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ABSTRACT:  The aim of the present study was to investigate the appearance of
bronchioloalveolar lung carcinoma on computed tomography (CT) scans, and to
determine the frequency of signs suggestive of this diagnosis.

CT features of 42 cases with pathologically proven bronchioloalveolar carcinoma
were retrospectively analysed for pattern, size, location and secondary signs sug-
gesting the diagnosis.

Bronchioloalveolar carcinoma had one of the following patterns:  solitary nodule
or mass (16), lobar consolidation (10), multilobar consolidations (13) and diffuse
nodules (3).  The 16 solitary nodules or masses ranged in size from 2.0 to 9.4 cm
(mean±SD 3.75±1.7 cm).  Eleven of the 16 nodules or masses were peripheral and
five were central: Eight of the 16 tumours had pleural tags, seven had spiculated
margins, and three had bubblelike lucencies.  The consolidations were periphe-
rally distributed in 13 out of 23 cases; cystic airspaces were observed in 19 out of
23 consolidations; bulging of interlobar fissures in 8 out of 23;  and the angiogram
sign in 7 out of 23.

In conclusion, computed tomography findings of bronchioloalveolar carcinoma
have a wide spectrum, showing typically a peripheral nodule or consolidation.
Computed tomography has a role in the diagnosis of nodular localized versus other
forms, with subsequent therapeutic and prognostic implications.
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Bronchioloalveolar carcinoma (BAC) has varied growth
patterns, mixed histological features, and confusing clini-
cal manifestations and evolution [1–8].  Histopathologi-
cally, it is classified as a subtype of adenocarcinoma and
is characterized by its tendency to spread locally, using
the lung structure as stroma, without destroying the under-
lying architecture [4–6, 9]. Some of the distinguishing
pathologic and epidemiological features of BAC include:
peripheral location [10, 11]; association with desmo-
plastic reaction (scarring) [12]; mucin production [13,
14]; high occurrence (30%) in nonsmokers [15, 16]; com-
paratively high female-to-male ratio (1:1 versus 1:3 for
all other cell types of lung cancer) [17]; and tendency to
appear in multiple foci [18, 19]. Furthermore, recent evi-
dence suggests that adenocarcinoma of the lung has
increased in the last decade, and that this overall increase
in adenocarcinoma is largely due to an increase in BAC
[20].

The spectrum of the radiographic findings is broad
with typically three different patterns:  1) a solitary nod-
ule or mass; 2) a localized consolidation; and 3) a multi-
centric or diffuse disease [21, 22].  Various CT patterns
suggestive of BAC have recently been reported.  These
appearances include: cystic air spaces [7, 23]; star pattern

and pleural tag reflecting the tendency for the tumour to
retract [7, 10, 19, 21, 23]; the angiogram sign [24]; and
bulging of fissures [22].  The frequency of these signs
has not been evaluated in sufficiently large samples of
patients.  The aim of the present study was, thus, to deter-
mine their frequencies in 42 consecutive patients with
histopathologically proven BAC.

Material and methods

Study subjects

We retrospectively reviewed the tumour registry and
the CT records of three tertiary-care hospitals over a 4
year period, from 1990 to 1994, and found 42 patients
with pathologically proven BAC (31 males and 11 fem-
ales; aged 42–80 yrs, mean age 61 yrs).  The diagnosis
of BAC was based on the examination of surgical speci-
mens in 24 of the 42 patients and on histological biop-
sies obtained by transbronchial or transthoracic biopsies
in 18.  As a rule, in the three hospitals concerned, the
diagnosis of bronchioloalveolar carcinoma was made by



consensus between two observers, at least one trained
pathologist and one 2nd year pathology resident.  Cases
were excluded if a primary adenocarcinoma was present
elsewhere, or if a history of treatment for adenocarcino-
ma was found in the clinical data [4].  The pathological
designation of bronchioloalveolar carcinoma was based
on the usually accepted criteria of a characteristic appea-
rance of tumour cells, either columnar or cuboidal,  grow-
ing along the alveolar walls, with preservation of the
normal underlying architecture [4].  Smoking habits of
the patients were recorded, but in 11 of the 42 patients
no pertinent information could be obtained due to the
retrospective nature of our study; 10 out of 31 patients
were nonsmokers, and 21 of the 31 patients were heavy
smokers (range 3–90 pack-yrs; mean 41±20 pack-yrs).

Methods

In all cases, conventional CT scans were obtained with
contiguous sections of 10 or 8 mm collimation, cover-
ing the entire thorax; contrast medium was used in 37
of the 42 cases.  In 9 of the 42 cases, high-resolution
CT (HRCT) scans were also available (noncontiguous
scans of 1 mm collimation, reconstructed with a high-
spatial frequency algorithm).

Analysis

Tumour size was recorded as the average of the maxi-
mum craniocaudal, anteroposterior and transverse dim-
ensions.  Tumour location was described in terms of the
affected lobe(s) and of central versus peripheral location.
Peripheral tumours were defined as those that involved
the outer third of the lung.

For the nodular form, morphology was defined as
smooth or spiculated; the presence of pleural tags and
of bubblelike lucencies within the mass was recorded.
Pleural tags are triangular strands or projections radia-
ting out from the mass towards the pleural surface [11].
Bubblelike lucencies are sometimes referred to as pseudo-
cavitation, and correspond to patent small bronchi or
air-containing cystic spaces inside the nodule.

For the consolidated form, the presence of fissural
bulging, of air bronchogram or cystic airspaces within
the consolidation, and of an angiogram sign were record-
ed.  The angiogram sign [24] describes a consolidated
area of the lung of homogenous low attenuation, within
which branching pulmonary vessels are enhanced.  For
both forms, an invasion of the chest wall, the presence
of pleural fluid, and of enlarged lymph nodes (short axis
>1 cm) were recorded.  Additional radiological findings,
including scar fibrosis, and pneumoconiosis were noted.
Follow-up data from the medical records were reviewed.

Results

The four previously described patterns were found:
solitary nodule or mass; lobar consolidation; multilobar

consolidations; and diffuse nodules.  In our series, the
prevalences of these patterns were, 16, 10, 13, and 3 out
of 42, respectively.  The multifocal nature of BAC con-
sisting in multilobar consolidations and diffuse nodules
was, thus, present in 16 out of 42 of our cases:  the dis-
ease was unilateral in seven patients and bilateral in nine.
In 11 isolated forms, the patient's evolution suggested
that a continuum exists from the solitary nodule or the
lobar consolidation to the diffuse forms (fig. 1).  The
patient's survival was related to the initial radiological
pattern; with a 2 year survival after lobectomy or pneu-
monectomy of 9 out of 9 for a solitary nodule, and of 0
out of 5 for a localized consolidation.
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Fig. 1.  –  Continuum of lesions in the same patient.  a) Solitary nod-
ule, 2 cm in size, localized in the apical segment of the left lower lobe;
note bubblelike lucencies inside the nodule.  b)  Isolated lobar con-
solidation in the apical segment of the left lower lobe, 15 months later;
note the angiogram sign inside the consolidation.  c) Controlateral con-
solidation in the right lower lobe, 4 months later, after left lower lobec-
tomy.
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Table 1.  –  Typical findings of solitary nodules

Peripheral location 11/16
Pleural tags 8/16
Spiculated margins 7/16
Bubblelike lucencies 3/16
Nodes 2/16
Pleural effusion 1/16
Cavitation 1/16
Calcifications 1/16
Wall invasion 0/16

Fig. 2.  –  Solitary peripheral nodule with pleural tags.

Fig. 3.  –  Solitary peripheral nodule with bubblelike lucencies.

Fig. 4.  –  Multinodular pattern with foci of calcifications within one
of the nodules.

Fig. 5.  –  Multinodular pattern with cavitation of some nodules.

The size of the 16 solitary nodules or masses ranged
2.0–9.4 cm (mean±SD 3.75±1.7 cm); seven tumours were
located in the left upper lobe, six in the right upper lobe,
two in the right lower lobe, and one in the right middle
lobe.  Eleven tumours were peripheral.  Mediastinal enlar-
ged lymph nodes were present in two patients; one pat-
ient had pleural effusion.  Seven tumours had spiculated
margins, and eight tumours had pleural tags (fig. 2).  One
tumour showed punctate eccentric calcifications. No
chest wall invasion was observed.  Bubblelike lucencies
inside the nodule was seen in three cases (fig. 3), and
overt cavitation in one case (table 1). A widespread
multinodular pattern was seen in three patients:  in one
patient, foci of calcifications were observed in some nod-
ules (fig. 4); in another patient, some nodules were cavi-
tated (fig. 5).

Isolated lobar consolidation was found in 10 patients
and multilobar consolidations in 13.  Lobar consolida-
tions were located in the right lower lobe in seven cases,
in the right upper lobe in two, and in the left lower lobe
in one.  A peripheral distribution of the consolidations
was observed in 13 out of 23 cases.  Mediastinal and/or
hilar nodes were seen in six patients, and pleural effu-
sion in one.  Bulging of interlobar fissures (fig. 6) was
observed in 8 out of 23 patients.  Cystic air spaces (fig.
6) were apparent in 19 out of 23 patients and air bron-
chogram in 9 out of 23 patients.  An angiogram sign
(fig. 7) was seen in 7 out of 23 consolidations (table 2).



Underlying evidence of pulmonary injury was found
in 2 of the 42 patients: one case of pneumoconiosis and
one case of usual interstitial pneumonia.

Discussion

Bronchioalveolar carcinoma is a distinct variant of lung
cancer, accounting for up to 9% of all primary lung can-
cers [19, 25, 26].  BARSKY et al. [20] reported an increas-
ing incidence of BAC, rising from <5 to 24% in successive
5 year periods from 1975 to 1990; much of this increase
occurring in women [27, 28].  BAC have a wide variety

of radiological manifestations, ranging from a single solid
or  cavitated nodule to multilobar consolidations [21, 22].
The multifocal nature of BAC, seen in 16 of out 42 cases,
remains a major feature of this disease; the recognition
of multifocality dates back to the description of the dis-
ease by MALASSEZ [29] in 1876, and has been tradition-
ally explained as evidence for intrapulmonary metastasis:
the so-called lymphatic-intra-alveolar spread-aerosol aspi-
ration hypothesis [11].  Another explanation for multi-
focality is a multiple-clone hypothesis [30].  Evidence
exists in our series (fig. 1), as well as in the literature
[21], that a continuum exists between the solitary nod-
ule, the lobar consolidation, and the diffuse forms.

The aggressiveness of BAC is quite variable: the pre-
sent study suggests that the localized nodular lesions may
be the early stage of a very indolent tumour that may
infiltrate locally for a period of months, before becom-
ing diffuse. Thus, prognosis differs markedly depending
upon the radiological pattern.  A nodule less than 3 cm
in diameter may be cured by surgery in over 70% of
patients [30–33], whereas death usually occurs in less
than 3 yrs in the presence of diffuse disease [21].  A
lobar consolidation has, theoretically, a somewhat better
prognosis than does diffuse disease; however, experi-
ence with patients in this series agrees with the findings
of EPSTEIN et al. [3] and HILL [21], who have noted that
the prognosis of BAC presenting as a localized area of
consolidation is poor.  CT can distinguish between the
diffuse and the localized forms, with subsequent prog-
nostic implications [34]. Although CT is superior to
radiography in the detection of diffuse nodules, the
sensitivity of CT in showing pathologically proven mul-
ticentricity is only 63–68% [35].  BAC, like other ade-
nocarcinomas, may arise in damaged lung, but we found
signs of previous lung injury in only two patients:  one
case of pneumoconiosis, and one case of usual intersti-
tial pneumonia.

In our series, the major pattern of BAC (16 out of 42)
was an isolated nodule or mass, with a size ranging 2–9
cm.  Eleven of the 16 were peripheral, seven had spic-
ulated margins, and eight had pleural tags.  Histopatho-
logical correlations have shown that spicules and pleural
tags may be due to infiltrative tumour growth, lym-
phangitic spread, or desmoplastic reaction [7, 10, 12, 19,
21, 23, 36].  The differential diagnosis of peripheral
tumours with pleural tags (fig. 2) and spiculated margins
has to be made with other forms of adenocarcinoma,
adenosquamous carcinoma [37], squamous cell carcino-
ma [23] and infectious nodules due to atypical mycobac-
teria [38].  Another reported sign seen in the nodular
form of BAC is the presence of bubblelike lucencies
inside the nodule [7, 23], but these were visible in only
three of our cases (fig. 3).  These bubblelike lucencies
are related to the distinctive propensity of the tumour to
proliferate along the alveolar walls without disrupting
the overall lung architecture:  these pseudocavitations, thus,
correspond to patent small bronchi or air-containing
spaces.  True cavitation in BAC is unusual (1 in 16 in
our series) because of the relative lack of necrosis and the
preservation of normal lung architecture and perfusion
to the involved lung.  The differential diagnosis includes
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Table 2.  –  Typical findings of lobar and diffuse consoli-
dations

Cystic air spaces 19/23
Peripheral location 13/23
Air bronchogram 9/23
Fissural bulging 8/23
Angiogram sign 7/23
Nodes 6/23
Pleural effusion 1/23

Fig. 6.  –  Isolated lobar consolidation with bulging of major fissure
and cystic air spaces.

Fig. 7.  –  Isolated lobar consolidation with the angiogram sign.



Wegener's disease, other forms of adenocarcinoma, squa-
mous cell carcinoma, solitary metastasis or abscess; how-
ever, in all these cases, a true cavitation is generally
observed pathologically.

Consolidations were found in 23 of the 42 patients.  A
peripheral distribution of the consolidation was obser-
ved in 13 of these 23 cases.  The combination of the
tumoral growth along the alveolar walls without destruc-
tion of the underlying architecture, and the secretion of
mucin by the tumour, seen with various degrees in 80%
of BAC [39], explains the combination of air broncho-
gram [19] and cystic air spaces (fig. 6).  The differential
diagnosis includes pneumonia, lymphoma, and bron-
chiolitis obliterans organizing pneumonia [40].  In our
series, cystic airspaces combined with air bronchogram
was frequent (19 of 23 patients).  The production of
mucin by the tumour [39] can cause swelling of the
involved lobe, leading to bulging of the interlobar fis-
sures (fig. 6).  This was observed in 8 of the 23 patients.
The differential diagnosis includes acute pneumonia,  par-
ticularly Klebsiella pneumoniae pneumonia.

The angiogram sign [24] (fig. 7) has recently been
described as a CT sign of BAC.  It is supposed to be
due to two factors:  1) the vascular tree, like the bronchial
tree, is not distorted by tumour; and 2) due to mucin pro-
duction, the consolidated lung has a lower attenuation
than the vessels.  Consequently, the vessels are clearly
visible, particularly after intravenous administration of
contrast material.  This sign is suggestive but not spe-
cific for BAC, since it may be observed in many lesions,
including lipoid pneumonia, alveolar haemorrhage,
hydrocarbon inhalation, alveolar proteinosis, obstruc-
tive pneumonia [41], and lymphoma [42].  This sign was
observed in 7 of the 23 patients in our series (table 2).

The extensive multinodular form of BAC is reported
as the most infrequent pattern.  It was only seen in three
patients in our series, in accordance with the literature
[22].  In one patient, some nodules were calcified (fig.
4); and in another, some nodules were cavitated (fig. 5).
The differential diagnosis of such forms includes meta-
stasis, histiocytosis X, haematogenous abscesses, inva-
sive aspergillosis and granulomatous diseases.

In summary, BAC has a wide spectrum of CT appear-
ances, ranging from the isolated nodule to the multi-
lobar consolidation.  The peripheral location of the tumour
is characteristic of the nodular as well as of the consoli-
dated form.  The differential diagnosis includes firstly
the other forms of adenocarcinoma for the nodular form,
and bronchiolitis obliterans organizing pneumonia for
the consolidated form.  Combination, of signs may be
suggestive, for example a peripheral consolidation com-
bining cystic airspaces and air bronchogram, fissural bul-
ging and an angiogram sign.  CT has a role in the diagnosis
of diffuse versus localized forms, with subsequent ther-
apeutic and prognostic implications.
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