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Rare Becomes More Common: Recognizing
Neuroendocrine Cell Hyperplasia of Infancy in
Everyday Pulmonary Consultations

To the Editor:

Neuroendocrine hyperplasia of infancy (NEHI) is a childhood
interstitial lung disease originally reported in the medical literature
in 2005. Otherwise healthy former term infants exhibit insidious
onset of chronic tachypnea, retractions, and hypoxemia in the
first months to years of life (1). Delays in diagnosis are common
as children undergo evaluation focused on more common
pulmonary conditions.

Lung biopsy has been the historical gold standard for NEHI
diagnosis, demonstrating near-normal histology with an increased
number of neuroendocrine cells, best identified by bombesin
immunostaining. However, through studies analyzing the clinical,
physiologic, radiologic, and histologic features (2–5), evidence
has emerged such that an American Thoracic Society clinical
guideline now recommends noninvasive diagnosis of NEHI based
on computed tomographic (CT) chest imaging findings in the
compatible clinical context (6).

Although NEHI is clearly rare, its incidence and prevalence
remain unknown. Since the original report of 15 cases from
two large referral centers, the published literature tallies an
additional 116 cases. However, the numbers of unique cases in
these reports are undoubtedly substantially fewer, as several large
referral centers have used their cohorts in multiple publications
(1, 3–5). We have previously reported a single-center retrospective
study in which we identified eight cases of NEHI from 1994 to
2011, encompassing an extended period of time before the
establishment of our childhood interstitial lung disease program
in 2012 (7). Only one NEHI case was diagnosed from 2009 to
2011. Thus, we were intrigued by the subsequent identification
of five NEHI cases from within our general pediatrics service
from 2012 to 2014.

Here we report the experience of two pulmonary fellows in
the diagnosis of NEHI, based on these local patients. Some of
the results of these studies have been previously reported in the
form of an abstract (8).

Methods

After institutional review board approval (131026), we
comprehensively reviewed the medical records of five children
diagnosed with NEHI at Vanderbilt from 2012 to 2014. None
were previously seen by pulmonary consultants at other centers.

Results

Patients were initially admitted to the general pediatric hospitalist
service, with subsequent pulmonary consultation within 24 hours
in all but one case. The age of presentation ranged from 1 to 7

months, and prominent findings included tachypnea, hypoxemia,
and failure to thrive, but not wheezing (Table 1). Two individuals
had crackles on initial exam, though all had crackles on
subsequent assessments.

The diagnosis of NEHI was made 1–2 months after the
initial pulmonary consultation. Table 2 describes the diagnostic
studies performed. Empiric corticosteroid therapy was not
initiated before pulmonary evaluations. All infants were treated
for gastroesophageal reflux based on either clinical assessment or
impedance studies. Evaluation for dysphagia was performed
before proceeding to chest CT scan in all cases. Mild to moderate
oropharyngeal dysphagia was identified in three patients, although
respiratory symptoms persisted after feeding concerns were
addressed.

Chest CT findings included a variable extent of geographic
ground-glass opacities and evidence of air-trapping in some
cases. Initial CT scans were highly consistent for NEHI in three
cases (Figure 1) and were moderately consistent in the other
two, based on either more diffuse ground glass opacity or very
subtle findings. Repeat imaging approximately 1 year later in these
two cases was supportive of NEHI diagnosis, and lung biopsy
was not performed. None of the patients had bronchiectasis or
focal parenchymal findings.

Improvement in symptoms occurred at a variable pace.
Patients 1–4 tolerated some reduction in the amount or duration
of supplemental oxygen therapy by 18 months of age. Caloric
supplementation was important for all individuals, with two
requiring gastrostomy tube placement. Despite feeding tube
placement, patient 3 continued to have difficulty with weight
gain that was not clearly attributable to reflux or aspiration.

Discussion

Progress in rare diseases is often predicated on establishing
sufficient numbers of well-phenotyped patients for study;
awareness and timely diagnosis are challenges common to most rare
diseases. During the last decade, great advances have been made in
establishing diagnostic criteria for NEHI. However, there is no
definitive therapy, and disease pathogenesis remains largely
unknown. Pulmonary neuroendocrine cells function as oxygen
sensors and chemoreceptors, serving complex roles in a variety of
developmental and disease-associated contexts, with recent data
suggesting genetic mechanisms may play a role in NEHI (9, 10).

Because most published reports derive from referral populations,
we focused on five local cases to examine the early presentations,
without the bias of prior pulmonary consultations. Several common
themes emerged. First, infants displayed longstanding tachypnea, and
two had previously been hospitalized for similar symptoms before
pulmonary consultation. Second, failure to thrive was a key factor
prompting further work-up, raising the possibility that milder cases
were missed. Further, presence of gastroesophageal reflux and mild
swallowing incoordination in some cases failed to account for the
extent of respiratory symptoms or the nature of the CT image findings.
Thus, although appropriate evaluation and clinical management of
esophageal reflux or aspiration are prudent, our experience emphasizes
that identification of such conditions should not exclude a diagnosis
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1730 AnnalsATS Volume 12 Number 11| November 2015



T
ab

le
1.

C
lin
ic
al

p
re
se

nt
at
io
n

G
es

ta
ti
o
na

l
ag

e
P
at
ie
nt

1
P
at
ie
nt

2
P
at
ie
nt

3
P
at
ie
nt

4
P
at
ie
nt

5
Fu

ll
te
rm

Fu
ll
te
rm

Fu
ll
te
rm

Fu
ll
te
rm

Fu
ll
te
rm

A
ge

an
d
re
as

on
fo
r

ho
sp

ita
liz
at
io
n*

3.
5
m
o:

b
ro
nc

hi
ol
iti
s

6
m
o:

ta
ch

yp
ne

a
an

d
p
oo

r
w
ei
gh

t
ga

in
5
m
o:

tr
an

si
en

t
ta
ch

yp
ne

a
an

d
d
es

at
ur
at
io
n

7
m
o:

fa
ilu
re

to
th
riv

e;
hy

p
ox

em
ia

as
in
ci
d
en

ta
lfi

nd
in
g

1
m
o:

ta
ch

yp
ne

a
an

d
hy

p
ox

em
ia

K
ey

fi
nd

in
gs

at
p
ul
m
on

ar
y

p
re
se

nt
at
io
n

Ta
ch

yp
ne

a
1

1
1

1
1

C
ra
ck

le
s

1
2

2
2

1
H
yp

ox
em

ia
1

1
1

1
1

W
he

ez
in
g

2
2

2
2

2
W
ei
gh

t
p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

Fo
ur
th

p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

22
nd

p
er
ce

nt
ile

A
ge

at
ne

ur
oe

nd
oc

rin
e

hy
p
er
p
la
si
a
of

in
fa
nc

y
d
ia
gn

os
is

5.
5
m
o

7
m
o

6
m
o

7
m
o

1.
5
m
o

C
om

or
b
id
iti
es

O
ra
la

ve
rs
io
n
re
q
ui
rin

g
g-
tu
b
e;

G
E
R
D

G
E
R
D

G
-t
ub

e;
re
cu

rr
en

t
fe
b
ril
e

ill
ne

ss
es

;
G
E
R
D

O
tit
is

m
ed

ia
,
tr
iv
ia
lP

D
A
;
G
E
R
D

G
E
R
D

P
rio

r
re
sp

ira
to
ry

ho
sp

ita
liz
at
io
n

Y
es

N
o

Y
es

N
o

N
o

O
ut
co

m
es

W
ei
gh

t
p
er
ce

nt
ile

A
ge

12
m
o

S
ev

en
th

p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

14
th

p
er
ce

nt
ile

50
th

p
er
ce

nt
ile

†

A
ge

18
m
o

S
ix
th

p
er
ce

nt
ile

13
th

p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

34
th

p
er
ce

nt
ile

N
ot

av
ai
la
b
le

A
ge

24
m
o

N
ot

av
ai
la
b
le

Fo
ur
th

p
er
ce

nt
ile

,
Th

ird
p
er
ce

nt
ile

45
th

p
er
ce

nt
ile

N
ot

av
ai
la
b
le

S
up

p
le
m
en

ta
lO

2
us

e
A
ge

12
m
o

1
LP

M
co

nt
in
uo

us
0.
5–

1
LP

M
co

nt
in
uo

us
2
LP

M
co

nt
in
uo

us
1.
0–

1.
5
LP

M
co

nt
in
uo

us
0.
5–

0.
75

LP
M

co
nt
in
uo

us
†

A
ge

18
m
o

1
LP

M
co

nt
in
uo

us
0.
5–

1
LP

M
sl
ee

p
on

ly
1.
5
LP

M
co

nt
in
uo

us
0.
5–

1
LP

M
co

nt
in
uo

us
N
ot

av
ai
la
b
le

A
ge

24
m
o

N
ot

av
ai
la
b
le

R
oo

m
ai
r
(2
5
m
o)

1
LP

M
co

nt
in
uo

us
0.
5–

1
LP

M
co

nt
in
uo

us
N
ot

av
ai
la
b
le

D
e
fin
iti
o
n
o
f
a
b
b
re
vi
a
tio

n
s:

G
E
R
D
=
g
a
st
ro
e
so

p
h
a
g
e
a
l
re
flu
x
d
is
e
a
se
;
L
P
M

=
lit
e
rs

p
e
r
m
in
u
te
;
P
D
A
=
p
a
te
n
t
d
u
c
tu
s
a
rt
e
rio

su
s.

*R
e
p
re
se
n
ts

in
iti
a
l
p
u
lm

o
n
a
ry

c
o
n
ta
c
t.

†
D
e
n
o
te
s
d
a
ta

a
t
9
m
o
n
th
s
o
f
a
g
e
.

T
ab

le
2.

D
ia
gn

os
tic

ev
al
ua

tio
ns

P
at
ie
nt

1
P
at
ie
nt

2
P
at
ie
nt

3
P
at
ie
nt

4
P
at
ie
nt

5

S
w
ea

t
ch

lo
rid

e
N
or
m
al

N
or
m
al

N
or
m
al

N
or
m
al

N
ot

p
er
fo
rm

ed
B
ro
nc

ho
sc

op
y

A
na

to
m
y

N
or
m
al

N
or
m
al

N
or
m
al

N
or
m
al

N
or
m
al

b
ro
nc

ho
al
ve

ol
ar

la
va

ge
cu

ltu
re

N
o
gr
ow

th
N
o
gr
ow

th
N
o
gr
ow

th
M
or
ax
el
la

C
at
ar
rh
al
is

N
o
gr
ow

th

Li
p
id

la
d
en

m
ac

ro
p
ha

ge
s

N
or
m
al

N
or
m
al

N
or
m
al

E
le
va

te
d

N
or
m
al

V
id
eo

sw
al
lo
w

st
ud

y
N
or
m
al

A
b
no

rm
al
*

A
b
no

rm
al
*

N
or
m
al

A
b
no

rm
al
*

Im
p
ed

an
ce

st
ud

y
N
or
m
al

A
b
no

rm
al

A
b
no

rm
al

N
ot

p
er
fo
rm

ed
N
ot

p
er
fo
rm

ed
G
en

et
ic

te
st
in
g
fo
r
su

rf
ac

ta
nt

d
is
or
d
er
s

N
ot

p
er
fo
rm

ed
N
ot

p
er
fo
rm

ed
N
ot

p
er
fo
rm

ed
N
eg

at
iv
e
fo
r
S
FP

TC
,

A
B
C
A
3,

an
d

N
K
X
2.
1/
TT

F1

N
ot

p
er
fo
rm

ed

E
ch

oc
ar
d
io
gr
am

N
or
m
al

N
or
m
al

N
or
m
al

S
m
al
lP

D
A

N
or
m
al

In
iti
al

ch
es

t
co

m
p
ut
ed

to
m
og

ra
p
hy

fi
nd

in
gs

V
er
y
su

b
tle

m
os

ai
c

at
te
nu

at
io
n
in

ge
og

ra
p
hi
c
p
at
te
rn

to
su

gg
es

t
N
E
H
I

S
ub

tle
G
G
O

in
p
at
te
rn

co
ns

is
te
nt

w
ith

N
E
H
I;

1
ai
r-
tr
ap

p
in
g

S
ub

tle
m
os

ai
c

at
te
nu

at
io
n
in

p
at
te
rn

co
ns

is
te
nt

w
ith

N
E
H
I;

1
ai
r-
tr
ap

p
in
g

R
el
at
iv
el
y
d
iff
us

e
G
G
O
,
m
os

t
p
ro
m
in
en

t
ce

nt
ra
lly

an
d
in

R
M
L

an
d
lin
gu

la

G
G
O
,
m
os

t
p
ro
m
in
en

t
ce

nt
ra
lly

an
d
in

R
M
L

an
d
lin
gu

la
;
1

ai
r-
tr
ap

p
in
g

S
ub

se
q
ue

nt
ch

es
t
co

m
p
ut
ed

to
m
og

ra
p
hy

fi
nd

in
gs

(a
ge

,
fi
nd

in
gs

)

18
m
o:

hi
gh

ly
co

ns
is
te
nt

w
ith

N
E
H
I

N
ot

p
er
fo
rm

ed
N
ot

p
er
fo
rm

ed
16

m
o:

m
or
e
co

ns
is
te
nt

w
ith

N
E
H
I

N
ot

p
er
fo
rm

ed

D
e
fin
iti
o
n
o
f
a
b
b
re
vi
a
tio

n
s:

G
G
O
=
g
ro
u
n
d
g
la
ss

o
p
a
c
ity
;
N
E
H
I=

n
e
u
ro
e
n
d
o
c
rin

e
h
yp

e
rp
la
si
a
o
f
in
fa
n
c
y;

P
D
A
=
p
a
te
n
t
d
u
c
tu
s
a
rt
e
rio

su
s;

R
M
L
=
rig

h
t
m
id
d
le

lo
b
e
.

*F
o
r
p
a
tie
n
ts

2
a
n
d
5
,
a
vi
d
e
o
sw

a
llo
w

st
u
d
y
re
ve
a
le
d
m
ild

o
ro
p
h
a
ry
n
g
e
a
l
d
ys
p
h
a
g
ia

w
ith

in
te
rm

itt
e
n
t
la
ry
n
g
e
a
l
p
e
n
e
tr
a
tio

n
,
b
u
t
n
o
a
sp

ira
tio

n
.
P
a
tie
n
t
3
h
a
d
m
o
d
e
ra
te

o
ro
p
h
a
ry
n
g
e
a
l

d
ys
p
h
a
g
ia

w
ith

o
n
e
e
p
is
o
d
e
o
f
tr
a
c
e
a
sp

ira
tio

n
.
O
f
n
o
te
,
p
a
tie
n
t
3
w
a
s
e
xc
lu
si
ve
ly
b
re
a
st

fe
d
a
t
th
e
tim

e
o
f
st
u
d
y
a
n
d
h
a
d
d
iffi
c
u
lti
e
s
ta
ki
n
g
a
b
o
tt
le
.

Letters 1731

LETTERS



of NEHI. Prospective studies are needed to validate the sensitivity and
specificity of the clinical features best used to identify NEHI.

Chest CT imaging diagnosis is increasingly the accepted
diagnostic approach for NEHI. In the series by Brody and
colleagues, the sensitivity of chest CT imaging for NEHI diagnosis
was 78%, with specificity of 100%, compared with lung biopsy
(3). Some centers have proposed infant pulmonary function tests
as a diagnostic adjunct, although the specificity has not been
systematically evaluated (5, 6). In our cases, NEHI diagnosis
was ultimately achieved using clinical features and chest CT
findings, without lung biopsy. In two cases, we had strong clinical
suspicion for NEHI, but the initial chest CT images were not

definitive. Our patients were managed with long-term
supplemental oxygen, nutritional support as needed, and
immunizations. Corticosteroids were not administered based on
relative lack of scientific rationale or clinical experience to
support their use in NEHI.

In summary, we speculate that NEHI is likely an under-
recognized disorder. Our experience suggests that enhanced awareness
led to increased case recognition in a short time frame, particularly
among pediatric hospitalists and pulmonary trainees. We anticipate
that more timely diagnosis will reduce the associated burden on both
families and the health care system.

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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Figure 1. Imaging findings in neuroendocrine hyperplasia of infancy
cases. (A–B) Anterior-posterior and lateral chest radiographs at
presentation at age 7 months for patient 4 show marked hyperinfla-
tion and mild peri-hilar opacities. (C–D) Chest computed tomogra-
phy scan in patient 5 at age 1.5 months demonstrates ground glass
opacities, which are most prominent centrally, and in the right mid-
dle lobe and lingula. No other significant architectural abnormalities
are present.
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