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Purpose: To retrospectively compare pure pulmonary ground-glass
opacity (GGO) nodules observed on thin-section computed
tomography (CT) images with histopathologic findings.

Materials and
Methods:

The institutional review board approved this study and
waived informed consent. Histopathologic specimens were
obtained from 53 GGO nodules in 49 patients. CT scans
were assessed in terms of nodule size, shape, contour,
internal characteristics, and the presence of a pleural tag.
The findings obtained were compared with histopathologic
results. Differences in thin-section CT findings according
to histopathologic diagnoses were analyzed by using the
Kruskal-Wallis test or Fisher exact test.

Results: Of 53 nodules in 49 patients (20 men, 29 women; mean
age, 54 years; range, 29–78 years), 40 (75%) proved to be
broncholoalveolar cell carcinoma (BAC) (n � 36) or ade-
nocarcinoma with predominant BAC component (n � 4),
three (6%) atypical adenomatous hyperplasia, and 10
(19%) nonspecific fibrosis or organizing pneumonia. No
significant differences in morphologic findings on thin-sec-
tion CT scans were found among the three diseases (all
P � 0.05). A polygonal shape (25%, 10 of 40 nodules) and
a lobulated or spiculated margin (45%, 18 of 40) in BAC or
adenocarcinoma with predominant BAC component were
caused by interstitial fibrosis or infiltrative tumor growth.
A polygonal shape and a lobulated or spiculated margin
were observed in two (20%) and three (30%) of 10 nod-
ules, respectively, in organizing pneumonia/fibrosis were
caused by granulation tissue aligned in a linear manner in
perilobular regions with or without interlobular septal
thickening.

Conclusion: About 75% of persistent pulmonary GGO nodules are
attributed to BAC or adenocarcinoma with predominant
BAC component, and at thin-section CT, these nodules do
not manifest morphologic features that distinguish them
from other GGO nodules with different histopathologic
diagnoses.
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Pulmonary subsolid nodules are de-
fined as nodular areas of homo-
geneous or heterogeneous attenu-

ation that are hypoattenuating with
respect to surrounding soft-tissue struc-
tures such as vessels (1,2). Subsolid nod-
ules can be further classified as either
part-solid (in the case of nodules with
patches of parenchyma that are com-
pletely obscured) or nonsolid (for nodules
without such areas). Nonsolid pure ground-
glass opacity (GGO) nodules, when per-
sistently (either no change or an in-
crease in diameter for �1 month)
present on serial thin-section computed
tomography (CT) scans, suggest the
possibility of atypical adenomatous
hyperplasia (AAH), broncholoalveolar
cell carcinoma (BAC) (1–5), pulmo-
nary lymphoproliferative disorder (6),
or organizing pneumonia/fibrosis nod-
ules (7).

Although persistent pure GGO nod-
ules on thin-section CT scans represent
BAC, AAH, lymphoproliferative disease,
or organizing pneumonia/fibrosis, the
percentages accounted for by these dis-
eases are unknown. In addition, little
has been reported on how BAC can be
distinguished from the other diseases
on thin-section CT images. According to
one report, AAHs are less than 10 mm
in diameter; however, others report
that their diameters overlap those of
BAC and AAH. In addition, GGO is an
important constituent of lymphoprolif-
erative disease and focal organizing
pneumonia/fibrosis (6,7).

Although several articles (6,8) have
reported on thin-section CT–pathologic

comparisons for pure GGO nodules,
few reports are available for multiple
pulmonary GGO nodules (9). Thus, the
purpose of our study was to retrospec-
tively compare pure pulmonary GGO
nodules observed on thin-section CT
images with histopathologic findings.

Materials and Methods

Our institutional review board (Samsung
Medical Center, Sungkyunkwan Univer-
sity School of Medicine, Seoul, Korea)
approved our retrospective study with a
waiver of informed consent; written in-
formed consent was acquired for the use
of CT scans for all patients.

Patients
We (Y.M.S., K.S.L.) reviewed all surgi-
cal biopsy files recorded from Novem-
ber 1994 to August 2006, and selected
studies with the descriptive term “GGO
nodule” on CT reports and with tissue
biopsy findings. Patients who had no
lung biopsy and those who had a possi-
ble false-negative CT (ie, no GGO nod-
ule described on radiologic report) were
not included. A GGO nodule (solid por-
tion is �5% of nodule volume) was de-
fined as a discrete pulmonary nodular
abnormality 3 cm or less in diameter,
with homogeneous attenuation that was
not as high as that of surrounding soft-
tissue structures (eg, blood vessels).
The nodule had a diameter ratio of
short and long axes within a factor of
1.5 of each other on transverse scans
and was observed on a successive num-
ber of thin-section CT scans, thereby
verifying that the lesion is spherical.

We also included studies with multi-
ple GGO nodules with tissue confirmation
for at least one of these multiple nodules.
This study included a total of 49 patients
with persistent (no change or an increase
in diameter for �1 month) nodules at se-
rial CT examinations. All patients under-

went at least one previous CT examina-
tion at least 1 month or more before this
study. The 49 patients had a total of 127
pure GGO nodules. Thirty-seven patients
had a single nodule and 12 had multiple
nodules (one patient had two nodules,
one had three nodules, two had four nod-
ules, and eight had five or more nodules)
at CT.

The CT-histopathologic comparison
study included 53 nodules in 49 patients.
One specimen was obtained from each of
37 patients with a single GGO nodule,
from one of multiple GGO nodules in nine
patients, from two of multiple nodules in
two patients, and from three of multiple
nodules in one patient.

Demographic Evaluation
Age, sex, history of cigarette smoking, the
presence of respiratory symptoms, and
prior lung or head and neck cancer or
other risk factors for lung cancer were
assessed (Y.M.S., K.S.L.). In addition,
we also reviewed how these GGO nodules
were detected (eg, incidental nodules on
chest CT scans or identified nodules dur-
ing lung cancer screening). The results of
percutaneous needle aspiration biopsy
and positron emission tomography were
also recorded.

Image Acquisition and Analysis
Helical CT scans were obtained by using
single–detector (eight patients with 14
nodules; HiSpeed Advantage, GE Health-
care, Milwaukee, Wis), four–detector
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Advances in Knowledge

� Of 53 pure ground-glass opacity
nodules, 40 (75%) were diag-
nosed as broncholoalveolar cell
carcinoma (BAC) or adenocarci-
noma with predominant BAC
component, three (6%) as atypi-
cal adenomatous hyperplasia, and
10 (19%) as nonspecific organiz-
ing pneumonia/fibrosis.

� No morphologic features visual-
ized at thin-section CT allowed
these three diseases to be
differentiated.

Implication for Patient Care

� No morphologic features visual-
ized at thin-section CT allow for
the differentiation of BAC or ade-
nocarcinoma with BAC compo-
nent from other diseases.
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(24 patients with 59 nodules; Light-
Speed QX/I, GE Healthcare), eight–de-
tector (12 patients with 15 nodules;
LightSpeed Ultra, GE Healthcare), or
16–detector (five patients with 39
nodules; LightSpeed16, GE Healthcare)
row scanners. Scanning was performed
from the thoracic inlet to the middle
portion of the kidneys; unenhanced
scans were obtained from eight patients
for 50 nodules and both contrast
material–enhanced and unenhanced
scans from 41 patients for 77 nodules.
For contrast-enhanced images, 100
mL of contrast medium (Iomeron 300;

Bracco, Milan, Italy) was administered
intravenously.

In all patients, the scanning parame-
ters were 120 kVp and 70–200 mA.
Scanning and image reconstruction for
single–detector row helical CT was per-
formed with a section thickness of 7
mm, a pitch of 1, and a reconstruction
interval of 7 mm; for 4–16-section CT,
beam width of 10 mm, a beam of 1.375–
1.5, and a reconstruction interval of
2.5–5.0 mm. For single–detector helical
CT, additional thin-section (1.0–2.5-mm
section thickness) CT scans were ob-
tained from GGO nodules, whereas
the 1.25–2.5-mm thin-section CT scans
were acquired by using retrospective
reconstruction of raw data for 4–16-
section CT.

All image data were reconstructed
by using a bone algorithm. Data were
interfaced directly to our picture archiv-
ing and communication system (Path-
Speed or Centricity 2.0; GE Healthcare,
Mt. Prospect, Ill), which displayed all
image data on monitors (four monitors,
1536 � 2048 matrix, 8-bit viewable

gray-scale, 60-foot-lambert luminescence).
The monitors were used to view both
mediastinal (width, 400 HU; level, 20
HU) and lung (width, 1500 HU; level,
�700 HU) window images.

Two chest radiologists (H.Y.K.,
C.A.Y., with 2 and 5 years experience in
chest CT, respectively), unaware of the
clinical findings and histologic diagnoses
of GGO nodules, assessed CT scans ret-
rospectively. Decisions on CT findings
were reached by consensus. CT scans
were assessed by observing nodule size,
shape, contour, internal characteristics,
and the presence of a pleural tag.

The longest tumor diameters were
measured. Shapes were classified as
round, oval, or polygonal. Marginal char-
acteristics were classified as smooth,
lobulated, spiculated, or lobulated and
spiculated. The presence of a bubble-
like lucency or a pleural tag was re-
corded. Bubble-like lucency was defined
as round or branching air attenuation in
a GGO nodule. A pleural tag was de-
fined as a linear attenuation heading to-
ward the pleura or the major or minor

Figure 1

Figure 1: Nonmucinous BAC in 56-year-old
asymptomatic woman. (a) Transverse lung-win-
dow thin-section (1.25-mm-thick) CT scan shows
8-mm round, well-defined GGO nodule (arrow) in
left upper lobe. (b) Photomicrograph (hematoxy-
lin-eosin stain; original magnification, �100)
shows columnar tumor cells growing along thick-
ened alveolar walls (lepidic growth).

Figure 2

Figure 2: Nonmucinous BAC in 63-year-old
asymptomatic man. (a, b) Transverse lung-window
thin-section (2.5-mm-thick, 10-mm interval) CT
scans of distal left main bronchus show 22-mm
GGO nodule (arrows) with slightly lobulated margin.
(c) Photomicrograph (hematoxylin-eosin stain; mag-
nification, �1) shows round tumor (arrows) com-
posed of uniform cuboid cell proliferations involving
alveolar walls.
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fissure from a GGO nodule. We also
recorded the attenuation values of GGO
nodules. A region of interest, ovoid or
circular, covering one-half to two-thirds
of the largest area in a GGO nodule
away from areas of bubble-like lucency,
was selected. For each GGO nodule, the
average attenuation value (the mean of
two measurements) and a standard de-
viation were calculated on unenhanced
thin-section CT scans.

Because serial CT scans (for 53 nod-
ules in 49 patients) were available in all
patients (follow-up range, 1–78 months;
mean, 10 months), interval changes for
GGO nodules in terms of maximum di-
ameter or the new appearance of a solid
portion within a lesion were investi-

gated. The fates of patients were also
assessed during the follow-up period.

CT-Pathologic Comparison
The interval between chest CT and
pathologic evaluation ranged from 0 to
49 days (mean, 8 days). Pathologic
specimens were obtained by using
video-assisted thoracoscopic surgery
wedge resection in 23 patients, lobec-
tomy in nine, and open thoracotomy in
17. In the 23 patients who underwent
wedge resection, needle localization of
the nodule was made with CT guidance.
With multiple nodules, the larger nod-
ule within 2 cm of the pleura or the
fissure was the target of wedge resec-
tion.

Entire sections of resected tissues
were fixed in formalin and embedded in
paraffin. Several 4-�m-thick sections
taken from the equator of lesions were
hematoxylin-eosin stained and exam-
ined by using light microscopy. All tis-
sue sections were interpreted by using
an experienced lung pathologist (J.H.,
with 14 years experience in lung pathol-
ogy). BAC was defined as a tumor
exhibiting a pure broncholoalveolar
growth pattern with an increase in
thickness of alveolar septae and no evi-
dence of stromal, vascular, or pleural
invasion according to the revised World
Health Organization histologic classifi-
cation system (10).

Adenocarcinoma with predominant

Figure 3

Figure 3: Multiple (total, 24 GGO nodules) nonmuncinous BACs in 32-year-old
woman. (a–c) Transverse lung-window thin-section (2.5-mm-thick) CT scans
show round, well-defined GGO nodules (arrow) in (a) proximal bronchus interme-
dius (6-mm nodule), (b) distal bronchus intermedius (5-mm nodule), and (c) right
middle lobar bronchus (4-mm nodule). Note other small GGO nodules (arrow-
heads) (a) along right minor fissure, (b) in right middle lobe, and (c) along right
major fissure. Pathologic wedge resection specimens showed round or ovoid pa-
renchymal nodules with uniform involvement of alveolar walls by proliferating
cuboid cells (not shown).
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BAC component was defined as a tumor
demonstrating a BAC-like growth pat-
tern with stromal invasive foci, which
were considered present with several
positive histologic parameters including
fibroblastic proliferation, disruption of
the elastic framework, and architectural
distortion of the acinar or papillary
structures by tumor cells. AAH was de-
fined as a lesion with a well-defined
boundary with alveoli and respiratory
bronchioles that were lined by monoto-
nous, slightly or minimally atypical
cuboid to low-columnar epithelial cells
with dense nuclear chromatin, incon-
spicuous nucleoli, and scant cytoplasm
that did not elicit stromal thickening in
alveolar septae (10). When diagnoses
other than BAC or AAH were made,
detailed histopathologic findings of he-
matoxylin-eosin–stained tissues were
recorded.

The histopathologic-CT compari-
sons were examined for unusual mor-
phologic features of GGO nodules, such
as a polygonal shape, a lobulated or
spiculated margin, and the presence of
a pleural tag.

When lobectomy was performed in
patients with BAC or adenocarcinoma
with predominant BAC component (38
nodules in 24 patients), we also evalu-
ated hilar or mediastinal nodal meta-
static status.

Statistical Analysis
Statistical analyses were performed with
SAS software (version 9.13; SAS Insti-
tute, Cary, NC). Patient demographics
(ie, the ratio of men to women, GGO
nodule multiplicity, the presence of respi-
ratory symptoms, smoking history, and
prior history of other malignancy) were
compared with histopathologic diagnoses
(eg, thin-nocarcinoma with predominant
BAC component, AAH, and nonspecific
fibrosis or organizing pneumonia) by us-
ing the Fisher exact test. Because BAC
and adenocarcinoma with predominant
BAC component had similar behavioral
features and prognosis (6,9), they were
put in the same group. Ages were com-
pared by using the Kruskal-Wallis test.

Morphologic features regarding nod-
ule size and attenuation values were com-
pared with histopathologic diagnoses by

using the Kruskal-Wallis test. Shape,
marginal characteristics, internal charac-
teristics, and the presence of pleural tag
were compared with histopathologic di-
agnoses by using the Fisher exact test.
Although some patients had more than
one nodule (53 nodules in 49 pa-
tients), we did not perform a general-
ized estimating equation analysis for
data clustering (see Discussion regard-
ing study limitations). A P value of less
than .05 was considered to indicate a
significant difference.

Results

Histologic Diagnoses and Demographic
Findings
Of the 53 GGO nodules histopathologi-
cally evaluated from 49 (20 men, 29
women; mean age, 54 years; range,
29–78 years) patients, 36 (68%) were
diagnosed as BAC (Figs 1–3), four (7%)
as adenocarcinoma with predominant
BAC component, three (6%) as AAH
(Fig 4), and 10 (19%) as nonspecific orga-
nizing pneumonia/fibrosis (Figs 5, 6).

Regarding the clinical characteris-
tics of the 49 patients (Table 1), there
was no significant difference in either
the sex (P � .99) or age (P � .58) ratio
between the BAC or adenocarcinoma
with predominant BAC component (n �

36), AAH (n � 3), and nonspecific orga-
nizing pneumonia/fibrosis (n � 10) pa-
tient groups. Multiple nodules were
demonstrated in 22% (eight of 36) of
BAC or adenocarcinoma with predomi-
nant BAC component, 67% (two of

Figure 4

Figure 4: AAH in 55-year-old man. (a) Transverse lung-window thin-section (2.5-mm-thick) CT scan
shows 12-mm round, well-defined GGO nodule (arrow) in left upper lobe. (b) Photomicrograph (hematoxylin-
eosin stain; magnification, �100) of nodule (arrows) shows alveolar wall thickening and increased numbers
of alveolar lining cells with minimal wall thickening.

Figure 5

Figure 5: Organizing pneumonia/fibrosis in
50-year-old woman. Transverse lung-window
thin-section (2.5-mm-thick) CT scan shows
9-mm round, well-defined GGO nodule (arrow) in
right upper lobe. Pathologic wedge resection
specimen showed chronic inflammatory cell infil-
tration in alveolar walls and several tortuous thick-
walled vessels with anthracotic pigmentation in
peribronchiolar soft tissue and the interlobular
septum, suggestive of postinflammatory changes
(not shown).
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three) of AAH, and 20% (two of 10) of
nonspecific fibrosis or organizing pneu-
monia patients (P � .21). Ten (20%) of
49 patients had symptoms such as chest
pain, cough, or blood-tinged sputum;
nine (90%) of these 10 had BAC or
adenocarcinoma with predominant BAC
component. However, these results
showed no significant difference between
the disease groups (P � .19). Smoking
history (P � .82) and history of other
prior malignancy (P � .16) were also not
different between these groups.

Five patients had a previous malig-
nant tumor history; nasopharyngeal
cancer in two and rectal cancer, thyroid
papillary carcinoma, and thigh liposar-
coma in one each. The two patients with
BAC had previous history of nasopha-
ryngeal cancer. The GGO nodules were
identified on CT scans in 10 patients
who underwent chest CT for respira-
tory symptoms, in 32 patients who un-
derwent lung cancer screening CT, and
incidentally in seven patients without
pulmonary symptoms who underwent
chest CT for other reasons. Positron
emission tomography scans, performed
in 24 (49%) of 49 patients, demon-
strated negative results for malignancy
in all patients. Percutaneous needle as-
piration biopsy was performed in four
patients resulting in final diagnoses of
BAC in three and nonspecific fibrosis or
organizing pneumonia in one. Biopsy
specimens showed positive results for

BAC in only one (25%) of these four
patients.

Thin-Section CT Findings
On serial CT studies, which were avail-
able in all patients (follow-up range,
1–78 months; mean, 10 months) prior
to histopathologic examination, nodules
showed an increase in size of more than
5 mm in diameter in two (over a fol-
low-up period of 2 and 72 months, re-
spectively), an increase of up to 5 mm in
five (over a follow-up period of 20
months; range, 4–46 months), and no
change in 46 patients. The nodules that
showed a size increase of more than 5
mm was confirmed as a BAC in one and
a chronic inflammation in the other. All
lesions that showed a slight size in-
crease (�5 mm) were due to BAC.

The mean values (Table 2) of the
maximum diameter � standard devia-
tion of GGO nodules were 13 mm � 6.9
for BAC or adenocarcinoma with pre-
dominant BAC component, 8 mm � 3.8
for AAH, and 12 mm � 6.7 for nonspe-
cific fibrosis or organizing pneumonia
patients (P � .99). The morphologic
characteristics of nodules in terms of
shape, marginal characteristics, inter-
nal characteristics, and presence of
pleural tag were not significantly differ-
ent between BAC or adenocarcinoma
with predominant BAC component,
AAH, and nonspecific fibrosis or orga-
nizing pneumonia groups. Mean CT at-
tenuation values were �499 HU �
171.6 (range, �103 to �775 HU) for
BAC and adenocarcinoma with pre-
dominant BAC component, �667.3
HU � 62.1 (range, �615 to �736 HU)
for AAH, and �554.6 HU � 165.2
(range, �258 to �792 HU) for non-
specific fibrosis or organizing pneumo-
nia (P � .99).

Thin-Section CT–Pathologic Comparisons
Both AAH and BAC showed a replacing
growth pattern along the alveolar lining,
with no destruction of alveolar walls
(Figs 1–4). However, AAH usually had
more air spaces and fewer cellular com-
ponents than did BAC. A polygonal
shape (25%, 10 of 40) in BAC or adeno-

Figure 6

Figure 6: Organizing pneumonia/fibrosis in
51-year-old woman. Transverse lung-window
thin-section (1.25-mm-thick) CT scan of right
upper lobar bronchus shows 18-mm rectangular
GGO nodule with concave margin (arrow) laterally
in left upper lobe. Pathologic wedge resection
specimen showed alveolar wall thickening owing
to inflammation and loose fibrosis, and intra-
alveolar inflammatory exudate. Interlobular septal
thickening with edema and fibrosis, patchy inter-
stitial lymphoid aggregations with occasional
germinal center formation, and pleural puckering
with fibrosis were also seen (not shown).

Table 1

Patient Demographics

Characteristic

BAC or
Adenocarcinoma
(n � 36)

AAH
(n � 3)

Fibrosis/Organizing
Pneumonia
(n � 10) P Value

Sex ratio (M:F) 15:21 1:2 4:6 �.99*
Age (y)† 54 � 11.4 54 � 4.6 54 � 8.0 .58‡

Multiplicity 8/36 (22) 2/3 (67) 2/10 (20) .21*
Positive symptom 9/36 (25) 1/3 (33) 0/10 (0) .19*
Smoker 8/36 (22) 1/3 (33) 3/10 (30) .82*
Cancer history 2/36 (6) 1/3 (33) 2/10 (20) .16*

Note.—Except where indicated, data are numbers of patients, and numbers in parentheses are percentages.

* Fisher exact test.
† Data are mean � standard deviation.
‡ Kruskal-Wallis test.
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carcinoma with predominant BAC com-
ponent was associated with fibrosis in
the tumor or emphysematous paren-
chyma. A lobulated or spiculated mar-
gin (45%, 18 of 40) in BAC or adenocar-
cinoma with predominant BAC compo-
nent corresponded histologically to an
area of irregular fibrosis within tumors
or an infiltrative tumor growth pattern.
A pleural tag (20%, eight of 40) was
caused by fibrotic bands usually associ-
ated with juxtacicatricial pleural retrac-
tion.

The main histopathologic feature of
organizing pneumonia/fibrosis was the
presence of polypoid plugs of loose fi-
broblastic tissue within alveoli and dis-
tal small airways, associated with a vari-
able degree of interstitial and alveolar
infiltration by mononuclear cells and
foamy macrophages. GGO in organizing
pneumonia/fibrosis histologically repre-
sented areas of interstitial thickening
with fibrosis and chronic inflammatory
cell infiltration, deposition of some in-
tra-alveolar polypoid granulation tissue,
collapse of airspaces, or contraction of
an injured lung (Figs 5, 6).

A polygonal shape (two of 10, 20%)
was caused by buds of granulation tis-
sue in the distal airspaces, which simu-
lated apparent septal thickening and
contributed to a coarse reticular pat-
tern, even though it was not associated
histologically with interlobular septal
thickening (Fig 6). A lobulated or spicu-
lated margin (three of 10, 30%) corre-
sponded histologically to areas of orga-
nizing exudate accumulation in peri-
lobular alveoli. A pleural tag (one of 10,
10%) was caused by peribronchiolar in-
flammation and focal areas of linear at-
electasis.

Nodal Status and Follow-up Evaluation in
Patients with BAC or Adenocarcinoma
with Predominant BAC Component
Of 33 patients with single or multiple
BACs, 21 patients underwent thoracot-
omy for curative resection. Three pa-
tients with single or multiple adenocar-
cinomas with predominant BAC compo-
nent also underwent thoracotomy. None
of these 24 patients had nodal metasta-
sis in the hilum or mediastinum (all had
no disease).

Of 36 patients with BAC or adeno-
carcinoma with predominant BAC com-
ponent, 27 were followed up (range,
1–65 months; mean, 16.8 months) with
clinical surveillance and CT. Of these
27, 23 had a single nudule, and four had
multiple nodules. Patients in whom a
single nodule was resected had no evi-
dence of recurrent disease. Two pa-
tients with multiple (total 12) nodules,
in whom two and three nodules were
respectively resected, had same-sized
remaining nodules over their respec-
tive follow-ups (11 and 17 months).
Two patients with multiple (total 18)
nodules, in whom one nodule per pa-
tient was resected, also had same-
sized remaining nodules over fol-
low-up (range, 4–6 months). One pa-
tient who had multiple heavy burden
of GGO nodules (one of these GGO
nodules was confirmed as BAC in
wedge resection), received postopera-
tive chemotherapy.

None of the 27 patients with BAC or
adenocarcinoma with predominant BAC
component died of the disease over the
average follow-up period of 17 months
(range, 1–65 months).

Discussion

In a study by Nakata et al (8), 28 nod-
ules with pure GGO proved to be BAC
(n � 17), AAH (n � 8), or adenocarci-
noma (n � 3). However, according to
another report (6), of 10 pure GGO
nodules at biopsy, five were diagnosed
as BAC or adenocarcinoma with mixed
cellularity, three as pulmonary lympho-
proliferative disease, one as AAH, and
one as a fibrotic lesion. Overall, the his-
tologic diagnoses of GGO nodules in our
study were 75% (40 of 53 nodules) BAC
or adenocarcinoma with predominant
BAC component, 6% (three of 53)
AAH, and 19% (10 of 53) nonspecific
fibrosis or organizing pneumonia. Al-
though the literature shows that lym-
phoproliferative disease, particularly
bronchus-associated lymphoid tissue
lymphoma, might appear as a pure
GGO nodule, we did not identify a sin-
gle case manifesting as a GGO nodule.

A number of studies have tried to
identify discriminative imaging findings
for each disease. Nakata et al (8) re-
ported that GGOs of 10 mm or more in
diameter or a solid component within

Table 2

Morphologic Features of GGO Nodules at Thin-Section CT

Characteristic

BAC or
Adenocarcinoma
(n � 40)

AAH
(n � 3)

Fibrosis/Organizing
Pneumonia
(n � 10) P Value

Nodule size (mm)* 13 � 6.9 8 � 3.8 12 � 6.7 �.99†

Shape .20‡

Round 21/40 (53) 3/3 (100) 6/10 (60)
Oval 9/40 (23) 0/3 (0) 2/10 (20)
Polygonal 10/40 (25) 0/3 (0) 2/10 (20)

Margin �.99‡

Smooth 22/40 (55) 3/3 (100) 7/10 (70)
Lobulated 10/40 (25) 0/3 (0) 3/10 (30)
Spiculated 2/40 (5) 0/3 (0) 0/10 (0)
Lobulated and spiculated 6/40 (15) 0/3 (0) 0/10 (0)

Internal characteristics
Solid 3/40 (8) 0/3 (0) 0/10 (0) �.99‡

Bubble 13/40 (33) 0/3 (0) 0/10 (0) �.99‡

Pleural tag 8/40 (20) 0/3 (0) 1/10 (10) �.99‡

Attenuation value (HU) 499 � 171.6 667 � 62.1 555 � 165.2 �.99†

Note.—Except where indicated, data are numbers of nodules, and numbers in parentheses are percentages.

* Data are mean � standard deviation.
† Kruskal-Wallis test.
‡ Fisher exact test.
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GGO are informative signs of malig-
nancy, whereas AAH lesions often ap-
pear as pure GGO of less than 10 mm
in diameter. However, other authors
(5,11) have reported cases of AAH
larger than 10 mm in diameter, as was
observed in one of our three cases.
Therefore, the lesion size criterion
alone cannot differentiate between BAC
and AAH.

Kishi et al (12) reported that a diag-
nosis of multiple AAHs or BACs should
be considered when numerous small,
well-defined, and uniform GGO nodules
are observed at thin-section CT. How-
ever, in our study, multiple GGO nod-
ules were also noted in patients with
organizing pneumonia/fibrosis (20%,
two of 10), BAC or adenocarcinoma
with predominant BAC component
(22%, eight of 36), and AAH (67%, two
of three).

Furuya et al (13) suggested that
analyses of the marginal characteristics
of a small pulmonary nodule are useful
for determining their nature and reflect
their underlying pathologic characteris-
tics. They asserted that a tentacled or
polygonal margin is indicative of a be-
nign inflammatory nodule in up to 80%
of pulmonary nodules. Histopathologic
correlations showed that tentacled or
polygonal margins corresponded to ar-
eas of fibrosis, dense infiltration by in-
flammatory cells, collapsed alveoli, or
intra-alveolar exudate organization. Re-
traction of an affected lobule associated
with a nodular lesion, in contrast with
intact adjacent lobules, causes a con-
cave margin. However, in our study,
no significant morphologic differences
were observed between BAC or adeno-
carcinoma with predominant BAC com-
ponent, AAH, and organizing pneumo-
nia/fibrosis GGO nodules.

By using a description of the CT
findings of focal organizing pneumonia,
Yang et al (7) proposed that a GGO
nodule with an oval or polygonal ap-
pearance (especially when the lesion is
associated with satellite nodules at CT)
suggests a benign nature. However, be-
cause the marginal and morphologic
characteristics (polygonal shapes of
GGO nodules) are not specific findings
of any of these diseases, it is very diffi-

cult to differentiate any particular dis-
ease from the others.

GGO in BAC represents lepidic tu-
mor growth. However, in a thin-section
CT–pathologic correlative study, GGO
areas in BAC or adenocarcinoma with
predominant BAC component did not
histopathologically denote pure lepidic
tumor growth areas (14). The GGO
component of BACs can be caused by
the papillary overgrowth of tumor cells
into alveoli, mucin, nonspecific intersti-
tial fibrosis, associated acute pneumo-
nia or respiratory bronchiolitis, or peri-
tumoral hemorrhage (14). Therefore, a
polygonal shape and lobulated or spicu-
lated margin can be seen, histologically
caused by irregular interstitial fibrosis
or an infiltrative tumor growth. Pleural
tags are caused by fibrotic bands, asso-
ciated with juxta-cicatricial pleural re-
traction (15–17).

In organizing pneumonia/fibrosis, a
polygonal shape and a lobulated or spic-
ulated margin are caused by granulation
tissues in distal airspaces aligning in a
linear manner, thus simulating septal
thickening and contributing to a coarse
reticular pattern with or without in-
terlobular septal thickening. Pleural
tags represent areas of peribronchio-
lar inflammation and linear atelectasis
(7,18,19). Although small in number, in
our study, three AAHs appeared as
round GGO nodules with a smooth mar-
gin without lobulation or spiculation.
Thus, the presence of a polygonal shape
or lobulated or spiculated margin may
preclude the diagnosis of AAH.

Because of difficulties associated
with the preoperative or even intraop-
erative histopathologic diagnoses of
small GGO nodules, wide-wedge resec-
tion or segmentectomy in combina-
tion with intraoperative lavage cytology
should be recommended as a safe and
minimally invasive method for the diag-
nosis of GGO nodules (6). Because pa-
tients with BAC or adenocarcinoma
with predominant BAC component and
a GGO nodule have a good prognosis,
wedge resection is recommended rather
than lobectomy (9,20).

In our study, none of the 24 patients
who underwent lobectomy and lymph
node dissection had metastatic hilar or

mediastinal lymph nodes. In addition,
none of the patients with BAC or adeno-
carcinoma with predominant BAC com-
ponent died of the disease. Therefore,
limited resection surgery can be recom-
mended in patients with BAC or adeno-
carcinoma with predominant BAC com-
ponent and GGO nodules.

Several other studies (21–23) have
also suggested that thoracoscopic lim-
ited resection for single GGO lesions
selected by thin-section CT is valid. A
multiple appearance does not imply
lower chances of survival. Asamura et al
(21) suggested that GGO lesions should
be interpreted as surgical candidacy
even when a patient has multiple le-
sions, under the stipulation that the pa-
tient has reserved lung parenchymal
volume. Moreover, surgical interven-
tion should be followed-up with CT
evaluations at proper intervals (3–6
months).

Our study is limited by selection
bias. Although we included consecutive
patients who underwent surgery or sur-
gical biopsy for lesions appearing as
pure GGO nodules, not all patients with
a GGO nodule underwent histopatho-
logic confirmation. This may explain
why, when compared with previous re-
ports (6,8), our study contains a rela-
tively small percentage of AAH (6%)
and no cases of lymphoproliferative ma-
lignancy. However, in this study, we
tried selectively to include patients with
a pure GGO nodule (�5% of solid com-
ponent). Another possible limitation is
data clustering because we included
multiple nodules per patient. However,
we did not do a generalized estimating
equation analysis to address this, since
some literature favors a multiclonal ori-
gin of each nodule when BACs are mul-
tifocal, indicating that these nodules
are not related, but are independent
(24,25).

In conclusion, about 75% of pure
persistent pulmonary GGO nodules
turn out to be BAC or adenocarcinoma
with predominant BAC component,
and these do not manifest distinguishing
morphologic features on thin-section
CT images that allow their differentia-
tion from other GGO nodules with dif-
ferent histopathologic diagnoses.
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