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Introduction

Solitary pulmonary nodules (SPNs) are defined as discrete, 
well-circumscribed lesions within the lung parenchyma,  

 
measuring up to 3cm in diameter, surrounded by lung parenchyma, 
and not associated with lymphadenopathy or atelectasis [1]. 
These nodules are incidentally discovered in imaging studies, 
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Abstract  

Solitary pulmonary nodules are a frequent finding in chest imaging, presenting as a diagnostic challenge due to the possibility of both benign 
and malignant etiologies, requiring a complete guide for a more accurate, updated, and standardized guide for clinicians. This narrative review 
comprehensively explores SPNs, encompassing their definition, epidemiology, etiology and pathogenesis, imaging findings, follow-up strategies, 
and treatment options. SPNs are incidentally detected in 0.1-0.2% of chest X-rays and 13% of CT scans in the general population. However, the 
prevalence increases significantly (17-53%) among those with high-risk factors like smoking. Age and smoking history are the most significant 
risk factors, with men having a slightly higher incidence than women. A wide range of conditions can cause SPNs, including benign processes like 
granulomas, hamartomas, and inflammatory nodules and malignant etiologies such as primary lung cancer and metastatic disease. Infectious 
agents like aspergillus and tuberculosis can also manifest as SPNs. Additionally, autoimmune diseases and congenital malformations can be 
presented as SPNs. Chest X-ray can detect SPNs, but CT scans provide detailed anatomical information crucial for characterization. Imaging 
features like size, shape, margins, calcifications, and enhancement patterns are vital in differentiating benign from malignant nodules. PET 
scans may assess metabolic activity and aid in the evaluation of malignancy. Effective follow-up involves clinical assessment, risk stratification, 
and serial imaging (primarily CT scans). The frequency of follow-up imaging depends on the risk of malignancy and stability of the SPN. A 
multidisciplinary approach involving radiologists, pulmonologists, thoracic surgeons, and oncologists is crucial for optimal management. 
Management of SPNs depends on the underlying etiology. Benign nodules may require no intervention or surgical resection for symptomatic 
lesions. Malignant nodules typically require surgical resection, chemotherapy, radiation therapy, or a combination of these modalities. The role 
of PET scans and biopsy techniques in evaluating SPNs continues to evolve. Future advancements may provide more accurate and less invasive 
diagnostic tools. SPNs pose a diagnostic challenge due to their diverse etiology. A comprehensive evaluation is essential for accurate diagnosis 
and optimal patient management.
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such as chest radiography or computed tomography (CT). They 
may present as asymptomatic findings or as part of an evaluation 
for respiratory symptoms [1,2]. The epidemiology of SPNs varies 
depending on population characteristics and imaging techniques, 
but they are commonly encountered in clinical practice, with 
an estimated prevalence of 8-51% in chest imaging studies [3]. 
SPNs are more frequently identified in older individuals and are 
associated with a higher prevalence among smokers. Additionally, 
the prevalence of malignancy among SPNs increases with age and 
smoking history [4]. 

The etiology and pathogenesis of SPNs are multifactorial and 
can include benign processes such as granulomas, hamartomas, 
and inflammatory nodules, as well as malignant etiologies such 
as primary lung cancer and metastases from extrapulmonary 
malignancies [1,4]. Risk factors for malignancy include older age, 
smoking history, size of the nodule, and imaging characteristics 
suggestive of malignancy [2,5]. Imaging findings of SPNs on CT 
include size, shape, margins, and internal characteristics such 
as calcifications, cavitation, and enhancement patterns. Benign 
features include well-defined margins, central calcifications, 
and fat attenuation, while malignant features include irregular 
margins, spiculated appearance, and pleural or vascular invasion 
[1,5]. The follow-up of SPNs involves risk stratification based on 
clinical and imaging characteristics to determine the need for 
further evaluation or surveillance. 

Management options range from observation with serial 
imaging for stable, low-risk nodules to tissue sampling via 
biopsy or surgical resection for suspicious or high-risk nodules 
[4,6]. Treatment strategies for SPNs depend on the underlying 
etiology and the risk of malignancy. Benign nodules may require 
no intervention or surgical resection for symptomatic lesions, 
while malignant nodules typically require surgical resection, 
chemotherapy, radiation therapy, or a combination of these 
modalities [3]. This article aims to provide a comprehensive 
overview of solitary pulmonary nodules, including their 
definition, epidemiology, etiology and pathogenesis, imaging 
findings, benign and malignant features, follow-up strategies, and 
treatment options.

Epidemiology

Solitary pulmonary nodules (SPN) are found incidentally in 
0.1% to 0.2% of chest x-rays and 13% on CT scans in the general 
population compared to those with a high risk for malignancy 
who have a higher incidental finding of SPN on 9% of chest X-rays 
and 33% on low dose CT scans. The estimated prevalence of SPN 
in the general population and those screened due to high risk for 
malignancy is between 2% to 24% and 17% to 53%, respectively. 
Some risk factors associated with increased incidence of SPN 
include current or past smoking history, chronic obstructive 
pulmonary disease, and old age [7]. A recent study found that the 
incidence of clinically relevant SPN increased in each decade of 
life [8]. Studies show that SPN is found more often in men than 

in women, although women have a higher incidence of SPN in 
nonsmokers [7]. A recent retrospective study showed an increased 
rate of SPN detection with CT scans. However, the rate of lung 
cancer diagnosis did not increase with the rise in the number of 
SPN detections [9]. The increased incidence of SPN is attributed to 
the enhanced sensitivity of CT scans.

Etiology 

Lung opacities can be caused by a variety of conditions, 
including cancer, infection, congenital or even autoimmune 
conditions. Identifying the condition’s etiology is vital to 
prescribing the appropriate treatment plan. Most solitary 
pulmonary nodules are benign and have characteristic features 
such as smaller size, smooth border, and central calcification, 
usually located in the lower lobe [10,11]. A classic example is 
Hamartomas, benign mesenchymal neoplasms that account 
for 15% of benign SPN and 8% of all lung tumors. They are 
abnormal, non-encapsulated normal tissue growths due to a 
developmental error or genetic mutation, the most studied being 
PTEN loss [12,13]. Other benign tumors that cause SPN include 
fibroma and lipoma [14]. Due to the accessible nature of the 
lungs, they are vulnerable to various infections, many of which 
present with solitary pulmonary nodules. Infections represent 
15% of SPN cases, with the two most common infectious agents 
being aspergillus and tuberculosis [12]. Similar to other fungal 
infections, aspergillus presents as a consolidation with crescent 
or halo signs, which results from colonizing pre-existing cavities 
and forming an aspergilloma [11]. 

In contrast, tuberculosis presents with a characteristic 
cavitary lesion with a central necrotic nodule on CT. In 
addition, granulomatous infections, including fungal agents 
such as coccidioidomycosis and histoplasmosis, as well as 
non-granulomatous infections such as echinococcus, pose a 
substantial infectious burden also leading to the formation of SPN. 
Furthermore, it is worth noting that the scars remaining post-
infection may display as SPNs indefinitely. Various autoimmune 
diseases present as SPN in the lungs, including granulomatosis, 
polyangiitis, and rheumatoid arthritis [11]. The most notable is 
sarcoidosis, an inflammatory disease mainly targeting the lungs 
with a characteristic honey-comb cyst presentation. granulomas 
form as a result of an unknown antigen triggering immune cells 
into forming clusters seen as SPNs on CT. Although the lungs are 
not the primary target, amyloidosis has been shown to involve 
the lungs and can also form SPNs. An autopsy study discovered 
lung involvement in 30% of patients with amyloidosis, and a post-
mortem series by Browning et al. reports histological findings of 
pulmonary involvement in 90% of primary amyloidosis cases and 
33% of secondary amyloidosis cases [15,16]. 

A small number of benign SPNs are incidental findings of 
congenital malformations. Bronchogenic cysts are rare foregut-
derived cystic malformations in the lungs [17]. Another noteworthy 
idiopathic abnormality is pulmonary artery malformation, which 
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presents with a mono-focal form and can be found in the lower 
lung lobe and the subpleural area [18]. Malignant presentations 
are of more significant concern and account for 2-23% of 
SPN [11]. Adenocarcinomas represent 47% of malignant SPN 
findings, and KRAS is the primary proto-oncogenic mutation 
that initiates its pathogenesis. Meanwhile, EML4-ALK tyrosine 
kinase mutation and upregulation of EGFR account for many non-
small cell carcinomas, representing 7% of malignant SPNs. 22% 
of malignant SPNs are squamous cell carcinoma, in which P53 
mutation is the major pathogenic cause. Environmental factors 
also play a significant role in lung cancer [19]. This is especially 
evident in small cell carcinomas being exclusive to those exposed 
to tobacco smoke and rarely found in non-smokers. Furthermore, 
the lung is one of the most affected organs in metastatic cancer, 
with an incidence rate of 20.46 in males and 15.95 in females, 
representing 8% of malignant SPN findings [12,19]. 

Imaging Findings

Solitary pulmonary nodules (SPNs) are focal, discrete, well-
demarcated lesions within the lung parenchyma, measuring 
less than or equal to 3cm in diameter. Imaging findings of SPNs 
are crucial for characterization, differential diagnosis, and 
management decisions. Chest X-rays are the most commonly 
performed imaging modality to pick up a SPN. They can identify 
a large number of asymptomatic patients with an SPN [20]. A 
solitary lung nodule is a rounded opacity, well or poorly defined 
on a conventional radiograph, measuring up to 3cm in diameter 
[21]. SPNs are typically found incidentally on imaging studies 

unrelated to the respiratory system in 0.09-0.2% of all chest 
radiographs [22]. On chest X-ray, SPNs may appear as round or 
oval opacities with smooth or irregular margins. They can be 
located centrally or peripherally within the lung parenchyma. 
Calcifications, if present, may manifest as punctate, popcorn-like, 
or diffuse patterns within the nodule. Moreover, SPNs may exhibit 
signs of cavitation, which can indicate necrosis or infectious 
etiologies [23,24].

CT imaging provides detailed anatomical information and is 
essential for further characterization of SPNs. SPNs can display 
various attenuation patterns on CT, including solid, ground-
glass, part-solid, or calcified components. A solid nodule appears 
homogeneously dense with well-defined margins, whereas 
a ground-glass nodule demonstrates hazy opacity without 
obscuration of underlying structures. Part-solid nodules exhibit 
both solid and ground-glass components, often suggestive of 
an indolent malignancy like adenocarcinoma in situ [25,26]. 
Additionally, calcified nodules reveal hyperdense foci within the 
lesion, indicative of dystrophic or psammomatous calcifications. 
Commonly, a chest CT scan is a modality that is most likely to pick 
up a solitary pulmonary nodule as it can detect changes in the size 
of 1 to 2mm, which is often an integral part of determining nodule 
etiology [20]. If the nodule is cystic or ground glass in appearance, 
then the MRI may be of more use [22]. Electromagnetic navigation 
bronchoscopy offers a noninvasive means of evaluation but is 
limited by its cost and is usually only used if other means are 
impossible or unsuccessful [23].

Table 1: Benign vs. Malignant features.

Nodule Feature Benign Malignant

Size
A diameter below 6mm is proposed by most recent 
guidelines as an indicator of acceptably low cancer 

risk [28]

A diameter of >6mm is an indicator of higher malignant poten-
tial.

Growth rate

Have a relatively slower growth rate. 
Volume-doubling time (VDT) is the most sensitive 

marker for growth rate estimation. Lung cancer was 
diagnosed in only 1% of patients with VDTs ≥1000 

days [28].

Have a relatively rapid growth rate of lung cancerous lesions. 
The highest risk of malignancy is associated with VDTs of <100 

days [28].

Location
Perifissural nodules are considered benign, defined as 

solid nodules in contact with a fissure or the pleural 
surface.

Upper lobe distribution is associated with an increased risk of 
malignancy.  

Specifically, the right upper lobe (RUL) has the highest malig-
nancy rate, with 45% of all malignant nodules [30].

Calcification

Calcified lung nodules are generally not considered 
malignant. Diffuse, central, laminated, and popcorn 

calcification patterns are predictors of benign etiology 
[28].

Punctuate, eccentric, and amorphous calcifications are inde-
terminate patterns that should not be considered preclusive of 

malignancy [28].

Margin Benign nodules are associated with smooth, rounded 
borders.

Malignant nodules are more likely to have irregular, lobulated, 
or spiculated margins due to malignant cells spreading within 

the pulmonary interstitium [29].

Density

Subsolid nodules, many are associated with benign 
conditions such as focal interstitial fibrosis, eosino-
philic pneumonia, thoracic endometriosis, and focal 

hemorrhage

Part-solid nodules also have a high likelihood of malignancy 
[29].
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Regarding enhancement characteristics, SPNs can 
demonstrate heterogeneous enhancement patterns on contrast-
enhanced CT scans. Peripheral or eccentric enhancement may 
suggest an inflammatory or granulomatous etiology, while 
homogeneous enhancement is more typical of vascular or benign 
neoplastic lesions. Furthermore, the presence of necrosis within 
the nodule may result in non-enhancing areas suggestive of 
aggressive or infectious processes [24,26]. Ancillary imaging 
modalities such as positron emission tomography (PET) scans can 
aid in evaluating SPNs by assessing metabolic activity. Malignant 
nodules often exhibit increased fluorodeoxyglucose (FDG) uptake, 
reflecting higher metabolic activity. Conversely, benign nodules 
typically demonstrate lower FDG uptake, although certain benign 
conditions, such as granulomas or hamartomas, may exhibit 
variable uptake patterns [25-27]. Malignant vs benign features 
are described in (Table 1) [28-30]. 

Imaging findings of solitary pulmonary nodules encompass 
a spectrum of morphological, attenuation, enhancement, and 
metabolic characteristics. A comprehensive evaluation of these 
features, clinical correlation, and follow-up imaging studies are 
essential for accurate diagnosis and management planning.

Several risk factors contribute to the likelihood of developing 
lung cancer. These include current or past history of tobacco 
smoking, with the risk escalating alongside both the quantity 
of tobacco consumed daily and the duration of active smoking. 
Additionally, aging is associated with a heightened probability 
of malignancy in individuals with lung nodules. Occupational 
exposure to carcinogenic agents, particularly when coupled with 
cigarette smoke, synergistically amplifies the risk of lung cancer. 
Those with a history of previous lung cancer are at an increased 
risk for a second primary lung cancer. Furthermore, comorbid 
chronic lung diseases, such as chronic obstructive pulmonary 
disease (COPD), have been strongly linked to lung cancer, 
indicating a correlation beyond the common underlying cause of 
smoking [28].

Follow-up Strategies

An effective follow-up strategy for solitary pulmonary 
nodules (SPNs) involves clinical assessment, risk stratification, 
and imaging surveillance. The management algorithm aims to 
differentiate benign from malignant nodules, determine the 
appropriate interval and modality for follow-up imaging, and 
integrate clinical data for optimal patient care [31,32]. Following 
the initial detection of an SPN on imaging, a comprehensive clinical 
evaluation is conducted, including patient history, risk factors for 
malignancy such as smoking history, occupational exposures, 
and physical examination findings. This initial assessment guides 
subsequent management decisions and establishes a baseline for 
follow-up monitoring [33]. The timing and intervals for follow-up 
imaging depend on the risk of malignancy and stability of the SPN. 
Low-risk nodules, typically defined as those <6mm in diameter 

and presenting in individuals with no significant risk factors, 
may undergo surveillance at longer intervals, such as 12 to 24 
months. In contrast, higher-risk nodules, including those >8mm 
in diameter or exhibiting suspicious radiological features, require 
more frequent imaging surveillance, typically every 6 to 12 months 
[33,34]. Serial imaging studies, mainly CT scans, are essential 
for monitoring the progression of SPNs over time and assessing 
changes in size, morphology, and internal characteristics.

For stable nodules, interval imaging intervals may be 
extended, whereas suspicious or high-risk nodules may require 
more frequent surveillance. Serial CT scans allow for assessing 
nodule stability, growth rate, and evolution of radiological features 
over time [34]. Comparison of sequential images helps identify 
changes in nodule size, morphology, and internal characteristics, 
which can aid in risk stratification and decision-making regarding 
further intervention. Response assessment during follow-
up imaging involves evaluating changes in nodule size and 
characteristics compared to baseline or prior scans. Stable or 
decreasing nodule size and absence of new suspicious features are 
considered benignity indicators. In contrast, progressive growth 
or development of concerning features may prompt further 
evaluation or intervention [34,35]. The imaging studies needed 
for follow-up primarily involve high-resolution CT scans due to 
their superior resolution and ability to characterize pulmonary 
nodules accurately. CT scans provide detailed information about 
nodule size, morphology, margins, presence of calcifications, and 
growth rate [33,34]. 

Additionally, positron emission tomography (PET) scans 
may be considered in select cases, particularly when evaluating 
for malignancy or assessing nodal and distant metastases. 
Integrating PET-CT imaging into the follow-up strategy can 
provide valuable metabolic information and aid in assessing 
nodule malignancy [32]. Follow-up imaging should be integrated 
with clinical data, including patient history, risk factors for 
malignancy, and symptoms. Clinical assessment may influence the 
frequency and timing of follow-up imaging, especially in patients 
with significant comorbidities or limited life expectancy [33,35]. 
It is crucial to emphasize the importance of a multidisciplinary 
approach to follow-up strategies for SPNs, involving collaboration 
among radiologists, pulmonologists, thoracic surgeons, and 
oncologists [36,37]. This interdisciplinary collaboration facilitates 
comprehensive evaluation, risk stratification, and decision-making 
regarding further management. Patient education and counseling 
regarding the rationale, risks, and benefits of follow-up imaging 
are also essential to the management strategy, ensuring patient 
understanding and adherence to the follow-up plan [32,35].

Role of PET Scan in Solitary Nodules

The use of 18F-fluorodeoxyglucose positron-emission 
tomography (18F-FDG PET) has been extensively evaluated in 
patients with an indeterminate solitary pulmonary nodule [38]. 
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The American College of Chest Physicians (ACCP) recommends 
using thoracic CT scans as one of the main modalities and using 
PET as a conjunction in specific cases where the nodule is above 
8mm and has a moderate pretest probability of malignancy. 
(Figure 1) [39]. Gould et al. [40] conducted a comprehensive 
meta-analysis comprising 40 studies to estimate the diagnostic 
accuracy of FDG-PET for malignant focal pulmonary lesions. Their 
investigation, encompassing 450 pulmonary nodules, revealed a 
sensitivity of 94.2% (95% CI: 89.1-97.0%) at a specificity point 
of 83.3% on the ROC curve. Their findings led them to conclude 
that 18F-FDG PET is a precise noninvasive imaging modality for 
diagnosing pulmonary nodules and larger mass lesions [41]. Kim 
et al. [41] conducted a retrospective study involving 42 patients, 

assessing the diagnostic performance of CT, PET, and PET/CT. Their 
findings revealed sensitivity and specificity values for CT, PET, 
and PET/CT: 93%/31%, 69%/85%, and 97%/85%, respectively. 
Significant disparities (P<0.05) were observed between PET/
CT and PET regarding accuracy, sensitivity, and specificity. PET/
CT emerged as exceptionally adept at distinguishing between 
benign and malignant solitary pulmonary nodules (SPNs). The 
integration of anatomical and metabolic imaging in PET/CT 
synergistically retained CT’s sensitivity and PET’s specificity, 
resulting in a notably enhanced overall accuracy. Notably, visual 
interpretation sufficed for SPN characterization, with quantitative 
analysis failing to enhance PET/CT accuracy [42].

Figure 1:  [43,45].

In their research, Schrevens et al. [42] highlight PET’s pivotal 
role in diagnosing and staging non-small cell lung cancer. PET 
stands out as an attractive staging tool due to its capacity to 
precisely delineate the primary tumor and local and distant 

metastases in a single noninvasive examination. Compared to 
conventional imaging methods, PET offers superior accuracy, 
thus potentially reshaping stage designation and therapeutic 
strategies. By providing more precise staging, PET minimizes 
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the necessity for invasive procedures. Additionally, FDG-PET 
influences radiation therapy planning by optimizing target 
volume delineation, resulting in reduced radiation exposure to 
healthy tissues (Table 2) [38]. The American College of Chest 
Physicians (ACCP) recommends using thoracic PET scans as 
one of the main modalities in screening lung cancer in high-risk 
populations [43,44] (Figure 1). The ACCP also advises performing 

PET in conjunction with chest CT in some specific cases. PET is 
not indicated for Solitary Pulmonary Nodules of less than 8mm in 
diameter in the ACCP guidelines or less than 10mm in the French 
guidelines [39,40,43, 45]. This 8-10mm threshold was used to 
consider the spatial resolution of PET systems due to the high risk 
of false-negative findings for small lesions. 

Table 2: LUNG-RADS scoring [43].

Category Description Risk of malignancy 

 0 (incomplete) Used if there is prior CT imaging that is not available for comparison 
or if the lungs are not entirely imaged Nil or less than 1%

1 (negative) When there are no lung nodules found or nodules carrying high favor-
ability to be benign Nil or less than 1%

2(benign appearance) For solid nodules <6mm, new solid nodules <4mm, subsolid nodules 
<6mm, or ground glass nodules <30mm <1% chance of malignancy

3(probably benign) 
for solid nodules >6mm but <8mm, new solid nodules >4mm but 

<6mm, subsolid nodules >6mm with solid component <6mm, new 
subsolid nodules <6mm, or ground glass nodules >30 mm

1% to 2% chance of malignancy

4A (probably suspicious)

 solid nodules >8mm but <15mm, growing nodules <8mm, new solid 
nodules 6mm to <8mm, subsolid nodules >6mm with solid compo-

nent >6mm but <8mm, new/growing subsolid nodules with a <4mm 
solid component, or an endobronchial nodule

5 to 15% chance of malignancy.

4B (suspicious) 
solid nodules >5mm, new or growing solid nodules >8mm, subsolid 

nodules with solid component >8mm, or new/growing subsolid nod-
ules with >4mm solid component

>15% chance of malignancy

4X (suspicious)
either category 3 or 4 with other features suspicious for malignancy, 

including spiculation, ground-glass nodules that double in 1 year, and 
enlarged regional lymph nodes.

PET can be avoided in nonsolid nodules (ground glass 
opacity or mixed nodules) and replaced by thin-section CT of 
the lungs, which performs better in these circumstances [46,47]. 
Thus, one of the primary sources of false-negative (carcinoma 
in situ and other forms previously called “bronchioloalveolar 
carcinoma”) and false-positive findings associated with PET 
(inflammatory episodes or infection) is eliminated. Such nodules 
are monitored using CT [48,49]. PET is, therefore, mainly used as 
a complementary modality in the investigation of solid nodules ≥ 
8mm. Nevertheless, PET should be included in a global strategy 
for characterizing solitary pulmonary nodules that consider their 
size, doubling time, morphology, density, and clinical likelihood of 
malignancy. When chest radiography or CT reveals a solid SPN, 
prior images of the same patient must be reviewed to determine 
whether the nodule was present earlier to assess its progression 
and doubling time [50]. If the nodule is found on previous images 
and has not grown in size over two 2-year, then it is probably 
benign. Thin-section chest CT also provides specific information 
on the morphology of the SPN [50,51].

Role of Biopsy in Solitary Nodules	

In the world of an earlier diagnosis leading to a better 
prognosis, and with the high mortality of lung cancer, new 

advances are constantly worked on in order to help future 
patients. The role of biopsy in solitary lung nodules (SLN) depends 
on the risk category that the nodule is placed in, for which several 
risk calculator formulas have been created in order to determine 
how much of a risk a nodule has so that the patient gets the 
less invasive and more effective diagnostic tool. An important 
one is the Brock Risk Calculator, which has been reported to 
be more accurate than the Lung Imaging Reporting and Data 
System (Lung-RADS), as the latter underrepresented the risk for 
malignancy in two categories [52]. The Brock Risk Calculator can 
use several features to determine risk, which is not limited to just 
size, type, and location but also other factors such as age, sex, 
and family history. Some features that suggest malignancy in an 
SLN are size >10mm, irregular borders, nonsolid or ground glass 
density, noncalcified nodules, and doubling size within one month 
to a year. There are several guidelines regarding how to manage 
SLN. However, most agree with the past American College of Chest 
Physicians (ACCP) guidelines that indicate that SLN between 8 to 
30mm with high pretest probability should get a direct biopsy to 
exclude malignancy, whereas low or moderate can be managed 
initially with imaging. 

These guidelines indicate that nodules less than 8mm can be 
managed with imaging for surveillance with different imaging 
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periods depending on their risk. Nodules determined low risk 
can also be biopsied if there is evidence of notable growth or a 
positive PDG-PET scan on follow-up [53,54]. Three main types 
of nodules are recommended for biopsy depending on their 
size: part-solid, nonsolid, and ground glass nodules, as all these 
are features of possible malignancy. If part-solid nodules are 
>5mm after 3 months of surveillance, they are recommended to 
get biopsied due to the risk of malignancy; if nonsolid nodules 
are >10mm after 3 months of surveillance are recommended to 
biopsy and ground glass nodules >5mm that persist for 3 years, 
a biopsy is recommended as well [55]. Lung biopsies can be done 
in different ways, including fine needle aspiration, core needle, 
transbronchial, thoracoscopic, open, and others. However, it has 
been found in some studies that CT-guided core needle biopsies 
have the highest most overall sensitive, specific, and accurate 
technique and also improve definitive diagnosis of benign 
lesions as compared to Fine Needle Aspiration from 52 to 91%, 
demonstrating it is an excellent technique for both ruling in and 
ruling out malignancy [56].

Conclusion 

Solitary pulmonary nodules represent a diagnostic challenge 
in clinical practice, often requiring a comprehensive evaluation 
to differentiate between benign and malignant etiologies. 
Their incidental discovery in imaging studies underscores the 
importance of understanding their epidemiology, etiology, 
and imaging characteristics. Risk factors such as age, smoking 
history, and occupational exposures contribute to the likelihood 
of malignancy, necessitating careful consideration in clinical 
decision-making. Imaging modalities, particularly CT scans, 
are crucial in characterizing SPNs and guiding management 
strategies. Follow-up strategies based on risk stratification and 
clinical assessment are essential for monitoring SPNs over time 
and determining the need for further intervention. PET scans 
offer valuable metabolic information in select cases, aiding 
in diagnostic accuracy and staging of SPNs. Biopsy remains a 
cornerstone in the diagnostic approach to suspicious nodules, 
with advancements in techniques such as CT-guided core 
needle biopsy enhancing diagnostic yield and accuracy. Overall, 
a multidisciplinary approach involving collaboration among 
radiologists, pulmonologists, thoracic surgeons, and oncologists is 
essential for optimizing the management of SPNs and improving 
patient outcomes.
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