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Morphological characteristics of malignant solitary pulmonary nodules

The solitary pulmonary nodule is a common radiologic abnormality, which is often detected
incidentally. It is defined as focal, round or oval areas of increased opacity in the lung which are
caused by a variety of disorders, including neoplasm, infection, inflammations, and vascular and
congenital abnormalities (2).

Most of the solitary pulmonary nodules are benign, but up to 30%—40% of them are malignant (2)

The main goal of the radiologic evaluation of suspected solitary pulmonary nodules is to differentiate
benign from malignant lesions as accurately as possible (2).

The aim of the study was the assessment of the morphological characteristics of
the malignant solitary pulmonary nodules.

MATERIAL AND METHODS

Material comprises a group of 35 patients with malignant solitary lung nodule, in which CT
examination was performed. The scanning was performed before and after administering 100 ml of
contrast agents, from lung apices to the level of the diaphragm. The scan collimation was 10 mm. The
scanning was perforhed with patients in a supine position, at full inspiration. Additional expiratory
scans were obtained to reveal and assess possible emphysema peripheral to the lesion. The sizes of the
nodules, margins, internal characteristics, contrast enhancement and morphology of surrounding
structures were evaluated.

RESULTS

In four patients the diameter of nodule was less than 2 cm (Fig. 1). In 31 patients the nodules were
larger than 2 cm. The margins of nodules were irregular and spiculated in 26 patients (Fig. 2). In four
patients the nodules have lobulated margins (Fig. 3). In five cases the nodules have well-defined,
smooth margins. The 23 nodules were inhomogeneous, with focal areas of lower density, suggesting
the necrosis inside the nodules (Fig. 4).

Calcifications were found in three cases (Fig. 5). In seven patients nodules were peripheral, and
infiltrated the pleura, with thickening of it and the presence of the pleural effusion.

In 31 patients the nodules show intense enhancement after administering the contrast agents, and
the density increased more than 20 HU (Fig. 6 A, B). In four patients the increase in density after
administering the contrast agents was less than 20 HU.
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Calcifications are frequent in benign nodules. They may be diffuse, central, laminated or popcorn-
-like. The first three types of calcifications are typical of inflammatory lesions, the popcorn-like
calcifications are typical of hamartromas. Unfortunately calcification may be also found in malignant
changes, and diffuse, irregular amorphous calcifications suggest the malignant process (2, 6).

The bronchus sign and vessel sign (bronchus or bronchioles leading to the nodule, and pulmonary
vein leading to the nodule and contact with the lesion) are the characteristic features of malignant
lesions (6).

The presence of the perifocal emphysema or atelectasis in the adjacent lung parenchyma, or in the
periphery of the nodule is suggestive for malignant lesion (6). Retraction and thickening of the visceral
pleura close to the solitary pulmonary nodule also suggest malignancy (6, 8). Involvement of vessels
is typical of malignant changes, especially if three or more pulmonary vessels are involved in the
process (8).

Contrast enhanced CT is very helpful in differentiation of malignant and benign nodules. It has
been suggested that blood flow in malignant nodules is different than in benign ones. The degree of
enhancement after administering contrast agents is related to the vascularity of nodules. Nodular
enhancement of less than 15 HU is typical of benign nodules, while enhancement of more than 20 HU
suggests the malignant lesion (3, 6, 7).

Also metabolic activity of the nodule may be evaluated in PET. Increased metabolism is typical
of malignant lesions, permitting differentiation of benign and malignant nodules. But bronchoalveolar
carcinoma may demonstrate low uptake of the radionuclide (3, 4, 6). For bronchoalveolar carcinoma
the angiogram sign is typical, which is defined as linear, high attenuation of pulmonary vessels visible
after administering contrast material within the nodule, of lower attenuation (5).

The growth rate is a helpful factor in determining the malignancy of the nodule. The doubling
time (time in which the nodule double its volume) is much lower for malignant nodules than for
benign ones. The doubling time for malignant nodules is less than 400 days (3). For nodules smaller
than 5 mm the doubling time up to 180 days is considered typical of malignancy, while doubling time
longer than 400 days suggested benign nodules (9).

Volumetric assessment using multislice CT detectors is much more accurate than in standard
helical CT. It is possible to reveal the changes in the volume of the nodule within 30 days, with
accuracy of 1 mm’ (5,9).

The metastases strongly resembled benign lesions in term of size and edge type, and inflammatory
pseudotumors closely resemble the malignant solitary pulmonary nodule (6).

CONCLUSIONS

The solitary pulmonary nodule is an important diagnostic problem. The main
goal of the imaging is determining whether the lesion is malignant or not. The
assessment of morphological characteristics of the nodule is very helpful in the
diagnostic process. Large nodule size, irregular, spiculated margins, inhomogeneous
density of nodule thick walls in cavitary nodules suggest the presence of the malignant
lesion. Smooth, well-defined margins, homogeneous density or the presence of
diffuse, laminated, central or popcorn-like calcifications suggest benign nodule.
Unfortunately there is a kind of overlapping, and some benign nodules may show
features typical of malignancy, and some malignant lesion may appear benign,
based on morphologic characteristics. Morphologic characteristics in computed
tomography is however helpful in differentiation of benign from malignant nodules.
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SUMMARY

The solitary pulmonary nodule is a common radiologic abnormality, which is often detected
incidentally. It is defined as focal, round or oval areas of increased opacity in the lung which are
caused by a variety of disorders, including neoplasm, infection, inflammations, and vascular and
congenital abnormalities. Most of the solitary pulmonary nodules are benign, but up to 30%—40% of
them are malignant. The main goal of the radiologic evaluation of suspected solitary pulmonary nodules
is to differentiate benign from malignant lesions as accurately as possible. The aim of the study was
the assessment of the morphological characteristics of the malignant solitary pulmonary nodules. Large
nodule size, irregular, spiculated margins, inhomogeneous density of nodule thick walls in cavitary
nodules suggest the presence of the malignant lesion. Smooth, well-defined margins, homogeneous
density or the presence of diffuse, laminated, central or popcorn-like calcifications suggest the benign
nodule. Diffuse, irregular amorphous calcifications suggest the malignant process. Unfortunately there
is a kind of overlapping, and some benign nodules may show features typical of malignancy, and some
malignant lesions may appear benign. Morphologic characteristics in computed tomography is however
helpful in differentiation of benign from malignant nodules.

Charakterystyka morfologiczna zlosliwych guzkéw pluc

Pojedynczy guzek pluca jest zmiang radiologiczna, ktéra jest czgsto wykrywana przypadkowo.
Zmiana jest definiowana jako ogniskowy, okragly lub owalny obszar zwigkszonej gestosci ptuc. Moze
by¢ spowodowana przez rézne procesy, nowotwory, infekcje, zapalenia, zmiany naczyniowe i zmiany
wrodzone. Wigkszosé pojedynczych guzkéw pluca to zmiany tagodne, ale w 30-40% s3 to zmiany
zlosliwe. Gléwnym zadaniem oceny radiologicznej podejrzanych pojedynczych guzkéw phuc jest
stwierdzenie, czy zmiana jest lagodna, czy zlosliwa z najwigkszym mozliwym prawdopodobienstwem.
Celem pracy byta analiza cech morfologicznych typowych dla ztosliwych pojedynczych guzkéw pluc.
Duzy rozmiar guzka, nieregularne spikularne granice, niejednorodna gesto§¢ guzka czy grube,
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nieregularne $ciany guzkéw jamistych sugeruja obecnosé procesu zlosliwego. Gladkie, dobrze
zarysowane granice, jednorodna gestosé czy obecno$¢ zwapnieri rozsianych, blaszkowatych, centralnych
lub w ksztalcie “pop-cornu” sugerujg obecnos¢ guzka tagodnego. Rozsiane, nieregularne, amorficzne
zwapnienia sugeruja proces zlogliwy. Niestety, obrazy te czgsto si¢ nakladajg i niektére zmiany lagodne
wykazuja cechy typowe dla zmian zlosliwych, a guzki zlosliwe moga wyglada¢ jak zmiany tagodne.
Ocena morfologiczna pojedynczych guzkéw ptuc w tomografii komputerowe;j jest jednak pomocna w
réznicowaniu guzkéw lagodnych i ziogliwych.



