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The Role of Contrast Enhanced Computed
Tomography in the Diagnosis of Low
Density Pulmonary Nodules

Jinkyeung Hahm, Kyuok Choe, Sukhyeon Joo and Myeongjin Kim

Contrast enhanced CT wmanifestations of 141 pulmonary nodules having internal density less
than 40 HU were evaluated to study the prevalence of causative disease and their differential
points. Tuberculosis (n=79) was most common, active in 96%. There were 22 cancers, 10 abscesses,
9 paragonimiases, 8 cysts, 7 metastases, 4 aspergillomas without air meniscus sign, and so on. 35%
of the benign lesions were greater than 3 cm in diameter and 67% of benign lesions did not show
a smooth outer margin. Lung cysts and aspergillomas showed relatively thin peripheral emhanced
rim (PER), sharp transitional zome (TZ), a smooth inner border (IB), and homogeneous low densities
(LD). Tuberculous nodules tended to be smaller in size with thin PER and most had smooth IB and
homogeneous LD. Paragonimiasis, abscess, and cancer tended to presemt with thick PER and lobulat-
ed IB. Lung abscess and paragonimiasis both showed homogeneous LD and narrow TZ. However, in
paragonimiasis, multiple locules were seen. Lung cancer showed wider TZ and heterogeneous LD.
The size and outer margin of pulmonary nodules as a diagnostic criteria is less useful in LD pul-
monary nodule. Therefore, CT can be more useful in differentiating the bemign from the malig-
nant lesions by observing a more specific and characteristic pattern of peripheral emhanced rim,
tranmsitional zone, inner border, and homogeneity of low density area.

Key Words: Lung nodule, lung tuberculosis, lung abscess, lung paragonimiasis, lung asper-
gilloma, lung primary neoplasm, Thorax CT

Differentiation of lesions found on plain an inflammatory granuloma (Godwin, 1982;
chest radiographs as malignant or benign pul- Siegelman, 1980; Siegelman, 1986; Lee, 1993).
monary nodules is critical because of its im- The authors evaluated 141 pulmonary nodules

plication on treatment. In recent years, com-
puted tomographic (CT) densitometry has
played an important role in the differential di-
agnosis of such nodules. If the density is
greater than 164 HU or less than 50 HU, the
lesion is considered as a benign lesion such as
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in which the attenuation value of the central
low density was less than 40 HU on contrast
enhanced CT (CECT) scan. Most of these le-
sions were benign with active pulmonary tu-
berculosis being the most common. We experi-
enced few cases of aspergilloma resembling
simple cyst. To our knowledge, this is the
first report dealing aspergilloma and a large
number of pulmonary tuberculosis appearing
as a low density pulmonary nodule. However,
due to the fair number of malignant lesions
found in this study, determination of the true
nature of the lesions was sometimes very dif-
ficult. Correlation was sought between the CT
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findings and the ultimate diagnosis of low
density  pulmonary nodules and an attempt
was made to establish the criteria for the dif-
ferential diagnosis of these nodules.

METHODS AND MATERIALS

On CECT in 123 patients, a total of 141 low
density pulmonary nodules of which had di-
ameters less than 6cm was studied. This cri-
teria of the size was generally accepted in the
past (Fraser, 1989). We defined a low-density
nodule as a lesion in which an attenuation
value of the central low density was less than
40 HU on CECT. When a cavity was present
within the nodule, we included in the study
those in which the volume of the cavity was
less than 25%.of the volume of the nodule.
However, among these, pulmonary asper-
gillomas with the typical air-meniscus sign
which had no difficulty in diagnosis were
excluded (Table 1).

Pulmonary tuberculosis (79 nodules in 66 pa-
tients) was the most common disease entity.
Its diagnosis was made by detecting acid-fast
bacilli (AFB) in the sputum in 33 patients,
histologic confirmation through either biopsy
or operation in 22, and radiologic and sympto-
matic improvement after anti-tuberculosis
medications in 11. Fiftythree patients were
considered to have active tuberculosis because
of AFB-positive sputum or changes in the fol-

Table 1. Final diagnosis of 123 patients with low
density pulmonary nodules

Diagnosis No. of pts.

Tuberculosis(Tbc.) 66
Lung cancer 2,
Abscess
Paragonimiasis
Cyst
Metastasis
Aspergilloma
Miscellaneous
T-cell lymphoma 1
Inflammatory pseudotumor 1
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low-up chest radiographs. In 3 patients, the le-
sions showed no radiologic changes during the
six-month follow-up period and they were
considered as stable. The remaining 10 pa-
tients were listed as active because of symp-
toms even though. they were lost to follow-up
(n=7) or received surgery at the time of de-
tection (n=3).

There were 22 primary lung cancer in 22
patients in whom the diagnosis was made
histologically by needle aspiration biopsy,
bronchoscopic biopsy or surgery. Eleven pa-
tients had epidermoid carcinoma, 8 patients
had adenocarcinoma, and 3 patients showed
tumor of indeterminate cytology. There were
10 cases of lung abscesses in 8 patients, all
confirmed by bacteriology. Among the 8 pa-
tients having pulmonary paragonimiasis (9 le-
sions), 7 were confirmed by serology and 1 by
needle aspiration biopsy. There were 4 pa-
tients with pulmonary aspergillomas where
the diagnosis was made by operation or nee-
dle aspiration biopsy in 3 patients and con-
firmed by serology in 1 patient.

There were 8 cystic lesions in 7 patients
consisting of 4 echinococcal cysts (3 patients),
2 traumatic cysts (2 patients), 1 bronchogenic
cyst (1 patient) and 1 congenital cystic
adenomatoid malformation (1 patient). There
were 6 patients with hematogenous metasta-
ses (7 lesions) of which the primary lesion
being osteogenic sarcoma in 2, choriocar-
cinoma in 1, adenoid cystic carcinoma from
head and neck in 1, and a recurrent primary
lung cancer after lobectomy in 1 patient. The
remaining two patients had T-cell lymphoma
and an inflammatory pseudotumor which
were diagnosed by needle aspiration biopsy or
surgery. There were 81 male and 42 females
and the ages were between 18~76 years
(mean=>5l1 years).

The CT scanner used in this study was
Philips Tomoscan 310 (Best, Holland) and GE-
9800 (General Electric Med. System, Milwau-
kee, WI). The post contrast study was done
with a drip injection of 150ml of conray-60
(Mallinckrodt, USA). The scan was done in
lcm slice thickness with 10mm intersection
spacing after breath holding at the patients
expiratory phase. High-resolution CT scan was
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Low Density Pulmonary Nodule Evaluated by CT

Fig. 1. A woman 52 years of age with lung abscess.
A 35 cm sized nodule with an uneven and
thick enmhanced rim, smooth inner border, and
homogeneous central low density. Transitional
zone (arrowheads) is well delineated between
peripheral enhanced rim and a central low
density zome. Thick transitional zome is not
tydical for lung abscess.

additionally done in 12 patients (140 kVp/420
mAs, lL5mm slice thickness with 5mm
interslice gap). The nodules were evaluated
for their location, size, shape, and internal
structure. Maximal thickness of the peripheral
enhanced rim, thickness of the transitional
zone, inner border, and character of low densi-
ty were the point of evaluation. The measure-
ment was done at the level of the mid portion
of the nodule to avoid partial volume effect.
The transitional zone was defined as the in-
termediate zone between the peripheral en-
hanced rim and the central low density area
in which the density becomes intermediate

Number £

(Fig. 1).

The central low density area was evaluated
for homogeneity and multiplicity. When cavi-
tation was present, it was evaluated for its
number and whether the location was central
or eccentric. If the size of the cavities were
smaller than 3mm, the entity was described
as spongiform, and if it is greater than 3 mm,
they were described as multiple cavities. In
addition to these features, we also evaluated
calcifications, air-bronchogram, and satellite
nodules.

The statistical analysis was done with the
Chi-square test, the Krunskal-Wallis, and one
way analysis of variance (ANOVA) test.

RESULTS

Table 2 shows the size and the appearance
of the outer margin of the nodules as shown
on the CT. As to the size, lung cancer and
lung cyst were significantly larger than tuber-
culosis (p<0.05) (Table 2). Among the 111 be-
nign nodules, only 29 (26%) were smaller than
2 cm and 39 (35%) were larger than 3 cm in
diameter as compared to 30 malignant lesions
in which 21 (70%) had a diameter greater
than 3cm.

The outer margin was smooth in lung cyst
(Fig. 2) and in hematogenous metastasis, irreg-
ular and ill-defined in abscess (Fig. 1,3) and in
paragonimiasis (Fig. 4), and a tendency for
lobulation in lung cancer (Fig. 5) (p<0.05). Tu-
berculous nodules, on the other hand, dis-
played smooth, irregular, ill-defined, or lobulat-
ed margins (Fig. 6-8) (Table 2). Three asper-
gillomas showed smooth margins (Fig. 9) ex-
cept for one case which showed irregular
margins due to surrounding consolidation.
Even though this case had active pulmonary
tuberculosis as well, it was included in the
aspergilloma entity.

Table 3 shows the thickness of the periph-
eral rim, the transitional zone, the appearance
of the inner border, and the presence of air-
bronchogram. A total of 7 nodules, 4 of tuber-
culosis and one each of hematogenous metas-
tasis, aspergilloma, and inflammatory pseudo-
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Table 2. CT features of the outer portion of the nodules

Abscess Cancer Metastasis p-value

Cyst Aspergilloma Thbc.  Paragonimiasis
(n=8) (n=4) (n=179) (n=9) 0n=10) (0=22) m=7)
Size 32+13 3601 41x12* 30+10 <0.05'
Outer margin <005
Smooth 3 3 31 0
Lobulated 4 0 14 3 14 2
Irregular 10 6
Spiculated 0 0 24
Satellite nodule 0 65 7 6 7 0 <0.05°

Two cases, one T-cell lymphoma and one inflammatory pseudotumor, were not included in this statistical evalu-

ation
Note. Tbe.=tuberculosis
The number in size means the mean+standard deviation
The number in other item means the number of cases

* significant difference from tuberculosis
!: p-value by Krunskal-Wallis and one way ANOVA test
*: p-value by chi-square test

Fig. 2. A woman aged 27 years with ecchinococcal
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cyst.

Two pulmonary nodules, 3 and 4cm in size,
show a thin and evenly enhanced peripheral
rim, absence of tramsitional zone, smoolh
inner border (black arrows), and a homogene-
ous central low density, which are character-
istic for a cyst. One nodule has a lobulated
outer margin (white arrows) because of the
thin wall compressed by adjacent broncho-
vascular bundles.

Fig. 3. A man aged 53 years wit

== i~
leukemia and
lung abscess due to invasive aspergillosts.

A 3cm sized nodule shows a spiculated outer
margin, uneven and thick peripheral en-
hanced rim with air-bronchogram (arrows),
smooth inner border, narrow transitional
zome, and a homogeneous central low density.
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Low Density Pulmonary Nodule Evaluated by CT

Table 3. CT features of the enhanced portion of pulmonary nodules

Cyst  Aspergilloma Thc.

Paragonimiasis Abscess

Cancer Metastasis p-value

(n=8) n=4) (n=179) (n=9) (n=10) (n=22) n=7)
Max thickness 26+29 20+14 50t4.3 10.9+8.6 140+4.2% 134+72* 6.5+4.3 <0.05°
(mm)
Diff thickness 20425 1.0+1.7 33+38 8.7+6.8 100+52" 10.1+66" 3.7+3.1 <0.05°
(mm)
Transition zone <0.05*
0 7 3 36 0 3 1 2
< 2mm 1 1 29 7 5 8 2
> 2mm 0 9 14 2 2 13 3
Air bronchogram 0 1 39 7 7 12 0
Inner border <0.05*
Smooth 8 3 58 1 6 8 3
Lobulated 0 1 21 8 4 14 4

Two cases, one T-cell lymphoma and one inflammatory pseudotumor, were not included in this statistical evalu-

ation.
Note. Tbc.=tuberculosis
Max thickness: maximal thickness of enhanced rim

Diff thickness: maximal — minimal thickness of enhanced rim
The number in max thickness & diff thickness means the mean*a standard deviation

The number in other item means the number of case
* : significant difference from cyst and aspergilloma

': significant difference from cyst, aspergilloma, and tuberculosis

*: p-value by Krunskal-Wallis and one way ANOVA test

: p-value by chi-square test

tumor, showed totally homogeneous low densi-
ty nodules without high density peripheral
rim on CECT. Their transitional zone was re-
garded as 0 mm and were classified as nodules
with smooth inner border because they also
had a smooth outer margin. In the cases of
large lung cysts, passive collapse of the
adjacent lung parenchyma made it impossible
to separate it from the outer margin of the
cysts, producing a relatively thick peripheral
enhanced rim.

The mean values of the maximal thickness
of the peripheral rim were 25mm for
aspergilloma, 2.6 mm for lung cyst, 10.8 mm for
paragonimiasis, 14.0mm for abscess and 13.4
mm for lung cancer. In tuberculosis, the mean
value of maximal rim thickness was 5.0 mm,
which was in-between the cystic lesion which
had thin rims and the acute inflammation and
malignant lesions which had thicker walls. To

Number 2

measure the evenness of the peripheral rim,
we subtracted the minimum from the maxi-
mum thickness. The mean values were 1.0mm
for aspergilloma which was most even in
thickness, followed by 2.0mm for cysts, 3.3
mm for tuberculous nodules, 87mm for
paragonimiasis, 10.0mm for abscess, and 10.1
mm for lung cancer. Thus, lung cancer and
lung abscess had a tendency to have the most
uneven rims (p<0.05) (Table 3).
Air-bronchogram was seen in the area sur-
rounding the peripheral rim or the nodule it-
self in all cases except for the cases of lung
cyst and hematogenous metastasis. It was
most common in paragonimiasis (n=7, 78%)
and lung abscess (n=7, 70%). Although it was
statistically insignificant, they were also seen
in tuberculosis (49%) and primary lung cancer
(55%). One case included in aspergilloma
showed consolidation around the nodule, pro-
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Fig. 4. HRCT scan from a woman 28 years of age
with paragomimiasis.
A 35cm sized module shows an ill-defined
outer margin, air-bronchogram, and uneven
and thick peripheral emhanced rim, suggest-
ing consolidation. But multiple low density
locules (stars) with smooth curved lobulated
inner border, narrow transitional zone, and a
homogeneous low density are characteristic
findings for paragonimiasis.

bably due to active pulmonary tuberculosis.
The consolidation was inseparable from the
outer wall of the lesion and had air-broncho-
gram.

The inner border of the peripheral rim was
smooth in all cases of lung cyst (Fig. 2) but it
was either smooth or lobulated in inflammato-
ry and malignant nodules. Paragonimiasis nod-
ules had a fairly specific lobulated border
showing gentle curvature and thin transitional
zone which was less than 2.0 mm in thickness
(Fig. 4). A lobulated inner border was also
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Fig. 5. A man aged 62 years with adenocarcinoma.
A 45cm sized nodule show a lobulated outer
margin, uneven and thick enhanced peripher-
al rim, broad transitional zome (small arrows),
irvegular inner border with mural nodules
(single large arrow), and a heterogeneous cen-
tral low density, compatible with lung cancer.

seen in 64 % of the malignant lesions but the
predominant nodules had a tendency to proj-
ect into the central portion (mural nodule)
(Fig. 5). On the other hand, 72% of the inflam-
matory lesions such as tuberculosis, abscess,
and aspergilloma had a smooth border (Fig. 1,
3, 6, 9) and even when it was lobulated, it had
a tendency to be more regular than in malig-
nancy (Fig. 7).

The low density central portion looked homo-
geneous in all cases of lung cyst, aspergilloma,
paragonimiasis (Fig. 2, 4, 9), in 70 % of tuber-
culosis (Fig. 6, 7) and lung abscess (Fig. 1, 3),
and in only 30 % of primary lung cancer and
hematogenous metastasis (Table 4). Thus, the
malignant nodules had a tendency to show
heterogeneous central low density area (Fig. 5)
and the difference was statistically significant
(p<0.05). Seven paragonimiasis lesions (78%)
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Fig. 6. A woman aged 37 years with pulmonary tu-
berculosts.
A 3cm sized nodule shows smooth outer mar-
gin, thin and even peripheral enhanced rim
(arrows), absence of transitional zome, smooth
inner border, and a homogeneous central low
density. Note the eccemtric cavitation (star)
with smoothly lobulated border which is not
useful criteria to differentiate benign and
malignant lesions.

showed multiple low densities within the nod-
ule (Fig. 4) being significantly higher than the
other entities (p<0.05). Multiple low densities
were seen in 9% to 43% of the patients with
tuberculosis (Fig. 8), abscess, cancer, and me-
tastasis. Multiple low densities were not seen
in lung cyst and aspergilloma.

Cavities within the nodule was seen in 42%
in tuberculosis and 11-20 % in abscess, cancer,
cyst, and paragonimiasis (Table 4). Cavitary
nodules were accepted in this . study only
when the cavity volume was less than 25% of
the overall volume of the nodules. Because of
this, the incidence of cavity among the differ-

Number 2

Fig. 7. A woman aged 48 years with tuberculosis.

A 3cm nodule showing a lobulated outer mar-
gin, thin peripheral enhanced rim with a lob-
ulated inmer border (arrowheads) in parts of
the nodule, narrow transitional zome, and a
homogeneous central low densily are the com-
mon findings of tuberculosis. Multile small
cavities are noted between the central low den-
sity and the peripheral enhanced rim.

ent groups was considered meaningless in our
study. However, the cavity had a tendency to
be eccentric when it was small regardless of
the pathology (Fig. 6, 7). The spongiform cavi-
ty was seen most often in pulmonary as-
pergilloma (50%), but was also observable in
other entities except in hematogenous metasta-
sis (Table 4). Satellite nodules were seen in 82
% of the lesions representing inflammatory
nodules such as abscess, paragonimiasis, and tu-
berculosis, but they were also seen in 32% of
the lung cancer patients. Satellite lesion were
not seen in lung cyst and hematogenous me-
tastasis. The inner border of the cavity was
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Fig. 8. A woman aged 57 years with tuberculosis.

A 35cm sized nodule shows an ill-defined
outer margin, thick and wuneven peripheral
enhanced rim, lobulated inner border, relative-
ly thick transitional zome, and heterogeneous
low densities with multilocularity (asterisks).
Air-bronchogram is not seen in this slice but
was tidentified in other contiguous section.
These findings may be due to caseous necrosis
within the consdlidation.

smooth in all cases of cysts, aspergilloma, and
paragonimiasis, but only in 50% of tuberculosis
and abscess, and only in 20% of lung cancer,
although there was no statistical significance.
We divided the entire group into benign (n
=111) and malignant (n=30) lesions and ana-
lyzed the accuracy of the measured parame-
ters in predicting the benign or malignant na-
ture of the disease (TaWBle 5). The lesion was
considered benign if the nodule was smaller
than 3.0cm, maximum thickness of the en-
hancing peripheral rim less than 5.0mm, the
difference between the thick and thin part of
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Fig. 9. An alcohdlic man aged 61 3years with
aspergilloma within a cavity.
Chest radiograph showed a 5 cm sized nod-
ule with eccentric cavity.
CT shows smooth outer margin, a thin and
even enhanced rim, absence of a transition-
al zone, smodth inner border, and a homo-
geneous central low density. Atr collection
(star) between the cavity and fungal ball
simulates eccentric cavitation in Pain radi-
agraph.

the rim less than 5.0mm, transitional zone
less than 2.0 mm, and had a smooth and round
inner border and was accompanied by satellite
nodules and air-bronchograms. The sensitivity,
specificity, and accuracy for each criteria is
shown on Table 5. Among them, the most
useful criteria were the maximum thickness
and evenness of the enhanced rim, thickness
of the transitional zone, homogeneity of the
low density area, and the presence of satellite
nodules.
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Low Density Pulmonary Nodule Evaluated by CT

Table 4. CT features of low density pulmonary nodules

Cyst Aspergilloma Tbc. Paragonimiasis Abscess Cancer Metastasis p-value

n=8) (n=4) (n=79) (n=9) n=10) @®=22) n=7)

Density <0.05*
Homongeneous 8 4 55 9 7 7 2
Heterogeneous 0 0 24 0 3 15 5

Number of low density <0.05*
Single 7 4 71 2 8 20 4
Multiple 1 0 8 7 2 2 3

Cavity
Smooth i 2 17 i 1 1 0
Lobulated 0 0 16 0 1 4 0
Central 0 0 4 0 0 0 0
Eccentric | 2 27 1 2 4 0
Sponge form* 1 2 2 1 2 2 0

Two cases, one T-cell lymphoma and one inflammatory pseudotumor, were not included in this statistical evalu-
ation.

Note. Thec.=tuberculosis

The number means the number of case

* : p-value by chi-square test

*: Sponge form; more than two cavities, less than 3 mm in size

Table 5. Accuarcy of diagnostic criteria to predict benignancy

Criteria Sensitivity Specificity Accuracy
Size < 2cm 0.261 0.900 0.397
< 3cm 0.649 0.700 0.660
Smooth outer margin 0.342 0.767 0.443
Satellite nodules 0.712 0.733 0.716
Air-bronchogram 0.495 0.567 0.511
Max thick < 5mm 0.595 0.800 0.638
Max thick < 15mm 0.955 0.200 0.794
Diff thickness < 5mm 0.694 0.600 0.674
Transition zone < 2mm 0.847 0.533 0.780
Smooth inner border 0.694 0.633 0.681
Homogeneous low density 0.757 0.700 0.745

Max thickness: maximal thickness of enhanced rim
Diff thickness: maximal — minimal thickness of enhanced rim

"nodule with characteristic calcification and

absence of interval change over a two-year

DISCUSSIONS period is considered benign. None of our cases

showed calcification. It is reported that benign

lesions usually have a smooth outer margin

It is generally accepted that a pulmonary and only 2.0% are larger than 3.0cm in size
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(Zerhouni, 1986). But in our study, 35.1% of be-
nign nodules were larger than 3.0cm in size
making size an unreliable index of malignan-
cy. Furthermore among the 111 benign lesions
in our series, only 342% presented smooth
border, and the remainders showing irregular
ill-defined border in 22.5%, lobulated border in
19.8%, and spiculated border in 23.4%. There-
fore, the size, calcification and the appearance
of the outer margin of these low density pul-
"monary nodules were not so helpful in
differentiating benign from malignant lesions.

Recently, CT densitometry using the refer-
ence phantom have shown that even though
there was an absence of gross calcification, in-
crease in density due to microcalcifications
can also be a finding suggestive of a benign
nodule (Siegelman, 1980; Godwin, 1982; Levi,
1982; Khan, 1991). In analyzing internal densi-
ties of 36 pulmonary nodules on non-contrast
enhanced CT scan, Godwin et a. (Godwin,
1982) stated that the average HU for the ma-
lignant lesion was 69.5 HU and 1759 HU for
the benign. In their report, the range of the
HU of the malignant lesions was 45-110, most
having values in the fifties. On the other
hand, benign lesions had CT values ranging
from 12-920 HU which shows broader range.
In our study, 78.7% of the 141 low density pul-
monary nodules were benign.

In our study, central low density was either
due to inflammation, tumor necrosis, fluid
within the cyst, or a fungal ball. All these le-
sions may eventually produce cavities when
the liquid content within the tumor or the
cyst is expectorated with the exception of
aspergillomas. The morphology of the en-
hanced rim and the character of inner wall
seen on the CECT scan was similar to their
diagnostic criteria used on the plain chest ra-
diograph. In differentiating a benign from ma-

lignant cavity, the most helpful findings on

plain chest radiographs were the maximum
thickness of the cavity wall and the character
of the inner border. In the analysis of 6l
cavitary nodules seen on plain chest radio-
graphs, Woodring et al (Woodring, 1980) stated
that 95% of the cavities with maximum wall
thickness less than 5mm, and 50~73% of
those within the range of 5~15mm were be-
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nign and that 85~95% of those with maxi-
mum thickness greater than 16 mm were ma-
lignant. In our study, 64 (89%) of 72 nodules
with maximum thickness of the peripheral en-
hanced rim (PER) being less than 5mm, 42
(79.2%) of 53 nodules with PER between 6~
15mm, and 5 (45.5%) of 11 nodules with PER
greater than 16mm turned out to be benign
nodules. This is slightly different from
Woodring’s findings (Woodring, 1980; Wood-
ring, 1983) which may be due to the fact that
there were proportionately more benign par-
ticularly active inflammatory lesions than ma-
lignant lesions in our study. Using similar di-
agnostic criteria employed by Woodring, Choi
¢t al. (Choi, 1990) evaluated 37 cavitary nod-
ules (19 benign, and 18 malignant) on CT.
They stated that the thickness of the en-
hanced rim was more accurate than the thick-
ness of the cavity wall in differentiating be-
nign and malignant lesions. Correlating with
pathologic findings, they stated that the en-
hanced area seen in cavitary lung cancer was
the area with live tumor cells (Choi, 1990). In
tuberculosis, it represents an area of granula-
tion tissue (Sakai, 1992).

On plain chest x-rays, cavities with smooth
inner wall were almost always benign and
those with thick and irregular wall were sug-
gestive of lung abscesses and primary lung
cancer. In lung cancer, the so-called mural
nodules could be observed on the inner border
which are thought to be due to partial necro-
sis and focal tumor growth (Fraser, 1989).
Characteristics of the inner wall seen on plain
chest radiographs were almost identical to
those observed on CT in each disease catego-
ry. Smooth inner wall was seen in all cases of
lung cyst, in 70~75% of aspergilloma, abscess,
and tuberculosis but only in 33~38% of malig-
nant nodules. Ninety percent of paragoni-
miasis had gently lobulated inner border.

The transitional zone between the peripher-
al enhanced rim and the central low density
area was less than 2mm in 83.6% of lung
cysts, aspergilloma, abscess, paragonimiasis,
and tuberculosis. However, 57.1% of malignant
lesions had transitional zone wider than 2 mm.
Thus, thickness of the transitional zone can
be helpful in the differential diagnosis of be-
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nign and malignant lesions. Central low densi-
ty was homogeneous in all the cases of lung
cyst, aspergilloma, and paragonimiasis, and in
70% of tuberculosis and abscesses, but only in
30% of primary lung cancer and hematoge-
nous metastasis. Homogeneity can also be an
accurate diagnostic criteria suggesting benign
lesion. Zwirowich et al. stated that 55% of be-
nign and 20% of malignant lesions had homo-
geneous central low densities, but they also
included the cavitation and air-bronchograms
in the low density criteria (Zwirowich, 1991).
Multiple lobules of low densities were not
seen in lung cyst or aspergilloma, but’ they
were seen in 78% of paragonimiasis and were
significantly higher than that seen in other
diseases.

Compare to the usefulness of chest radio-
graph in differentiating a cavitary lesion, mor-
phology of the peripheral enhanced rim can
be more useful in defining the low density
pulmonary nodules before formation of the
cavity or when cavity is still partially filled
with fluid or debris. Small cavities within low
density area were not really helpful in
differentiating diagnosis. Moreover, only CT
can give the information on the transitional
zone and the homogeneity of central low den-
sity.

Three of the 4 aspergilloma could not be
differentiated from pulmonary cysts because
the character of the enhanced wall represents
that of the cavity or bronchiectasis containing
fungus ball. Aspergilloma as a cause of low
density pulmonary nodule has not been re-
ported but there is a report stating that
aspergillous fungus ball with air-meniscus sign
within the cavity can be seen on the CT scan
as a spongiform mass or a homogeneous low
density (10~40 HU) (Roberts, 1987, Hahm,
1992). Even though spongiform cavitation was
seen in 50% of aspergilloma, it was not useful
in defining the nature of the nodules.

In tuberculosis, the maximal thickness of
peripheral enhanced rim was greater than in
lung cyst and aspergilloma but thinner than
in other diseases. It had a tendency to show
relatively narrow transitional zones, smooth
inner border and homogeneous low densities.
In low density tuberculous lesions, most of
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them were active lesions and their low densi-
ty was attributed to caseous necrosis or lique-
faction. Siegelman et al. stated that most of
pulmonary nodules with high CT density were
inflammatory granuloma (Siegelman, 1980;
Siegelman, 1986). The difference from our
result is that most of their cases were a sta-
ble lesion.

Paragonimiasis had a thick peripheral rim
and showed a lobulated, gently curved inner
border which was unique, and multiple locules
of low density (Fig. 3). In paragonimiasis,
larva or egg obstructs the small vessels in the
surrounding parenchyme causing ischemic ne-
crosis (Im, 1992). In our study, the low density
areas were considered to be either unruptured
worm cysts or necrosis in progress.

Lung cancer and abscess had a thick en-
hanced rim and irregu}ar inner border, making
it extremely difficult to differentiate it from
each other. They have different feature in
the outer border, thickness of the transitional
zone, and homogeneity of the central low den-
sity. Cavity develops in 2~16% of primary
lung cancer and this finding is more common
in squamous cell carcinoma than in other cell
types (Zielinski, 1984). Heterogeneous internal
density within adenocarcinoma has also been
reported by Kuriyama et «/. (Kuriyama, 1987)
and Kuhlman et /. (Kuhlman, 1988).

Satellite nodules were not observed in the
hematogenous metastasis and cyst. They were
seen in 82% of the benign lesions and they
were also seen in 32% of primary lung cancer
which may be due to obstructive pneumonia
and surrounding infiltration of cancer cells
(Kim, 1988). Air-bronchogram could be detect-
ed on HRCT scan in primary lung cancer
when bronchi were present within the mass,
if the adjacent lung parenchyma was com-
pressed by the mass, or if malignant cells in-
filtrated the submucosal layer of the peri-
bronchial area (Gaeta, 1991). Branching or
linear air-bronchograms were seen in areas
adjacent to the high density peripheral rim
but these findings were not so helpful in the
differential diagnosis in our series.

In conclusion, conventional criteria used in
the diagnosis of solid pulmonary nodules such
as calcification and size, and appearance of
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the outer margin were not very helpful in de-
termining benign or malignant nature of low
density pulmonary nodules. For these, more
informations can be obtained by using the
CECT scan which can better define the inner
architecture of the nodules such as thickness
of the enhanced rim, transitional zone, and
homogeneity of the low density area. There-
fore, in the diagnosis of low density pulmo-
nary nodules, CECT scan is more useful than
the plain chest radiography in defining the
true nature of the lesions.
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