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Pediatric Interstitial (Diffuse) Lung

Disease

Edward Y. Lee

Introduction

Interstitial (diffuse) lung diseases in infants and children
comprise a rare heterogeneous group of parenchymal lung
disorders, with clinical syndromes characterized by dyspnea,
tachypnea, crackles, and hypoxemia [1-5]. They arise from a
wide spectrum of developmental, genetic, inflammatory,
infectious, and reactive disorders. In the past, there has been
a paucity of information and limited understanding regard-
ing their pathogenesis, natural history, imaging findings, and
histopathologic features, which often resulted in enormous
diagnostic challenges and confusion.

In recent years, there has been a substantial improvement in
the understanding of interstitial lung disease in pediatric patients
due to the development of a structured classification system
[1-7] based on the etiology of the lung disease, established
pathologic criteria for consistent diagnosis, and the improve-
ment of thoracoscopic techniques for lung biopsy [8, 9]. Imaging
plays an important role in evaluating interstitial lung diseases in
infants and children by confirming and characterizing the disor-
der, generating differential diagnoses, and providing localiza-
tion for lung biopsy for pathological diagnosis.

In this chapter, the authors present the epidemiology,
challenges, and uncertainties of diagnosis and amplify a
recently developed classification system for interstitial lung
disease in infants and children with clinical, imaging, and
pathological correlation. It is not possible to review all of the
conditions that are considered to be interstitial lung disorders
in infants and children; individually, they are rare and col-
lectively uncommon, but important conditions and particu-
larly challenging ones are considered. The major aim of this
chapter is to increase the understanding of interstitial lung
disease among pediatric pulmonologists, neonatologists,
radiologists, and pathologists who take care of affected
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infants and children. Increasing the understanding of these
challenging disorders should result in early and correct diag-
nosis, which in turn will improve patient care.

Epidemiology of Pediatric Interstitial
(Diffuse) Lung Disease

Although the true prevalence of interstitial (diffuse) lung dis-
ease in infants and children is not clearly known, an esti-
mated prevalence of chronic interstitial lung disease in the
pediatric population of 3.6 cases per million in immunocom-
petent children younger than 17 years has been reported
based on a national survey performed in the United Kingdom
and Ireland from 1995 to 1998 [10]. This reported prevalence
is likely to be substantially underestimated, particularly
given the increased recognition of interstitial lung diseases in
the pediatric population in recent years, due to (1) a recently
developed classification system for categorizing pediatric
interstitial lung disease, (2) increased recognition particu-
larly of the unique interstitial lung diseases that occur in
infants, and (3) increased use of thoracoscopic lung biopsy in
pediatric patients for definitive diagnosis. Additionally,
although the prevalence of any single-specific interstitial
lung disease is low, the combination of the varied types of
interstitial lung diseases in the pediatric population may be
sizable as a collective group. A national registry or large pro-
spective multicenter studies focusing on the evaluation of the
true prevalence of interstitial lung disease in infants and chil-
dren is currently needed.

Challenges and Uncertainties Regarding
Diagnosis of Interstitial (Diffuse) Lung
Disease in Infants and Children

There are many challenges and uncertainties for the early

and correct diagnosis of interstitial (diffuse) lung disease in
the pediatric patient. Three major challenges include, first,
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the fact that interstitial lung disease is less common in infants
and children compared with adults. Therefore, most clini-
cians and radiologists are less familiar with considering and
recognizing interstitial lung disease in this patient popula-
tion. Second, the clinical manifestations of interstitial lung
disease particularly in infants and the young child are often
subtle, highly variable, and typically nonspecific, such as
dyspnea, tachypnea, crackles, and hypoxemia. Lastly, there
are currently no pathognomonic clinical or laboratory crite-
ria for the diagnosis of interstitial lung disease in pediatric
patients. Some of the major uncertainties involving intersti-
tial lung disease in this population include (1) the paucity of
information regarding the natural history of interstitial lung
disease in childhood, (2) the lack of understanding of the role
of specific host factors in the pathogenesis of interstitial lung
disease, and (3) the absence of information on prognostic
indicators in interstitial lung disease in childhood and more
particularly in infants. Due to the above-stated challenges
and uncertainties, evaluation and diagnosis of interstitial
lung disease in childhood and particularly in infants has been
markedly limited in the past.

New Pediatric Interstitial (Diffuse) Lung
Disease Classification

Rationale and History Behind
the Development of the New Childhood
Interstitial (Diffuse) Lung Disease Classification

Rationale

Two main factors led to the development of a new classifica-
tion for new childhood interstitial lung disease (ChILD).
First, there has been substantial confusion and difficulty
associated with the description and classification of specific
interstitial lung diseases in infants and young children with
multiple terms used for similar abnormalities and sometimes
the same term used for differing conditions, and there has
been a tendency to attempt to fit these pediatric disorders into
the diagnostic schema used for adults. As the adult ILD clas-
sification became more refined and as more knowledge was
gained about certain forms of infant ILD, it became clear that
using the adult classification was both suboptimal and limit-
ing as conditions common in adults are rare or nonexistent in
infants and children and recently recognized infant condi-
tions have no place in the adult classification. Second, the
adult ILD classification system did not acknowledge the
important role of heritable and genetic disorders that have
become widely recognized as an important component of
ChILD. The recognition of the role of genetic disorders of
the surfactant system was pivotal in changing this under-
standing. And now genetic underpinnings are being sought
for a wider group of ChILD. Classifying ILD in the pediatric

patient based on the adult ILD classification system is no
longer a viable approach.

History

Recognition of the substantial differences between pediatric
and adult ILD led to the evolution of the current and evolving
classification system for ChILD. A European Respiratory
Society (ERS) Task Force addressed this issue in a retrospec-
tive review of 185 pediatric cases of chronic interstitial lung
disease in immunocompetent patients; most, but not all, had
lung biopsy and histologic material, which was not reviewed
as part of this project; the diagnoses made at initial examina-
tion were accepted. The ERS review divided the diagnoses
made clinically into four categories based on a proposal by
Fan and Langston [11]: (1) diffuse lung parenchymal disease
of unknown association (drug reaction, aspiration, connec-
tive tissue disorders, infection, environmental disorders); (2)
idiopathic interstitial pneumonias (nonspecific interstitial
pneumonia (NSIP)), cellular/fibrotic, desquamative intersti-
tial pneumonitis (DIP), lymphoid interstitial pneumonia
(LIP), diffuse alveolar damage/acute interstitial pneumonia
(DAD/AIP), organizing pneumonia (OP), usual interstitial
pneumonitis (UIP) to include familial cryptogenic fibrosing
alveolitis, and chronic pneumonitis of infancy (CPI); (3)
other forms of interstitial pneumonia to include lymphangi-
oleiomyomatosis, Langerhans cell granulomatosis, pulmo-
nary alveolar proteinosis (PAP), sarcoidosis, eosinophilic
pneumonia, idiopathic/infantile pulmonary hemosiderosis;
and (4) congenital disorders (DIP, LIP, lipoid pneumonia,
NSIP/UIP, and surfactant deficiencies). Although this con-
cept was an important step toward an improved understand-
ing and diagnosis of ChILD, there was clearly a need for
further refinement, particularly as diagnostic criteria were
not provided for these entities, disorders of immunocompro-
mised children were not addressed, and the requirement for
chronicity excluded severe and rapidly progressive condi-
tions. Additionally, adult terminology continued to be used
in large part for quite different entities, including idiopathic
pulmonary fibrosis (IPF) and usual interstitial pneumonia
(UIP), conditions that are common in adults but vanishingly
rare in childhood. This study was a major advance in redi-
recting thinking about ChILD, and it is important for this
reason but does not truly present a new classification system,
nor did it resolve many of the issues leading to diagnostic
confusion.

A truly new classification system for pediatric interstitial
lung disease [1-4, 12] evolved out of the recognition that
clinical setting is an important consideration in the diagnosis
of pediatric ILD and that combined clinical, imaging, and
pathological correlation is a more powerful diagnostic tool
than any one single component. This new pediatric intersti-
tial lung disease classification system was validated for
infants and very young children in a retrospective review of
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186 lung biopsies done between 1999 and 2004 [7] with
accompanying clinical histories and images from children
under age 2 contributed by 11 pediatric institutions in North
America. The importance of this new classification system
lies in its acknowledgment of the unique nature of ILD in
infants and the overlap of other lung disorders seen in infants
and young children with the varied spectrum of conditions
seen in older children and adults. Based on this new classifi-
cation system, ChILD is classified into three main groups:
(1) disorders of infancy, (2) other categories (not specific to
infancy), and (3) unclassifiable. This expandable and flexible
system for categorization has gained wide clinical recogni-
tion. This chapter uses this classification scheme (Table 8.1)
as its organizing principal focusing initially on those disor-
ders seen almost exclusively during infancy and not in older
children or adults.

Table 8.1 Clinicopathologic classification of diffuse lung disease in
childhood

Table 8.1 (continued)

II. Disorders of the normal host
A. Infectious and postinfectious processes
1. Postinfectious airway injury ranging from mild airway
fibrosis to constrictive/obliterative bronchiolitis with and
without preceding history of viral respiratory infection
2. Specific infections identified
(a) Bacterial
(b) Fungal
(c) Mycobacterial
(d) Viral
B. Disorders related to environmental agents
1. Hypersensitivity pneumonia

2. Toxic inhalation

C. Aspiration syndromes

D. Eosinophilic pneumonias

E. Acute interstitial pneumonia/Hamman-rich syndrome/
idiopathic diffuse alveolar damage

F. Nonspecific interstitial pneumonia

G. Idiopathic pulmonary hemosiderosis
H. Others

1. Disorders of infancy

II1. Disorders related to systemic disease processes

A. Diffuse developmental disorders

A. Immune-mediated disorders

1. Acinar dysplasia

1. Specific pulmonary manifestations

2. Congenital alveolar dysplasia

(a) Goodpasture’s syndrome

3. Alveolar capillary dysplasia with misalignment of
pulmonary veins

(b) Acquired pulmonary alveolar proteinosis/autoantibody
to GMCSF

B. Growth abnormalities

(c) Pulmonary vasculitis syndromes

1. Prenatal conditions — Secondary pulmonary hypoplasia of
varying degrees
2. Postnatal conditions — Chronic neonatal lung disease
(a) Prematurity-related chronic lung disease (also known as
bronchopulmonary dysplasia (BPD))
(b) Term infants with chronic lung disease

3. Associated with chromosomal abnormalities
(a) Trisomy 21

2. Nonspecific pulmonary manifestations
(a) Nonspecific interstitial pneumonia

(b) Pulmonary hemorrhage syndromes

(c) Lymphoproliferative disease

(d) Organizing pneumonia

(e) Nonspecific airway changes, including lymphocytic
bronchiolitis, lymphoid hyperplasia, and mild
constrictive changes

(b) Others

3. Other manifestations of collagen-vascular disease

4. Associated with congenital heart disease in chromosomally
normal children
C. Surfactant dysfunction disorders and related abnormalities
1. Surfactant dysfunction disorders

(a) SpB genetic mutations (pulmonary alveolar proteinosis
and variant histologies)

(b) SpC genetic mutations (chronic pneumonitis of infancy
is the dominant histologic pattern; others include PAP,
DIP, NSIP)

(c) ABCA3 genetic mutations (PAP-dominant histologic
pattern; others include CPI, DIP, NSIP)

(d) Congenital GMCSF receptor deficiency (PAP histologic
pattern)

(e) TTF1 genetic mutations

(f) Others with histology consistent with surfactant
dysfunction disorder without an as yet recognized
genetic disorder

2. Lysinuric protein intolerance (PAP histologic pattern)

D. Specific conditions of unknown/poorly understood etiology
1. Neuroendocrine cell hyperplasia of infancy (NEHI)
2. Pulmonary interstitial glycogenosis

(a) Primary

(b) Associated with other pulmonary conditions

B. Nonimmune-mediated systemic disorders
1. Storage disease

2. Sarcoidosis
3. Langerhans cell histiocytosis
4. Malignant infiltrates
5. Others
1V. Disorders of the immunocompromised host
A. Opportunistic infections
1. PCP
2. Fungal/yeast

3. Bacterial

4. Mycobacterial
5. Viral

6. Suspected

B. Disorders related to therapeutic intervention —
Chemotherapeutic drug and radiation injury

1. Chemotherapeutic drug injury

2. Radiation injury
3. Combined
4. Drug hypersensitivity

(continued)
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Table 8.1 (continued)

C. Disorders related to solid organ, lung and bone marrow
transplantation, and rejection syndromes
1. Rejection
2. GVHD
3. PTLD

D. DAD of undetermined etiology

E. Lymphoid infiltrates related to immune compromise (for
nontransplanted patients)
1. Nonspecific lymphoproliferation

2. With lymphoid hyperplasia

3. With poorly formed granulomas
4. Malignant
V. Disorders masquerading as interstitial disease

A. Arterial hypertensive vasculopathy

B. Congestive vasculopathy including veno-occlusive disease
C. Lymphatic disorders
1. Lymphangiectasis

2. Lymphangiomatosis

D. Pulmonary edema

E. Thromboembolic
VI. Unclassified
End-stage disease

Nondiagnostic
Inadequate tissue
Insufficient information

Modified from Deutsch et al. [7]. Reprinted with permission of the
American Thoracic Society. Copyright American Thoracic Society.
Official Journal of the American Thoracic Society.

SpB Surfactant protein B, SpC Surfactant protein C, PAP Pulmonary
alveolar proteinosis, DIP Desquamative interstitial pneumonitis, NSIP
Nonspecific interstitial pneumonia, ABCA3 ATP-Binding Cassette sub-
family A member 3 deficiency, GMCSF Granulocyte macrophage colony
stimulating factor, 7T7TFI Thyroid transcription factor-1, PCP
Pneumocystis pneumonia, GVHD Graft-versus-host disease, PTLD Post-
transplant lymphoproliferative disorder, DAD Diffuse alveolar damage

Interstitial (Diffuse) Lung Disorders
in Infants

In the multicenter study, disorders of infancy comprised the
largest portion of the 186 reviewed cases. These infant disor-
ders are divided into four important subgroups: (1) diffuse
developmental disorders, (2) growth abnormalities, (3) sur-
factant dysfunction mutations and related disorders, and (4)
specific conditions of undefined etiology, currently including
pulmonary interstitial glycogenosis (PIG) and neuroendo-
crine cell hyperplasia of infancy (NEHI). The clinical, imag-
ing, and pathologic features of these different categories of
infant ILD [13-21] are summarized in Table 8.2.

Diffuse Developmental Disorders
This category includes acinar dysplasia, congenital alveolar

dysplasia (CAD) [22, 23], and alveolar capillary dysplasia
with misalignment of pulmonary veins (ACDMPV) [24, 25].

Key Clinical Aspects

Infants with ILD in this category are typically term infants
who present with rapidly and progressively worsening
hypoxemia often associated with severe pulmonary hyper-
tension (PHT) immediately following birth or early in the
neonatal period. Due to their rapid clinical course of respira-
tory failure, most infants with this type of interstitial lung
disease die during the first 2 months of life despite support-
ive management, including advanced ventilation support
strategies, extracorporeal membrane oxygenation, and thera-
peutic interventions for PHT. Infants with acinar dysplasia,
the rarest of these conditions, present at birth, and their sur-
vival is shortest. While most reported cases are female
infants, male infants may be affected as well. Those with
CAD typically present within hours of birth and require con-
tinuous and often maximal supportive measures for survival;
with such support, they may survive weeks but cannot be
weaned from these measures. Infants with ACD/MPV typi-
cally present within the first few days of birth, but a few have
a delayed presentation at weeks or sometimes a few months
of age. Once they present, their course with respiratory fail-
ure and PHT rarely ameliorates, and death by 1 month fol-
lowing presentation is the usual outcome.

Familial cases have been reported in all and account for
about 10% of ACD/MPV cases; they have been identified
rarely in each of the other disorders. This feature has sug-
gested a genetic basis for all these disorders. In addition, the
majority of infants with ACD/MPV have other congenital
anomalies most commonly involving the cardiovascular,
gastrointestinal (including absence of the gallbladder), and/
or genitourinary system. A search for the genetic basis of
ACD/MPV has resulted in the recent recognition of the
mutation/microdeletion of the FOXF1 gene in a proportion
of ACD/MPV cases, and the recognition of familial cases
highlights the need for genetic testing and counseling in
cases with suspected ACD/MPV. As genetic abnormalities
have not been found for acinar dysplasia or CAD, and as all
ACD/MPV cases have not yet had a genetic mechanism
identified, the definitive diagnosis of these developmental
disorders currently rests on the pathological analysis of the
lung tissue from biopsy and/or postmortem specimens.

Imaging Features

Due to the rarity of these diffuse developmental disorders and
the often precarious clinical status of these patients, detailed
imaging findings for this category of ChILD are currently not
available. Plain chest radiographs of affected infants with dif-
fuse developmental abnormalities typically show normal to
decreased lung volume associated with diffuse opacities
related to hypoinflation resembling hyaline membrane dis-
ease (surfactant deficiency) (Fig. 8.1); however, with long-
term ventilation support, as often occurs with CAD (Fig. 8.2)
and ACD/MPYV (Fig. 8.3), lung volume may be increased, and
the increased size of the main pulmonary artery and increased
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Table 8.2 Summary of clinical, imaging, and pathologic features of interstitial lung disease in infancy

Types of ILD

\ Clinical features

\ Imaging features

\ Pathologic features

Diffuse developmental disorders

Acinar Term infants, mostly female, present | Diffuse opacity, hypoinflation Small lung size, airway without acinar

dysplasia at birth, severe hypoxemia, high development, growth arrest late
morality (100%) pseudoglandular phase

CAD Term infants, present at birth, severe | Diffuse opacity, hypoinflation, increased | Normal or increased lung size if
hypoxemia, high mortality (100%) size of MPA/pulmonary blood flow if chronic ventilatory support, growth

+ PHT arrest canalicular phase

ACDMPV Term infants, present soon after birth, | Diffuse opacity, hypoinflation, increased | Normal or increased lung size if
severe hypoxemia, associated with size of MPA/pulmonary blood flow if chronic ventilatory support, reduced
other congenital anomalies, high + PHT capillary density, malpositioned veins,
mortality (100%) arterial hypertensive changes

Growth Most common ILD, both preterm and | Variable imaging findings, small cysts Alveolar enlargement related to

abnormalities | term infants, variable clinical often located peripherally in the lungs prenatal or postnatal defective

presentation, associated with
underlying causes for growth
abnormalities, moderate mortality

(~30%)

with chromosomal abnormalities (e.g.,
trisomy 21)

alveolarization

Surfactant dysfunction mutations and related disorders

SpB defect Term infants, present at birth, severe | Diffuse hazy or granular opacity on CXR, | Prominent diffuse alveolar epithelial
hypoxemia, autosomal recessive, high | GGO with variable interlobular septal hyperplasia, variable proteinosis
mortality without transplant (100%) thickening on HRCT material, foamy macrophages, lamellar

body abnormalities on EM
PAP or variant pattern

SpC defect Term infants, present at birth, severe | Diffuse hazy or granular opacity on CXR, | Prominent diffuse alveolar epithelial
hypoxemia, autosomal-dominant, GGO with variable interlobular septal hyperplasia, variable proteinosis,
moderate early mortality thickening on HRCT foamy macrophages, no specific EM

change
CPI or DIP pattern

ABCA3 Term infants, during postnatal period, | Diffuse hazy or granular opacity on CXR, | Prominent diffuse alveolar epithelial

defect persistent tachypnea and hypoxemia, | GGO with variable interlobular septal hyperplasia, variable proteinosis

autosomal recessive, moderate early
mortality (~ 30%)

thickening on HRCT

material, foamy macrophages, tiny
lamellar bodies with dense inclusion on
EM

CPI or DIP pattern

Specific conditions of undefined etiology

NEHI Term infants, initially well, present Hyperinflation with variable increased Essentially normal lung histology
by 3 months with persistent perihilar opacity on CXR, geographic occasionally mild peri-airway
tachypnea, retractions, hypoxemia, GGO with central predominance, lymphocytic inflammation, increased
and crackles without cough or especially in the lingula and RML on numbers bombesin for immunopositive
wheeze, no steroid response no HRCT, air trapping in both the areas on cells in airways and prominent
morality HRCT neuroepithelial bodies

PIG Both preterm and term infants, Hyperinflation and diffuse increased Large clear rounded, glycogen-laden,

presents at birth, severe tachypnea
and hypoxemia, often associated with
other conditions that affect lung
growth, pulse steroid mortality
related to associated disorders

interstitial markings on CXR, diffuse
segmental or subsegmental GGO,
interlobular septal thickening and
reticular change predominantly subpleural
with few centrilobular nodules on HRCT

vimentin immunopositive
mesenchymal cells expand the lobular
interstitium. Monoparticulate glycogen
on EM

ILD interstitial lung disease, CAD congenital alveolar dysplasia, MPA main pulmonary artery, PHT pulmonary hypertension, ACDMPYV alveolar
capillary dysplasia with misalignment of pulmonary veins, SpB surfactant protein B, CXR chest radiographs, GGO ground glass opacity, HRCT
high-resolution CT, SpC surfactant protein C, ABCA3 ATP-binding cassette transport proteins (ABC), NEHI neuroendocrine cell hyperplasia of
infancy, RML right middle lobe, TX treatment, PAP pulmonary alveolar proteinosis, EM electron microscopy, CPI chronic pneumonitis of infancy,
DIP desquamative interstitial pneumonia

pulmonary blood flow may also be seen on plain chest radio-
graphs in affected infants who have concurrent PHT.

Pathological Features

The diffuse developmental disorders are thought to originate
early in lung development. On gross examination, the lungs in
acinar dysplasia are small (Fig. 8.1); histologically, they sug-
gest growth arrest in the pseudoglandular stage with only air-

way structures, bronchi, and larger bronchioles, embedded
within loose mesenchyme, although occasionally there is

minimal early acinar formation. For CAD (Fig. 8.2) and ACD/
MPV (Fig. 8.3), lung size is typically normal or even large,

particularly when there has been long-term ventilatory sup-
port. Histologically, CAD (Fig. 8.2) suggests growth arrest in
the canalicular stage of lung development showing acinar for-
mation with simplified lung structure and sometimes, but not



Fig. 8.1 (a) Acinar dysplasia: as is expected with the diffuse develop-
mental disorders, the CXR on this baby with acinar dysplasia revealed
nonspecific diffuse lung opacification resembling that seen with hyaline
membrane disease. (Image courtesy of Dr. Paul Guillerman, Baylor
College of Medicine, Texas Children’s Hospital, Department of
Radiology.) (b—e) Acinar dysplasia: the lung is from the autopsy of a
near-term male infant who survived with continuous maximal support
for only 14 h. The findings are typical for acinar dysplasia with arrest of

development in the pseudoglandular stage. It shows multiple airways,
both bronchi (b) and bronchioles (b—e), but very little acinar develop-
ment (e) with only a very few airspaces among the prominent airways.
A few airspaces seen are at the periphery of only a few lobular regions
in the lower lobes. Bronchioles are surrounded by small amounts of
smooth muscle (c, e) and are dispersed in loose mesenchyme. There is
often prominent vascular dilatation and hemorrhage (b, c, e) related to
hypoxia
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Fig.8.2 Congenital alveolar dysplasia (CAD): the left and right panels
are from two different examples of CAD and show the range of devel-
opmental delay that can be seen in this condition. CAD shows develop-
mental arrest that ranges from the canalicular to the early saccular
stage. The left column shows images from the lung of a near-term male
infant who developed respiratory distress at a few hours of age and was
supported with supplemental oxygen and mechanical ventilation for
2 weeks. An echocardiogram showed pulmonary hypertension. The
upper left panel is an overview of the lung histology and also shows
dilated lymphatic channels in the pleura and an interlobular septum, but
not adjacent to airways and arteries. The lobules are composed of sim-
ple saccular structures that in the left middle panel are seen to have the
somewhat irregular internal configuration seen with secondary crest
formation and the wider airspace walls consistent with the early saccu-
lar stage of development. In the lower left panel, a well-developed pat-
tern of capillaries is evident, oriented to the airspace epithelium in a

normal fashion. There is no deficiency of capillary development in this
case, although it may be seen occasionally in association with
CAD. Small pulmonary arteries in the lower left panel have mildly
increased medial smooth muscle. A single small bronchiole is also evi-
dent in the lower left panel. The right hand panels show images from
the lung of a near-term female infant who developed hypoxia and respi-
ratory failure shortly after birth. She survived 3 days. This lung shows
an earlier developmental stage with far less advanced acinar develop-
ment. Development is consistent with the canalicular stage. The upper
right panel is an overview of lung with only small numbers of simple
elongated airspaces disposed in loose mesenchyme. This is better seen
in the middle right panel where somewhat irregular airspaces lined by
cuboidal epithelium are separated by abundant mesenchyme. In the
lower right panel, the airspace epithelium and capillary development
are better seen with capillaries becoming apposed to the epithelium
with the formation of small regions with thin air-blood barriers



152

E.Y.Lee

always, reduced capillary density. Histologic changes in ACD/
MPV (Fig. 8.3) are less clearly reminiscent of a specific stage
in lung development, but there is lobular underdevelopment
with variable and sometimes marked alveolar enlargement
and reduced capillary density. In addition to the structural
changes in the lobule, there are vascular changes, including
prominent medial hyperplasia of small pulmonary arteries and
malposition of pulmonary veins adjacent to arteries and small
airways, as well as sometimes prominent regional or diffuse
lymphangiectasis.

Growth Disorders

The commonest form of infant ILD is that related to alveolar
growth disorders. These differ from diffuse developmental
disorders in that the lung is not programmed to be abnormal;
rather, some superimposed condition or event alters normal
program development. Conditions in this category include (1)
pulmonary hypoplasia associated with prenatal conditions
such as oligohydramnios, space-occupying lesions, or neuro-
muscular disease; (2) postnatal conditions such as prematurity-
related chronic lung disease (i.e., bronchopulmonary
dysplasia) and term infants with chronic lung disease; (3) the
structural pulmonary changes seen with chromosomal abnor-
malities, particularly Trisomy 21, as the genesis of their alve-
olar growth abnormalities is postnatal in origin, but this is a
programmed abnormality; and (4) changes seen in some
chromosomally normal infants with congenital heart disease.

Key Clinical Aspects

In the multicenter review, this was the most common of the
infant interstitial lung disorders, accounting for 43% of diffuse
lung disease in infants. Because of the varied underlying condi-
tions and associations, clinical presentations of these infants
vary substantially. If the clinical setting includes any of the
various conditions associated with alveolar growth abnormal-
ity, including prematurity, oligohydramnios, chromosomal
abnormality, or congenital heart disease, the possibility of a
lung growth abnormality should be considered, and further
investigations might include lung biopsy for diagnosis and
prognosis as the mortality rate in this patient population is
often substantial, being as high as 34% in the multicenter study.

Imaging Features

Variable imaging findings in infants with alveolar growth
abnormalities are seen in both plain radiographs and high-
resolution computed tomography (HRCT). However, small
cysts, often located peripherally in the lungs, may suggest this
diagnosis and are particularly common in infants with chromo-
somal abnormalities, such as Trisomy 21 (Fig. 8.4) or Turner
syndrome.

Pathological Features
Histologically, the alveolar growth abnormalities share the
common feature of alveolar enlargement and simplification,

often marked and often more prominent at the lobular periph-
ery and in subpleural regions (Fig. 8.5). This alveolar
enlargement may be subtle or severe and is sometimes
accompanied by vascular changes of pulmonary hyperten-
sive arteriopathy with muscularization of alveolar wall ves-
sels and medial thickening of small pulmonary arteries.

Fig. 8.3 (a) Alveolar capillary dysplasia: newborn with alveolar capil-
lary dysplasia with misalignment of pulmonary veins. Even with the
lung volumes increased with positive pressure ventilation, there is still
evidence of a nonspecific diffuse granular interstitial opacification simi-
lar to that seen with hyaline membrane disease (surfactant deficiency).
There is a left pneumothorax and an omphalocele. (Image courtesy of
Dr. Paul Guillerman, Baylor College of Medicine, Texas Children’s
Hospital, Houston, TX.) (b) Alveolar capillary dysplasia with misalign-
ment of pulmonary veins: all cases of alveolar capillary dysplasia with
misalignment of pulmonary veins have a constellation of histologic fea-
tures that include (1) medial thickening of small pulmonary arteries
(upper right and left and lower right panels) with extension of arterial
smooth muscle into small intralobular vessels (middle right and left
panels); (2) abnormal position of pulmonary veins adjacent to small
pulmonary arteries in their normal parabronchiolar location (upper
right and left and lower right) and within the lobular parenchyma adja-
cent to small abnormally muscularized intralobar vessels (middle left
panel); (3) lobular maldevelopment with enlarged, simple, and often
thick-walled airspaces (all panels); (4) deficient numbers of normally
positioned alveolar capillaries (middle left and bottom right panels);
and (5), in some cases, there is also lymphangiectasis (lower left panel).
Photographs are from two different cases of ACD/MPV, one in the left
panels and another in the right panels and illustrate the variability in
lobular maldevelopment, airspace size, and other associated changes
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Fig. 8.3 (continued)

Surfactant Dysfunction Disorders

Interstitial (diffuse) lung diseases of infancy in this category
include surfactant dysfunction disorders due to genetic
abnormalities [26] in the surfactant proteins B (SpB) [27]
and C (SpC) [28, 29] and in the ATP-binding cassette trans-
porter protein A3 (ABCA3) [30, 31]. While inherited genetic
mutations in SpB and ABCA3 are autosomal recessive, SpC

mutations are autosomal-dominant loss of function
mutations. Other rare genetic disorders also impact surfac-
tant function and belong in this category, including abnor-
malities of TTF1 and lysinuric protein intolerance. There
also may be other, as yet unrecognized, disorders in this cat-
egory, and interstitial lung disease in infants with histology
consistent with surfactant dysfunction disorder without a
yet recognized genetic disorder is also included here.
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Fig. 8.4 (a) Trisomy 21: axial lung window CT image of a teenager with Trisomy 21 shows multiple peripheral cysts along the left posterolateral
hemithorax. (b) Coronal lung window CT image again shows multiple peripheral cysts along the left lateral hemithorax (arrows). The lung in down
syndrome (c-g) shows a distinctive form of pulmonary hypoplasia that is postnatally acquired and can be quite subtle (¢) with mild-to-moderate
alveolar enlargement, widening of alveolar ducts, and more prominent patchy enlargement of subpleural alveoli. This process may progress over
early childhood, and the subpleural alveolar enlargement may become more prominent (d). This particular growth abnormality is generally accom-
panied, even in its early manifestations, by arterial changes with increased arterial smooth muscle, beginning with muscularization of alveolar wall
vessels (e) and proceeding to more prominent arterial changes with increased medial smooth muscle (f) and evidence of tortuosity (g) with clus-
tered profiles of a tortuous small artery

<
<

is similar regardless of the underlying condition, which may include
various forms of pulmonary hypoplasia (b, ¢, g), chronic lung disease

Fig. 8.5 (a—j) Alveolar growth abnormalities. All cases of alveolar
growth abnormality show enlargement of alveolar spaces, which may

vary in degree from mild (a) to extreme (b, ¢) and may be uniform (a—f)
or variable (b, ¢, g). They may show a variety of associated changes,
although none needs to be present, including typically mild pulmonary
hypertensive arteriopathy (h) with muscularized alveolar wall vessels
and/or the presence of PIG, typically in a patchy fashion, (a) which
shows the patchy nature best, (i) with quite mild PIG. The appearance

of prematurity (bronchopulmonary dysplasia) (d, h—j), or a combina-
tion of prenatal and postnatal insults (a, e, f). Comparison of alveolar
size with that of small membranous bronchioles (e) can be useful in
estimating alveolar size as alveoli should be much smaller than these
distal airways
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Fig. 8.5 (continued)

Key Clinical Aspects

Infants with surfactant dysfunction disorders typically present
either immediately at birth with respiratory failure (SpB and
ABCA3) or later postnatally with persistent tachypnea and
hypoxemia (SpC and ABCA3). A family history of lung dis-
ease may be present in such infants and is common in those
with SpC mutations. On laboratory examination, PAS-positive
material identified in bronchoalveolar lavage (BAL) fluid and

elevation of serum lactate dehydrogenase (LDH) can be poten-
tial clues in the diagnosis of surfactant dysfunction disorders.
Genetic analysis is considered the definitive diagnostic test,
although lung biopsy is often done for categorization and for
prognosis and treatment considerations while awaiting the
results of genetic testing. Lung biopsy is also definitive for
those without as yet recognized genetic mutation and often
guides the workup of those with rare genetic disorders in this
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category. The current treatment for infants with surfactant dys-
function disorders presenting with interstitial lung disease var-
ies based on the degree of clinical symptoms and the underlying
genetic defect. Aggressive chronic ventilation for infants with
respiratory failure is currently most often performed for infants
with a SpC mutation, and lung transplant is the only effective
therapeutic option for infants with SpB mutation. Those with
ABCA3 mutations have a more varied presentation and
course, at least in part depending on the specific mutation
involved. In older children with ABCA3, there is a high inci-
dence of pectus excavatum [32]. There are a few cases of SpB
and ABCA3 mutations that have been noted anecdotally to
respond to hydroxychloroquine therapy.

Imaging Features

The characteristic imaging findings of infants with surfactant
dysfunction disorders are the early appearance of diffuse
hazy or granular parenchymal opacities (ground glass opaci-
ties) on plain chest radiographs (Fig. 8.6). On HRCT, the
most characteristic imaging findings of surfactant dysfunc-
tion disorders include ground glass opacity (GGO) with vari-
able interlobular septal thickening. These imaging findings,
however, can change over time.

Pathological Features

Surfactant dysfunction mutations in infants are histopatho-
logically characterized (Fig. 8.6) by (1) prominent diffuse
uniform alveolar epithelial hyperplasia, (2) variable
amounts of proteinosis material, and (3) increased and
often foamy macrophages with occasional cholesterol
clefts, variable interstitial widening, and sometimes mild
interstitial inflammation that may increase with age. These
changes typically are described as one of several possible
histologic patterns seen in these disorders, including PAP
pattern, desquamative interstitial pneumonia (DIP) pattern,
CPI pattern, and NSIP pattern, all of which in this setting
suggest an underlying surfactant dysfunction mutation.
While each of these patterns may be seen with any one of
the specific surfactant dysfunction mutations, PAP is
uncommon and when seen suggests an SpB abnormality,
DIP is more often seen with SpC or ABCA3 abnormalities,
and CPI is more characteristic of SpC but may also be seen
with ABCA3 mutations. An NSIP pattern is more often
seen in older infants and children with SpC or ABCA3
abnormalities. Histologic variants outside these typical
definable patterns also occur, but all are marked by the key
features of alveolar epithelial hyperplasia, an element of
proteinosis and an element of lipid accumulation most
often as a few scattered cholesterol clefts. Electron micro-
scopic examination of the lung tissue can be helpful as
well, as ABCA3 and SpB have specific ultrastructural
abnormalities of lamellar bodies in type-2 alveolar epithe-
lial cells. ABCA3 has tiny lamellar bodies with a prominent
dense inclusion, and SpB shows reduced numbers of lamel-
lar bodies with reduced lamellations and sometimes fusion
of lamellar and multivesicular bodies.

Other Conditions in the Spectrum

of the Surfactant Dysfunction Disorder

There are several rare conditions that should be considered
in the differential of surfactant dysfunction disorders.
These include mutations in TTF-1 (Fig. 8.7) [33-36], which
may present with proteinosis in the neonate and in older
infants and young children histology resembling that of
surfactant dysfunction disorders often in combination with
congenital hypothyroidism and benign chorea as part of the
brain-thyroid-lung syndrome [37]. Lysinuric protein intol-
erance, another rare genetic disorder with mutation in the
amino acid transporter gene SLC7A7, may also present
with alveolar proteinosis in early infancy. Congenital defi-
ciency of the GMCSF alpha receptor also results in alveolar
proteinosis, although with presentation in early childhood
rather than in infancy. It is also important to remember that
in a proportion of infants with typical histologic and imag-
ing findings for surfactant dysfunction disorders, no genetic
abnormality may be identified and that other genetic disor-
ders impacting surfactant function may yet be discovered.

Specific Conditions of Undefined Etiology

There are two important and relatively common interstitial lung
disorders in this category of ILD in infancy, NEHI and PIG.

Key Clinical Aspects

Neuroendocrine cell hyperplasia of infancy (NEHI) [38-42]
has also been known as persistent tachypnea of infancy or
chronic idiopathic bronchiolitis of infancy and sometimes as
follicular bronchitis [43]. This recently described entity
accounts for a substantial portion of ILD in infants. Affected
infants are usually term and typically present with clinical
symptoms of persistent tachypnea, retractions, hypoxemia,
and crackles without substantial cough or wheezing by
3 months of age often beginning after an initial period of well-
being and sometimes following an uncomplicated viral respi-
ratory infection. Infant pulmonary function test may show
evidence of substantial hyperinflation, and bronchoscopy and
BAL are usually normal.

The treatment for NEHI is currently supportive and aimed at
preventing hypoxemia and infection while maintaining nutri-
tional support. Many affected infants develop failure to thrive
with time. Corticosteroids are not helpful for improving symp-
toms in infants with NEHI as an underlying inflammation is not
a component of the disorder, evidenced by the lack of inflam-
matory cells on BAL or in the lung tissue at biopsy. Despite
persistent symptoms and a prolonged need for oxygen therapy,
infants with NEHI usually have a favorable long-term outcome
with no reported deaths directly related to NEHI, no respiratory
failure, and no progression to end-stage lung disease or lung
transplantation. However, some patients with NEHI have long-
term morbidity with persistent symptoms due to hyperinflation
and reactive airway disease and may relapse with hypoxemia
during intercurrent respiratory infection.
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Pulmonary interstitial glycogenosis (PIG) [44, 45] has been
previously known as infantile cellular interstitial pneumonitis
and histiocytoid pneumonia and as such, has been recognized
for many years. PIG may occur in both preterm and full-term
infants who usually present with tachypnea and hypoxemia
either immediately or soon after birth. It is very unusual for PIG
to occur or persist beyond 6 months of age. Although PIG has

Fig. 8.6 (a) ABCA3 deficiency: newborn with ABCA3 deficiency. As is
typical for the surfactant protein deficiencies, there is a hazy severe diffuse
opacification. (b) Typical of the CT findings of the surfactant protein defi-
ciencies, this image from the infant shown in Fig. 8.4 has diffuse ground
glass opacity with intralobular septal thickening. (¢) Another infant with
ABCA3 shows similar findings by CXR. (Image courtesy of Dr. Mike
Tsifansky, Advocate Lutheran General Children’s Hospital, Pediatric
Pulmonology and Critical Care Medicine, Park Ridge, IL.) (d) Axial lung
window CT image of the infant shown in (¢) has ground-glass opacity simi-
lar to that in Fig. 8.4b but less pronounced intralobular septal thickening.
(Image courtesy of Dr. Mike Tsifansky, Advocate Lutheran General
Children’s Hospital, Pediatric Pulmonology and Critical Care Medicine,
Park Ridge, IL.) (e) The baby shown in (¢, d) was treated with aerosolized
hydroxychloroquine with significant, but transient, improvement in respira-
tory and imaging conditions. (Image courtesy of Dr. Mike Tsifansky,
Advocate Lutheran General Children’s Hospital, Pediatric Pulmonology
and Critical Care Medicine, Park Ridge, IL.) Surfactant dysfunction disor-
ders and related abnormalities (f-i) are all surfactant B deficiency images,
(j—n) are all surfactant C deficiency images, and (o-t) are all ABCA3
images. Surfactant dysfunction mutations: histologic changes in the infant
lung in the surfactant dysfunction mutations are stereotypical with lobular
remodeling (surfactant B (h)), surfactant C (j), ABCA3 (q) uniform diffuse
alveolar epithelial hyperplasia (surfactant B (i)), surfactant C (j, k), ABCA3
(0), at least some element of proteinosis (surfactant B (i)), surfactant C (j—

been described as an isolated finding, it is more often associated
with the variety of conditions that affect lung growth, the alveo-
lar growth abnormalities. Most affected infants do not require
specific treatment; however, in those more severely affected
clinically, pulse steroids have been recommended. Clinical out-
comes of infants with PIG are varied and are thought to be
related to the underlying condition rather than to PIG itself.

i

b
A

m), ABCA3 (r, s), and often at least a few cholesterol clefts (ABCA3 (o,
s)). These changes are present in all cases regardless of the underlying
abnormality or the histologic pattern. While a variety of histologic patterns
have been described in surfactant dysfunction mutations, including pulmo-
nary alveolar proteinosis (PAP), desquamative interstitial pneumonia, and
chronic pneumonitis of infancy (surfactant C (j)), most cases do not present
a single clearly defined pattern. An atypical proteinosis pattern is more fre-
quent with surfactant B mutations (surfactant B (h, i)), a chronic pneumo-
nitis of infancy pattern is more frequent with surfactant C mutations
(surfactant C (j)), and ABCA3 shows proteinosis in a chunky fashion (r, s);
however, no pattern is specific to a particular abnormality. While mutation
analysis is the definitive diagnostic modality, ultrastructural changes in the
lamellar bodies of type 2 pneumocytes can be quite helpful for more rapid
categorization for prognosis and treatment decisions. These changes are
quite specific for ABCA3 where there is a paucity of lamellar bodies
(ABCA3 (p)), and those present are tiny, poorly lamellated and contain a
dense central inclusion (ABCA3 (t)). SpB mutations also show character-
istic ultrastructural changes with fusion of lamellar and multivesicular bod-
ies (surfactant B (f)) and absence of tubular myelin (surfactant B (g)); there
are also reduced numbers of lamellar bodies, which are typically poorly
lamellated (not shown). There are no characteristic lamellar body ultra-
structural findings with SpC mutations, the type 2 pneumocytes may appear
normal (surfactant C (m)), or there may be mild changes in the size and
distribution of lamellar bodies (surfactant C (n))
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Fig. 8.6 (continued)
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Fig. 8.7 (a) TTF-1: this infant with TTF-1 on the first day of life 1 has
a severe nonspecific diffuse granular interstitial opacification similar to
that seen with hyaline membrane disease. (b) TTF-1: with positive
pressure ventilation, there is increased lung volume but persistent gran-
ular interstitial lung opacification. (¢) TTF-1: axial lung window CT
image obtained at 11 weeks reveals diffuse ground-glass opacification
with multiple posterior cysts. (a—c, from Galambos et al. [36]. Reprinted
with permission of the American Thoracic Society. Copyright American
Thoracic Society. Official Journal of the American Thoracic Society.)
TTF-1 histologic changes in the lung with TTF-1 mutations (d-k)
clearly vary, but there is limited information on the variety of changes
seen. These images are from one case with quite severe lung disease

that shows histologic abnormalities within the spectrum of the surfac-
tant dysfunction mutations with diffuse involvement with lobular
remodeling (d), intraalveolar and distal airway debris with prominent
numbers of cholesterol clefts (e), diffuse alveolar epithelial hyperplasia
(f), proteinosis seen here as globular eosinophilic material (g), and mild
patchy interstitial lymphoplasmacytic infiltrates (h). In addition to these
changes that clearly link this disorder histologically with the surfactant
dysfunction mutations, there may be other changes with metaplastic
bronchiolar epithelium with lepidic spread (i), somewhat atypical fea-
tures (j), and mucin content (Movat stain (k)) that suggest the possibil-
ity of bronchioloalveolar carcinoma
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Fig. 8.7 (continued)

There has been no reported death in infants with pure diffuse
PIG; however, death has been reported in infants with patchy
PIG who also had underlying growth abnormalities and PHT.

Imaging Features

Neuroendocrine Cell Hyperplasia of Infancy (NEHI) The
typical imaging findings of NEHI are hyperinflation with
variable increased perihilar opacity on plain chest radio-
graphs (Fig. 8.8). HRCT findings are quite characteristic
with geographic GGO with central predominance, especially
in the lingula and right middle lobe without other interstitial
abnormalities. Additionally, marked air trapping often affect-
ing both the areas of GGO and the remaining lung can be
seen. It has been reported that the sensitivity and specificity
of HRCT for the diagnosis of NEHI are 78 and 100%,
respectively, based on a recent study of 29 CT examinations
from 23 patients with biopsy-proven NEHI and 6 patients
with other forms of pediatric interstitial lung disease.

Pulmonary Interstitial Glycogenosis (PIG) Similar to
the imaging findings of NEHI, infants with PIG typically
show changes of bilateral hyperinflation and diffuse inter-
stitial markings on plain chest radiograph. On HRCT, dif-
fuse, segmental, or subsegmental ground-glass opacities;
interlobular septal thickening; and reticular change pre-
dominantly in a subpleural distribution with few centri-
lobular nodules have been reported. Recently, multiple
small, variably sized scattered air-filled cystic changes in
conjunction with diffuse ground-glass opacities, interlobu-
lar septal thickening, and reticular change have been
reported in an infant boy with PIG in the setting of alveolar
growth abnormality (Fig. 8.9) [46]; the contribution of PIG
and of the growth abnormality to these changes cannot be
apportioned with any certainty. The concomitant appear-
ance of PIG with alveolar growth abnormalities suggests
that imaging findings in these conditions typically share
this uncertainty.
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Fig. 8.8 (a) Neuroendocrine cell hyperplasia of infancy (NEHI): PA
CXR of this baby with NEHI shows a centrally accentuated hazy inter-
stitial opacification bilaterally with hyperinflation. (b) NEHI: lateral
CXR confirms that the central opacifications are accentuated anteriorly.
Hyperinflation is again evident. (¢) Axial lung window CT image
reveals the classic centrally, anteriorly accentuated ground-glass opaci-
ties of NEHI. (d) Neuroendocrine cell hyperplasia of infancy (NEHI):
cases of NEHI generally have a near normal histologic appearance,
illustrated in the left upper two panels with hematoxylin and eosin stain
where there are mild nonspecific changes, including mild prominence
of airway smooth muscle and a mild increase in alveolar macrophages;

however, occasional cases may show prominence of airway-associated
lymphoid tissue and mild peri-airway lymphocytic infiltrates, illus-
trated in the right upper two panels with hematoxylin and eosin stain,
which overshadow the similar mild airway smooth muscle and macro-
phage increase. With this quite bland background, the histologic hall-
mark of NEHI is an increase in the proportion of neuroendocrine cells
in small airways (lower four panels with immunostain for bombesin),
where they often appear clustered in small groups and sheets, rather
than as isolated cells; neuroepithelial bodies (bottom right) may be
enlarged and/or numerous
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Fig. 8.8 (continued)

Pathological Features

Neuroendocrine Cell Hyperplasia of Infancy (NEHI) On
routine histopathological evaluation, NEHI (Fig. 8.8) typi-
cally shows only minor and nonspecific changes, including
mildly increased airway smooth muscle, mildly increased
numbers of alveolar macrophages, and occasional mild peri-
airway lymphocytic inflammation, although some biopsies
also show mild and focal airway changes likely related to
intercurrent infection. Histologic diagnosis rests on the
identification of increased numbers of bombesin immu-
nopositive neuroendocrine cells in bronchioles and promi-
nent neuroepithelial bodies in the lobular parenchyma in the
absence of other significant pathologic changes.

A recent study documents the absence of neuroendocrine
cell hyperplasia in the focally injured airways sometimes
seen within these biopsies, suggesting that NEHI is not an
abnormal reaction to viral infection, and another documents
familial association suggesting a genetic propensity for the
development of NEHI. The pathophysiology of the disorder
remains unknown, although the role of the neuroendocrine

system in regulating bronchial and vasomotor tone in the
lung may be central to disease manifestation.

Pulmonary Interstitial Glycogenosis (PIG) The diagnosis
of PIG requires the examination of the lung tissue. It is char-
acterized by the expansion of the lobular interstitium by
rounded, glycogen-laden undifferentiated mesenchymal
cells without fibrosis, airway disease, or underlying inflam-
mation on pathological analysis (Fig. 8.9). The interstitial
cells in patients with PIG are immunoreactive for vimentin
and are negative for muscle, epithelial, macrophage, and
leukocyte markers suggesting that they are poorly differen-
tiated mesenchymal cells. The most reliable means of diag-
nosis is the ultrastructural identification of characteristic
deposits of monoparticulate glycogen within these mesen-
chymal cells. These interstitial cells may rarely contain
small amounts of lipid by ultrastructural examination. PIG
has been classified as diffuse or patchy; the patchy form is
more common and is typically seen in association with alve-
olar growth abnormalities of varied etiology.
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Conclusions: Disorders More Prevalent
in Infancy

The early and correct diagnosis of ILD in infants has been a
major challenge for clinicians, radiologists, and pathologists
mainly due to the rarity of these disorders, coupled with non-
specific clinical symptoms and the absence of a coherent
classification system. With the advent of the new ChILD

Fig. 8.9 (a) Pulmonary interstitial glycogenosis (PIG): axial lung win-
dow CT image of an infant with alveolar growth abnormality and PIG
shows ground-glass opacities, intralobular septal thickening, reticular
changes, and multiple posterior cysts. (Image courtesy of Dr. Paul
Guillerman, Baylor College of Medicine, Texas Children’s Hospital,
Houston, TX.) Cases of PIG typically show at least some element of
alveolar growth abnormality in the background, as seen in (b) with
enlarged airspaces. In PIG, the lobular interstitium is widened by an
accumulation of bland-appearing cells with abundant pale to bubbly
cytoplasm (b—d). Other features vary depending on the underlying con-
ditions affecting the infant. There may be mild and patchy alveolar epi-
thelial hyperplasia (b—d); it is not a necessary feature and is almost
never prominent and diffuse; there also may be pulmonary arterial
changes of hypertensive vasculopathy (not illustrated). The large pale

classification system, our understanding of ILD in infants
has markedly improved. Knowledge of clinical, imaging,
and pathological features of ILD in infants will enhance
accurate diagnosis and improve timeliness; both are crucial
as prognosis and treatment vary considerably among the dif-
ferent infant interstitial lung disorders. Although the etiology
is currently unknown, several of these abnormalities of lung
parenchyma have been shown to have multiple cysts. This

interstitial cells are immunopositive for vimentin (e) but not for macro-
phage or epithelial markers, suggesting that they are mesenchymal in
type. Definitive diagnosis requires the identification of these large bland
interstitial cells by electron microscopy. These cells widen the alveolar
interstitium (f); they have bland nuclei and a paucity of cytoplasmic
organelles (g), and their cytoplasm contains abundant monoparticulate
glycogen (e). The cells stain similarly to the glycan-rich matrix of early
fibrosis with Movat pentachrome stain (h) and as fibrous tissue with
trichrome stain(not shown), although there is no actual collagen deposi-
tion by electron microscopy. While in occasional cases the intracellular
glycogen may be demonstrated by PAS staining with PAS-positive,
diastase-sensitive interstitial staining (not illustrated), in most the gly-
cogen is washed out during processing and the PAS stain is not
positive
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includes infants with TTF-1, alveolar growth disturbance,
and PIG, as well as children with Trisomy 21 and Turner
syndrome and in some chromosomally normal infants with
congenital heart disease.

Other Childhood Interstitial (Diffuse) Lung
Disorders

Infant lung disorders are only rarely seen in older chil-
dren. Occasionally, children with alveolar growth disor-
ders or NEHI may not come to biopsy until the third

year, and some children with surfactant dysfunction
mutations present later in childhood or as adolescents or
young adults. While the lung disorders more specific to
infancy predominate in infants and young children,
almost 40% of the lung biopsies in the multicenter insti-
tutional study revealed diagnoses in other categories of
ChILD (Table 8.1). This narrow predominance of lung
disorders more specific to infancy was also documented
in a single institutional study of diffuse lung disease in
infancy [47]. The other categories for infants and also
for older children are detailed below according to the
ChILD classification system beginning with disorders of
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the normal host and are supported by both the two mul-
ticenter studies [7] and by a multicenter review of almost
200 lung biopsies from children 2—-18 years of age, simi-
lar to that done in infants and young children. In this
older group, nearly equal numbers of biopsies were from
immunocompetent as from immunocompromised chil-
dren. Those from immunocompromised patients, the
largest single group, account for nearly half the classifi-
able biopsies, followed by those from children with
underlying systemic disorders, accounting for another
quarter of the biopsies.

Disorders of the Normal Host

Previously, normal children are less likely to come to
lung biopsy for the diagnosis of ILD than are those with
immune compromise of underlying systemic disease
[48]. In these normal children, infectious and postinfec-
tious disorders predominate with noninfectious disor-
ders including hypersensitivity pneumonia, aspiration
syndromes, eosinophilic pneumonia, DAD, and idio-
pathic pulmonary hemosiderosis being individually
uncommon.

Infectious Etiology

Acute Infectious Disease

Acute lower respiratory infections are common causes of
pulmonary infections in children and continue to result in
substantial morbidity and mortality globally. In immuno-
competent pediatric patients, various pathogens, both viral
and bacterial, can cause primary pulmonary infections. In
fact, viruses are the cause of approximately 50% of all
pneumonias in children less than 5 years old.

Table 8.3 lists common pathogens that can cause pulmo-
nary infection in the pediatric population, categorized by age
group. It is important to recognize that more than one patho-
gen can concomitantly cause pulmonary infection in chil-
dren. For example, arecent review showed that approximately
23% of children with pneumonia have a viral infection
together with a bacterial infection.

Imaging Features Although a characteristic imaging
finding of pulmonary infection such as consolidation in
pediatric patients with bacterial pneumonia can be easily
recognized, various other imaging findings of pulmonary
infections sometimes can be mistaken for interstitial lung
disease in immunocompetent pediatric patients. Such
imaging findings can result from abnormalities caused by

Table 8.3 Common pathogens for pulmonary infections in pediatric
patients by age group

Pathogen
Age group | Virus Bacteria and mycoplasma
Neonates Cytomegalovirus (CMV) | Group B streptococcus
Herpes simplex virus Gram-negative bacilli
Respiratory syncytial Escherichia coli
virus (RSV) Klebsiella pneumoniae
Proteus
1-3 months | RSV Chlamydia
CMV Streptococcus pneumoniae
Haemophilus influenzae
type B
Staphylococcus aureus
4 months to | RSV S. pneumoniae
5 year Parainfluenza H. influenzae
Adenovirus S. aureus
Influenza
Rhinovirus
>5 year - Myocoplasma
S. pneumoniae

an acute infectious process involving airways and intersti-
tium. Airway abnormalities (e.g., bronchial wall thicken-
ing, irregular aeration, atelectasis) and interstitial
abnormalities (e.g., fine linear markings, interlobular sep-
tal thickening, small nodular opacities) can mimic inter-
stitial lung disease in children with normal immune
function. In general, viral rather than bacterial pulmonary
infection results in imaging findings similar to those of
interstitial lung disease in children. Clinical history, labo-
ratory findings, prior imaging studies, and follow-up
imaging studies can provide helpful information to dif-
ferentiate abnormal pulmonary imaging findings due to
acute pulmonary infection from those of underlying inter-
stitial lung disease.

Pathologic Findings Infection is a relatively common
finding in diffuse lung disease in the normal host and is
usually readily diagnosed by a consideration of the clinical
history, imaging findings, and laboratory, particularly
culture results. Sometimes diagnosis is elusive, and in
such circumstances, BAL for culture and even lung biopsy
may be obtained. In children who come to lung biopsy in
such circumstances, viral and mycobacterial disease,
sometimes atypical, as well as fungal infection, are more
common findings than bacterial infection. The pathologic
changes vary with the responsible organism from diffuse
to patchy interstitial inflammation with associated airway
epithelial changes for respiratory viral infections to granu-
lomatous pneumonitis for mycobacterial and most fungal
disorders.
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Postinfectious Airway Injury

Postinfectious airway disease includes a spectrum of
changes. This may be mild airway wall and peri-airway
fibrosis with or without the organization of intraluminal con-
tents as tufts of proliferated fibroblasts or granulation tissues
within distal airways and streaming fibroblasts within distal
airways and alveolar ducts. At the other end of the spectrum,
there may be severe airway fibrosis with significant luminal
narrowing to complete airway obliteration (constrictive/
obliterative bronchiolitis).

For many, the term constrictive/obliterative bronchiolitis
has replaced the terms bronchiolitis obliterans (BO) and
bronchiolitis obliterans organizing pneumonia (BOOP),
although none of these diagnostic terms convey the full spec-
trum of changes that may be seen. Within this context, what
was previously called BO and BOOP are now considered
points within a spectrum encompassed by the diagnosis of
constrictive/obliterative bronchiolitis. Also, the radiology,
pathology, and clinical use of the terms BO and BOOP differ
from and are frequently at odds with each other. Consequently,
these terms will not be used in this chapter.

Since historically within the pediatric imaging literature
the terms BO [49] and BOOP [50] have been widely used, a
brief discussion of them is warranted for clarity’s sake.
Historically, within the radiology community, BO and BOOP
were described as secondary to a common set of predispos-
ing conditions. These included pulmonary infection,
Stevens—Johnson syndrome, connective tissue disease, toxic
inhalation, hypersensitivity pneumonitis, drug-induced lung
disease, rejection in lung or heart-lung transplantation, and
graft-versus-host disease in bone marrow transplantation,
among others. In the radiology literature, in children, most
commonly BO was described as following previous lung
infection and BOOP was often seen following organ trans-
plantation. When BOOP was encountered as an idiopathic
condition, many came to refer to it as cryptogenic organizing
pneumonia. BO was considered irreversible, but BOOP often
resolved, especially following a successful treatment of the
underlying condition (such as acute rejection). The imaging
findings described with BO were irregular hyperinflation and
mosaic attenuation, usually with one lung dominantly
affected and bronchiectasis (also referred to as Swyer—James
or McLeod syndrome) (Fig. 8.10). BOOP was described as
irregular hyperaeration, patchy interstitial lung disease, and
scattered pulmonary nodules (often peripheral) (Fig. 8.11).

Nonetheless, postinfectious airway injury is the most
common cause of irreversible chronic small airway disease
in children. While there may be noninfectious etiologies for
this pathologic process, in children it is most commonly a
sequela of prior viral or bacterial infection. Rare cases follow
inhalation of toxic gases or collagen-vascular disease or are
seen in special settings complicating bone marrow and lung

transplants. Among the many pulmonary infections known
to have an association with the development of postinfec-
tious airway injury, adenovirus pulmonary infection during
early life (<5 years), especially with types 21 and 7, has been
considered the most important cause of this condition.

Imaging Findings

Imaging plays an important role in the diagnosis of postin-
fectious airway injury with constrictive/obliterative bron-
chiolitis because the clinical findings are often nonspecific;
however, a prior history of prolonged recovery from a pul-
monary infection with subsequent development of wheez-
ing and shortness of breath, as well as abnormal pulmonary
function test characterized by fixed airway obstruction,
should raise suspicion for postinfectious airway injury with
constrictive/obliterative bronchiolitis.

The imaging appearance, particularly by CT, in affected
children can be characteristic and may avoid subsequent
invasive procedures, such as lung biopsy. On plain chest
radiographs, the affected lung is hyperlucent and relatively
underperfused while maintaining normal or decreased lung
volume, although it can be normal in appearance. CT find-
ings of constrictive/obliterative bronchiolitis are character-
ized by (1) air trapping, accentuated on expiration; (2)
mosaic attenuation pattern; (3) bronchial wall thickening; (4)
bronchiectasis; and (5) diminished small vessels. Although
these CT findings should suggest a diagnosis of constrictive/
obliterative bronchiolitis in children, other more common
entities, such as acute viral bronchiolitis, should be consid-
ered unless air trapping and bronchiectasis are both present.

Follow-up imaging study can be helpful in differentiating
the changes of chronic postinfectious airway injury from
acute viral bronchiolitis. In cases of acute viral bronchiolitis,
follow-up imaging studies will show normalization of the
previously abnormal imaging findings after resolution of
symptoms (although imaging abnormalities may persist for
up to a few months), while persistent or worsening abnor-
malities will be present in cases of irreversible constrictive/
obliterative bronchiolitis.

Pathologic Findings

Histologically, postinfectious airway injury is a patchy con-
dition in which some, but not all, airways show signs of pre-
vious injury and repair with airway narrowing by subepithelial
and peri-airway fibrosis. Typically, smaller membranous
bronchioles and terminal bronchioles are affected, rarely
larger airways. Such fibrosis may eventuate in marked lumi-
nal narrowing, and complete airway obliteration may occur.
This can be difficult to identify histologically. Clues to its
presence include the identification of small pulmonary arter-
ies without associated airways and residual airway smooth
muscle fibers embedded in the fibrotic tissue. This latter find-
ing may be subtle, and may require special stains to highlight
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Fig. 8.10 (a) Bronchiolitis obliterans (BO): this 2.5-year-old boy had
a normal CXR prior to an adenovirus type 3 infection several months
previously. The current CXR shows asymmetric lung inflation with
multifocal coarse parenchymal opacifications. Axial lung window CT
images obtained at the level of the carina (b) and inferior hilus (c) both

smooth muscle. There is often variable hyperexpansion of
pulmonary lobules in affected regions. Inflammation may
highlight affected airways, but late in the process or follow-
ing steroid treatment this may not be a prominent feature.

Noninfectious Disorders

Hypersensitive Pneumonia

Hypersensitive pneumonia, also known as extrinsic allergic
alveolitis, is characterized by the development of alveolar
inflammation due to hypersensitivity to inhaled organic
dusts. While it has been thought to be uncommon in child-
hood, it is more likely that it is rarely suspected and therefore

|

show a mosaic pattern of hyperlucent and overinflated lung segments
with oligemia and segments of ground-glass interstitial lung disease.
The right lung is again shown to be relatively more inflated than the left.
There is diffuse bronchiectasis. The findings are those of BO

poorly investigated. When children are affected, it is usually
through an environmental exposure and only occasionally
through close contact with family members who are exposed
to an organic dust through their occupation or hobbies.
Hypersensitivity pneumonia is traditionally classified into
three forms based on the duration of illness: acute, subacute,
and chronic.

The acute form of hypersensitivity pneumonia usually
develops within 4-6 h after exposure to the causative dust
antigen. Affected children typically present with nonspecific
symptoms such as fever, chills, malaise, cough, dyspnea, and
headache. These symptoms usually resolve within 12 h to
several days after initial exposure. In children with the sub-
acute form of hypersensitivity pneumonia, symptoms are
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Fig. 8.11 Bronchiolitis obliterans organizing pneumonia (BOOP):
axial lung window CT image shows diffuse nodules with mild intra-
lobular septal thickening and mild patchy ground glass opacifications
consistent with BOOP

similar to the acute form of hypersensitivity pneumonia, but
usually less severe and more prolonged. The clinical presen-
tation of children with the chronic form of hypersensitivity
pneumonia is characterized by insidious onset of cough, pro-
gressive dyspnea, fatigue, and weight loss.

Imaging Findings On plain chest radiographs, the common
imaging findings of the acute form of hypersensitivity pneu-
monia are diffuse micronodular interstitial prominence often
with ground-glass opacities predominately in the middle and
lower lung zones (Fig. 8.12). High-resolution CT (HRCT)
can further characterize the chest radiographic findings of
acute hypersensitivity pneumonia; these include small
(1-3 mm), poorly defined centrilobular nodules representing
bronchiolitis and ground-glass opacity representing alveoli-
tis. Both chest radiographic and CT imaging findings of the
subacute form of hypersensitivity pneumonia are similar to
those of the acute form. In chronic hypersensitivity pneumo-

Fig. 8.12 (a) Acute hypersensitivity: frontal CXR reveals a coarse

interstitial process accentuated in the bases. (b) Acute hypersensitivity:

axial lung window CT image shows that there are scattered ground

glass nodular-like opacities in both lung bases. (¢) Acute hypersensitiv-
ity: coronal lung window CT image shows that the process is accentu-
ated in the bases
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nia, imaging findings on plain chest radiographs and CT
include progressive fibrotic changes with volume loss with-
out substantial nodular or ground-glass opacity predomi-
nately affecting the mid-lung zone (Fig. 8.13). The location
of fibrotic lung changes can be helpful in differentiating this
entity from IPF, which is predominately located in the lung
bases.

Pathologic Findings Lung biopsy is rarely performed dur-
ing acute disease, and there is limited information regarding
pathologic findings at this stage. Histologic changes are sim-
ilar in the subacute and chronic forms of hypersensitivity
pneumonia with fibrosis supervening in chronic forms. The

Fig. 8.13 (a) Chronic hypersensitivity: axial lung window CT image
shows coarse diffuse fibrosis. (b) Chronic hypersensitivity: coronal
lung window CT image reveals that the fibrosis is somewhat accentu-
ated in the mid-lungs. Hypersensitivity pneumonia: hypersensitivity
pneumonia or extrinsic allergic alveolitis is seen histologically in its

changes are characteristic and include lymphoplasmacytic
inflammation centered around small airways and extending
into alveolar walls with occasional multinucleate giant cells
and small poorly formed granulomas in the walls of distal
bronchioles and in alveoli and small airway lumens
(Fig. 8.13).

For the diagnosis of hypersensitivity pneumonia, lung
biopsy alone may be suggestive but is rarely diagnostic. A
careful investigation of clinical history and imaging findings
can provide important clues to the correct diagnosis, and
serologic investigations for specific antigens, guided by the
clinical history, may be diagnostic in cases of hypersensitiv-
ity pneumonia in children.

.

subacute or chronic phase. It shows a picture of chronic interstitial
pneumonia with bronchiolocentric lymphoplasmacytic infiltration (c)
and lymphocytic bronchiolitis (d) with poorly formed granulomas (e)
and giant cells (f) in airspaces and interstitial tissues, typically most
prominent adjacent to small airways or at the lobular margins
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Fig.8.13 (continued)

Aspiration Syndromes

Aspiration syndromes in children can result in acute and
chronic lung changes. There are a wide variety of causes for
aspiration in children, including (1) swallowing disorders
(due to neurogenic abnormalities, neuromuscular disorders,
immaturity, cleft palate, laryngeal cleft), (2) H-type fistula or
bronchobiliary fistula, (3) esophageal stricture or obstruction
(e.g., vascular ring, foreign body, achalasia), and (4) gastro-
esophageal reflux.

Imaging Findings

Imaging findings of aspiration syndromes largely
depend on the timing and amount of aspiration. The typ-
ical plain radiographic and CT findings of aspiration
syndromes are diffuse alveolar consolidations in the
dependent portions of lungs, such as posterior lower
lobes. In children with persistent aspiration syndrome,
advanced lung disease such as abscess can also develop.
For the evaluation of the causes of aspiration due to
underlying swallowing disorders or anatomic malfor-
mation, barium swallow study is a useful imaging study.
Chronic aspiration, without acute aspiration, may pro-
duce a diffuse but irregularly distributed interstitial
prominence (Fig. 8.14).

Pathologic Findings

Except in its more extreme manifestations, such as pro-
longed chronic aspiration with H-type fistula, aspiration can
be a difficult pathologic diagnosis; however, there should
always be some degree of airway injury and repair, typically
with reactive epithelial changes (hyperplasia or metaplasia),
an element of inflammation (acute, chronic, and/or with for-
eign body giant cells and granuloma formation), and in

severe cases often prominent lobular changes with inflam-
mation and fibrosis.

Eosinophilic Pneumonia

Eosinophilic pneumonia is a component of eosinophilic
lung diseases, a diverse group of pulmonary disorders char-
acterized by peripheral or tissue eosinophilia. Eosinophilic
lung diseases are traditionally classified into three groups:
eosinophilic lung diseases of unknown cause, eosinophilic
lung disease of known cause, and eosinophilic vasculitis.

Eosinophilic lung diseases of unknown cause include
simple pulmonary eosinophilia, acute eosinophilic pneu-
monia, chronic eosinophilic pneumonia, and idiopathic
hypereosinophilic syndrome. Eosinophilic lung diseases of
known cause include allergic bronchopulmonary aspergil-
losis, bronchocentric granulomatosis, parasitic infections,
and drug reactions. Eosinophilic vasculitis includes allergic
angiitis and granulomatosis (i.e., Churg—Strauss syn-
drome). Churg—Strauss is now typically a clinical diagnosis
made in the presence of a constellation of signs and symp-
toms in the setting of known asthma; it is not a pathologic
diagnosis, although the histologic demonstration of extra-
vascular eosinophils is one diagnostic sign. It may present
with multiple pulmonary nodules but does not always do so
(Fig. 8.15a, b). In this section, only acute eosinophilic
pneumonia and chronic eosinophilic pneumonia are
reviewed.

Acute eosinophilic pneumonia was first recognized in
1989, but its exact cause remains unknown. It is character-
ized by (1) an acute febrile illness of less than 5 days dura-
tion; (2) hypoxemia; (3) diffuse alveolar or mixed
alveolar-interstitial opacities on chest radiographs; (4) BAL
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Fig. 8.14 (a) Chronic aspiration mild: 1-year-old with hypotonia and
chronic cough and wheeze. There is diffuse peribronchial thickening
(PBT), somewhat exaggerated in the right upper and lower lobes and
the left perihilar region. The initial chronic manifestations of recurrent
aspiration may mimic that seen in early CF or asthma. However, with
aspiration, the PBT may be irregularly distributed, particularly in the
right upper and lower lobes and left perihilar region as these are the
locations most commonly affected when aspiration occurs in the supine

fluid consisting of more than 25% eosinophils; (5) the
absence of parasitic, fungal, or other infection; (6) a prompt
and complete response to corticosteroids; and (7) the
absence of relapse after discontinuation of corticosteroids.
It is more often seen in adolescents than in young
children.

Imaging Findings
Typical chest radiographic findings of children with acute
eosinophilic pneumonia include bilateral reticular opaci-

position. (b) Chronic aspiration moderate: 4-month-old with chronic
congestion and cough. There is moderately severe PBT accentuated in
the same distribution as in (a). (¢) Chronic aspiration severe: 2-year-old
with seizures and aspiration. There is severe diffuse interstitial lung dis-
ease (ILD) with areas of atelectasis and/or fibrosis. (d) Axial lung win-
dow CT image in an 18-year-old with chronic aspiration shows a
mosaic distribution of ground-glass ILD

ties with or without patchy consolidation and pleural effu-
sion (Fig. 8.15e). On CT, there is bilateral patchy GGO
frequently associated with interlobular septal thickening,
consolidation, or poorly defined nodules (Fig. 8.15f). Due
to its rarity and the similarity of its imaging findings to
those of other more common entities such as hydrostatic
pulmonary edema, acute respiratory distress syndrome,
AIP, and atypical bacterial or viral pneumonia, correct
diagnosis of acute eosinophilic pneumonia may be initially
missed or delayed particularly in children. This delay may
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be critical as failure to rapidly institute treatment may be
accompanied by severe clinical deterioration and death.
Peripheral blood eosinophilia is not a frequent feature of
this disorder, although it may be present.

Pathologic Findings

On histology, acute eosinophilic pneumonia shows changes
of DAD associated with interstitial and intraalveolar
eosinophils.

Fig.8.15 (a) Churg—Strauss: this child presented with acute asthmatic
symptoms. CXR reveals multiple nodules, most evident in the left peri-
hilar region consistent with the diagnosis of Churg—Strauss syndrome.
Churg—Strauss: histologic findings in Churg—Strauss syndrome depend
on the stage of disease. Early, eosinophilic pneumonia is common (b, ¢)
and eosinophils may appear extravascularly at other sites. In the vascu-
litic phase, there are also eosinophilic granulomas and eosinophilic vas-
culitis. The granulomas have a necrotic center of eosinophils with
palisaded histiocytes. The vasculitis may involve any category of vessel
and can include other inflammatory cells in addition to eosinophils (d).
(e) Acute eosinophilic pneumonia: 4-year-old with acute onset of ele-
vated temperature. There is severe reticular ILD accentuated centrally

with the suggestion of a small left pleural effusion. (f) Axial lung win-
dow CT image in a different child with acute eosinophilic pneumonia
shows multiple ground-glass peripheral opacifications. (g) CXR shows
multiple peripheral nodules typical of chronic eosinophilic pneumonia.
(h) Axial lung window CT image in a different patient with chronic
eosinophilic pneumonia shows multiple peripheral airspace consolida-
tions. In chronic eosinophilic pneumonia, there is multifocal consolida-
tion (i) with interstitial and intralveolar collections (j) of eosinophils
with associated macrophages and an often mild interstitial lymphoplas-
macytic infiltrate. There may be associated small poorly formed granu-
lomas (k), as well as variable interstitial fibrosis (i, 1) and epithelial

hyperplasia (j, 1)
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Fig. 8.15 (continued)
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Fig.8.15 (continued)

Chronic Eosinophilic Pneumonia

Chronic eosinophilic pneumonia is characterized by chronic
and progressive respiratory and systemic symptoms. Although
it is more common in middle-aged patients with asthma,
chronic eosinophilic pneumonia can be seen in pediatric
patients. In patients with chronic eosinophilic pneumonia,
elevated peripheral blood eosinophilia, increased serum IgE
levels, elevated erythrocyte sedimentation rate, and high per-
centage of eosinophils in the BAL fluid are typically present.
Unlike patients with acute eosinophilic pneumonia, symptoms
may relapse after discontinuation of corticosteroid treatment.

Imaging Findings

Plain chest radiographic findings in patients with chronic
eosinophilic pneumonia are often characteristic and include
nonsegmental peripheral airspace consolidation
predominately affecting upper lobes (Fig. 8.15g). Peripheral
infiltrates with a “reversed pulmonary edema pattern” is also
considered highly suggestive of chronic eosinophilic pneu-
monia. On CT, typical nonsegmental areas of airspace
consolidation with peripheral predominance are usually seen
(Fig. 8.15h). Less common additional CT findings in patients
with chronic eosinophilic pneumonia include ground-glass
opacities, nodules, and reticulation.

Pathologic Findings

Histologic changes include dense accumulations of eosino-
phils, often with associated macrophages, which may contain
eosinophil granules, in alveoli and in the interstitium, where
the eosinophils are accompanied by lymphocytes and plasma
cells (Fig. 8.15g). Eosinophils may be seen in the walls of
blood vessels, but a true vasculitis with reactive vascular
change or necrosis is never seen. Eosinophil abscesses with
central necrosis and palisaded histiocytes with intermixed
eosinophils may also be seen. There is usually organizing

pneumonia and sometimes poorly formed granulomas; with
continued chronicity, interstitial fibrosis may occur. Prebiopsy
treatment with corticosteroids may strikingly diminish the
numbers of eosinophils hampering accurate diagnosis.

Acute Interstitial Pneumonia/Hamman-Rich
Syndrome/Idiopathic Diffuse Alveolar Damage

Acute interstitial pneumonia (AIP), also known as Hamman—
Rich syndrome, was first described in 1935 by Louis
Hamman and Arnold Rich. It is a rare lung disease of
unknown etiology that typically affects adults older than
40 years old, but it can be seen in childhood and even occa-
sionally in infancy resulting in severe lung disease in other-
wise healthy children with intact immune function. Affected
patients usually present with nonspecific symptoms such as
cough, fever, and difficulty breathing. Unfortunately, these
nonspecific symptoms can rapidly progress to severe respira-
tory failure requiring ventilatory support within days or
weeks after symptom onset. Approximately half of the
affected children recover, and half of those who recover do
so without significant pulmonary sequelae. This improve-
ment in survival is largely due to improved ICU care as there
is not yet any clear understanding of the pathogenesis of this
condition, and treatment remains supportive.

Imaging Findings

Due to its rarity, imaging findings of AIP are not well
described; however, those reported are those of acute respira-
tory distress syndrome with diffuse bilateral alveolar opaci-
ties, septal thickening, and often pleural effusion.

Pathologic Findings
Biopsy of the lung in patients with AIP shows DAD usually
in an exudative and early organizing stage.
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Fig. 8.16 (a) Idiopathic pulmonary hemosiderosis: 10-year-old with
hemoptysis. There is diffuse moderate ILD increased in the right lower
lobe and airspace opacification of the left lower lobe. There is a small

Idiopathic Pulmonary Hemosiderosis

Idiopathic pulmonary hemosiderosis, first described by
Virchow in 1864 as brown lung induration, is a rare lung dis-
ease that affects both children and adults. It is characterized by
recurrent episodes of pulmonary hemorrhage with hemoptysis,
iron deficiency anemia, and diffuse lung infiltrates on chest
radiographs (Fig. 8.16). Due to recurrent concealed blood loss,
the anemia of idiopathic pulmonary hemosiderosis is hypo-
chromic, microcytic, and characteristic of iron deficiency. The
clinical course of children with idiopathic pulmonary hemosid-
erosis is characterized by remissions and exacerbations of
symptoms despite therapy. The causes of death in such patients
include progressive pulmonary insufficiency resulting in
chronic respiratory failure and acute pulmonary hemorrhage.
With advances in early diagnosis and therapeutic management,
86% of patients now survive beyond 5 years after the diagnosis
of idiopathic pulmonary hemosiderosis.

Imaging Findings

Imaging findings in idiopathic pulmonary hemosiderosis
depend on the stage of disease progression. At early stages
where pulmonary hemorrhage predominates pathologically,
ground-glass opacity often associated with consolidation in a
central distribution on CT is typically seen (Fig. 8.16b).

Pathologic Findings

In early stages on lung biopsy, there are prominent intraalveo-
lar accumulations of hemosiderin-laden macrophages, usually
without prominent associated hemorrhage. At later stages fol-
lowing recurrent clinical episodes, there are prominent reac-
tive lung changes with a continuing abundance of

left effusion. (b) Idiopathic pulmonary hemosiderosis: axial lung win-
dow CT image reveals diffuse patchy ground glass ILD with nodular/
confluent airspace disease and a right effusion

hemosiderin-laden macrophages. In later stages, there is pro-
gression of these changes, including a deposition of hemosid-
erin in the interstitial tissue with a thickening of the interlobular
septa and alveolar walls, as well as the bronchiolar and arterial
walls, sometimes with prominent ferrocalcific deposits and
with eventual progression to irreversible pulmonary fibrosis.

Disorders Related to Systemic Disease
Process

Approximately one fourth of biopsies for ILD in a multi-
center study in older children were from children with preex-
isting systemic disease, and in this study immune-mediated
disorders with nonhemorrhagic parenchymal disease were
slightly more common than immune-mediated hemorrhage
syndromes. Other nonimmune-mediated systemic condi-
tions were distinctly rare.

Immune-Related Disorders

Acquired Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is a rare lung disease,
first described in 1958 by Rosen and his coworkers. It is char-
acterized by an abnormal accumulation of surfactant, lipopro-
teinaceous material, within the alveoli, which prevents normal
gas exchange.

PAP has been traditionally classified into congenital and
acquired forms. Congenital PAP is discussed in the infant lung
disorder section as it relates to surfactant dysfunction disor-
ders. In older children and adults, PAP is an acquired disorder
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Fig.8.17 (a) Pulmonary alveolar proteinosis (PAP): 13-year-old with
known pulmonary alveolar proteinosis. There is diffuse severe ground
glass opacification of both lungs typical of PAP. This CXR pattern is

and is seen in two settings. The first is with macrophage dys-
function typically associated with chemotherapeutic drug use
in malignancies. It is then categorized with disorders in the
immunocompromised host. The form of PAP that belongs in
this section on immune disorders is a manifestation of an auto-
immune condition in which an autoantibody to GM-CSF is
formed. It is not seen in early childhood but may affect school-
age children or adolescents, as well as adults.

Affected children present with slowly progressive dys-
pnea and nonproductive cough. Diagnosis is by the demon-
stration of proteinosis material either on BAL or lung biopsy
coupled with identification of the autoantibody. Current
treatment for this acquired PAP is repeated lung lavage,
which has been successful in older children and adults.

Imaging Findings Imaging studies do not differentiate among
the various forms of PAP and show bilateral symmetric perihi-
lar opacities that often extend into the peripheral portions of the
lungs on plain chest radiographs. These opacifications are fre-
quently not as consolidative and dense as those of a typical
bacterial pneumonia (Fig. 8.17). On CT, particularly on HRCT,
bilateral ground-glass opacities with smooth intra- and inter-
lobular septal thickening in polygonal shapes, also known as a
crazy-paving pattern, are commonly seen (Fig. 8.17b). After
treatment with lung lavage, improvement of these CT findings
has been reported in patients with autoimmune PAP.

Pathologic Findings Biopsy findings vary depending on the
underlying etiology of the alveolar proteinosis, but all share
the common feature of variably abundant PAS-positive
granular-to-globular material with small cholesterol clefts
filling alveolar spaces. The associated changes in infants
with surfactant deficiency disorders are noted above. With
PAP due to autoantibodies to GM-CSF, the background lung

also frequently seen with subacute/chronic hemosiderosis. (b) PAP:
axial lung window CT image shows diffuse ground glass opacification
with septal thickening representing crazy-paving appearance

structure is relatively normal appearing, although there are
often scattered interstitial plasma cells, and alveolar macro-
phages sometimes have atypical appearances.

Pulmonary Hemorrhage Syndromes
Immune-mediated pulmonary hemorrhage, usually with cap-
illaritis [51], can be seen in a variety of disorders, including
microscopic polyangiitis, collage-vascular disease (systemic
lupus erythematosus, rheumatoid arthritis, systemic sclero-
sis, polymyositis, and mixed connective-tissue disease),
Wegener’s granulomatosis, and Goodpasture’s syndrome.
Not all pulmonary hemorrhage is immune mediated; other
conditions leading to pulmonary hemorrhage include
drug-induced coagulopathy and hemorrhage-associated
malignancy. The clinical and imaging findings are often sim-
ilar in all such disorders. Affected pediatric patients typically
present with hemoptysis and dyspnea, as well as anemia.

Imaging Findings Bilateral symmetric geographic areas of
ground-glass opacities with interlobular septal thickening
are typical imaging findings of symptomatic patients with
pulmonary hemorrhage syndrome. Focal, sometimes multi-
focal and nodular-like opacities, may also be present, repre-
senting sites of acute hemorrhage. Chest radiographic
findings, particularly in the subacute phase, may be quite
similar to that seen in PAP.

Pathologic Findings The definite diagnosis of pulmonary
hemorrhage syndrome is based on the identification of
blood within BAL fluid or the demonstration of abundant
hemosiderin-laden alveolar macrophages. Serologic dem-
onstration of antineutrophil cytoplasmic antibodies
(ANCA) may avert lung biopsy to evaluate for the presence
of capillaritis (Fig. 8.18), but when these are negative or not
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Fig.8.18 Capillaritis: pulmonary capillaritis may be seen as a compo-
nent of immune-mediated hemorrhage in a variety of situations. It may
be seen in rheumatologic and autoimmune disorders, usually as a com-
ponent of multicompartment involvement (see Fig. 8.19, f), or it may
be an isolated feature in microscopic polyangiitis or the only manifesta-
tion of Wegener’s granulomatosis. In these situations, there may be foci

of neutrophilic microvasculitis involving arterioles (a), small arteries
(b), and capillaries often with regions of alveolar wall disruption (c)
with focal fibrinous and cellular exudate in the region of alveolar wall
disruption. Acute hemorrhage, neutrophils, and fibrin may be seen
focally (Movat stain), (d) and there may be regionally prominent
hemosiderin-laden macrophages (Iron stain) (e)
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obtainable in an appropriate time frame, lung biopsy is
often done. Active immune-mediated hemorrhage is associ-
ated with pulmonary capillaritis, often necrotizing.

Nonhemorrhagic Parenchymal Disease
Rheumatologic Disorders (Collagen-Vascular
Disease) These conditions include systemic lupus erythe-
matosus, rheumatoid arthritis, dermatomyositis, sclero-
derma, Sjogren’s syndrome, and mixed connective tissue
disease. The clinical presentation, physical findings, and
laboratory findings of these collagen-vascular diseases vary;
however, imaging findings of early disease are often those of
NSIP.

Imaging Findings For collagen-vascular disease in general,
early imaging findings include ground-glass opacity inter-
mixed with septal thickening, while lower lobe-predominant
ground-glass opacity, irregular septal thickening, honeycomb-
ing, and traction bronchiectasis are the usual imaging findings
of later advanced disease or progressive collagen-vascular dis-
ease (Fig. 8.19). Characteristic CT findings of NSIP, a com-
mon histologic manifestation of many of these conditions,
include ground-glass opacity with reticular abnormality, trac-
tion bronchiectasis, and lower lobe volume loss predominately
located in the peripheral portions of the lower lobes in the
absence of nodules, cysts, and areas of low attenuation
(Fig. 8.19b). The presence of areas of low attenuation inter-
spersed with areas of interstitial abnormality should raise the
possibility of hypersensitivity pneumonitis rather than NSIP.

Pathologic Findings Although there are a variety of patho-
logic manifestation of these disorders in the lung, one of the
commoner is of NSIP. Despite its name, this manifestation
has a very specific histologic appearance with a mixture of
lymphoplasmacytic inflammation and fibrosis and is typi-
cally divided into cellular and fibrotic subtypes (Fig. 8.19). It
is seen in a variety of settings in childhood. It is one of the
histologic patterns of the surfactant dysfunction disorders,
particularly in patients with late-onset disease or prolonged
survival. It is also a common manifestation of lung
involvement by rheumatologic disorders (collagen-vascular
disease) in children and adults and has been seen in the
setting of systemic sclerosis, polymyositis and dermatomyo-
sitis, Sjogren syndrome, lupus, and rheumatoid arthritis.

Granulomatosis with Polyangiitis (Wegener’s
Granulomatosis)

Granulomatosis with polyangiitis (previously known as
Wegener’s granulomatosis) is a rare systemic disorder pri-
marily affecting the upper and lower respiratory tract and the
kidney. It is thought to be immunologically mediated via a

T-cell reaction, and the frequent ANCA positivity suggests
an autoimmune-mediated process. It is thought that immuno-
logically mediated endothelial injury leads to the activation
of inflammatory mediators and cellular inflammation with
both vasculitis and parenchymal inflammation of various
forms. Although this rare disorder is more common in adults,
it is the most common necrotizing systemic vasculitis in the
pediatric population. Affected children usually present with
nonspecific symptoms such as fever, malaise, weight loss,
arthralgias, and chronic rhinitis. Those with lung involve-
ment may be asymptomatic or may present with hemoptysis,
dyspnea, or chest pain. On laboratory studies, positive rheu-
matoid factor, elevated erythrocyte sedimentation rate, and
c-ANCA (approximately 85% of patients with active dis-
ease) are usually present.

Imaging Findings The pulmonary changes in granulomato-
sis with polyangiitis are variable and range from discrete
focal opacities to nodular masses (2—4 cm in diameter) with
or without cavitation to ill-defined areas of consolidation on
plain chest radiographs (Fig. 8.20). On CT, multiple pulmo-
nary nodules typically ranging in size from 2 mm to several
centimeters in diameter are often seen in both lungs.
Associated cavitation within these nodules has been reported
in 50% of nodules larger than 2 cm in diameter. Consolidation
often due to pulmonary hemorrhage and/or ischemic necro-
sis is well evaluated with CT (Fig. 8.20).

Pathologic Findings Pulmonary involvement with granulo-
matosis with polyangiitis includes microabscesses, suppura-
tive granulomas, and large geographic areas of necrosis in a
background of interstitial inflammation that is typically
regional (Fig. 8.20).

Nonimmune-Mediated Systemic Disorders

Sarcoidosis

Sarcoidosis is a systemic disease process of unknown etiol-
ogy with multisystem involvement. Pulmonary sarcoidosis is
traditionally classified into four different stages of disease
progression: (1) isolated lymphadenopathy, (2) lymphade-
nopathy with pulmonary disease, (3) isolated pulmonary dis-
ease, and (4) pulmonary fibrosis. Affected patients present
with a wide variety of symptoms related to specific end-
organ damage. When sarcoid involves lungs, affected patients
usually present with dyspnea, cough, and fever with a minor-
ity developing hemoptysis in advanced disease. Sarcoid does
occur in childhood, although it is commoner in adults. The
clinical presentation, imaging findings, and histologic fea-
tures in the pediatric patient are not different from those seen
in adults.
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Fig. 8.19 (a) Nonspecific interstitial pneumonia (NSIP): 17-year-old
with restrictive PFTs. There is moderate ILD worse in the lung bases.
(b) NSIP: CT shows ground-glass ILD worse in the periphery of the
lower lobes with associated mild bronchiectasis. The connective tissue
diseases, now called rheumatologic disorders and auto immune disor-
ders, have myriad manifestations in the lung with histologic changes in
the interstitium, airways, vasculature, and pleura. It is this multicom-
partment involvement that characterizes such disorders histologically,
sometimes with more specific lesions that implicate a specific disorder.
Pleuritis (¢) is a common feature of these disorders and may be active
with cellular infiltrates or be present as pleural fibrosis with less promi-
nent infiltrates. Airway changes may include lymphocytic or follicular
bronchiolitis, constrictive bronchiolitis with subepithelial fibrosis nar-

rowing the bronchiolar lumen (d) and bronchiectasis. Chronic intersti-
tial pneumonia (e, f) with alveolar epithelial hyperplasia and interstitial
lymphoplasmacytic infiltrates and exudates is common and may be
patchy but is often widespread; acute alveolitis and capillaritis can be
seen in this setting as well. Features of organizing pneumonia are also
common in this setting (g) with streaming fibroblasts in alveolar ducts.
In addition to capillaritis, other vascular changes, including thrombosis
(h) and evidence of recent (i) and remote hemorrhage (j) (iron stain)
with hemosiderin deposition, may also be seen. The pattern of intersti-
tial pneumonia may vary, but in childhood it is most often nonspecific
interstitial pneumonia with a variable mixture of cellular and fibrotic
components or organizing pneumonia with intralveolar and bronchiolar
organization of exudate by proliferated fibroblasts (k)



Fig. 8.19 (continued)

Imaging Findings Imaging findings of sarcoidosis depend on
the stage of disease progression. Small peribronchial nodules
(<3 mm in diameter) and interstitial thickening intermixed with
the areas of ground-glass opacities and consolidation are typi-
cal imaging findings in patients with stage 1 to stage 3 pulmo-

nary sarcoidosis (Fig. 8.21). In contrast, pulmonary fibrosis,
architectural distortion, septal thickening, traction bronchiecta-
sis, and honeycombing are predominant imaging findings on
CT of patients with advanced stage 4 sarcoidosis. It has been
reported that high-resolution CT (HRCT) is superior to
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Fig.8.20 (a) Granulomatosis with polyangiitis: CXR shows confluent
peripheral opacities in both lungs. (b) Granulomatosis with polyangi-
itis: axial lung window CT image shows multiple ill-defined nodules,
some of which are confluent. (¢) Granulomatosis with polyangiitis:
coronal lung window CT image again shows multiple ill-defined nod-
ules, some of which are confluent. Granulomatosis with polyangiitis:
the histologic picture in granulomatosis with polyangiitis includes vas-
culitis and necrosis with granulomatous inflammation and a widespread

conventional CT for detecting parenchymal detail and differen-
tiating alveolitis from fibrosis in patients with sarcoidosis.

Pathologic Findings Sarcoid is characterized histologically
by the presence of multiple small and well-circumscribed

inflammatory background. The vasculitis, which is most often chronic,
involves medium-sized and small pulmonary vessels (d), here seen
involving a small pulmonary artery with lymphocytic infiltration of the
perivascular tissue, media, and expanded intima. Large areas of both
large geographic and more focal areas of necrosis as here (e) in a dense
inflammatory background may be present, with scattered multinucleate
giant cells and granulomas (f) within this inflammatory background.
Regions of interstitial infiltrate with fibrinous exudate (g) and often
hemorrhage are also present

granulomas without necrosis. These granulomas are often
located along lymphatic pathways and thus are seen in inter-
lobular septa and around blood vessels. There is sometimes
granulomatous vasculitis. Fibrosis occurs in advanced dis-
ease and may replace large regions of the lung parenchyma
(Fig. 8.21).
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Fig. 8.21 (a) Sarcoid: 17-year-old with hypercalcemia, weight loss,
fatigue, and chest pain. CXR shows diffuse coarse micronodular ILD
with bilateral paratracheal adenopathy. (b) Axial lung window CT
image, in another patient with sarcoidosis, shows diffuse nodular and
confluent ground glass opacities. Sarcoid: the occurrence of multiple
circumscribed nonnecrotizing granulomas (¢, d) is the histologic hall-

mark of sarcoidosis. In the lung, these granulomas often are seen in
perivascular regions (d) and along lymphatic pathways (e). The granu-
lomas may be confluent (e). With time, granulomas may become hya-
linized, and there may be dense interstitial fibrosis as in (f) where the
remnant of a granuloma is seen in the wall of a narrowed and chroni-
cally inflamed small airway in a background of dense lobular fibrosis
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Fig.8.22 (a) Acute Langerhans cell histiocytosis (LCH): CXR shows mild nonspecific ILD suggesting bronchial wall thickening, which is often the
first imaging evidence of LCH. (b) Acute LCH: axial lung window CT image reveals multiple small nodules (arrow), dominantly in the upper lobes

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH), previously known as
eosinophilic granuloma or histiocytosis X, is a multisystem
disease characterized by a clonal proliferation of Langerhans
cells of bone marrow origin. It usually affects children between
1 and 15 years of age with a yearly incidence of one in 200,000.
Although it is a sporadic and nonhereditary condition, familial
clustering has been reported. In adults, but not in childhood,
pulmonary LCH is known to be strongly associated with
smoking. Affected patients typically present with nonspecific
respiratory symptoms such as cough and dyspnea.

Imaging Findings On chest radiographs, indistinct nodular
opacities intermixed with areas of reticular interstitial
opacities predominately located in the upper lung zones are
usually seen in patients with early-stage pulmonary involve-
ment from LCH (Fig. 8.22). Pulmonary fibrosis with areas of
architectural distortion and honeycombing can be observed
on chest radiographs of patients with advanced and long-
standing disease. HRCT is the preferred imaging modality
for evaluating pulmonary disease caused by Langerhans cell
histiocytosis because it can detect characteristic imaging fea-
tures of small nodules (<5 mm in diameter) in a centrilobular
or peribronchiolar distribution intermixed with thin-walled
cysts in both lungs with sparing of the lung bases and costo-
phrenic angles (Fig. 8.23).

Pathologic Findings Pulmonary LCH, previously known as
pulmonary eosinophilic granuloma, is characterized by infil-
tration of the lung parenchyma by Langerhans cells. These
CDla and Langerin immunopositive histiocytes are gener-
ally seen in an airway-centered distribution that progresses

to form symmetrical stellate nodules that also contain eosin-
ophils, lymphocytes, and fibroblasts. In later stages, these
nodules may become centrally cystic, but typically central
scarring develops with later lesions showing associated hon-
eycombing and surrounding emphysema. Ultrastructural
examination shows the characteristic Birbeck granule of the
Langerhans cell.

Cystic Fibrosis

Cystic fibrosis (CF), first recognized in 1930s, is the most
common genetic disorder resulting in chronic pulmonary
disease in children. It is an autosomal recessive disorder with
mutations involving the cystic fibrosis transmembrane regu-
lator (CFTR) gene located on the long arm of chromosome 7.
Although CF is more common among children of European
heritage with an estimated incidence of 1:2500 white live
births, it can also affect children of Asian and African
descent. Affected individuals are often discovered during
infancy when they present with meconium ileus syndrome
(18%), failure to thrive, malabsorption syndrome, or chronic
recurrent respiratory infections. A definitive diagnosis of CF
can be based on abnormal sweat test or via genetic testing,
usually employing a panel of more common mutations in
specific geographic groups.

Although CF may result in significant gastrointestinal and
liver disease, involvement of the respiratory system is the
major cause of morbidity and mortality in children, and
nearly all affected children eventually develop progressive
pulmonary disease. Pulmonary disease is the most common
cause of death in patients with cystic fibrosis. Imaging find-
ings of CF vary depending on several factors, including the
age of the patient, the duration and severity of the disease,
and associated infection.
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Fig. 8.23 (a) Chronic Langerhans cell histiocytosis (LCH): there is
coarse ILD with multiple cysts, dominantly in the upper lobes. There is
a left pneumothorax. (b) Chronic LCH: Axial lung window CT image
reveals honeycombing with peripheral cysts and intralobular septal
thickening

Imaging Lungs can be normal or show mild-to-moderate
air trapping (hyperinflation) and/or bronchial wall thicken-
ing in children with early-stage CF. The hyperinflation in CF
patients results from the obstruction of the small airways
(i.e., terminal and respiratory bronchioles) by abnormally
viscid mucus. Imaging findings of later or advanced disease
are characterized by the presence of upper lobe predominant
bronchiectasis (in 50% of patients with lobe dominate dis-
ease) [52], peribronchial wall thickening, centrilobular nod-
ular and tree-in-bud opacities, and mucus plugging with air
trapping best detected on expiratory CT images. The reason
for upper lobe predominant lung changes in CF is not known,
but it has been postulated that decreased ventilatory excur-
sions in the upper lobe may exacerbate the already impaired

drainage of bronchial secretions. Due to chronic and recur-
rent superimposed infection, concomitant hilar and mediasti-
nal lymphadenopathy is often seen. Several CT scoring
systems are available for an assessment of the extent and
severity of CF disease, although they are not widely used
clinically.

Pathologic Findings The lungs in cystic fibrosis show pro-
gressive changes that early on may be mistaken for
ILD. Initially, there is mucus stasis with impaired clearance
and supervening infection. The chronic inflammatory
changes progress to the alteration of airway walls with
epithelial erosion, partial replacement of the mucosa by
granulation tissue, progressive airway dilatation resulting in
bronchiectasis, and for small airways sometimes fibrotic and
obliterative changes. With advanced disease there is progres-
sive loss of lung parenchyma through lobular atrophy and
fibrosis, as well as loss of access to the parenchyma due to
airway obstruction.

Marfan-Associated Pulmonary Disorders

Marfan syndrome, first described in 1895, is an inherited dis-
order of connective tissue resulting from an abnormality in
the fibrillin gene on chromosome 15. The estimated preva-
lence of Marfan syndrome is one in 5000 individuals.
Although most serious complications of Marfan syndrome
result from the involvement of the heart valves and aorta, it
can also affect other organs, particularly the lungs, eyes, and
skeleton. Affected patients are usually tall with long limbs
and long thin fingers. Pulmonary involvement in Marfan
syndrome is uncommon, occurring in only about 10% of
affected patients. Such involvement may include congenital
enlargement of the trachea and bronchi; later findings include
pulmonary artery rupture and pneumothorax. A few patients
with Marfan have an emphysema-like abnormality with
pleural and subpleural bullae and parenchymal cysts.

Imaging The connective tissues that provide stability and
elasticity for the lungs are affected by Marfan syndrome; this
may uncommonly result in the development of emphysema,
pleural and subpleural bullae, parenchymal cysts, and bron-
chiectasis. Pneumothorax is the only common respiratory
disorder seen in Marfan syndrome and is the commonest
imaging finding of pulmonary involvement in Marfan
syndrome.

Pathologic Findings Marfan syndrome is a rare cause of
spontaneous pneumothorax; the pathologic findings do not
differ from those of pneumothorax in unaffected
individuals.
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Malignant Infiltrates

Malignant infiltrates of the lungs can be seen with a variety
of underlying malignancies. In adults, this is commonly seen
as lymphangitic carcinomatosis, resulting from the spread of
malignant cells via the lymphatic system in the lung. In chil-
dren, carcinoma is an uncommon form of malignancy, and
infiltrative disease in the lung is more commonly related to
hematologic malignancy with similar spread via pulmonary
lymphatics. Such children usually have known and treated
malignancy and present with shortness of breath, cough, or
rarely hemoptysis.

Imaging 1t has been reported that the sensitivity of chest
radiographs for detecting lymphangitic spread of malignancy
is only approximately 25%. Therefore, the imaging modality
of choice for evaluating lymphangitic tumor spread is CT.
Smooth, irregular, or nodular interlobular septal thickening
and peribronchial small nodules are the most common CT
imaging findings of lymphangitic tumor dissemination.
Malignant hilar or mediastinal lymphadenopathy and/or
malignant pleural effusion are often concurrently present.

Pathologic Findings With lymphangitic tumor spread,
there is typically regional permeation of malignant cells
through the lymphatic system in interlobular septa and bron-
chovascular bundles. This may be coupled with early infiltra-
tion of the connective tissue of these regions and sometimes
small nodular deposits of malignant cells.

Disorders of the Inmunocompromised Host

In children beyond 2 years old who come to biopsy for the
diagnosis of diffuse interstitial lung disease, disorders asso-
ciated with immune compromise are commoner than any
other single group, accounting for nearly half of biopsy diag-
noses. In immunocompromised children with diffuse lung
disease, opportunistic infection accounts for almost half of
diagnoses with interstitial changes resulting from therapeutic
intervention in the form of chemotherapeutic drugs and radi-
ation accounting for perhaps another 20% of diagnoses.

Opportunistic Infection

The commonest pulmonary disorder in children with altered
immunity on either a congenital or acquired basis is opportu-
nistic infection, and in biopsied cases, fungal disease pre-
dominates. Opportunistic infection occurs with organisms
that typically do not cause disease in the immunologically
normal host. Immune compromise may occur from a variety

of underlying conditions, including congenital immunodefi-
ciency, malnutrition, the use of immunosuppressive agents in
organ transplant and in chemotherapy for cancer, extensive
skin damage, antibiotic treatment, and acquired immunode-
ficiency syndrome (AIDS). For immune-compromised chil-
dren with diffuse lung disease leading to biopsy for diagnosis,
the commonest underlying conditions are postbone marrow
transplantation and in the setting of chemotherapy for malig-
nancy. Common infectious agents in these children include
Pneumocystis jirovecii, Candida albicans, Aspergillus sp.,
and viral agents such as Cytomegalovirus and Respiratory
syncytial virus, but other organisms, including Toxoplasma
gondii, HHV6, Cryptosporidium, and Histoplasma capsula-
tum, may also be implicated.

Imaging
Imaging findings with thoracic infection from these different
pathogens widely vary from small pulmonary nodules to
masses, ground-glass opacities to consolidations and increased
interstitial markings/thickenings. However, there are sometimes
characteristic imaging appearances of opportunistic pulmonary
infections in children that can be helpful clues to early and cor-
rect diagnosis, which in turn can lead to optimal patient care.
Bilateral symmetric hazy ground-glass opacities and cys-
tic lung changes are characteristic imaging findings in
Pneumocystis jirovecii (Fig. 8.24) infection in children who
are immunosuppressed secondary to organ transplantation,
hematologic malignancy, or HIV infection (CD4 count <200/
mm?®), or less commonly with an inflammatory condition
requiring steroid therapy. Multiple small diffuse nodules in
both lungs are common pulmonary imaging findings in chil-
dren infected with Candida albicans (Fig. 8.25), Toxoplasma
gondii, and Cytomegalovirus. Multiple lung nodules of vari-
ous sizes often associated with calcification are common in
children infected with Histoplasma capsulatum (Fig. 8.26).
Parenchymal consolidation occasionally surrounded by
ground-glass opacity representing alveolar hemorrhage, also
known as a halo sign, is characteristic of invasive pulmonary
aspergillosis infection (Fig. 8.27).

Pathologic Findings

Appropriate treatment of opportunistic infections depends
on the identification of the infectious agent, so prompt and
accurate diagnosis is paramount. When noninvasive means
fail to identify an organism, lung biopsy may be done to pro-
vide tissues for both culture and histologic examination.

Congenital Immunodeficiency

In infants, the most common congenital immune deficiency
leading to lung biopsy for the diagnosis of interstitial lung
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Fig.8.24 (a) Pneumocystis: Axial lung window CT image of this child
with Pneumocystis jirovecli pneumonia shows bilateral ground-glass
opacifications, although no cysts were evident (which are often pres-
ent). (b) Axial lung window CT image of another child with
Pneumocystis jirovecli pneumonia shows diffuse coarse interstitial dis-
ease with areas of focal consolidation, intralobular septal thickening,
and multiple scattered cysts

\

disease is severe combined immunodeficiency syndrome
(SCIDS). In older children, chronic granulomatous disease
(CGD) and common variable immune deficiency (CVID),
although rare, are the commonest associated inherited condi-
tions. In all these settings, biopsy is most often done for sus-
pected infection that has not been demonstrated by
noninvasive methods. For CGD and CVID, there may also be
noninfectious complications that should be considered [53].

Chronic Granulomatous Disease

Chronic granulomatous disease (CGD), first described in
1954, is a rare inherited immunodeficiency disorder due to
genetic mutations in one of four genes encoding subunits of
phagocyte nicotinamide adenine dinucleotide phosphate
(NADPH). Most cases (75%) affect boys in an X-linked
recessive inheritance pattern, and girls account for 25% of
cases and show both autosomal recessive inheritance and
sometimes skewed lyonization of the X-linked gene. The

Fig.8.25 Candida: axial lung window CT image shows multiple small
nodules most accentuated in the right lower lobe. The patient had
Candidal sepsis

genetic mutations result in impaired phagocyte NADPH oxi-
dase activity leading to reduced superoxide production and
impaired oxidative burst. This impaired phagocyte oxidative
function results in impaired intracellular killing of catalase-
positive bacterial organisms, including Staphylococcus,
Burkholderia cepacia, Klebsiella, and Pseudomonas sp., as
well as fungal organisms, particularly Aspergillus and
Nocardia and Mycobacteria. CGD affects approximately
one in 200,000-250,000 live births in the United States.

Affected children typically present within the first 2 years
of life with recurrent infections in various locations due to
this inability in intracellular killing of catalase-positive
organisms. In children with CGD, the lungs are the most
common location of infection, followed by the skin and gas-
trointestinal tract. Liver or bones may also be affected result-
ing in hepatic abscess and osteomyelitis, respectively.
Approximately 80% of patients with CGD present with
recurrent pneumonia from Aspergillus, Staphylococcus
aureus, and enteric bacteria.

The definitive diagnosis of CGD is based on the neutro-
phile oxidative burst test or previously on the nitroblue-tetra-
zolium (NBT) test; genetic testing is also available. Early
diagnosis of CGD in children is important because they can
then be placed on prophylactic antibiotics to prevent infec-
tion, and appropriate patient education can occur so that
prompt and proper treatment can be achieved when infection
does occur. With advances in the diagnosis and treatment of
CGD in children, their prognosis has improved, and affected
children now often survive into adulthood.

Imaging Pulmonary infections in children with CGD typi-
cally present as focal consolidation or multiple small pulmo-
nary nodules in a military pattern in cases of hematogeneous
spread. Development of abscess, pulmonary fibrosis, and
honeycomb lung are eventual sequelae of long-standing



8 Pediatric Interstitial (Diffuse) Lung Disease

189

Fig. 8.26 (a) Histoplasma: PA CXR shows a diffuse coarse interstitial
prominence in this 13-year-old girl with histoplasmosis 8 weeks fol-
lowing heart transplant with 2 weeks of fever. (b) Axial lung window
CT image reveals diffuse small nodules. (¢) Lung biopsy (H&E x 1000).
Alveolar macrophages contain numerous yeast often with an artifactual
halo as the cytoplasm retracts from the poorly stained cell wall giving

recurrent pulmonary infections in children with CGD. In
these children, additional thoracic involvement may include
mediastinal or hilar lymphadenopathy, empyema, and osteo-
myelitis of adjacent ribs or vertebral bodies. Other common
radiological manifestations of CGD in children include
osteomyelitis of the small bones of the hands and feet, per-
sistent lymphadenitis, soft-tissue calcification from healed
infections (Fig. 8.28), and inflammatory obstruction of the
gastrointestinal or urinary tract.

Pathologic Findings Histologically, there is granulomatous
inflammation, often with necrosis, with surrounding chronic
inflammation and fibrosis. It is this prominent granuloma-
tous tissue reaction that has resulted in the name chronic

the impression of an unstained capsule. This finding is suggestive of H.
capsulatum. (d) Lung biopsy (Gomori methanamine silver x1000).
Ovoid yeast with occasional narrow-based budding (upper right) are
most suggestive of H. capsulatum. This was confirmed by a urine anti-
gen test and rising serum titres

granulomatous disease. Even though there is striking granu-
lomatous reaction, the organism burden is typically quite
low, and biopsy may be done to obtain tissues for culture
even in known cases of CGD. Additionally, sometimes even
with the eradication of the infectious agent, the granuloma-
tous reaction is unchecked and may require immunomodula-
tory treatment for control.

Common Variable Immune Deficiency

Common variable immune deficiency (CVID) combines a
group of varied disorders that result from defective or defi-
cient immunoglobulin production. The estimated incidence
of CVID is approximately one in 30,000 live births. Most
cases are sporadic, but there are familial cases with varied
inheritance pattern. The clinical presentation of CVID
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Fig. 8.27 (a) Aspergillus: there is an ill-defined right lung base air-
space opacification. (b) Aspergillus: coronal lung window CT image
shows multiple right lower lobe nodules, some with a questionable
“halo” of ground-glass opacification. (c¢) Aspergillus: axial lung win-
dow CT image demonstrates the same as (b). (d) In another patient with

widely varies, but all have varying degrees of hypogamma-
globulinemia resulting in recurrent pyogenic infections due
to common bacteria, virus, and occasionally parasites and
protozoa in children. In addition to impaired and immature
B-cell function, there may be varied T cells, and other abnor-
malities and autoimmune phenomenon are seen in many
patients. About one third of patients are diagnosed in child-
hood with a bimodal distribution of age of onset with peaks
between 1 and 5 years and between 16 and 20. Other causes
of humoral immune defects need to be excluded. Because of
the difficulty in establishing the diagnosis, which rests on the
exclusion of other causes of humoral immune deficiency,
there is typically a 5-year delay between symptom onset and
diagnosis. While recurrent pulmonary and sinus infections
are the most common presentations, there may also be lym-
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diffuse nodular lesions, there is a classic “halo” sign surrounding a large
right lower lobe nodule on axial lung window CT image. (Courtesy of
Dr. Theresa McLoud, Department of Radiology, Massachusetts General
Hospital, Harvard Medical School, Boston, MA.)

phoid hyperplasia, autoimmune disease, granulomatous
inflammation, and malignancy.

Imaging Radiological findings of thoracic involvement
from CVID are protean but typically include lymph node
enlargement, pneumonia, bronchiectasis, and noncaseating
granulomas in the lungs (Fig. 8.29).

Pathologic Findings Histologically, there are two major
manifestations of pulmonary involvement with CVID: one is
with infection often leading to chronic pulmonary infection
and the development of bronchiectasis; the other is noninfec-
tious diffuse lung disease characterized by lymphoprolifera-
tive and often associated granulomatous infiltration. These
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Fig. 8.28 (a) Chronic granulomatous disease (CGD) in an 8-year-old
girl with recurrent infections. CXR shows diffuse, coarse irregularly
distributed ILD with bibasilar airspace opacifications and bronchiecta-
sis. The initial imaging manifestation of recurrent pneumonia is often
diffuse ILD. As is also true for recurrent aspiration, the ILD frequently
is irregular in its distribution. There are multiple soft tissue calcifica-

Fig. 8.29 Common variable immune deficiency (CVID): Axial lung
window CT image reveals a mosaic attenuation with scattered nodules,
bronchiectasis, and volume loss in this patient with CVID

may progress along the spectrum of lymphoid proliferations
to malignancy, typically lymphoma. This latter manifesta-
tion is becoming more common as control of infection has
been improved by high-dose intravenous gamma globulin
administration in CVID patients. The development of
granulomatous-lymphocytic lung disease is associated with
increased morbidity and shortened survival; however, there
are recent reports of response to TNF-alpha antagonists in
patients with granulomatous involvement [54-56].

Acquired Immunodeficiency

Disorders Related to Therapeutic Intervention

Chemotherapeutic drug and radiation treatment, typically for
the treatment of malignancy and also in other settings, leads
to immune compromise and carries a risk of pulmonary com-
plications, both infectious and noninfectious. Opportunistic

tions suggesting the diagnosis of CGD of childhood (arrows point to
snaps on the patient’s pajamas). (b) CGD: axial lung window CT image
of the lung bases confirms the bronchiectasis. (¢) CGD: axial enhanced
soft tissue window CT image of the upper abdomen shows multiple
calcifications

infection is discussed above, but noninfectious complica-
tions of chemotherapeutic drug and radiation treatment may
also be seen. Histologic manifestations of chemotherapeutic
drug and radiation injury show many commonalities and
may be difficult to separate with both showing DAD and
varying degrees of organizing pneumonia and, for some
chemotherapeutic agents, manifestations of hypersensitivity
reactions. With certain drugs, specific histologic features
may occur that permit their identification as the mechanism
of lung injury, and for some hypersensitivity reactions poorly
formed granulomas may occasionally occur.

Radiation injury in this setting is typically more promi-
nent zonally and is often subpleural; in addition to the com-
mon features noted above, there are varying degrees of
interstitial and alveolar fibrosis, as well as vascular changes
with intimal fibrosis and foamy macrophages within vessel
walls; veins are more affected than arteries. In addition, reac-
tive changes affect a wide variety of cell types with nuclear
enlargement and hyperchromasia, as well as bizarre nuclear
forms. In both chemotherapeutic drug injury and radiation
injury, changes may resolve spontaneously, or steroid ther-
apy may be used in both to aid in this resolution. Or they may
progress to chronic respiratory compromise with the degree
of compromise being related to the degree of fibrosis. Death
can occur in this setting, and risk depends on the agent and
injury pattern.

Imaging Findings

During the early stage of lung injury from chemotherapeutic
drugs and radiation, there is nonspecific interstitial promi-
nence and alveolar opacities representing underlying alveoli-
tis. These areas can eventually become fibrotic. Although
any portion of the lung may be affected when pulmonary
fibrosis resulting from chemotherapeutic drug injury, with
radiation injury, changes are in geographic areas in the radia-
tion field and are often zonal in the lung with subpleural
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Fig. 8.30 (a) Fibrosis: the patient has had prior chemotherapy and
bone marrow transplant (BMT). Axial lung window CT image reveals
diffuse intralobular septal thickening consistent with pulmonary fibro-
sis. (b) Axial lung window CT image in a different patient also after
remote chemotherapy and BMT. There is coarse interstitial thickening

accentuation [33] (Fig. 8.30). Additional thoracic manifesta-
tions of high-dose radiation treatment include chest wall
deformity associated with a loss in the lung volume and
decreased functional lung capacity.

Disorders Related to Solid Organ, Lung,
and Bone Marrow Transplantation

Rejection

Acute cellular rejection is a cell-mediated process with infil-
tration of the graft by host-derived lymphocytes targeting
endothelial and epithelial cells with immune activation,
inflammatory cytokine release, and up-regulation of adhe-
sion molecules. In the lung, it may develop at almost any
time in the posttransplant period from as early as 3 days to
years later but is more common in the first year, particularly
between 2 and 9 months. Presentation is with fever, cough,
and dyspnea, and sometimes with hypoxemia and decrease
in pulmonary function. It is thought that infection, and pos-
sibly aspiration, may precipitate rejection events, as may
lack of compliance with immunosuppressive therapy.
Lymphocytic bronchiolitis often accompanies higher grade
pulmonary rejection (A2 and above). Acute cellular rejection
is assessed by the evaluation of the lung tissue obtained by
transbronchial biopsy.

In the lung, chronic rejection is manifested as constric-
tive/obliterative bronchiolitis. Its pathogenesis is incom-
pletely understood, but the airway injury of acute rejection is
thought to be an important factor. Clinically, there is a grad-
ual onset of nonproductive cough and vague generalized
symptoms, as well as progressive dyspnea and decline in
pulmonary function tests. When this decline exceeds 10% of
baseline, a diagnosis of bronchiolitis obliterans syndrome
(BOS) can be made, and this is graded according to the
degree of functional loss. When clinical diagnosis is uncer-
tain, a lung wedge biopsy is done to confirm the clinical sus-
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with intralobular septal thickening, pleural thickening, and focal air-
space/nodular opacifications again consistent with pulmonary fibrosis.
(¢) CXR in this patient who received mantel radiation therapy for
Hodgkin disease shows coarse interstitial prominence accentuated cen-
trally in the region of mantel therapy

picion; transbronchial biopsies are considered to be
inappropriate in this situation as diagnostic yield is low for
airway pathology.

Imaging Findings

Acute Rejection Only approximately 40% of patients with
acute lung transplant rejection have signs or symptoms of
rejection. In these, noninvasive diagnostic tests, including
HRCT, are notoriously insensitive and nonspecific.
Consequently, patients are monitored by transbronchial
biopsy. At this time, no imaging techniques are accepted as
reliable in the diagnosis. There are experimental radionu-
clide techniques that have been reported [57].

Chronic Rejection Pulmonary imaging findings of BOS
can be varied, but typical findings include subtle pulmonary
nodules and GGO with mosaic patterns of lung attenuation.
Such mosaic patterns of lung attenuation are due to the pres-
ence of areas of increased attenuation (from shunting of
blood away from areas with diminished capacity for gas
exchange) and decreased attenuation (from hypoxic pulmo-
nary vasoconstriction and peripheral air trapping). CT, par-
ticularly high-resolution CT technique or thin section
(<1 mm) technique with MDCT, is the best currently avail-
able imaging modality of choice for diagnosis. It is essential
to perform expiratory CT imaging in addition to inspiratory
because air trapping can be more accurately diagnosed with
expiratory CT imaging.

Pathologic Findings

Acute Cellular Rejection Acute cellular rejection is charac-
terized by lymphocytic infiltration, sometimes with associ-
ated eosinophils, neutrophils, and plasma cells, which begins
in the perivascular region and extends into adjacent alveolar
walls and other tissues. There is a well-defined system for
the classification and grading of pulmonary allograft rejec-
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tion based on the degree of lymphocytic infiltration and asso-
ciated changes. This is monitored either on a protocol basis
and/or in the face of clinical symptoms by transbronchial
biopsy, often with associated BAL.

Chronic Rejection In chronic rejection, there is a spectrum of
airway changes ranging from lymphocytic bronchiolitis to
severe constrictive bronchiolitis and sometimes complete air-
way obliteration. The important change is subepithelial airway
fibrosis, which may be patchy or concentric resulting in partial
airway obstruction or progressive narrowing, eventuating in
complete luminal obliteration. It may be accompanied by lym-
phocytic infiltration, but inflammatory infiltrates are not always
seen. Concomitantly, there is intimal fibrosis and luminal nar-
rowing of small blood vessels. Associated changes include
mucus stasis, obstructive lipoid pneumonia, and focal acute
bronchiolitis. All changes are patchy in their distribution and
may range in severity in any given patient from mild to severe.

Graft-Versus-Host Disease

Graft-versus-host disease (GVHD) is seen in the lungs in two
settings: in the postlung transplant patient where cells derived
from host bone marrow react with the lung allograft and in the
bone marrow transplant patient where cells derived from the
allograft marrow react with the host lung. They have quite
similar clinical, imaging, and histologic changes and are
defined by the setting in which they occur.

In the past decade, bone marrow transplant has been
increasingly performed to restore hematologic and immuno-
logic competence after chemotherapy or radiation therapy in
children with various neoplasms, immune deficiencies, and
genetic disorders. In these children, as in children with lung
transplantation, GVHD can develop when functional immune
cells from the marrow recognize the patient as foreign and
attack various organ systems in the setting of marrow trans-
plant or only the lung in the setting of lung transplant.

Graft-versus-host disease has been classified traditionally
into two forms: acute and chronic. The acute form of GVHD
usually develops within the first 100 days after bone marrow
transplant and is associated with high morbidity and mortal-
ity. In contrast, the chronic form of GVHD occurs later, more
than 100 days after transplant. The current treatment of
choice in children with both acute and chronic forms of
GVHD is immune modulation with intravenous administra-
tion of corticosteroids.

Imaging The typical pulmonary imaging findings in chil-
dren with acute GVHD following bone marrow transplant
and lung transplant is diffuse bilateral alveolar opacities,
which may be related to underlying diffuse alveolar hemor-
rhage, pulmonary edema, or an ARDS-like process. In chronic
GVHD, changes are those of constrictive bronchiolitis
described above in the setting of chronic rejection (Fig. 8.31).

Fig.8.31 Graft-versus-host disease (GVHD): this patient with GVHD
shows changes of what the radiology literature refers to as BOOP on
axial lung window CT image. There are multiple nodules, interlobular
septal thickening, and bronchiectasis

Pathologic Findings Acute GVHD in the setting of bone
marrow transplantation is rarely biopsied in the lung as more
readily accessible sites, including the skin and gastrointesti-
nal tract, are more often affected as well. In chronic GVHD
in the setting of lung and bone marrow transplantation, the
most prominent lung change is BO with constrictive bron-
chiolitis and organizing pneumonia (OP) as typical patho-
logic findings. The airway findings are similar to those seen
in chronic rejection in the lung transplant patient with sub-
epithelial airway fibrosis and lymphocytic infiltration.

Posttransplant Lymphoproliferative Disorder

In patients with lung and other solid organ transplants and
bone marrow transplants, posttransplant lymphoproliferative
disorder (PTLD) is a serious complication. Incidence varies
with the organ transplanted, occurring in approximately
0.6% of patients after bone marrow transplantation, 1-5% of
those with renal allografts, 2% of those with liver transplants,
and in about 5% of heart transplant recipients. It is said to be
higher, perhaps up to 10% in lung allograft recipients reflect-
ing the degree of immunosuppression.

Lymphoproliferation in the setting of immunosuppression
shows a predilection for extranodal sites, and a variety of organs,
including the lung, may be affected. There is a strong associa-
tion with EBV infection, and infection following transplant is a
major risk factor. Early disease is treated by immune modula-
tion, while more advanced disease is treated as lymphoma.

Imaging When occurring within the chest, PTLD presents
as mediastinal adenopathy, pulmonary nodules, pulmonary
parenchymal consolidation or effusion (pleural and pericar-
dial), frequently in combination. The findings are nonspe-
cific, and biopsy is required to confirm and stage the process.
With lung transplants, pulmonary involvement is approxi-
mately four times as common as mediastinal, whereas with
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other transplants, lung and mediastinal involvement is about
equal. Nodules tend to be large, frequently in the range of
1-4 cm in diameter. There may be an associated halo sign
with the nodules, as may be encountered with invasive asper-
gillosis (Fig. 8.27d), but most often the nodules are well
defined. The nodules may have evidence of central necrosis
with low attenuation on CT. Nodules may be single or mul-
tiple [58].

Pathologic Findings This B-cell disorder manifests a range
of appearances from benign-appearing lymphoid prolifera-
tions that are shown to be polyclonal and polymorphous to
monomorphic clonal lymphoid malignancy. It has an infiltra-
tive appearance but may be focal and nodular or diffuse.

Disorders Masquerading as Interstitial
(Diffuse) Lung Disease

As with any set of conditions defined by a common clinical
presentation, there are conditions that show similar presenta-
tions but are clearly outside the boundaries of the defined
disorder. With pediatric ILD, there are a variety of mimics or
disorders that masquerade as ILD. It is important to correctly
recognize these; they are individually important and require
quite different management from ILD. Almost all such con-
ditions seen in the pediatric patient with suspected ILD are
vascular in their origin. In infants, congestive vasculopathy
predominates, while in older children, arterial hypertensive
vasculopathy, lymphatic disorders, and pulmonary edema, in
addition to congestive vasculopathy, may also mimic ILD.
To identify underlying disorders and to differentiate among
the various disorders masquerading as ILD, it is crucial to
obtain high-quality, high-resolution CT images (either with
conventional technique or with thin image reconstruction
(<1 mm) from MDCT) often in conjunction with angiographic
acquisitions in cases of conditions related to vasculopathy.

Arterial Hypertensive Vasculopathy

Pulmonary arterial hypertension is defined as a mean pulmo-
nary artery pressure greater than 25 mmHg at rest or greater
than 30 mmHg during exercise in the setting of an increased
pulmonary vascular resistance. In children, pulmonary arte-
rial hypertensive vasculopathy can be either idiopathic or in
association with various other conditions, including paren-
chymal lung disease, liver disease, thromboembolic disease,
and cardiac disease (i.e., left-to-right cardiac shunt lesions).

Imaging Findings
The common pulmonary imaging findings from various
causes of pulmonary arterial hypertensive vasculopathy are

similar. Enlargement of central pulmonary arteries, abrupt
narrowing or tapering of peripheral pulmonary arteries,
dilated bronchial arteries, and a mosaic pattern of lung
parenchymal attenuation are commonly seen in patients with
pulmonary arterial hypertensive vasculopathy. The mosaic
pattern of lung parenchymal attenuation in children with
arterial hypertensive vasculopathy is due to underlying vari-
able lung perfusion and can sometimes be confused with
interstitial lung disease in children. Additional imaging find-
ings such as right ventricular hypertrophy and right ventricu-
lar and atrial enlargement in conjunction with information
regarding the patient’s underlying medical condition can be
helpful in differentiating lung changes due to arterial hyper-
tensive vasculopathy from true interstitial lung disease.

Pathologic Findings

Arterial hypertensive vasculopathy is characterized by pro-
gressive changes in the pulmonary arteries, which begin with
extension of arterial smooth muscle into small, normally
nonmuscularized, vessels in alveolar walls and progress to
involve small pulmonary arteries with medial hypertrophy,
followed by intimal cellular proliferation, vascular dilata-
tion, and the development of plexiform lesions.

Congestive Vasculopathy

A variety of conditions related to pulmonary veins and the
mitral valve may result in pulmonary venous hypertension
and changes of congestive vasculopathy in children. These
include pulmonary veno-occlusive disease, extrinsic pulmo-
nary venous compression by mediastinal mass or fibrosis,
left-sided cardiac disease, and pulmonary vein stenosis or
atresia in pediatric patients.

Imaging
Pulmonary interstitial and alveolar edema are the most com-
mon imaging finding of congestive (venous) vasculopathy.

Pathologic Findings

Congestive vasculopathy is characterized pathologically by a
thickening of the walls of pulmonary veins with sclerosis
and arterialization, lymphatic dilatation, progressive periph-
eral lobular interstitial edema and fibrosis, and usually small
numbers of hemosiderin-laden macrophages reflecting leak-
age of erythrocytes from the often dilated and congested
alveolar capillaries. There are also changes involving the dis-
talmost arteries with mild medial hyperplasia. The pleura
and interlobular septa may also be widened by edema and
progressive fibrosis. In pulmonary veno-occlusive disease,
there will also be prominent cushions of expanded intima in
veins that lead to marked luminal compromise or complete
obliteration. With severe congestive vasculopathy, there may
also be manifestations of pulmonary arterial hypertension
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due to transmission of venous pressure through the alveolar
capillaries into the arterial system.

Lymphatic Disorders

A variety of lymphatic disorders, including pulmonary lym-
phangiectasis and pulmonary lymphangiomatosis [59, 60],
may mimic ILD. Pulmonary lymphatics play an essential role
by removing extravascular lung fluid and protein. Lymphatics
are located adjacent to the blood vessels in the bronchovascular
spaces and in the connective tissues of interlobular septa and
the pleura. In pulmonary lymphangiectasis, there is enlarge-
ment of these lymphatic channels on a congenital or acquired
basis, and in some genetic syndromes. In pulmonary lymphan-
giomatosis, there is proliferation of lymphatic channels expand-
ing the pleura, interlobular septa, and bronchovascular bundles.
Both these lymphatic disorders may be isolated to the lung or
associated with the involvement of other organs, sometimes
limited to the thorax and sometimes extrathoracic as well.

Congenital pulmonary lymphangiectasis is a rare disorder
of poorly understood etiology. It has been suggested that it
results from failure of normal regression of lymphatic chan-
nels of the fetal lung at 20 weeks of gestation. Affected patients
present at birth with severe respiratory distress, tachypnea, and
cyanosis, often with pleural effusion that has limited late ges-
tational lung growth. A proportion of affected fetuses are still-
born, and in those that are liveborn, there is early mortality
within a few hours of birth likely due to lung hypoplasia.
There are, however, less severely affected infants who may
survive long term with variable degrees of respiratory compro-
mise. These infants and young children are typically managed
with fluid restriction and diet. Manifestations often improve
with age. The diagnosis of congenital pulmonary lymphangi-
ectasis should be strongly considered in term of neonates who
present with severe respiratory distress and pleural effusion at
birth. In older children with congenital pulmonary lymphangi-
ectasis, the common clinical presentations include recurrent
cough, wheeze, increased respiratory effort with inspiratory
crackles, and sometimes congestive heart failure.

Imaging

Chest radiographs of affected infants usually show bilateral
increased interstitial markings with hyperinflation and often
with pleural effusion (Fig. 8.32). On CT, diffuse thickening
of the peribronchovascular interstitium and interlobular
septa is usually seen. On MRI, high-signal material within
the pulmonary interstitium, often associated with pleural
effusion, can be seen on T2-weighted images.

Pathologic Findings

Congenital pulmonary lymphangiectasis is characterized by
the presence of dilated and tortuous lymphatic channels in nor-
mal numbers in their normal locations in the pleura, interlobu-

Fig. 8.32 Lymphangiectasis: Axial lung window CT image reveals
diffuse bronchial wall thickening, intralobular septal thickening, mosaic
opacifications, and bilateral pleural effusions in this child with lym-
phangiectasis. There is incidental fatty infiltration of the mediastinum

lar septa, and perivascular and peribronchial connective tissue.
The pleural effusion, which often accompanies congenital pul-
monary lymphangiectasis, is not chylous until enteric feeds are
instituted but may contain prominent large lymphocytes of tho-
racic duct origin. Those who present later will show less promi-
nent lymphatic dilatation but will have bland fibrosis of the
pleura, interlobular septa, and bronchovascular bundles due to
the presence of chronic edema in these regions (brawny edema).

Pulmonary Edema

Pulmonary edema results from the excessive accumulation
of fluid in lung tissues. It can be due to many causes but is
traditionally categorized into three types: cardiogenic, non-
cardiogenic (capillary leak), and fluid overload (iatrogenic
and renal causes).

In children, the majority of cardiogenic pulmonary edema
is related to impaired left ventricular function or obstruction
of pulmonary venous return. Noncardiogenic pulmonary
edema can be due to upper airway obstruction, ARDS, and
neurogenic causes (e.g., head trauma and seizures). Fluid
overload due to either excessive administration of intrave-
nous fluid or underlying renal dysfunction can result in fluid-
overload-type pulmonary edema in children.

Clinical presentation of children with pulmonary edema
varies based on the severity of the condition; however, they
typically present with difficult breathing, desaturation, and
excessive sweating.

Imaging

The imaging appearance of pulmonary edema usually fol-
lows the stages of increasing severity: (1) pulmonary vascu-
lar redistribution (on upright but not supine imaging), (2)
interstitial edema, and (3) alveolar edema.
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Fig. 8.33 (a) Edema: This infant is recently status post-PDA ligation
with mild interstitial pulmonary edema. Note subtle Kerley B lines in the
left costophrenic angle. (b) Axial lung window CT image reveals bibasi-

Characteristic radiographic findings of the early stage of
pulmonary edema include vascular redistribution, fuzzy vas-
cular and bronchial walls, Kerley’s B lines (i.e., thickening of
the interlobular septa presenting as thin, nonbranching lines
abutting the pleura), and thickening of the pleural fissures
(Fig. 8.33). More advanced degrees of pulmonary edema typi-
cally present as increased alveolar opacity and air broncho-
grams with ill-defined borders. On CT, areas of ground-glass
opacity, smooth intralobular septal thickening, fissural thick-
ening, and pleural effusion are often seen (Fig. 8.33). The
presence of left atrial and ventricular enlargement on imaging
studies can be helpful clues to cardiogenic pulmonary edema.

Pathologic Findings

It is rare for children with isolated pulmonary edema, par-
ticularly on an acute basis, to come to biopsy, but these
would show protein-rich (pink) fluid within alveolar spaces.
Occasionally, those with chronic edema mistaken for inter-
stitial disease may have lung biopsy for diagnosis. Such
biopsies show, in addition to protein-rich fluid within alveoli,
capillary dilatation and congestion, leakage of erythrocytes,
hemosiderin-laden macrophages, and widening of alveolar
walls and the pulmonary interstitium by edema fluid.
Advanced changes are those of congestive vasculopathy.
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