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Summary

The solitary pulmonary nodule (SPN) has always been a diagnostic challenge for the radiologists.
Currently, with increased utilization of computed tomography (CT) greater number of nodules is
being discovered, with numerous indeterminate lesions, which frequently cannot be immediately
classified into benign or malignant category.

In this article we review the imaging features of benign and malignant round opacities; we
demonstrate currently used standards and also more advanced techniques that are helpful in
evaluating SPNs such as contrast-enhanced CT, PET/CT imaging and also pathologic sampling with
biopsy or surgical resection.

We also summarize the methods of evaluating and managing SPNs based on the latest guidelines
from the Fleischner Society and American College of Chest Physicians.

solitary pulmonary nodule (SPN) * multi-detector computed tomography (MDCT) « indeterminate nodule

* transthoracic needle biopsy (TNB)
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Background

The solitary pulmonary nodule (SPN) has always been a
diagnostic challenge for the radiologists. According to the
Fleischner Society a radiological definition of a solitary
pulmonary nodule is ,a round opacity, at least moderately
well-marginated and up to 3 ¢cm in maximum diameter”
[1]. Additionally, some authors use a term ,small nodule”
to distinguish a lesion which has a diameter less than 1 cm
[1]. On the other hand a focal pulmonary lesion which is
greater than 3 cm in diameter is called “a lung mass” and
is expected to be a bronchogenic carcinoma until proven
otherwise [2].

Nowadays with increased utilization of computed tomog-
raphy (CT) greater numbers of nodules are being discov-
ered which fall into indeterminate category. According
to the American College of Chest Physicians the term
“indeterminate” describes a nodule that does not show a
benign pattern of calcifications and has not been stable
in size after >2 years of follow-up [2], therefore cannot

http://www.polradiol.com/fulltxt.php?ICID =882967

be immediately categorized into benign or malignant
group.

The current role of diagnostic imaging is to try to deter-
mine in the most precise matter whether a discovered SPN
is benign or malignant in order to plan further manage-
ment. However, despite some features that can help with
this differentiation, still a large number of nodules have to
be described as “indeterminate” and advanced and often
more invasive techniques might be needed for further
work-up.

The differential diagnosis for a SPN is very broad and the
brief summary of the most common causes is shown in
Figure 1 [3,4].

In this article we review the imaging features of benign and
malignant focal pulmonary opacities and we also endeav-
or to summarize the methods of evaluating and managing
SPNs based on the latest guidelines from the Fleischner
Society and the American College of Chest Physicians.
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Figure 1. The differential diagnosis for a solitary pulmonary nodule [3,4].

Figure 2. Well-circumscribed pulmonary nodule with smooth
margins.

Characteristics of a Solitary Pulmonary Nodule

Size

The size of incidentally found SPN can help in differenti-
ating between benign and malignant lesions. Generally
nodular opacities with diameter greater than 3 cm (cur-
rently termed lung masses) have much higher probabil-
ity of being malignant [5,6]. On the other hand smaller
lesions, less than 2 cm in diameter, are more often benign
[3]. According to one study from Mayo Clinic, less than 1%
of nodules with diameter of 4 mm or less have turned out

Figure 3. Pulmonary nodule with irregular margins.

to be malignant [5,7]. Despite these basic presumptions
the growing application of MDCT performed for different
reasons, increased the number of smaller SPNs that are
incidentally discovered. Some of those nodules with diam-
eter equal to or even less than 1 cm are malignant lesions
detected in their earlier stages [8]. Nonetheless, the positive
relationship of the lesion size to likelihood of malignancy
has been reliably shown in several recent studies [9,10].

Margin characteristics

Benign lesions are more likely to have smooth, well-mar-
ginated borders (Figure 2). On the other hand malignant
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Figure 4. Pulmonary nodule with lobulated margins.

Figure 5. Pulmonary nodule with spiculated margins and ,halo sign”.

nodules usually have ill-defined, irregular (Figure 3) or
lobulated (Figure 4) contours [11]. But still there is a sig-
nificant overlapping between these findings. Nodules with
spiculated borders (due to malignant cells extending within
pulmonary interstitial tissue) (Figure 5), sometimes termed
as a “corona radiata” or “sunburst” are highly suspicious for
malignancy but the similar appearance can also represent
benign infectious/inflammatory lesion [11]. Lobulated con-
tours of a lesion, which are thought to be caused by uneven
growth within a nodule, are more frequently associated
with malignant pathology but are found also in benign nod-
ules [12]. On the contrary smooth margins and well-defined
borders cannot exclude malignancy because up to 20% of
primary lung cancers and most of the metastatic nodules
can present with that appearance [12,13].

Internal characteristics

Some internal features of SPNs can help in differentiating
benign from malignant lesions.

Figure 6. Benign granuloma with characteristic laminated pattern of
calcification.

The presence of particular types/patterns of calcification
within a nodule can help to distinguish a benign lesion
from a malignant one. The best imaging tool to detect
intranodular calcification is thin-section CT (without con-
trast enhancement) which is more sensitive than stand-
ard radiography and also allows for quantitative assess-
ment of calcification [3]. Other methods that can be used to
evaluate the presence of calcifications are low-kilovoltage
radiography and chest fluoroscopy, but overall thin-sec-
tion MDCT is the method of choice. The benign patterns
of calcifications commonly involve: central, diffuse solid,
laminated (Figure 6) and “popcorn-like” appearance. The
first three types usually represent the granulomas of vari-
ous origin [14] and can be associated with prior infections,
for example histoplasmosis (Figures 7, 8) or tuberculosis
[3]. The last pattern - “popcorn-like” calcifications is diag-
nostic for hamartoma [15]. Unfortunately, sometimes the
lung metastases from chondrosarcomas or osteosarcomas
can demonstrate “benign-patterns” of calcification [16,17].
This is where the clinical history is very important and can
help make the correct diagnosis. Calcifications can also be
detected in malignant lesions, in up to 13% of cancers [18]
and 33% of carcinoids [19]. Malignancies usually tend to
present different patterns of calcifications, such as amor-
phous, stippled or eccentric (Figure 9).

The presence of fat within a lesion is a pathognomonic fea-
ture of hamartoma (Figure 10). It can be detected on CT,
based on the attenuation values between —40 to -120 HU,
in up to 50% of these benign neoplasms [15]. However,
although very rare, sometimes lung metastases from renal
cell cancer or liposarcoma can present as fat-containing
lesions [11,16].

Some pulmonary nodules can demonstrate cavitary appear-
ance. Cavitations can be present in infectious or inflam-
matory lesions (Figure 11) as well as in primary and met-
astatic malignancies; up to 15% of primary lung cancers
cavitate, mostly of squamous cell pathology (Figures 12, 13)
[11]. Although the presence of cavitation itself is not a
strong differentiating factor, the appearance and thickness
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Figure 7. Benign pulmonary nodule with central calcification due to
prior histoplasma infection.

Figure 8. Histoplasmosis. Pulmonary nodule in CT and PET-CT. Note
that the nodule is non FDG avid.

of a cavity wall can play useful role in diagnosis. Benign
cavities tend to have smooth, thin walls, usually less than
4 mm at its broadest point, whereas nodules containing
cavities with irregular, thick walls (exceeding 16 mm) have
been found to be malignant in up to 95% of cases [20,21].
Overall, the thickness of a cavity wall within a nodule
might add some value in assessing a lesion but cannot reli-
ably differentiate between benign and malignant etiology.
Woodring et al. have shown that cavitary nodules with
wall thickness between 5-15 mm were found to be benign
(51%) and malignant (49%) signifying that in this range
there is a “gray-zone“[11,20].

Other findings that can help in assessing a benign or
malignant potential of a focal lesion include the presence
of air bronchograms/bronchiolograms, cystic luciencies or
so called satellite nodules [11]. Air bronchogram is usu-
ally seen in benign cases of focal infection, for example
round pneumonia, but can also implicate the possibility

Figure 9. Pulmonary nodule with malignant pattern of calcification.

Figure10. Benign hamartoma.

of bronchioalveolar carcinoma or lymphoma. The involve-
ment of a peripheral bronchus by a SPN often implicate
a malignant potential (i.e. carcinoid tumor (Figure 14) or
bronchogenic carcinoma). This can present on CT images
as an endobronchial filling defect or peripheral hyper-
lucency of air trapping distal to the lesion. On the other
hand, benign lesions very rarely have their origin inside the
bronchus [5]. A cluster of small nodules (3-15 mm in diam-
eter) within a segment or subsegment of the lung is usu-
ally caused by a granulomatous process, such as infection
or sarcoidosis [5]. When there is a dominant bigger nodule
surrounded by a group of small nodules the term “satellite
nodules” can be used, which is also associated more fre-
quently with benign potential, although sometimes lung
cancer can present in similar way [11].

Subsolid lesions
Slightly different approach is required when it comes

to so called “subsolid” nodules. In addition to soft tissue
component they contain also an element of ground-glass
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Figure 11. Benign cavity with relatively smooth, thin walls. This
infectious lesion nearly resolved on follow-up imaging.

Figure 12. Metastatic cavitary nodule due to squamous cell
carcinoma.

attenuation (partly solid) or consist of only ground-glass
opacity (Figure 15A-C). In their study conducted as a part
of Early Lung Cancer Action Project (ELCAP), Henschke et
al. showed [22] the importance of these types of opacities.
According to the study the incidence of malignancy in sub-
solid lesions was about 34% in comparison to solid nodules
where it was estimated as only 7%. Among the subsolid
lesions, partly solid nodules had the highest frequency of
malignancy (63%) and pure ground-glass opacities about
18%. These types of lesions involve the pathologies rang-
ing from atypical adenomatous hyperplasia (premalignant
state) to bronchioalveolar carcinoma and invasive adeno-
carcinoma [11]. A higher potential for malignancy of sub-
solid nodules combined with their unique features (slow
growth, relative hypometabolism and nonspecific cytologic
and histologic findings) can make them a diagnostic chal-
lenge and usually they require a different management
than solid SPN [5]. Currently several studies [23,24,25] are
conducted that focus on this specific type of nodule and

7020175

Figure 13. Cavitary squamous cell carcinoma. Note ring-like FDG avid
lesion on PET-CT.

Figure 14. Carcinoid.

try to analyze its imaging features in relation to potential
malignant or benign character.

Growth pattern

Until recently one of the most reassuring features of inci-
dentally found SPN was stability in the size of the nodule
for at least 2 years by comparing with prior exams. This
finding was recognized as one of a few definitive criteria
for benignity of the lesion. However this notion has been
questioned [26]. Schwartz [27] explained, using mathemati-
cal principles, that smaller nodules appear to be growing
slower because of smaller incremental increases in diam-
eter. Consequently this was one of the reasons that com-
puterized determinations of volume have been proposed
as better tools for growth rate determination than diam-
eter measurements [28]. More up-to-date viewpoint states
that benign lesions usually grow very fast or very slowly,
resulting in nodule volume doubling times (VDTs) of less
than 30 or more than 400 days [29]. The lesions that grow
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very rapidly are usually infectious/inflammatory. The ones
growing much slower are usually benign neoplasms like
hamartomas or old post-infectious granulomas. Most of
the malignant lesions have VDTs between 30 and 400 days
(Figure 16A-C), but still a lot of overlap can be observed;
for example subsolid lesions, including some forms of
well-differentiated adenocarcinoma or bronchioalveolar
carcinoma double in volume very slowly with VDT up to
1346 days [11,30]. In recently published study, Henschke
et al. reviewed the distribution of VDTs of lung cancers
diagnosed in repeat annual CT screening check-ups in the
International Early Lung Cancer Action Program (I-ELCAP).
The authors took into consideration both rates of tumor
growth as well as cell types of the malignancy. From 111
cases identified as a primary lung cancer, median VDT was
98 days. For 56 (50%) cancers it was less than 100 days, and
for three (3%) cancers it was more than 400 days. The most
common type of cancer was adenocarcinoma (50%), fol-
lowed by squamous cell carcinoma (19%), small cell carci-
noma (19%) and others. 99 of the 111 cancers demonstrated
as solid nodules (of all cell types), and only 12 manifested
as subsolid lesions (exclusively adenocarcinomas). Lung
cancers appearing as subsolid nodules were found to have

Figure 15. Slowly growing malignancy from a ground glass nodule
to a cavitary mass over 7 years: (A). 5 mm at baseline, (B)
10 mm 3 years later, (C) cavitary mass at diagnosis 4 years
later — poorly differentiated sarcomatoid carcinoma.

significantly longer VDTs than solid lung cancers. The main
conclusion of the study was that VDTs of lung cancers iden-
tified by CT screening and of those detected incidentally in
the absence of screening, are quite similar [31].

Previous imaging studies including CT scans, chest radio-
graphs or other should be obtained for comparison when-
ever it is possible. The size stability of a nodule versus the
growth of a nodule are crucial parameters that have sig-
nificant impact on further recommendations. For this rea-
son the assessment has to be as accurate as possible. In
recent years many studies [32-35] have been conducted to
investigate this topic. They involve not only a subjective
assessment of a pulmonary nodule by a radiologist but also
evaluate new methods such as computer-aided diagnosis
or detection (CAD) programs that could be employed in an
attempt to make the assessment of a SPN more precise and
accurate.

Sometimes the localization of a nodule can give us some
clues in regards to its malignant or benign character. For
example in the study conducted by Ahn et al. [36] authors
have shown that noncalcified lung nodules that are adjacent
to fissures can be often found in current or former smokers.
Although these nodules may show worrisome increase in
size, their potential for malignancy is low. Subpleural pul-
monary nodules, especially in the middle and lower lobes
of the lungs, may turn out to be intrapulmonary lymph
nodes. Although in most cases benign, it is usually difficult
to assess their benign or malignant character, based just on
their imaging features. That is why a thoracoscopic proce-
dure may be needed to make the final diagnosis [37,38].

It is also important to mention that all imaging find-
ings should be correlated with the clinical symptoms of
the patient. It is crucial to assess the presence of poten-
tial risk factors for malignancy which in case of lung can-
cer include: older age, current or past smoking history,
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exposure to carcinogens (asbestos, uranium or radon) or
presenting initial symptoms [12]. Clinical symptoms, for
example hemoptysis implicate higher probability of malig-
nancy. On the other hand, patient presenting with fever,
signs of respiratory infection and new focal lung opacity
probably requires only radiological follow-up in order to
make a diagnosis of benign round pneumonia [11]. Also,
past medical history (prior malignancy) and family history
(a history of lung cancer in first-degree relatives) can be
helpful in overall evaluation.

Despite the ability of thin-section MDCT to evaluate SPNs
with fine details, classification of SPNs into benign or
malignant category remains difficult, even when the clini-
cal presentation and clinical history are taken into consid-
eration. A lot of SPNs display overlapping features. Those
indeterminate nodules require additional diagnostic man-
agement, often with the use of more sophisticated or inva-
sive techniques, in order to obtain additional information.

In the second part of this article we present more advanced
steps in assessing the indeterminate pulmonary nodule

Figure 16. Moderately differentiated lung carcinoma: (A) baseline,
(B) 10 months later, (C) 6 months later.

which can help in making the final diagnosis and then in
planning the most appropriate management.

Contrast-enhanced MDCT

It has been documented that there are differences in perfu-
sion between benign and malignant lesions which can be
assessed with contrast-enhanced CT as a method to dis-
tinguish between the two etiologies. The observation that
malignant tumors are generally relatively more hypervas-
cular in comparison to benign lesions and the intensity
of enhancement is directly related to the vascularity led
to the conclusion that the stronger the enhancement the
more malignant potential of the nodule (Figure 17A-C).
The multicenter prospective trial concluded that enhance-
ment values of 15 HU or less can be used as a diagnostic
cut-off for benign lesion [39]. This enhancement cutoff of
15HU resulted in an excellent sensitivity of 98% but unfor-
tunately it was not very specific for malignancy, only about
50-60% [39]. The general conclusion based on this report
was that benign lesions usually enhance no more than 15
HU, whereas most of the malignant nodules develop more
intensive enhancement, usually over 20 HU. There are some
notable limitations of this study; the ideal size of the nodule
should range between 5 mm and 3 cm in diameter, it should
be spherical in shape and with homogenous attenuation
(no fat, calcifications, cavitation or necrosis). In a different
study by Yi et al. [40] with the enhancement cut-off of 30
HU, sensitivity for malignant nodules was 99% with a nega-
tive predictive value of 97%. The authors concluded that
dynamic enhancement with MDCT shows high sensitivity
for detection of malignant lesions but low specificity which
probably is caused by the ability of some benign nodules to
enhance intensely as well. The other conclusion was that
the extent of enhancement reflects underlying nodule angi-
ogenesis. In the more recent study the evaluation of SPNs
using dynamic contrast-enhanced MDCT was conducted by
analyzing combined criteria for malignancy including wash-
in of contrast medium of 25HU or greater and washout of
5-31 HU on 15-minute-delayed imaging [41]. The results of

28



© Pol J Radiol, 2012; 77(2): 22-34

Choromariska A et al — Evaluation of solitary pulmonary nodule detected. ..

Nodule enhacement: Malignant

40 : . .
0 1 2 3 4

Minutes after contrast injection

Figure 17. Pattern of malignant enhancement: () plot of nodule
enhancement over time, (B) attenuation of the nodule
before contrast administration, and (C) post-contrast
enhancement.

this study show high sensitivity (94%), specificity (90%) and
accuracy (92%) for detection of malignancy [41]. There were
also some false negative results which included adenocarci-
nomas with bronchioalveolar carcinoma features and some
false positives such as focal pneumonia and other infectious
or inflammatory benign nodules.

——
Vol: 5834.9 mm"3
Avg HU: -85.6
Max HU: 136.0

v\f\,

Figure 18. Computer-aided detection/diagnosis (CAD) system R2:
(R) volume calculation of the nodule, (B) system detected
spiculated mass in the right lung, (C) tiny nodule detected
in the left lung.

One of the new ideas being investigated is the usage of a
CAD to detect and differentiate malignant from benign nod-
ules. CAD can analyze quantitative features (nodule’s size,
shape, attenuation and enhancement) extracted from volu-
metric thin section CT image data acquired before and after
the injection of contrast media (Figure 18A-C). The study
conducted by Shah and colleagues [42] show that CAD using
volumetric and contrast-enhanced data can be useful in
distinguishing between benign and malignant lesion [11].
The preliminary results are promising, however additional
studies are needed to validate these findings.
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Figure 19. Moderately-differentiated lung carcinoma with FDG-avid
lesion on PET-CT.
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Figure 20. Poorly-differentiated lung carcinoma with FDG-avid lesion
on PET-CT.

PET/CT Scanning

Positron Emission Tomography (PET) scanning can be
another option to use in order to differentiate between
benign and malignant pulmonary nodules. This technique
is based on functional imaging and uses 18-fluoro-2-deoxy-
D-glucose (FDG) to measure glucose metabolism within the
cells. Glucose metabolism has been shown to be increased in
malignancies with resulting increased uptake, trapping, and
accumulation of FDG (Figures 19, 20). Introduced relative-
ly recently PET/CT scanners combine CT and FDG imaging
capabilities in a single patient gantry. Such hybrid devices
help in determining the accurate localization of the areas
of FDG uptake in regards to normal anatomic structures or
abnormal soft-tissue masses [2]. This fusion technology also
demonstrates the best results for staging malignancy [43].
According to one study PET/CT has a high sensitivity of
approximately 97% with a slightly lower specificity of about
78% when it comes to detection of malignant pulmonary

Figure 21. FDG avid inflammatory lesion in the right lung and
mediastinal and hilar adenopathy in pulmonary
sarcoidosis.

Figure 22. Aspergilloma in the right lung with FDG avid lesion on
PET-CT.

nodules with diameter greater than 10 mm [44]. PET images
may be analyzed qualitatively by visual assessment or sem-
iquantitatively by standardized uptake values (SUV). With
visual assessment, a nodule is positive if its activity is great-
er than background mediastinal or cardiac blood pool activ-
ity. If a nodule activity is less than or equal to background
activity, it is considered hypometabolic (negative). SUV is
defined as a mean region of interest (ROI) activity (mCi/ml)
divided by injected dose (mCi) over body weight (g). SUV is
considered positive at a value equal to or greater than 2.5,
resulting in a sensitivity of 97% and a specificity of 82% [45].
Unfortunately false positives and false negatives can occur.
Acute infectious and inflammatory diseases like granuloma-
tous processes, e.g. sarcoidosis (Figure 21), aspergillomas
(Figure 22), or rheumatoid nodules (Figure 23) that can pre-
sent as SPNs are capable of producing false positive results
[46]. On the contrary false-negatives include bronchioal-
veolar carcinoma (BAC) (Figure 24), carcinoid tumors and
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Figure 23. Peripheral pulmonary nodule due to rheumatoid arthritis.
Note FDG avid inflammatory nodule on PET.

mucinous adenocarcinomas (Figure 25). PET/CT not only has
potential for uncovering the malignancy, but also has other
roles in patient management, such as staging, evaluation of a
response to therapy and detection of recurrence. The results
of PET scanning also often determine further approach to
the management to SPN [5,47]. PET imaging appears to be
the best evaluation method for patients with low or interme-
diate pretest probability for malignancy and the nodule with
diameter of 10 mm or more. On the other hand people with
very low (< 5%) or very high (> 80%) pretest probability of
malignancy generally benefit less from PET [5].

Other Techniques

The most definite tests to confirm either benign or malig-
nant character of the pulmonary lesion are those which pro-
vide pathologic samples. Those procedures include: image-
guided transthoracic needle biopsy (TNB), bronchoscopic
biopsy, video-assisted thoracoscopy and open thoracotomy.
The results of TNB and bronchoscopy are dependent on the
size and location of the nodule and also on skills of a per-
son performing the procedure. All those case and operator
related factors influence the sensitivity and specificity of
these methods. TNB can be performed under fluoroscopic,
sonographic or CT control. Dependent on the gauge of the
needle, a cytologic or histologic specimen can be taken for
further analysis. An additional material for stains and cul-
tures when infection is suspected can also be obtained. The
most common complication after TNB involve pneumotho-
rax, hemorrhage and systemic air embolism [48,49]. The
American College of Chest Physicians recommends TNB as a
first choice for patients with peripheral nodules, unless spe-
cific contraindications to the procedure exist or the nodule
is inaccessible [2]. Bronchoscopic biopsy, on the other hand,
is suggested when an air bronchogram is present within the
lesion or when the lesion abuts the bronchus [2].

Figure 24. Bronchioalveolar carcinoma in the right lung. Note mild,
heterogeneous FDG avidity on PET-CT.

Figure 25. Metastatic pulmonary nodule from a colorectal mucinous
adenocarcinoma. Note minimal FDG avidity on PET-CT.

Management

In recent years several large lung cancer screening pro-
grams have been conducted [50-53]. Their main goal has
been to establish the most effective strategy for screening.
Early detection of lung cancer is important as this malig-
nancy is the leading cause of cancer-related death in the
United States. The National Lung Screening Trial (NLST)
[50], a multi-center study, focused on comparing low-dose
helical CT with chest radiography in the evaluation of cur-
rent and former heavy smokers (high-risk patients) for early
detection of lung malignancy. Recently published results
revealed that participants who received low-dose helical CT
had a 20% lower risk of dying from lung cancer than par-
ticipants who received standard chest radiography [54].

Lung cancer screening trials involve patients with high-
risk factors. However, SPNs are commonly detected inci-
dentally during CT examinations performed for purposes
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Recommendations for Follow-up and Management of Nodules
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Figure 26. The Fleischner Society recommendations for a follow-up and management of a solitary pulmonary nodule detected incidentally during a

non-screening CT [55].

other than lung cancer screening. An evidence-based expert
opinion recommendations created by the Fleischner Society
apply to those incidentally found SPNs. The guidelines take
into consideration patient's lung cancer likelihood (high- or
low-risk) based on risk factors (age, smoking history, expo-
sure to asbestos, uranium, radon, or lung cancer history in

first-degree relatives) and also imaging features of the nod-
ule, with a size of a detected lesion being the most important
factor. The summary of the Fleischner Society recommenda-
tions for a follow-up and management of nodules detected
incidentally during non-screening CT are presented in Figure
26 [55]. When a follow-up of a detected nodule is the only
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indication for performing the CT examination, a low-dose,
thin-section, unenhanced technique should be employed [55].

Above guidelines do not apply to [55]:

* patients who have or are suspected to have any kind of
malignancy, as their management should be based on
relevant protocols or specific clinical situation,

* young patients, less than 35 years of age; as the inci-
dence of lung cancer in people less than 35 years old is
very low (<1% of all cases), dependent on clinical situ-
ation, usually a single low-dose follow-up CT exam in
6-12 months should be sufficient,

* patients with unexplained fever; a new opacity may
indicate active infection; short-term imaging reexamina-
tion would be more appropriate.

The guidelines of the Fleischner Society for assessment
of SPNs are generally well-known among radiologists.
However, despite relatively high awareness of the guide-
lines existence, as shown by one study [566], continuing
efforts are need to increase the implementation of these
recommendations in routine clinical practice.

Additional set of guidelines, based on a systemic litera-
ture review and discussion with a large group of clinical
experts was also created by the American College of Chest
Physicians (ACCP) [2]. This report involves recommenda-
tions for a management of SPNs with diameter of at least
8-10 mm, small nodules less than 8-10 mm in size and for
detected multiple nodules. These guidelines take into con-
sideration the presence of lung cancer risk factors, the use-
fulness of different imaging methods, the necessity to assess
the potential benefits and risks of different management
options (observation with imaging reassessment, biopsy,
resection of the nodule) and also preferences of the patient.

The diagnostic approach to SPNs was also included in
the American College of Radiology (ACR) Appropriateness
Criteria [57]. These evidence-based guidelines were devel-
oped by the panel of experts in diagnostic imaging, inter-
ventional radiology and radiation oncology. Their main goal
was to evaluate the appropriateness of initial radiologic
examination for patients presenting with a SPN. Different
modalities such as: CT, with and without contrast, tran-
sthoracic needle biopsy, watchful waiting with follow-up
CT, PET-CT whole body scan, etc were ranked and a scor-
ing system from 1 to 9, indicating from the least to the
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most suitable imaging procedure, was proposed along with
the assessment of a relative radiation level (RRL) for each
imaging technique. Currently, however, the Fleischner
Society Guidelines and ACCP Recommendations play a crit-
ical role in determining the management for a SPN, while
the ACR Appropriateness Criteria play the adjunct role.

In the near future the evaluation of SPN will still remain
a “hot topic”. Not only current methods of assessment are
evolving and improving (for example more precise deter-
mination of nodule's size and volume), but also new tech-
niques are emerging. Studies have been looking for better,
more accurate methods for assessment of SPNs, such as
the usage of dual-energy CT [58] or more efficient clinical
use of MRI [59,60]. Some authors put emphasis on future
importance of patient’s genetic profiling which then can
be combined with overall clinical presentation. Molecular
imaging will also play increasingly important role. These
methods are still experimental and will require ongoing
research so that they can evolve into the most accurate and
reliable techniques in assessment of a SPN.

Conclusions

Introduction and wide usage of helical and multi-detector
CT has led to significant increase in the number of inci-
dentally detected SPNs. Although most of these nodules are
found to be benign, the appropriate pattern of management
should be established based on the imaging features of a
nodule combined with other above mentioned factors to
exclude or diagnose malignancy. Some of the nodules can
be called benign based on typical imaging findings, others
may require additional follow-up or work-up with more
invasive procedures like biopsy or even surgical resection.

By taking into consideration imaging features of a detected
nodule, estimated probability of malignancy in a particular
patient (age, risk factors, family history), risks and benefits
of each procedure and also patient's individual preferences
in regard to the management, the best approach should be
formulated.

Certainly, with multiple large studies on the way, more
scientific data on the topic will become available. In the
meantime, radiologists and clinicians should employ more
widely and systematically the evidence-based guidelines
and recommendations that have been established to date.
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