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Case 37-2011: A 9-Month-Old Boy
with Recurrent Tachypnea
and Respiratory Distress

T. Bernard Kinane, M.D., Randheer Shailam, M.D., and Eugene J. Mark, M.D.

PRESENTATION OF CASE

Dr. Sze Man Tse (Pediatrics): A male infant was admitted to this hospital at the age of
5.5 months, because of tachypnea and respiratory distress.

The patient had been well until 2 days earlier, when cough and somnolence de-
veloped. The night before admission, the temperature rose to 38.6°C; acetaminophen
was administered. The next morning, labored breathing was observed, and his fam-
ily noted blotchy areas on his face and that his “chest was sucking in” more than
usual. Oral intake decreased, nonbloody diarrhea (four or five episodes) developed, and
urination decreased. On examination by his pediatrician that afternoon, the respira-
tory rate was 30 to 50 breaths per minute, with chest retractions, and the oxygen
saturation was 85 to 87% while the patient was breathing ambient air. Albuterol was
administered by nebulizer, and he was transported to the emergency department at
this hospital.

The patient was born after a full-term gestation by scheduled repeat cesarean
section, and he had been well except for one febrile episode at the age of 89 days.
He had received all routine childhood immunizations through 4 months of age, took
no medications, and had no known allergies. He lived with his mother, one sibling,
and maternal relatives and attended day care. There were no pets in the house. His
father, maternal grandmother, paternal grandfather, and sibling had asthma; his
mother smoked cigarettes outside the home.

On examination, the weight was 7.2 kg (10th percentile), the temperature 36.4°C,
the blood pressure 106/57 mm Hg, the pulse 160 beats per minute, the respiratory
rate a maximum of 52 breaths per minute, and the oxygen saturation 90% while the
patient was breathing ambient air. Nasal flaring and supraclavicular and subcostal
retractions with respirations were present; there were coarse expiratory wheezes
bilaterally and decreased breath sounds on the right side. The remainder of the ex-
amination was normal. A complete blood count, measurements of serum electro-
Iytes and calcium, tests of renal function, and a urinalysis were normal. Testing for
influenza, parainfluenza, adenovirus, and respiratory syncytial viruses was negative.
A chest radiograph showed mildly increased lung volumes, bilateral perihilar inter-
stitial opacities, and peribronchial cuffing. Oxygen was administered by a nonre-
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breather face mask; the oxygen saturation rose
to 96 to 98%. Methylprednisolone, 2 mg per
kilogram of body weight, was administered in-
travenously, and albuterol was given by nebuliz-
er. The patient was admitted to the pediatric
service, and intravenous crystalloid was adminis-
tered; prednisolone (2 mg per kilogram per day)
was given orally, and ceftriaxone (360 mg) was
administered intravenously. A blood culture was
sterile. His condition improved, and he was dis-
charged on the third day, taking albuterol and
budesonide by nebulizer and prednisolone (a
5-day course) orally.

During the next week, cough persisted, nasal
congestion increased, and oral intake and urina-
tion gradually decreased. Eleven days after dis-
charge, the patient returned to the emergency
department. On examination, the pulse was 150
beats per minute, the respiratory rate 24 breaths
per minute, and the oxygen saturation 90% while
he was breathing ambient air; the temperature was
normal. Mild rhinorrhea was present, and coarse
breath sounds were heard bilaterally, without
wheezing or prolongation of the expiratory phase.
The remainder of the examination was normal. A
complete blood count was normal, as were tests of
renal and liver function and measurements of se-
rum electrolytes, glucose, phosphorus, magne-
sium, total protein, albumin, and direct and total
bilirubin. Chest radiographs revealed hyperin-
flated lungs, with peribronchial thickening.

The patient was readmitted to the hospital;
supplemental oxygen, prednisolone, intravenous
fluids, and saline nebulizer treatments were added.
Testing for respiratory viruses was negative. Inter-
mittent tachypnea and a supplemental oxygen re-
quirement persisted. On the sixth day, ausculta-
tion of the lungs revealed coarse breath sounds
and fine crackles. Glucocorticoid administration
was increased (prednisolone from 1 mg to 2 mg
per kilogram per day orally, and budesonide
from 0.25 mg to 0.5 mg twice daily), and azithro-
mycin was begun. Supplemental oxygen was grad-
ually weaned. The patient was discharged on the
ninth day, receiving prednisolone (to taper over
a period of 1 week) and azithromycin (total,
5-day course); albuterol, budesonide, and sodium
chloride were given by nebulizer. His mother was
encouraged to stop smoking.

At the ages of 7, 7.5, and 9 months, the pa-
tient was again admitted to the hospital because
of fever and respiratory distress. When he was

7.5 months of age, testing for influenza A virus
antigen was positive (HIN1 presumed), and
when he was 9 months of age, testing for respi-
ratory syncytial virus was positive. On physical
examination, there were persistent fine crackles
in both lungs. Each time, his condition improved
with supportive care, and he was discharged
after 5 to 7 days.

When the patient was 9 months of age, com-
puted tomography (CT) of the chest performed
after the intravenous administration of contrast
material revealed bilateral, symmetric paramedias-
tinal ground-glass opacities, with scattered regions
of air trapping, areas of atelectasis in the depen-
dent portions of the lungs, and a few small paren-
chymal nodules. Chest radiographs taken 2 weeks
later showed hyperinflated lungs and increasing
perihilar patchy opacities in the right lung.

One month later, a diagnostic procedure was
performed.

DIFFERENTIAL DIAGNOSIS

Dr. T. Bernard Kinane: May we review the chest ra-
diographs?

Dr. Randheer Shailam: Obtained at the time of the
first admission, a frontal chest radiograph shows
bilateral patchy perihilar opacities (Fig. 1A) and
a lateral chest radiograph shows flattening of
the hemidiaphragms, indicating hyperinflation
(Fig. 1B). These findings can be seen in cases of
reactive airway disease, atypical pneumonia, or
bronchiolitis.

Dr. Kinane: I am aware of the diagnosis in this
case. This 9-month-old infant had recurring respi-
ratory distress that began when he was 5 months
of age. There are no dysmorphic features, and
the infant is growing normally. The findings on
auscultation — namely, rhonchi with persistent
fine crackles in the background — are unusual.
The chest radiograph shows persistent hyperin-
flation and an absence of parenchymal infiltrates.
The disease in this case seems to be confined to
the respiratory system; there seems to be no car-
diac abnormality. Since the child is growing well,
an underlying immunodeficiency is unlikely.

REACTIVE AIRWAY DISEASE
Recurrent wheezing is not unusual in infants and
can be seen in up to 19% of children. It has many
names, including reactive airway disease and tran-
sient early wheeze. The underlying cause is the
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small airways of infants. When a respiratory
tract infection develops in an infant, the diam-
eter of the lumen becomes even smaller and the
child wheezes. Reactive airway disease gradu-
ally resolves during early childhood. The resolu-
tion is thought to be related to growth of the
airways. The most characteristic findings in this
condition are recurrent wheeze and hyperinfla-
tion, and this infant has these findings. How-
ever, he had persistent fine crackles on physical
examination and prolonged periods of hypox-
emia, a pattern that is not consistent with reac-
tive airway disease.

INTERSTITIAL LUNG DISEASE
The findings in this patient are consistent with in-
terstitial lung disease. In pediatric patients, a diag-
nosis of interstitial lung disease is considered when
the child has tachypnea, persistent fine crackles,
and hypoxemia.? Wheezing occurs in 20% of pa-
tients with pediatric interstitial lung disease, and
most cases start with a viral illness,? as in this
patient. The estimated incidence is 0.36 cases per
100,000 children, and there is a male predominance
(60:40).3 Three quarters of cases of interstitial lung
disease in children are manifested before the pa-
tient is 1 year of age, as in this child, with a median
age at onset of 8 months.?3 In almost 20% of pe-
diatric cases, there is a family history of interstitial
lung disease. This patient has a family history of
asthma, but not of interstitial lung disease.

Adult-Type Interstitial Lung Disease

In adults with interstitial lung disease, there are
three main patterns — usual interstitial pneumo-
nitis, nonspecific interstitial pneumonitis, and lym-
phoid interstitial pneumonitis.* Usual interstitial
pneumonitis is characterized by alteration of the
pulmonary architecture due to fibrosis. It is the
most common adult form of interstitial lung dis-
ease, with onset in the fifth decade. Many cases
have been described in pediatric patients, but
these cases do not have the typical fibroblastic
foci and therefore may represent other diseases.>°
Nonspecific interstitial pneumonitis has less scar-
ring and a better prognosis than usual interstitial
pneumonitis; it is generally not seen in infants but
has been described in the context of a mutant ATP-
binding cassette (ABC) transporter A3 protein
(ABCA3).” Approximately 6% of children with in-
terstitial lung disease have lymphoid interstitial
pneumonitis, which is seen almost exclusively in

Figure 1. Imaging Studies.

A frontal chest radiograph obtained when the patient was 5.5 months of age
shows patchy perihilar opacities (Panel A, arrows); a lateral chest radiograph
obtained at the same time shows flattening of the hemidiaphragms, indicat-
ing hyperinflation (Panel B, arrows). An axial CT scan at the level of the carina
shows centrally distributed ground-glass opacities bilaterally (Panel C, arrows)
and areas of low attenuation anteriorly (arrowheads), indicating air trapping.
Coronal reformatted CT images depict the central ground-glass opacities

involving all zones (Panel D, arrows).

the context of autoimmune disease and immuno-
deficiencies.®® This child is growing normally,
so immunodeficiency is unlikely, and therefore,
lymphoid interstitial pneumonitis is an unlikely
diagnosis. We can conclude that this child’s con-
dition is most likely not attributable to adult-type
interstitial lung disease.

Childhood Interstitial Lung Disease

The classification of interstitial lung diseases in
children differs from their classification in adults.
In children, these disorders are classified on the
basis of the primary location of the disease — the
airway, the alveolus, or the interstitium (Table 1).
Defects in development and in the surfactant path-
ways are important considerations in the patho-
physiology.>:1°

DISEASES OF THE AIRWAY
Diseases of the airway are characterized by crack-
les and rhonchi on auscultation, hyperinflated
lungs on chest radiography, and a CT scan that
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Table 1. Classification of Pulmonary Diseases in Children
According to Anatomical Location in the Lung.

Airway

Persistent tachypnea of infancy, or neuroendocrine-
cell hyperplasia of infancy

Follicular bronchitis

Bronchocentric granulomatosis

Bronchiolitis obliterans
Interstitium

Nonspecific interstitial pneumonitis (increased
numbers of fibroblasts and lymphocytes)

Cellular interstitial pneumonitis, or pulmonary
interstitial glycogenosis (increased numbers
of mesenchymal cells)

Lymphocytic interstitial pneumonitis (increased
numbers of lymphocytes)

Alveolus
Pulmonary alveolar proteinosis
Mutations in the surfactant pathway

Chronic pneumonitis of infancy

shows a nonhomogeneous pattern, with some ar-
eas of hyperinflation and some areas of hypoin-
flation. This patient had findings on examination
and chest radiography that suggest airway disease.
Specific diagnoses include persistent tachypnea
of infancy associated with neuroendocrine-cell
hyperplasia of infancy (NEHI), follicular bronchi-
tis, bronchocentric granulomatosis, and bronchi-
olitis obliterans.

Neuroendocrine-Cell Hyperplasia of Infancy

and Follicular Bronchitis

When persistent tachypnea of infancy was first
described, the lung-biopsy specimens were thought
to be normal; later, however, neuroendocrine-cell
hyperplasia in small airways was recognized.**14
Most cases occur in full-term infants. The onset
of fine crackles and hypoxemia usually occurs at
4 months of age, close to the age of this patient
at first presentation. In pediatric follicular bron-
chitis, lymphoid follicles obstruct the airway; in-
fants with this condition have an average age at
presentation of 6 weeks.> The prognoses of pa-
tients with NEHI and follicular bronchiolitis are
excellent. These two conditions may be the same
entity, with different morphologic features depend-
ing on whether there is a preceding or concurrent
viral infection.

Bronchocentric Granulomatosis and Bronchiolitis
Obliterans

Bronchocentric granulomatosis is a theoretical
consideration in this patient. The disease is char-
acterized by granulomatous inflammation involv-
ing the small airways. It has been described in
children, but not in infants. Fifty percent of pa-
tients with bronchocentric granulomatosis also
have asthma. The findings on CT scanning are
characteristic of bronchocentric granulomatosis.
Bronchiolitis obliterans is also a consideration
and is seen in the pediatric population.'® In most
cases, there is an obvious cause, such as a con-
nective-tissue disorder or an infection, particu-
larly adenoviral infection. On rare occasions,
cases are seen after bone marrow or lung trans-
plantation or in association with toxic epidermal
necrolysis.

CELLULAR INTERSTITIAL PNEUMONITIS

Cellular interstitial pneumonitis (also called pul-
monary interstitial glycogenosis) is another pedi-
atric lung disease to consider. Patients present in
infancy with tachypnea and pulmonary infiltrates,
without hyperinflation.'” There is an interstitial
pattern on chest radiographs and an alveolar pat-
tern on CT. The disease is characterized by small
cells in the interstitium, which are mesenchymal
in origin and are rich in glycogen.*® Cellular in-
terstitial pneumonitis is unlikely in this patient
because the radiographs showed hyperinflation.

MUTATIONS IN THE SURFACTANT PATHWAY

Mutations in the genes encoding the proteins that
make up the surfactant pathway can lead to child-
hood interstitial lung disease, which has a char-
acteristic pattern on examination of the biopsy
specimen, resembling that seen in desquamative
interstitial pneumonia in adults; the condition has
been called chronic pneumonitis of infancy. Dur-
ing the past 10 years, mutations in key components
of the surfactant pathways have been found in
this condition, including the genes encoding sur-
factant protein B (SP-B), surfactant protein C (SP-C),
and the transporter ABCA3.1° Mutations in SP-B are
inherited in an autosomal recessive pattern and are
characterized by a severe phenotype involving the
onset of respiratory distress during the first few
days of life. Mutations in SP-C are inherited in an
autosomal dominant pattern and are clinically less
severe. Mutations in ABCA3 also result in intersti-
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tial lung disease and have an autosomal recessive
pattern of inheritance. The clinical presentation is
highly variable, with hypoxemia, infiltrates on the
chest radiograph, septal thickening, and hypoin-
flation of the lungs. The CT scan shows a ground-
glass pattern that probably indicates the accumu-
lation of material in the alveolus. This patient’s
imaging and clinical findings as well as the lack
of a family history argue against mutations in the
surfactant pathway.

DEVELOPMENTAL DEFECTS

Diffuse lung diseases that present in infancy are
listed in Table 2. In addition to the diagnoses
already discussed, defects in development must be
considered, including acinar dysplasia, congenital
alveolar dysplasia, and alveolar capillary dysplasia.
These disorders result from defects in the forma-
tion of the alveolus, with or without defects in the
alignment of blood vessels. Since the alveolus is
central to gas exchange, these conditions are se-
vere and usually are manifested at birth with se-
vere respiratory distress and hypoxemia.

Lung hypoplasia is another general defect in
lung development that can occur. Distention of the
lung prenatally and fetal breathing are necessary
for lung development. Lung hypoplasia occurs
when the volume of amniotic fluid is reduced, as
in Potter’s syndrome. Also, defects in the chest
wall that limit lung expansion, such as diaphrag-
matic hernia, can result in lung hypoplasia. Re-
duced intrauterine respiratory movements can re-
sult in hypoplasia, and such a reduction is seen in
many muscular and neurologic conditions, such
as spina bifida and spinal muscular atrophy. None
of these developmental defects appear likely in
this otherwise well 9-month-old infant.

May we review the chest CT?

Dr. Shailam: The CT scan of the chest shows
central areas of ground-glass opacities involving
all lobes, as well as areas of low attenuation,
indicating air trapping. At the level of the carina
(Fig. 1C), there are perihilar areas of ground-
glass opacities bilaterally and air trapping in the
anterior portions of the lungs. No septal or pleu-
ral thickening, no pleural fluid, and no enlarged
lymph nodes are present. Coronal reformatted
images of the same data (Fig. 1D) show centrally
distributed ground-glass opacities, as well as ar-
eas of air trapping. These findings are suggestive
of NEHL

Table 2. Diffuse Lung Diseases That Occur in Infancy.

Developmental disorders related to defects in alveolar
formation (usually severe)

Acinar dysplasia
Congenital alveolar dysplasia
Alveolar capillary dysplasia
Pulmonary hypoplasia
Disorders of unknown cause (favorable course)

Cellular interstitial pneumonitis, or pulmonary inter-
stitial glycogenosis
Persistent tachypnea of infancy, or neuroendocrine-
cell hyperplasia of infancy
Defects in surfactant metabolism (usually severe)

Mutations in the genes encoding surfactant protein B,
surfactant protein C, and ATP-binding cassette
transporter A3

Dr. Kinane: On examination, this 9-month-old
boy with persistent respiratory distress was found
to have fine crackles; therefore, he has intersti-
tial lung disease. The hyperinflation of the lungs
suggests that he has a disorder of small airways.
Because he looks so well, follicular bronchitis and
NEHI are the most plausible diagnoses. The two
conditions may be part of the same spectrum. The
infant presented at the age of 5 months, which
suggests NEHI. Defects in the immune system,
lung development, or surfactant metabolism are
unlikely in this case.

The diagnostic procedure was a lung biopsy.

DR. T. BERNARD KINANE’S
DIAGNOSIS

Neuroendocrine-cell hyperplasia of infancy (NEHI).

PATHOLOGICAL DISCUSSION

Dr. Eugene]. Mark: A wedge biopsy of the lung was
performed at thoracoscopy. Examination of the
specimen revealed normal alveoli, but the bron-
chioles appeared prominent because of epithelial
thickening (Fig. 2A). Closer inspection revealed that
a portion of the thickening was due to a layer of
clear cells along the basement membrane (Fig. 2B).
This layer was historically termed “the clear-cell or-
gan” but is now known to be composed of neuroen-
docrine cells. Depending on the region of the bron-
chiole, these clear cells either formed small nests
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Figure 2. Lung-Biopsy Specimen.

The bronchioles appear prominent at low magnification (Panel A, hematoxylin and eosin) because the epithelium is
hypercellular. At higher magnification, a layer of clear cells, historically described as the clear-cell organ of neuroen-
docrine cells (Panel B, arrows; hematoxylin and eosin), is evident between the columnar ciliated epithelium and the
basement membrane (paired arrows). A nest of neuroendocrine cells (encircled in Panel C, hematoxylin and eosin)
is present between smooth muscle and the lumen of the bronchiole. A papillary proliferation of columnar epithelial
cells is superimposed on increased numbers of neuroendocrine cells (Panel D, hematoxylin and eosin). Immunobhis-
tochemical staining for synaptophysin (Panel E, immunoperoxidase) shows that neuroendocrine cells stain in a con-
tinuous linear array in the bronchial epithelium (arrow). A bronchiole is filled with mucus and scattered eosinophils

(Panel F, hematoxylin and eosin), a finding consistent with infection or asthma.

(Fig. 2C) or were more evenly distributed. These
clear cells are the defining histopathological fea-
ture of NEHI.*3>* There was also papillary prolif-
eration of the respiratory epithelial cells (Fig. 2D).
Immunochemical staining to confirm the neu-
roendocrine nature of the cells showed that the
number of cells in many bronchioles was in-
creased (Fig. 2E) as compared with the isolated
and scattered neuroendocrine cells seen in the
normal lung. In addition, some bronchioles
were plugged with mucus and scattered eosino-
phils (Fig. 2F), a finding consistent with either
infection or asthma.

There is a spectrum of neuroendocrine prolif-
erations in the lungs in adults (Table 3). Most of
these conditions are not seen in infants and chil-
dren, and the diffuse forms of neuroendocrine-
cell hyperplasia in adults constitute an under-
recognized spectrum of disease.’*2* For the
surgical pathologist, it is easy to overlook dif-
fuse neuroendocrine-cell hyperplasia in both

adults and infants because neuroendocrine cells
are smaller than respiratory epithelial cells, have
clear cytoplasm, and may be arrayed linearly or
erratically in the bronchioles. An increased num-
ber of neuroendocrine cells is diagnostic of
NEHI, and there is a relationship between the
visibility of neuroendocrine cells and the severity
of small-airway obstruction seen on pulmonary-
function testing.** The CT findings in infants
with persistent tachypnea?? can prompt the pa-
thologist to quantitate the neuroendocrine cells.
NEHI has been reported to be familial.?3
Children with neuroendocrine hyperplasia have
been reported to have normal levels of KL-0, a
glycoprotein secreted by type II alveolar pneumo-
cytes, in contrast to children with inborn errors
of surfactant metabolism.?* To my knowledge,
the degree of columnar epithelial proliferation
seen in this case has not been reported previ-
ously. It is possible that this proliferation repre-
sents a reaction to infection or inflammation.
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DISCUSSION OF MANAGEMENT

Dr. Kinane: What are the implications of this diag-
nosis for this child? The long-term outcome among
patients with this disease is usually excellent. No
child is known to have died from NEHI,*® and in
most children, the condition gradually improves
during the first 4 years of life. Their respiratory
reserve may be low, and they are frequently admit-
ted to the hospital with respiratory tract infections
and exacerbations during the first few years of
life; they may have mild, intermittent exercise in-
tolerance and intermittent wheezing and crackles
on examination. Pulmonary-function testing after
5 years of age is normal in most children, but for
some patients, test results show decreased small-
airway flow and increased residual volume.

NEHI is a rare disease, and to my knowledge,
no clinical trials to establish the best therapeutic
regimen have been conducted. Supportive thera-
pies such as the administration of supplemental
oxygen and nutrition are critical. Therapeutic in-
terventions, such as the administration of anti-
inflammatory medications, hydroxychloroquine,
and intravenous immune globulin, have led to
partial responses.'®'> However, most children
with NEHI receive a therapeutic trial of systemic
glucocorticoids.

Dr. Tse: The patient was readmitted at 11 months
of age with adenovirus infection. Because of his
repeated admissions, we began treatment with
hydroxychloroquine (10 mg per kilogram per day)
and twice-daily inhaled budesonide. There was
clinical improvement during the next few months;
although he continued to have viral upper respi-
ratory infections, they did not require hospital-
ization. Because of an exacerbation when he was
22 months of age, we added azithromycin to the
regimen three times weekly. His mother reported
that the patient seemed better after starting
azithromycin, so we continued this. When the
patient was 2 years of age, his mother reported
that it was difficult to administer the hydroxy-
chloroquine because of its bad taste. Since the
patient was doing well, she discontinued all his
medications at that time.

At follow-up 3 months later, when he was
27 months of age, the patient had had no further
exacerbations and had not been hospitalized in
more than a year. However, his oxygen saturation,
which was 95% at rest while he was breathing

Table 3. Neuroendocrine Proliferations in the Lung
in Adults.

Diffuse neuroendocrine hyperplasia (i.e., an aggregation
or a linear presentation of neuroendocrine cells)

Carcinoid tumorlet (i.e., a nodular proliferation of neuro-
endocrine cells [>5 mm] breaching the basement
membrane)

Carcinoid tumor

Atypical carcinoid tumor (>10 mitoses per high-power
field and necrosis)

Small-neuroendocrine-cell carcinoma
Large-neuroendocrine-cell carcinoma
Fetal adenocarcinoma of the lung (blastoma)

Combined adenocarcinoma and neuroendocrine
carcinoma

ambient air, decreased to 90% on exertion, with
a respiratory rate at rest of 32 breaths per minute,
some subcostal retraction, and fine crackles on
chest auscultation. The administration of azithro-
mycin was restarted, and we will continue to
follow him closely.

Dr. Mark: This child does not have bronchiolitis
obliterans or constrictive bronchiolitis because the
bronchioles that we see are not obviously obliter-
ated or constricted. The columnar mucinous cells
and the neuroendocrine cells have caused narrow-
ing of the bronchiolar lumens. Whether the co-
lumnar metaplasia is related to an infection or to
the increase in neuroendocrine cells is unclear.
There is minimal interstitial disease.

Dr. Kinane: There is a report that neuroendocrine
cells can secrete growth factors that contribute
to lung growth and development.?> The number
of neuroendocrine cells is increased in broncho-
pulmonary dysplasia, a condition that is charac-
terized by airway disease. We do not know
whether the neuroendocrine cells are markers of
injury or are an important component of disease
pathogenesis.

ANATOMICAL DIAGNOSIS

Neuroendocrine-cell hyperplasia of infancy
(NEHI).

This case was discussed at the postgraduate course “Thoracic
Pathology — Current Concepts,” sponsored by Massachusetts
General Hospital and the Harvard Medical School Department of
Continuing Education.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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