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Abstract No guidelines are in place for the follow-up and
management of pulmonary nodules that are incidentally
detected on CT in the pediatric population. The Fleischner
guidelines, which were developed for the older adult popula-
tion, do not apply to children. This review summarizes the
evidence collected by the Society for Pediatric Radiology
(SPR) Thoracic Imaging Committee in its attempt to develop
pediatric-specific guidelines.

Small pulmonary opacities can be characterized as linear or
as ground-glass or solid nodules. Linear opacities and ground-
glass nodules are extremely unlikely to represent an early
primary or metastatic malignancy in a child. In our review,
we found a virtual absence of reported cases of a primary
pulmonary malignancy presenting as an incidentally

detected small lung nodule on CT in a healthy
immune-competent child.

Because of the lack of definitive information on the clinical
significance of small lung nodules that are incidentally detec-
ted on CT in children, the management of those that do not
have the typical characteristics of an intrapulmonary lymph
node should be dictated by the clinical history as to possible
exposure to infectious agents, the presence of an occult im-
munodeficiency, the much higher likelihood that the nodule
represents a metastasis than a primary lung tumor, and ulti-
mately the individual preference of the child’s caregiver. Nod-
ules appearing in children with a history of immune deficien-
cy, malignancy or congenital pulmonary airway malfor-
mation should not be considered incidental, and their
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workup should be dictated by the natural history of
these underlying conditions.

Keywords Chest . Computed tomography . Fleischner
criteria . Pediatric . Incidental findings . Lung . Lung cancer .
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Introduction

As members of the Society for Pediatric Radiology (SPR)
Thoracic Imaging Committee, we appreciate the prior com-
ments made by Dr. Paul Thacker [1], now a committee mem-
ber, in his Letter to the Editor of this journal on the need for
practice guidelines on how to manage pulmonary nodules
incidentally detected on CTstudies in children. The Fleischner
guidelines [2], which are based on a careful evaluation of a
large number of studies that specifically address incidental
pulmonary nodules detected in adults older than 35, were
issued nearly a decade ago. However, the Fleischner recom-
mendation to perform a single low-dose follow-up CT at 6–
12 months for managing a pulmonary nodule in patients
younger than 35 years does not apply to children because
the only study discussing young individuals with lung nod-
ules, on which this recommendation is based [3], did not
include patients younger than 21 years. Although a few pub-
lications in the medical literature specifically address pulmo-
nary nodules in pediatric oncology patients [4–6], we are
aware of only one recently published uncontrolled ret-
rospective study applicable to pulmonary nodules detec-
ted on abdominal CT scans in children [7].

In this vacuum of useful information fuelled by to-
day’s risk-averse climate, we suspect that many radiolo-
gists are inappropriately recommending follow-up CT
scans of these lesions [8, 9], resulting in numerous
children being subjected to the risks of unnecessary
radiation and potential sedation, and their caregivers to
the expense and stress associated with these studies that
are recommended by criteria developed for adults. In a
recent opinion article, authored by Stephen Swensen [9]
from the Mayo Clinic and co-authored by a variety of
experts in patient safety, bioethics and consumer advo-
cacy, the suggestion was made that follow-up with chest
CT of a 3-mm lung nodule incidentally detected on a
pediatric CT scan for appendicitis would be “inappro-
priate for this situation.” As pediatric imagers, we
should not yield to the temptation to make follow-up
recommendations that are not rooted in sound scientific
evidence, merely to obviate potential lawsuits. Naviga-
ting between the two extremes of ignoring pulmonary

nodules and issuing unfounded and overly risk-averse
recommendations for imaging follow-up may require
that pediatric radiologists be prepared to engage in
direct personal dialogue with referring physicians, pedia-
tric patients and their caregivers.

Lung cancer in children

In the most recent review article on pediatric lung cancer
[10], there is no reported initial presentation as an inci-
dental pulmonary nodule — these rare tumors are often
aggressive and tend to be symptomatic at the time of
diagnosis [11–14].

Primary bronchogenic carcinoma is extremely rare in chil-
dren and adolescents, and rare reported cases of squamous cell
carcinoma present with a large tumor with a secondary respi-
ratory infection [15]. In addition, squamous cell carcinoma
can occur secondary to recurrent respiratory papillomatosis in
children, and this underlying condition is usually longstanding
and well known [16]. There is one case report of a 2.5-cm
squamous cell carcinoma, detected in Japan in 1974 with
tuberculosis fluoroscopy screening in an asymptomatic 15-
year-old [17].

Pleuropulmonary blastoma, the most common primary
lung malignancy of childhood, usually presents before the
age of 6 years, and has a varied appearance ranging from
cystic to solid [18] but is typically a larger mass when solid
and is not a diagnostic consideration in the setting of an
incidental small solid pulmonary nodule. The cystic form of
pleuropulmonary blastoma can be small [13] but should not be
confused with a solid pulmonary nodule.

Neoplasms associated with the central airways (e.g., carci-
noids, mucoepidermoid carcinomas) are nearly always symp-
tomatic at the time of diagnosis and usually present as an
endobronchial mass with post-obstructive atelectasis or
pneumonitis [13, 19–22]; their presentation as an
asymptomatic pulmonary nodule has not been reported
in the pediatric population. There is an isolated case
report of a carcinoid tumor with ectopic adrenocortico-
tropic hormone (ACTH) secretion leading to Cushing
syndrome in a child, demonstrated on CT as a 2-cm
peripheral solid pulmonary nodule [23].

Leiomyomas have presented as multiple pulmonary nod-
ules on CT in a child with human immunodeficiency virus
[24], and a pulmonary leiomyosarcoma has been described in
a symptomatic recipient of a renal transplant following bilat-
eral Wilms tumor resection [25]. Since the literature review in
the latter publication [25] linked these smooth muscle tumors
to the immunosuppression caused by chronic infection with
the Epstein-Barr virus (similar to in post transplant lympho-
proliferative disease), these nodular lung lesions cannot truly
be regarded as “incidental”.
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Nodule definition

When reporting a pulmonary nodule detected on a CT scan in
a child, it is important to employ uniform terminology [6, 26].
The Fleischner Society in its glossary of terms for thoracic
imaging [27] defines pulmonary nodules broadly, describing a
pulmonary nodule on CT as “a rounded or irregular opacity,
well or poorly defined, measuring up to 3 cm in diameter.
Nodules can be solid (soft tissue attenuation), non-solid
(ground-glass attenuation), or part-solid (consisting of both
ground-glass and solid soft-tissue attenuation components).”

Descriptively, ground-glass opacity is defined as an area of
increased lung attenuation with preserved bronchial and vas-
cular markings. Through attenuation measurements in a slice
that is sufficiently thin and that passes though the largest
circumference of the nodule (so to obviate partial volume
averaging errors), a ground-glass nodule is defined by
obtaining Hounsfield values lower than zero throughout the
nodule, as opposed to a solid nodule, which has Hounsfield
values all greater than zero. It should be noted that even in the
adult literature, there remains confusion as to the semantics of
nodule characterization: some have objected to the use of the
term “ground-glass nodule (or opacity)” in the Fleischner
definition and would prefer that the descriptors “solid and
sub-solid (or part-solid)” be used in reference to lung nodules
[28]. Unfortunately, the broad definition of a nodule in the
Fleischner glossary has resulted in the use of the term “nod-
ule” for any small pulmonary opacity (colloquially designated
as a “ditzel”) encountered on chest CT in children.

However, many of these nodules detected in children as
defined by the Fleischner criteria are in fact ill-defined, irreg-
ular or linear in shape, or have ground-glass characteristics. In
general, the presumption is made that the majority of these
lesions represent infection/inflammation, scarring or
microatelectasis [29], but this is somewhat uncertain because
of the lack of systematic follow-up of these lesions. This
knowledge deficit prompted us to review the existing
literature on nodule characteristics with regard to their
clinical significance in pediatric care.

Nodule characteristics

In a recent study of pulmonary nodules detected on screening
CT in older adults [30], the following factors were associated
with primary bronchogenic carcinoma: larger size, lower
number, location in upper lobes, positive family history for
lung cancer, and a spiculated border. The available literature
on the characteristics of pediatric pulmonary nodules is largely
limited to those detected in children with a known
extrapulmonary malignancy [31]. In a series of 81 nodules
detected in 41 such children [5], sharply defined nodules were
more likely to be malignant, and nodule size was not

correlated with malignancy. However, in another series of 30
children with osteosarcoma [4], and in a third series of 111
children with a variety of extrapulmonary malignant primaries
[6], a nodule size over 5 mm was associated with a higher
chance of the nodule being malignant, whereas nodule size
and morphology criteria were found to be less helpful to
correctly identify benign nodules.

Solid or lobular nodules with sharp borders are most sug-
gestive of metastatic disease in the setting of known primary
extrapulmonary malignancy with a proclivity for lung metas-
tases, such as Wilms tumor, sarcoma, hepatoblastoma or tes-
ticular carcinoma. Metastatic disease is much more likely to
be a cause of a malignant nodule in a child than is a primary
lung tumor [2, 14, 29]. Calcification is common in some
pediatric metastatic nodules, particularly those of osteosarco-
ma. Cavitation also occurs occasionally. Even when there is a
known underlying malignancy, about 1/3 of biopsied pulmo-
nary nodules are found to be benign with etiologies that
include granulomatous diseases, infections, inflammatory
myofibroblastic lesion, drug reaction, scarring and
intrapulmonary lymph nodes [32]. The latter category of a
solid pulmonary nodule in a child is usually characterized by
its predominantly subcarinal location, distribution within
15 mm of a pleural surface (including a fissure), an oval or
polygonal shape, and its connection with the pleura via linear
extensions (pleural tags) [33, 34].

In older adults, primary adenocarcinoma of the lung (in
particular its subdivision bronchioalveolar carcinoma) has
been described as frequently exhibiting a growth pattern re-
specting the interstitial architecture of the lung (the “lepidic”
growth pattern, as described by Heitzman [35]), giving rise to
ground-glass attenuation in the lung parenchyma [36–38], as
opposed to the “hilic” pattern of growth, where the lung
parenchyma is displaced by the enlarging solid mass, which
characterizes more aggressive cancers. Whereas the signifi-
cance of ground-glass nodules as a precursor to adenocarci-
noma in adults is debated [39–41], and because this tumor
predominates in younger adults (especially in women) with
lung cancer without a history of smoking [42–44], we
researched the literature on adenocarcinoma, in particular
bronchioalveolar carcinoma, in children.

Brody and Mark [45] reported a large bronchioalveolar
carcinoma in a 15-year-old boy with the clinical presentation
of a progressive lung consolidation. Dosanjh [46] reported a
well-differentiated mucin-producing bronchioalveolar carci-
noma in a 15-year-old immigrant girl with a paucity of symp-
toms and an indolent clinical course who eventually presented
with multiple unresectable cavitary lung lesions demonstrated
on CT. We found a more recent report of two children in their
early teens who presented with findings of associated chronic
infection including pulmonary tuberculosis [47].

Bronchioalveolar carcinoma has been encountered in chil-
dren and adolescents treated for extrathoracic malignancies
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[48–51]. Okui et al. [50] reported a 14-year-old girl who
presented with a large solitary osteosarcoma metastasis and
who had a co-existing 3-mm ground-glass nodule on CT that
demonstrated little progression over a year but was histologi-
cally proved to be a synchronous bronchioalveolar carcinoma.

A recent review article on the risk of malignancy in pul-
monary cysts in early childhood [52] summarized 21 cases of
bronchioalveolar carcinoma reported in patients with type 1
(large cyst type) congenital pulmonary airway malformation
(CPAM) of the lung, with a median age of 18 years (range 6 to
75 years). Most of these occurred as incidental findings [53,
54], but some presented with symptoms of recurrent pneumo-
nia [55] or metastatic disease [56, 57]. For this reason, tissue
sampling of all detected lung nodules has been recommended
in children with a history of extrathoracic malignancies [50] or
CPAM [53].

The second of the two cases of bronchioalveolar carcinoma
reported by Ohye et al. [55] occurred in an asymptomatic 15-
year-old girl. In this case a 2.5-cm nodule was incidentally
detected on chest radiography and was successfully resected
after “persistence of the roentgenographic finding”; however,
details of the imaging time interval and the appearance on CT
were not reported. Perhaps with the exception of this case,
none of the reported pediatric bronchioalveolar carcinoma
cases had an initial presentation as an incidental pulmonary
(solid or ground-glass) nodule on CT.

It appears from our review that in children, unlike in adults,
a true primary neoplastic lung lesion occurs as a solid mass
with a hilic pattern of growth or as a mixed solid–cystic or
completely cystic mass, as may be the case in a
pleuropulmonary blastoma. When growing centrifugally, it
displaces rather than infiltrates the surrounding lung paren-
chyma, and when small it does not engulf any aerated lung
tissue. In an asymptomatic child who has no history of an
extrathoracic malignancy or a CPAM, we did not find any
evidence that when ground-glass attenuation is demonstrated
within the majority of an incidentally detected nodule, this
could signify the presence of a malignancy. We therefore
suggest that in such children, the category of ground-
glass nodules should be dealt with separately from en-
tirely solid nodules.

A related issue is the significance of the halo sign, i.e. the
presence of ground-glass opacity surrounding a solid pulmo-
nary nodule. This has traditionally been regarded as a specific
sign for invasive pulmonary aspergillosis [58, 59] but has also
been described in many other entities leading to hemorrhage
or infiltration in the surrounding lung parenchyma. These
include infectious/inflammatory conditions (e.g., other fungal
infections, granulomatosis with polyangiitis [formerly re-
ferred to as Wegener granulomatosis], tuberculosis, bacterial
and viral infections) and neoplastic conditions (through lepid-
ic tumor infiltration in the surrounding lung parenchyma such
as in lymphoma or bronchioalveolar carcinoma, or through

rapid growth leading to surrounding pulmonary hemorrhage
or infarction, as has been described around large osteosarcoma
metastases in a child [60]). All of these conditions with a
positive halo sign are unlikely to present in asymptomatic
children with a negative clinical history, and require a
condition-specific workup.

In summary, existing guidelines for detection and follow-
up are based on the relatively high frequency of bronchogenic
carcinoma in older adults. Childhood lung cancer is a different
disease, and it would probably be necessary to follow many
thousands of nodules to identify even one early lung cancer,
which is not a practical endeavor. Unfortunately, because of
the anecdotal information referenced above, we cannot defin-
itively state that a lung cancer cannot possibly begin as an
asymptomatic small nodule in a child. There is simply not
enough evidence accumulated from a sufficient number of
nodule CT follow-up studies to reliably predict the natural
history of these lesions in an individual case.

Some institutions may have good long-term follow-up of
children with asymptomatic pulmonary nodules, which could
be used as a surrogate for benign nodules, if stability on
follow-up is reasonably long enough. We request that if any
readers have anecdotal evidence of the transition of an inci-
dental asymptomatic pulmonary nodule into a confirmed pri-
mary malignancy, that this be reported to the SPR Thoracic
Imaging Committee. Failing the accumulation of such evi-
dence, we should discourage applying the Fleischner algo-
rithm to children, but unfortunately we are not in a position to
propose an alternative set of guidelines. In fact, any official
promulgation of such guidelines by the SPR would give the
impression of more certainty than exists, and this may cause
more harm than good by making erroneous assumptions sys-
temic rather than isolated. Because of the extremely small
number of primary malignancies that present initially as
asymptomatic pulmonary nodules, such guidelines are unlike-
ly to be developed for our patients.What should be recognized
is that there is a likelihood of harm, rather than benefit, in
applying adult guidelines to nodules identified in children.
Therefore, the management of these lesions comes down to
using clinical judgment in an individualized setting.

Conclusion

(1) Although there are very few data, the incidence of a
small solid lung nodule evolving into a primary lung
cancer in an otherwise healthy (immune-competent)
child appears to be extremely low. The benefit of routine
follow-up CT scanning in children is doubtful and po-
tentially harmful because of the additional exposure to
ionizing radiation or the detection of additional insignif-
icant incidental findings. However, careful discussion
and consideration should be given to individual cases.
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(2) Linear opacities are more likely related to prior infection,
inflammation or atelectasis and should not be considered
solid nodules.

(3) Ground-glass opacities in children are likely caused by
infection or inflammation and are very unlikely to repre-
sent a malignancy in an asymptomatic child without a
history of malignancy. Likewise, the presence of the halo
sign of ground-glass opacity surrounding a solid pulmo-
nary nodule is often indicative of an aggressive lesion
with hemorrhage or infiltration in the adjacent lung pa-
renchyma and is very unlikely to be encountered in lung
nodules that are truly detected incidentally.

(4) Malignant lung nodules in children are muchmore likely
to be caused by metastatic disease rather than primary
lung tumor.
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