac-
tant>* (Fig. 54).

Diagnostic Efficacy of Imaging ChILD

In one study of diffuse pediatric lung disease, diagnoses
were made with a high degree of confidence in 62% of HRCT
interpretations, compared with only 12% of CXR interpreta-
tions. By HRCT, 56% of the confident first-choice diagnoses
were correct, compared with 40% for CXR, and 40% of all
HRCT first-choice diagnoses were correct, compared with
28% for CXR. The correct diagnosis was included as 1 of the
3 top diagnostic choices in 58% of the HRCT interpretations,
compared with 48% for CXR. Diagnoses were most accurate
for bronchiolitis obliterans, organizing pneumonia, hyper-
sensitivity pneumonitis, and lymphangiomatosis, and least
accurate for disorders with consolidation or ground-glass
opacities. The accuracy of HRCT for diffuse lung disease in
children is less than it is for adults.'"® In another study of dif-
fuse pediatric lung disease, a correct first-choice diagnosis
was made in 61% of the cases on HRCT compared with 34%
on CXR. The correct diagnosis was listed among the diag-
nostic considerations in 66% of HRCT cases versus 45% of
CXR cases. Confident diagnoses were more likely to be cor-
rect with HRCT (91%) than with CXR (70%). Findings were
more confidently classified as normal on HRCT than on
CXR. PAP and pulmonary lymphangiectasia were correctly
diagnosed on HRCT with a high degree of confidence.®® In
a more recent study of diffuse pediatric lung disease, a cor-
rect first-choice diagnosis was made by HRCT in only 38%
of cases and the correct diagnosis was among the 3 main
choices in 59% of cases. PAP was the disease most frequently
diagnosed correctly. Lymphangiectasia and LCH were also
correctly diagnosed, while hypersensitivity pneumonitis,
connective tissue disease, sarcoidosis, and IPH were rarely
recognized.”

The likelihood of making a correct diagnosis by imaging
depends not only on the type of diffuse lung disease, but
also on the quality of the imaging study and the expertise
of the interpreter. It is important to recognize the limitations

FIG. 53. An HRCT image viewed at lung
windows (A) shows numerous thin-walled
cysts of various shapes in an 8-year-old with
pulmonary Langerhans cell histiocytosis. A
contrast-enhanced chest CT image viewed at
soft tissue windows (B) shows a cavitation
and calcifications within an enlarged thymus
in an infant with multisystem Langerhans
cell histiocytosis.



64

FIG. 54.

In an infant with Niemann-Pick type 2C disease,
overfilling of the airspaces by cholesterol-laden surfactant
causes pulmonary alveolar lipoproteinosis and a crazy-paving
pattern on an HRCT image.

of imaging and radiologists. Even specialists in pediatric
thoracic radiology, who are unavailable at many institu-
tions, may achieve a correct first-choice diagnosis in <50%
of cases.! The few published studies of diagnostic imaging
performance are confounded by inconsistent results and the
use of imprecise or outdated histopathologic classification
schemes. Ongoing recognition of new disorders and re-
classification of established disorders are problematic for
comparing results of older studies, and correlative radio-
logic—pathologic studies based on the latest chILD Research
Cooperative histopathologic classification scheme are grad-
ually emerging.

For cost-effective, evidence-based clinical practice, it is
imperative not only to evaluate diagnostic imaging per-
formance but also to assess the marginal value of imaging
relative to the history, physical exam, and laboratory data
and the influence of imaging on patient management and
outcome. One study found that the positive yield of CT for
evaluation of pediatric acquired diffuse lung disease is only
23%, when the positive yield is defined as providing a di-
agnosis, excluding lung disease, identifying a previously
unrecognized clinically important finding, or altering the
plan for further evaluation or treatment.!! The benefit of CT
in chILD is underestimated by this study, since the use of
CT for planning biopsy, providing prognostic information
or determining response to therapy is overlooked. Still, CT
must be used judiciously and appropriateness criteria need
to be developed, especially in consideration of potential ra-
diation risks to children from CT.

The optimal use of diagnostic imaging is aided by close
collaboration between the clinician, radiologist, and pathol-
ogist. Diagnostic imaging often provides the first definitive
evidence that a diffuse lung disease is present. A confirma-
tory lung biopsy may not be necessary if the radiologist is
able to suggest a specific diagnosis, such as NEHI or bron-
chiolitis obliterans, in the appropriate clinical setting.?7®
Even if the imaging findings are not specific for a certain
diagnosis, the radiologist may be able to suggest a short
list of the most likely diagnoses and thereby guide further
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investigation and potentially avert the need for lung biopsy.®
For example, CT findings evocative of hypersensitivity
pneumonitis, lipoid pneumonia, pulmonary hemorrhage,
or an inborn error of surfactant metabolism can direct the
next appropriate serologic assay, bronchoalveolar lavage, or
genetic test.%

It is important to be mindful of extrapulmonary im-
aging findings that can assist in making a diagnosis, such
as the presence of mediastinal edema in lymphangiomato-
sis, thymic enlargement and calcification in LCH, esopha-
geal dilation in systemic sclerosis, and pectus excavatum in
chronic surfactant dysfunction related to ABCA3 gene muta-
tions. It is also important to recognize that chILD is rare
and the imaging findings of more common disorders such
as congenital heart disease and infection can mimic chILD,
particularly in the neonatal period. Clues to chILD in this
setting include severe lung disease unresponsive to conven-
tional management in a term infant, a family history of lung
disease in infancy, and extrapulmonary malformations or
anomalies.!?

If the clinical presentation and imaging findings are in-
determinate for a diagnosis and a lung biopsy is needed, CT
can provide guidance for the lung biopsy.® Interstitial lung
disease can be patchy and heterogeneous, raising the risk of
sampling error. CT guidance allows specimens of more af-
fected lung as well as more normal-appearing lung to be ac-
quired, thus avoiding sampling of normal lung or advanced
but nonspecific fibrosis.1®

The findings on imaging can provide prognostic infor-
mation by suggesting a diagnosis and identifying adverse
risk factors.” NEHI has a favorable prognosis, while inborn
errors of surfactant metabolism, diffuse developmental dis-
orders, and lung growth disorders have a high mortality
with no curative treatment other than lung transplantation
in some cases. The presence of pulmonary hypertension is
inferred by imaging findings of right ventricular hyper-
trophy and pulmonary artery enlargement, and is associ-
ated with higher mortality in infant chILD.? Honeycombing
on imaging is indicative of irreversible pulmonary fibro-
sis.?” Severe abnormalities on chest CT in children under
3 years of age with postinfectious bronchiolitis obliterans
anticipate poor lung function several years later.*

HRCT is widely regarded as an essential tool for the ini-
tial evaluation of suspected chILD, but significant variation
exists in the use of HRCT to screen asymptomatic patients
for subclinical disease and to monitor disease status.
Resolution of pulmonary abnormalities on HRCT may lag
the clinical response in hypersensitivity pneumonitis® and
PIE.® Findings on HRCT do not always correlate with pul-
monary function testing and do not necessarily predict re-
sponse to treatment or outcome. HRCT in connective tissue
disease patients with normal pulmonary function tests and
without pulmonary symptoms often reveals interstitial lung
disease, but HRCT cannot predict which subset will pro-
gress to clinically significant pulmonary fibrosis.”'> The
severity of lung involvement shown by HRCT is not predic-
tive of outcome in children with LCH, and it is not unusual
for asymptomatic lung abnormalities to persist on HRCT
for many years after treatment.’®1%> Changes in CT findings
over time do not correlate with lung function or outcome
in children with surfactant dysfunction related to ABCA3
gene mutations.” In the absence of clear guidelines, clinical
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judgment must direct the selection and timing of imaging in
the management of chILD."?

Conclusion

Careful attention to technique is necessary to obtain
high-quality chest imaging studies of children with sus-
pected diffuse lung disease. Proper interpretation of these
studies requires familiarity with the imaging features of
the various forms of chILD, some of which exhibit a charac-
teristic pattern that allows a specific diagnosis to be made,
while others manifest with a nonspecific appearance re-
quiring further investigation for a definitive diagnosis.
HRCT continues to be the preferred imaging study for the
initial evaluation of suspected chILD, but the role of HRCT
in the screening of asymptomatic patients and in the mon-
itoring of disease status is not well established. Ongoing
technical advances in medical imaging promise better
image quality, lower radiation risk, and improved guidance
for the diagnosis and management of children with intersti-
tial lung disease.
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