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Abstract 

The solitary pulmonary nodule (SPN) is frequently seen on chest radiographs and computed to-
mography (CT), usually the identification is accidental. The overall prevalence of malignancy is 
relatively low but identification of malignancy of nodule is of prime importance. There are differ-
ent characters of nodules indicating malignancy, and also the exposure of person to risk factors 
increases the chances of malignancy of nodule. Chances of malignancy rise with increasing size, 
the irregular, lobulated border of the nodules is highly associated with higher probability of ma-
lignancy and nodules with pure ground grass appearance have higher probability of malignancy, 
irregularly marginated nodule displaying a corona radiata sign indicating neoplastic infiltration 
with distortion of neighbouring tissue is almost certainly a malignant nodule. Stippled, punctuate, 
and eccentric calcifications are suggestive of malignancy. There are 20% - 75% of chances of ma-
lignancy if nodule is appeared with ground-glass opacity. Malignant nodules have higher growth 
rate as compared with benign nodules, malignant nodules usually have doubling time (DT) of 30 - 
400 days while DT of more than 450 days is sign of benignity whereas doubling time less than 30 
days is usually acute infectious process. The presence of fat within nodule is sign of benignity. In-
creasing density of the nodule is suggestive of malignancy and requires shorter follow up. Besides 
the nodule evaluation the chances of malignancy can also be evaluated through the exposure of 
patient to risk factors like age, current and past smoking status and history of extra thoracic ma-
lignancy. The management depends upon various factors mainly three strategies are applied for 
management including careful observation of nodule, use of diagnostic techniques like CT FNA, 
PET, and broncoscopy and surgery. 
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1. Introduction 
A solitary pulmonary nodule (SPN) is defined as an approximately round lesion less than 3 cm in diameter that 
is completely surrounded by pulmonary parenchyma without other pulmonary abnormalities [1]. The term “so-
litary pulmonary nodule” was coined when most nodules were detected incidentally by chest radiography and 
were solitary. Today, most nodules are detected by CT, which greatly enhances nodule detection and characte-
rization. Thus, the classical definition of pulmonary nodules now needs to be updated to integrate data from CT 
studies. [2] An SPN is found on 0.09% to 0.20% of all chest radiographs, and an estimated 150,000 such no-
dules are identified each year in the United States [1] [3]. The differentiation of solitary pulmonary nodules 
(SPNs) as benign or malignant remains a diagnostic challenge for thoracic radiology [4]. During the past decade, 
promising results for more specific differentiation of malignant and benign nodules using dynamic contrast ma-
terial-enhanced CT have been reported [5] [6]. The significance of pulmonary nodules is variable, dependent 
first and foremost on the clinical context. In a patient with known primary malignancy, lung nodules, regardless 
of being solitary or multiple, would be deemed suspicious for metastases; whereas in a patient with no reported 
respiratory symptom or risk factor such as smoking history, a solitary nodule may be incidental and benign. The 
United States National Lung Cancer Screening Trial reported high false positive rates with low-dose CT screen-
ing, due to benign intrapulmonary nodes and non-calcified granulomas [7]. Lung nodules are a common prob-
lem in pulmonary practice. Estimates of their frequency range from 0.2% in older studies with chest radiographs 
to approximately 40% - 60% in lung cancer screening trials using low-dose computed tomography (CT) [1] [8], 
another finding with review of eight large lung cancer screening trials revealed a variable prevalence rate of at 
least one nodule to be 8% - 51% of which 1.1% - 12% were malignant [3]. The first concern regarding SPNs is 
the exclusion of malignancy. The majority of incidental and screen-detected nodules are benign granulomas 
(both healed and active) (40%) and hematomas (15%) [9]. Management of a SPN begins with evaluation of the 
patient’s history and risk assessment followed by morphological review of the SPN. Depending on the appear-
ance and radiologic context, certain SPNs are judged sufficiently typical of benign masses that follow-up is not 
warranted. Important factors that suggest benignity is the presence of characteristic calcification, the presence of 
fat with the SPN, the size, rate of growth certain characteristics such as SPN margins [10]. 

2. Literature Review 
The important part in the nodule management is determination of nodule whether it is benign or is malignant. 
Features like size, margins, calcification, attenuation, growth rate, cavitation, presence of fat, ground glass opac-
ity, density etc often help to determine the likelihood of nodule. Common causes of benign nodule include in-
clude infectious granulomas and hamartomas, whereas common malignant causes include primary lung cancer, 
carcinoid tumors, and lung metastases [9] [11]. 

2.1. Radiological Evaluation  
The variables to assess with CT are the nodule’s size, border characteristics, and density [2]. The probability of 
malignancy varies with size. For subcentimeter pulmonary nodules, the overall prevalence of malignancy is rel-
atively low. Wahidi MM et al. (2007) In seven studies of nodules detected in lung cancer screening trials, the 
prevalence of malignancy was 0% - 1% in patients with nodules less than 5 mm in diameter, 6% - 28% for 5- to 
10-mm nodules, 33% - 64% for 11- to 20-mm nodules, and 64% - 82% for nodules measuring greater than 20 
mm [3]. 

Border characteristics can also be used to help estimate the probability of malignancy. Nodules with irregular, 
lobulated, or speculated borders are associated with a progressively higher probability of malignancy than those 
with a smooth border. Similarly, nodules with a pure ground-glass or semisolid appearance have a higher proba-
bility of malignancy than pure solid lesions [3]. 
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2.1.1. Size 
There are higher chances of malignancy with increasing size of nodule. Small solitary pulmonary nodules are 
likely to be benign. A screening study by Henschke et al. in 2004 found that none of the detected malignancies 
were less than 5 mm in diameter [10] The prevalence of malignancy correlates with nodule size (0% - 1% for 
nodules/5 mm, 6% - 28% for nodules 5 - 10 mm, 33% - 60% for nodules 11 - 20 mm, and 64% - 82% for no-
dules greater than 20 mm) [9] [13].  

2.1.2. Margins 
Margins are classified as smooth, lobulated, spiculated, or irregular. Lobulated contour, signifying uneven 
growth, is often associated with malignant nodules but can be seen in 25% of benign nodules [14] [15] Although 
most smoothly marginated nodules are benign but up to 21% of malignant nodules may have this feature [14] A 
spiculated or irregularly marginated nodule displaying a corona radiata sign indicating neoplastic infiltration and 
distortion on neighboring tissues is almost certainly a sign of malignancy. 

2.1.3. Calcifications 
Calcifications are more frequent in benign SPNs. Fishman AP et al. (1988) shows patterns of calcification cha-
racteristic of benign nodules are laminated, dense central, and popcorn whereas stippled, punctuate, and eccen-
tric calcifications are suggestive of malignancy [16]. 

2.1.4. Attenuation 
Ground-glass attenuation at CT is a characteristic that has been associated with a subset of nodules representing 
primary lung malignancy, more specifically adenocarcinoma. Anywhere from 20% to 75% of ground-glass no-
dules are malignant [9] [17]. The ground-glass component represents lepidic growth or mucin production. Aoki 
et al. (2000) showed that increasing solid components within a ground-glass nodule correlated with more ag-
gressive behavior [18] a screening study by Henschke et al. showed a higher rate of malignancy among mixed 
SPNs (63%) compared with nonsolid (18%) and solid SPNs (7%) [19].  

2.1.5. Growth Rate (Volume Doubling Time) 
Volume doubling time (DT) is the time required for a nodule to double in volume. For most malignant SPNs, 
DT is between 30 and 400 days and corresponds to a 26% increase in diameter. DT may be used to stratify no-
dules into different categories with differing probabilities for malignancy. For example, nodules with a DT less 
than 20 - 30 days are usually acute infectious processes. Slow growing nodules with DT greater than 450 days 
are likely to be benign. Lack of two-year growth on chest imaging was thought to confirm benignity. However, 
this longstanding dictum on categorization of nodules based on growth measurement has been challenged. Ha-
segawa et al. (2000) reported the DT for malignant SPNs on the basis of their morphologic features: 813 ± 375 
days for pure ground-glass opacities, 457 ± 260 days for mixed or partial ground-glass opacities, and 149 ± 125 
days for solid nodules. From these data, the two-year stability rule signifying benignity is no longer valid, par-
ticularly for pure ground-glass or predominately ground-glass nodules. Preliminary results from a retrospective 
review of ground-glass attenuation nodules at NYU Langone Medical Center over an 8-year period (2003-2011) 
showed that 23% of nodules progressed (in size, attenuation, or both) in a median of 14.8 months, with the time 
to progression as short as 2.8 months and as long as 61.4 months (5 years). Stable ground-glass nodules were 
followed for a median of 45.8 months [20]. 

2.1.6. Cavitations 
Cavitations may be seen with both benign and malignant nodules. Unfortunately, the thickness of the wall is un-
reliable in distinguishing benign from malignant, although malignancy is associated with thicker and more irre-
gular walls. Pseudocavitation is a descriptor frequently used in describing features of bronchioloalveolar carci-
noma (BAC). It is the result of lepidic growth, not necrosis, as tumor cells grow along the lung scaffolding 
sparing the alveoli. Diagnostic considerations for cavitary nodules include pulmonary infarct, fungal infection, 
Wegner granulomatosis, and solitary metastasis. 

2.1.7. Fat within Nodule 
The presence of fat within a SPN is a reliable sign of benignity [21]. Fat-containing lung lesions include pulmo-
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nary hamartoma, lipoid pneumonia, and lipoma. Endobronchial pulmonary hamartoma usually appears at CT as 
a lesion with a smooth edge, focal collections of fat that alternate with foci of calcification. An air cleft on the 
side or the inside is characteristic of pulmonary hamartoma. Pulmonary artery branches connect beyond half of 
pulmonary hamartoma. This finding suggests close relations in the bronchus along the artery. It is important that 
there is no connection of the pulmonary vein, to differentiate it from a bronchogenic carcinoma [22] [23]. The 
majority of pulmonary hamartomas present an SPN. Peripheral tumors are usually simply observed after the de-
finitive diagnosis; central tumors may be excised [24] [25]. 

2.1.8. Appearance of Ground Glass Opacity (GGO) Nodules in CT 
Various studies found lesions appearing as nodular ground-glass opacity at CT are highly potential for develop-
ing bronchioloalveolar carcinoma and early stage adenocarcinoma than that of solid nodules [26] [27] which al-
so correlates with finding of study by Lee et al. (2007) [28]. The malignancy rate of nodular ground glass opac-
ity with solid component within it was also found to be 93% [29]. Henschke et al. (2002) found malignancy 
rates among findings of nodular ground-glass opacity for lesions with and without a solid component as 63% 
and 18% respectively [19]. Persistent finding of nodular ground glass opacity in CT is highly suggestive of nep-
lastic condition. 

Over the last few decades, studies of screening-detected and incidentally detected peripheral adenocarcinomas 
have clarified associations between CT characteristics, histopathology, growth rates, and clinical outcomes [27] 
[30]. 

2.1.9. CT Densitometry 
High-density SPNs demonstrated on CT, which appeared non-calcified on conventional tomography, are consi-
dered benign. Siegelman et al. (1980) suggested 164 Hounsfield units as threshold above which the nodules are 
considered benign. It was presumed that diffuse calcification likely accounts for the higher CT numbers of some 
benign lesions [14]. 

Xu DM et al. (2009) concluded that baseline nodule density and changes in nodule features cannot be used to 
discriminate between benign and malignant solid indeterminate pulmonary nodules, but an increase in density is 
suggestive for malignancy and required a shorter follow-up or a biopsy [31]. 

2.2. Risk Assessment  
Calculating the risk of malignancy of an SPN requires not only analysis of nodule size, morphology, location, 
and growth rate but also defining patient’s underlying risk factors. Independent predictors of malignancy include 
age, current or past smoking, history of extra thoracic malignancy, nodule diameter, spiculation, and upper lobe 
location [32] [33]. Specific clinical features determined to be significant predictors of malignancy are age, 
smoking history, and personal history of cancer 5 or more years prior [33]. 

2.2.1. Clinical Risk Factors 
The clinical assessment includes the patient’s history and physical examination. Clinical risk factors associated 
with a higher probability of malignancy are, nodule size more than 20 mm, age more than 60 years, prior cancer 
history, smoker, exposure to asbestos, speculated nodule [2]. 

2.2.2. Management 
The management of a SPN begins with evaluation of the patient's history and risk assessment followed by mor-
phological review of the SPN. Depending on the appearance and radiologic context, certain SPNs are judged 
sufficiently typical of benign masses that follow-up is not warranted. Important factors that suggest benignity is 
the presence of characteristic calcification, the presence of fat with the SPN, the size, rate of growth certain cha-
racteristics such as SPN margins [10]. 

2.2.3. Strategies for Management 
Three key strategies will be helpful in managing a solitary pulmonary nodule includes, careful observation, di-
agnostic testing and surgery. For each it is suggested when the strategy should be used, the evidence in support 
of the strategy, its limitations, and areas of uncertainty. 
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1) Careful Observation  
Careful observation usually involves radiologic surveillance with serial CT and is most appropriate when the 

pretest probability of malignancy is relatively low (<5% - 10%) [9]. Most malignant lesions double in volume 
every 20 to 300 days leading to the clinical axiom that radiographic stability for 2 years suggests benign etiology 
[9] [40]. This is assumed that growth rates, measured radiographically, can be used to distinguish benign from 
malignant nodules [3] [8]. The primary weakness of this strategy is the hazard of delay; specifically, the proba-
bility that a previously curable lesion would metastasize during the period of observation [12] [34]. 

2) Diagnostic Testing 
When the probability of malignancy is intermediate (z10-60%), a diagnostic test is usually warranted. The 

main options are positron emission tomography (PET), CT-FNA, and bronchoscopy. 
PET: The sensitivity and specificity of PET for identifying malignancy are approximately 87% and 83%, re-

spectively [3] [9]. PET has a high negative predictive value when the pretest probability of cancer is low, and 
such patients can be subsequently managed with careful observation. PET does have important limitations. First, 
PET is less sensitive for nodules less than 8 - 10 mm in diameter [35]-[37] also, false-negative PET scans can be 
seen in patients with adenocarcinoma in situ, carcinoid tumors, and mucinous adenocarcinomas. False positive 
PET scans can be seen in patients with inflammatory conditions (sarcoidosis or rheumatoid nodules) or infec-
tious processes (endemic mycosis or mycobacterial infection). However, occasionally PET demonstrates evi-
dence of lymph node involvement or extrapulmonary disease that might not otherwise have been detected [38] 
[39]. 

CT guided FNA Cytology: CT-FNA has been shown to have reasonable sensitivity for identifying malignant 
lung nodules. In 11 studies, counting non-diagnostic results as false-negatives, the median sensitivity was 90% 
[3]. 

Broncoscopy: Although bronchoscopy is useful for central lesions, it has proved less accurate for peripheral 
pulmonary nodules. Studies using traditional techniques, such as conventional fluoroscopic guidance, demon-
strated diagnostic yields of 10% - 50% overall and approximately 33% for peripheral lesions less than 20 mm in 
diameter [41]. 

3) Surgery 
Video-assisted thoracic surgery, traditional thoracotomy, and sometimes a combination may be warranted 

when the probability of cancer is high (60% - 70%), both to establish a diagnosis and for definitive treatment. 
The risk of surgery depends on whether the nodule resected is malignant. If the nodule is found to be benign at 
frozen section, then only a wedge resection is required, and operative mortality is typically low (≈0.5%) [9] [41] 
[42] if the nodule is found to be malignant, then a lobectomy with systematic lymph node dissection is preferred. 
Lobectomy mortality has been reported to be 1% - 4% [41] [42]. 

3. Conclusion 
The identification of nodule is mostly accidental in chest radiography. Identification of character of nodule is 
important for management. The diagnosis of nodule involves both clinical and imaging assessment including 
risk assessment and morphology of the nodule. Emphasis should be placed on accurate diagnosis using the least 
possible resources avoiding surgical intervention where possible and the judicious use of biopsy procedures. Full 
use of newer techniques should play a part where available. Accurate diagnosis of nodule is made through its 
various characters and associated risk factors. The management strategies include careful observation of nodule 
with CT scan, other diagnostic tests like CT-FNA, PET and broncoscopy and surgery. Each of these components 
have own limitations and clinician should be aware of the limitations. 
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Abbreviations 
SPN: Solitary Pulmonary Nodule 
PET: positron emission tomography 
CT: Computed Tomography 
CT-FNA: CT-Fine Needle Aspiration  
BAC: Broncholveolar Carcinona 
GGO: Ground Glass Opacity 
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