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Introduction.  
 

Lymphadenopathy is a common clinical finding that can arise from various benign and malignant conditions. 

Differentiating between benign and malignant lymph nodes is crucial for accurate diagnosis, staging, and 

treatment planning. Benign lymph nodes are often reactive, caused by infections, inflammation, or autoimmune 

disorders, while malignant lymph nodes result from primary lymphoid neoplasms or metastatic spread from 

other malignancies [1]. Accurate differentiation relies on a combination of clinical evaluation, imaging studies, 

and histopathological examination. Endosonography has become a vital tool in this differentiation process, 

offering both imaging and fine-needle aspiration (FNA) capabilities for cytological analysis [2]. 

Ultrasound features play an essential role in identifying malignant lymph nodes. Malignant nodes typically 

exhibit characteristics such as round shape, irregular margins, loss of fatty hilum, heterogeneous echogenicity, 

and increased vascularity on Doppler imaging [3]. In contrast, benign lymph nodes usually display an oval 
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shape, well-defined margins, preserved fatty hilum, and homogeneous echogenicity. While these features 

provide valuable clues, no single ultrasound characteristic is entirely diagnostic, and tissue sampling is often 

required for confirmation [4]. 

 

Endoscopic ultrasound (EUS) offers high-resolution imaging that allows for detailed assessment of lymph node 

architecture. It enables better visualization of deep-seated lymph nodes, such as those located in the 

mediastinum, abdomen, or pelvis, which are challenging to access through conventional imaging methods [5]. 

EUS-guided fine-needle aspiration (EUS-FNA) further enhances diagnostic accuracy by allowing cytological 

analysis of suspicious lymph nodes. Studies have shown EUS-FNA to have high sensitivity and specificity for 

detecting malignant lymph nodes [6]. 

 

Contrast-enhanced EUS (CE-EUS) is an emerging technique that improves the differentiation between benign 

and malignant lymph nodes. By assessing the vascular patterns within lymph nodes, CE-EUS can highlight 

irregular or chaotic vascularity, often seen in malignant nodes, compared to the more organized vascular 

patterns of benign nodes [7]. Elastography, another advanced ultrasound technique, measures tissue stiffness, 

with malignant nodes typically appearing stiffer than benign ones [8]. These advancements contribute 

significantly to improving diagnostic confidence. 

 

Cytological analysis of EUS-FNA samples remains the gold standard for confirming malignancy. Cytological 

features such as cellular atypia, increased nuclear-to-cytoplasmic ratio, and mitotic figures are key indicators 

of malignancy [9]. However, sampling errors and inadequate specimen collection can lead to false-negative 

results, underscoring the importance of operator expertise and optimal sample acquisition techniques [10]. 

Immunohistochemistry (IHC) further refines cytological analysis, enabling the identification of specific tumor 

markers [11]. 

 

Benign lymph nodes often display reactive hyperplasia, which is characterized by follicular proliferation and 

polymorphous cellular infiltrate. These findings can be confirmed through histopathological examination 

following EUS-FNA [12]. Additionally, granulomatous lymphadenitis, commonly seen in tuberculosis and 

sarcoidosis, can mimic malignancy on imaging but is typically diagnosed through cytological and 

histopathological evaluation [13]. 

 

Size is another crucial factor in lymph node assessment. Malignant lymph nodes are generally larger than 

benign ones, but there is significant overlap between the two categories. Lymph nodes larger than 10 mm in 

short-axis diameter are often considered suspicious, although benign nodes may also exceed this size in 

reactive conditions [14]. Therefore, size alone should not be the sole determinant of malignancy. 

The location of lymphadenopathy can also provide diagnostic clues. Certain nodal stations, such as 

supraclavicular or retroperitoneal nodes, are more likely to harbor malignancy than others [15]. Additionally, 

patterns of nodal involvement, such as clustering, matted nodes, or extranodal extension, often suggest 

malignant etiology [16]. Clinical history, including prior malignancies, smoking history, and systemic 

symptoms such as weight loss or night sweats, further aid in risk stratification [17]. 

 

PET-CT imaging has become a valuable adjunct in differentiating malignant from benign lymph nodes. 

Malignant nodes typically exhibit increased uptake of fluorodeoxyglucose (FDG) due to their high metabolic 

activity, while benign nodes show lower uptake [18]. However, false positives can occur in inflammatory or 

infectious conditions, and histological confirmation remains essential [19]. 

Infection-related lymphadenopathy, such as that caused by Epstein-Barr virus (EBV) or cytomegalovirus 

(CMV), often mimics malignant lymphadenopathy. Serological testing and viral load analysis can help 

distinguish these conditions [20]. Similarly, autoimmune diseases like systemic lupus erythematosus (SLE) and 
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rheumatoid arthritis (RA) can cause reactive lymphadenopathy, which may appear suspicious on imaging but 

typically lacks cytological features of malignancy [21]. 

Patient factors, including age and comorbidities, also influence the likelihood of malignant versus benign 

etiology. For example, lymphadenopathy in older patients or those with known primary malignancies carries 

a higher risk of being malignant [22]. Conversely, younger patients with acute systemic symptoms are more 

likely to have benign reactive lymphadenopathy [23]. 

 

Histopathology remains the definitive diagnostic modality, especially in cases where cytology is inconclusive. 

Excisional lymph node biopsy provides a larger tissue sample, allowing for architectural assessment and 

immunohistochemical staining [24]. However, it is more invasive than FNA and may not always be feasible, 

particularly in deep-seated lymph nodes [25]. 

A multidisciplinary approach is essential for optimal diagnosis and management. Collaboration between 

radiologists, pathologists, and clinicians ensures that imaging findings, cytology results, and clinical context are 

integrated for accurate interpretation [26]. Timely diagnosis of malignant lymphadenopathy significantly 

impacts treatment planning and prognosis [27]. 

 

Despite significant advancements, challenges remain in differentiating benign from malignant lymph nodes. 

False positives and negatives can occur, particularly in borderline cases or when sampling is suboptimal [28]. 

Continuous advancements in imaging technologies and molecular diagnostics hold promise for improving 

diagnostic accuracy in the future [29], differentiating between benign and malignant lymph nodes requires a 

multimodal approach, combining imaging, cytology, and histopathology. Endosonography, particularly with 

advanced techniques like elastography and CE-EUS, has revolutionized lymph node evaluation. Ongoing 

research and technological innovation are expected to further refine diagnostic strategies and improve patient 

outcomes [30]. 

 

Endosonography, also known as endoscopic ultrasound (EUS), has become a pivotal diagnostic tool in 

evaluating lymph node lesions, distinguishing between malignant and benign etiologies. Its ability to combine 

endoscopy with high-resolution ultrasound imaging allows precise visualization and sampling of lymph nodes 

located in difficult anatomical regions, such as the mediastinum, abdomen, and pelvis. EUS-guided fine-needle 

aspiration (EUS-FNA) further enhances its diagnostic yield by providing cytological or histological samples for 

analysis. This integration significantly improves the accuracy of lymph node assessments compared to 

conventional imaging techniques like CT or MRI [31]. 

 

One of the key advantages of endosonography is its capacity to assess lymph nodes based on specific ultrasound 

features, including size, shape, border regularity, echogenicity, and vascular patterns. These sonographic 

characteristics play a crucial role in differentiating between benign and malignant lymph nodes. For instance, 

round shape, irregular margins, hypoechoic appearance, and hypervascularity are frequently associated with 

malignancy, whereas oval shape, smooth borders, and homogenous echogenicity suggest benign pathology 

[32]. 

 

EUS is particularly valuable in staging malignancies, such as lung, esophageal, pancreatic, and gastric cancers, 

where lymph node involvement determines therapeutic approaches and prognosis. Accurate staging through 

EUS reduces unnecessary surgical interventions and facilitates tailored treatment plans. In esophageal cancer, 

for example, EUS has demonstrated superior sensitivity in detecting regional lymph node metastasis compared 

to CT or PET scans [33]. 

The utility of EUS is not limited to malignant diseases; it also plays a significant role in diagnosing benign 

lymphadenopathies caused by conditions such as tuberculosis, sarcoidosis, and reactive lymphadenitis. In 

tuberculosis, EUS-guided FNA can yield caseating granulomas, which are diagnostic for the disease. Similarly, 
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in sarcoidosis, non-caseating granulomas can be identified, allowing for a definitive diagnosis without more 

invasive procedures [34]. 

 

EUS-FNA has a well-established safety profile, with complications being rare and typically minor, such as 

bleeding or infection at the aspiration site. The risk-to-benefit ratio strongly favors its use in most clinical 

scenarios requiring lymph node assessment. Studies have reported complication rates as low as 1%, 

highlighting the minimally invasive nature of the procedure [35]. 

When comparing EUS to other diagnostic modalities, it becomes evident that EUS offers superior sensitivity 

and specificity, especially in assessing smaller lymph nodes. While CT and PET scans provide valuable 

anatomical and metabolic information, they often lack the resolution required to characterize small lymph 

nodes accurately. EUS bridges this gap by offering real-time imaging and the ability to obtain tissue samples 

[36]. 

 

In lymphoma diagnosis, EUS has emerged as a complementary tool to traditional excisional biopsy. EUS-guided 

core needle biopsy (EUS-CNB) provides larger tissue samples compared to FNA, increasing the likelihood of 

accurate histopathological diagnosis. This is particularly important in lymphomas, where architectural 

patterns are essential for subclassification [37]. 

EUS is not without limitations, and its diagnostic accuracy can be operator-dependent. The expertise of the 

endosonographer significantly influences the quality of imaging and tissue sampling. Training programs and 

certification processes are essential to standardize EUS practices and ensure consistent outcomes across 

different centers [38]. 

 

The cost-effectiveness of EUS in lymph node evaluation is another important consideration. Although the initial 

cost of EUS equipment and training is high, the overall healthcare savings achieved through accurate diagnosis 

and reduced need for more invasive procedures are substantial. Cost-effectiveness analyses have 

demonstrated favorable economic outcomes in both malignant and benign scenarios [39]. 

Advances in EUS technology, including elastography and contrast-enhanced EUS, have further expanded its 

diagnostic capabilities. Elastography assesses tissue stiffness, helping differentiate benign from malignant 

lymph nodes, as malignant tissues tend to be stiffer. Contrast-enhanced EUS provides real-time vascular 

imaging, improving the detection of abnormal perfusion patterns [40]. 

 

Emerging research continues to explore the potential of artificial intelligence (AI) integration with EUS. AI 

algorithms are being developed to assist in lymph node image interpretation, improving diagnostic accuracy 

and reducing operator dependency. Preliminary studies have shown promising results, suggesting that AI can 

enhance the sensitivity and specificity of EUS assessments [41]. 

 

EUS also plays a role in post-treatment surveillance of lymph node lesions. After chemotherapy or 

radiotherapy, lymph nodes often exhibit changes that can be challenging to interpret using conventional 

imaging modalities. EUS, with its high-resolution imaging and tissue sampling capabilities, provides valuable 

information in assessing treatment response and residual disease [42]. 

 

 

 

 

The role of EUS in pediatric lymphadenopathy is gaining attention. While traditionally less common in pediatric 

populations, EUS is being increasingly utilized for evaluating persistent or suspicious lymph node enlargements 

in children. Its minimally invasive nature and diagnostic accuracy make it a suitable option for pediatric 

patients [43]. 
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Multidisciplinary collaboration is essential for maximizing the benefits of EUS in lymph node evaluation. Close 

coordination between gastroenterologists, oncologists, radiologists, and pathologists ensures optimal 

utilization of EUS findings for patient management. This team-based approach enhances diagnostic accuracy 

and treatment outcomes [44]. 

Future developments in EUS are expected to focus on improving image resolution, enhancing biopsy 

techniques, and expanding the role of real-time imaging technologies. Innovations such as mini-probe EUS and 

high-frequency probes are anticipated to further refine lymph node evaluations [45]. 

In conclusion, endosonography has proven to be an indispensable tool in the evaluation of lymph node lesions, 

offering unparalleled accuracy in both malignant and benign conditions. Its minimally invasive nature, 

combined with the ability to obtain tissue samples, makes it a preferred choice in modern diagnostic 

algorithms. Ongoing advancements in technology and operator training will continue to refine its utility in 

clinical practice [46]. 
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