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Abstract

The differential diagnosis between benign and malignant lymph nodes (LNs) has
a fundamental role in the characterization and staging of malignant conditions, as
well as in subsequent patients’ management. All imaging modalities (i.e.
computed tomography and magnetic resonance imaging) rely mainly on size;
endoscopic ultrasound (EUS) criteria based on B-mode evaluation and Doppler
features fail to adequately characterize with high specificity LNs nature. The
introduction of EUS-elastography and contrast-enhanced harmonic EUS are
useful techniques to increase the diagnostic yield in identifying metastatic LNs, to
identify which suspicious LN should require pathological characterization and,
finally, to target tissue acquisition. EUS-guided tissue acquisition (EUS-TA) is
increasingly being used for diagnosing lymphadenopathy whenever the charac-
terization modifies patients’ subsequent management and when no superficial LN
is accessible. Since target therapy are currently available (i.e. lung cancer, breast
cancer), EUS-TA of malignant LNs could be required to identify tumor biology. In
this field, both fine needle aspiration and biopsy needles are able to guarantee
accurate results with almost perfect specificity and sub-optimal sensitivity. We
finally propose a diagnostic algorithm based on most recent, high-level evidence
for the diagnostic approach to suspected LNs assessment.

Key Words: Endoscopic ultrasound-guided tissue acquisition; Endoscopic ultrasound-fine
needle aspiration; Endoscopic ultrasound-fine needle biopsy; Biopsy; Aspiration; Cancer
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Core Tip: The characterization of suspected mediastinal or abdominal lymph nodes
(LNs) represents a crucial indication for endoscopic ultrasound (EUS) and tissue
acquisition, since may significantly impact patients’ management and clinical out-
comes. Historically, ultrasound assessment was the first-line diagnostic modality for
the evaluation of peripheral LNs. EUS allows a real-time assessment of suspected LNs
located next to the gastrointestinal tract; moreover, the possibility to obtain patholo-
gical specimens from needle-based tissue acquisition allows to answer with optimal
sensitivity and perfect specificity to clinical questions.

Citation: Tamanini G, Cominardi A, Brighi N, Fusaroli P, Lisotti A. Endoscopic ultrasound
assessment and tissue acquisition of mediastinal and abdominal lymph nodes. World J
Gastrointest Oncol 2021; 13(10): 1475-1491

URL: https://www.wjgnet.com/1948-5204/full/v13/i10/1475.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i10.1475

INTRODUCTION

Lymph nodes (LNs) are bean-shaped organs, with a variable diameter ranging bet-
ween 1 and 40 mm based on the anatomical site. Around 800 LNs are present in
humans, however just a small proportion can be identified on cross-sectional imaging
modalities, such as computed tomography (CT) and magnetic resonance imaging
(MRI). LNs are characterized by a dense connective capsule, an outer part (cortex and
paracortex) which contains lymphoid follicles, and a central part (the medulla). The
supplying vessels are found in the hilum, even if, in some LNs, accessory arteries and
veins can enter and leave the organ through the cortex outside the hilum[1].

LNs may enlarge and change their architecture under different conditions, mainly
due to acute or chronic inflammation, and neoplastic infiltration including hemato-
logical disorders[2].

The characterization of suspicious LNs has a pivotal role in clinical practice, mainly
for the correct staging of malignant tumors. The N staging of Tumor-Node-Metastasis
classification is essential to determine the prognosis of patients and to decide the
correct medical, endoscopic or surgical approach to the disease[3-5]. However, the
differential diagnosis between benign and malignant LNs through conventional
imaging techniques has always been challenging. Imaging methods mostly rely on the
size and shape of LNs, but these parameters seem not to be accurate, since a great part
of metastatic LNs measure less than 5 mm in diameter[4-7]. Nowadays, thanks to the
wide selection of therapeutic options for most thoracic and abdominal neoplasms, it is
fundamental to find minimally invasive methods for more reliable LNs differential
diagnosis.

ENDOSCOPIC ULTRASOUND

Endoscopic ultrasonography (EUS) was introduced in the clinical practice about 40
years ago and it is now used in everyday hospital routine. It has become an important
technique due to its high accuracy in diagnosis and staging of a variety of benign and
malignant conditions[8]. The main advantage of EUS lies in its capability to visualize
the gut wall as a multi-layer structure corresponding to histologic layers and to
display very closely to organs and lesions surrounding the gut wall, in particular the
pancreato-biliary area, mediastinal and abdominal masses and LNs. In 1992 fine
needle aspiration (FNA) has been developed as an adjunct to EUS techniques, since
then it has become indispensable in clinical practice making it possible to safely obtain
tissue diagnosis of most masses and lesions under the reach of EUS[9-11].

Since its introduction, the indications and role of EUS have continued to expand and
it has been validated in lots of diagnostic and staging algorithms. Staging of
gastrointestinal neoplasms has dramatically changed. Many studies have demon-
strated that EUS is superior to CT scan for the local (T stage) and lymph node (N stage)
staging of primary lesions. Recently EUS has been developing also in M staging of
tumors, particularly in liver metastases evaluation. Thanks to EUS it is possible to
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obtain essential information to determine the resectability of a tumor, the type of
intervention needed (endoscopic vs surgical) or the need for chemo-radiotherapy.
Nowadays EUS is used not only for gastrointestinal tumors (particularly esophageal
cancer, gastric cancer, pancreatic neoplasms, gastric lymphoma and rectal cancer) but
also for staging of lung cancer[3,12,13].

Ultrasound (US) is the imaging method of choice for the evaluation of LNs, because
of its high resolution compared to CT and MRI, thanks to its cost-effectiveness and the
possibility of a real-time evaluation. For anatomical reasons conventional transcu-
taneous US examination is difficult or not possible in deeper regions (abdominal and
mediastinal LNs); endoscopic US should be considered in such cases. Current
indications for conventional US B-mode techniques are: The detection of suspicious
LNs, the characterization of palpable and peri-intestinal (EUS) LN, the staging of
malignancies and the guidance for LN puncture[1,2].

To differentiate LNs we often rely on their morphologic characteristics and to-
pographic distribution. In recent years, several studies have been conducted on the
differential diagnosis between benign and malignant LNs[14,15]. Some typical aspects
have been clearly depicted; for example, in the mediastinum and hepatic hilum region,
the inflammatory LNs are often irregular strip or flake shaped without demarcation. In
these cases, B-mode criteria could be sufficient to establish the benign nature of the
LN.

Thanks to FNA/fine needle biopsy (FNB) EUS has undergone an impressive
development but, nowadays, the use of EUS image enhancement techniques, such as
Doppler-EUS, EUSreal-time tissue elastography (EUS-RTE) and contrast enhancement
EUS (CE-EUS), can further improve the diagnostic value of EUS in the evaluation of
lymphadenopathies, focusing on architectural and vascular changes of pathologic LNs
and obtaining optimal results in terms of accuracy[7,14,16-18].

EUS IMAGE ENHANCEMENT TECHNIQUES

Color- and power-Doppler
Doppler US was developed for the study of vessels and of the macrovascular ar-
chitecture of organs and tissues. It includes 3 main modes: Color-Doppler, spectral
Doppler, and conventional power Doppler. Color-Doppler US provides information
about blood flow (like direction and mean velocity) within a selected area, supe-
rimposed on the grey-scale US image. Spectral Doppler US can detect the absolute
velocity of blood flow in vessels within a small sample gate; the spectral tracing gives
information about acceleration time, peak systolic and diastolic velocities, which can
be used to calculate resistive indices (RI). Conventional power Doppler Ultrasono-
graphy is the most sensitive Doppler technique in the evaluation of slow flow, but it
lacks directional information. It is useful in assessing global perfusion of tissues, even
if it was recently overcome by the development of contrast-enhanced techniques.
Doppler modes are useful in evaluating and diagnosing vascular pathologies or in
assessing vascular characteristics of normal or pathologic tissues, although some of
their capabilities are limited such as the assessment of flow in vascular beds, which is
too slow to be detected with these techniques. In EUS, Doppler techniques are useful
in guiding invasive procedure, such as FNA/FNB or injection[19,20]. However, color-
Doppler hilar vascularization, peripheral signals and spectral analysis present perfect
technical results in trans-abdominal US, while in EUS the use could be limited by
scope instability, LNs size and limited probe capacity.

EUS-elastography

Strain imaging (“elastography”) is a real-time imaging technique for tissue character-
ization, which displays differences in hardness between tissues. It is based on the
generation of external or internal forces (EUS elastography is based on the internal
force concept) and measures compressioninduced tissue deformation (strain): Stiff
tissues present lower strain and deform less under compression, while soft tissues
deform more. Tissue deformation is evaluated within a region of interest (ROI) and
assessed in a comparative fashion; it is then visualized using a transparent color
overlay on the Bmode image. Different pathological processes, such as fibrosis, inflam-
mation, and cancer, can alter tissue stiffness. Elastography was initially developed for
the evaluation of organs and lesions accessible from the body surface but it was
subsequently combined with conventional EUS (EUS real-time elastography) with
promising results, in particular in the evaluation of pancreatic lesions and LNs[21-23].
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No specific patient’s preparation is needed for EUSelastography (EUS-E) and, even
if it’s not expected to replace bioptic assessment, it can give advantages to EUS thanks
to its ease of use and its low cost[21,24]. Tissue stiffness is evaluated through the
application of slight compression with an US transducer to the targeted tissue; the
necessary strain is provided by physiologic vascular pulsation and respiratory
movements. Displacements are measured only in an axial direction; resulting tissue
displacement is recorded by the EUS probe and coded by a specific software. The
region immediately in front of the transducer face could be subjected to more stress
than the lateral portions because of the use of a curved array transducer but, to
improve uniformity in strain image, the size of the ROI can be reduced[22,25].

EUS-E is performed by using a two-panel image, with both the conventional grey-
scale B-mode EUS image and the elastography image. Qualitative EUSRTE uses a
combination of color patterns to differentiate benign and malignant lesions. Elasticity
(on a scale of 1-255) is shown as a superimposed color map on a conventional B-mode
image; in this elasticity map hard tissues (minor strain) are visualized by dark blue,
intermediate tissue elasticity results green and yellow, whereas soft tissues (distinct
strain) are shown in red (color map may be changed by the operator). For a good
reliable examination, a consistent color pattern in consecutive frames is necessary. The
elastography ROI should include the targeted lesion as well as the surrounding tissues
as a reference. The lesion of interest should cover 25%-50% of the ROI and, in the case
of a large lesion, the ROI can be placed toward the edge of the lesion[21,25,26].

Using semi-quantitative elastography the operator can obtain better results, com-
paring lesions to reference tissue within the ROI [strain ratio (SR)] or quantifying the
distribution of strain values (strain histogram)[21]. In SR two different areas (A and B)
are selected, respectively including the target lesion (without including the sur-
rounding tissue) and a soft (red) reference tissue area outside the lesion. The ratio is
defined as the quotient Mean-strain-of-B/Mean-strain-of-A and is calculated using
raw strain data, not based upon color map display. Strain histogram is based on the
qualitative EUS elastography data; it analyses the range and distribution of strains
within a selected ROI, showing on the X-axis the elasticity of tissue from 0 (hardest) to
255 (softest). Moreover, it displays several key parameters such as mean strain,
standard deviation, percent, and complexity of the blue area[22,27]. Qualitative EUS-E
or semi-quantitative EUS-E (SR or Hue histogram) present low reproducibility and
standardization. The introduction of quantitative EUS shear-wave measurement
failed, to date, to demonstrate any advantage compared to EUS-E.

EUS-E has no formal contraindication. Over the past years EUS-E was used as a
complementary method to other techniques for the evaluation of pancreatic lesions
and lymph-nodes, but it has been progressively included in clinical evaluation of other
lesions, such as subepithelial lesions of the GI tract and focal liver lesions[22].

Contrast-enhanced EUS

Contrast-enhanced EUS is an EUS ancillary technique which combines the advantage
of EUS with the administration of US contrast agents. Contrast agents consist of gas-
filled microbubbles, covered with a phospholipid or lipid shell, of approximately 2 to 5
pm diameter, which resonate and are disrupted when receive US waves, producing a
signal detected in the US image[28,29]. They present a pure intravascular distribution,
so that they do not diffuse into the extravascular space; gases are then not metabolized
in the human body and are eliminated by the lungs, while the stabilising shells are
eliminated by the liver[30].

CE-EUS can be performed by using color or power Doppler as a generic signal
intensifier in Contrast-Enhanced Color and Power Doppler EUS (CE-EUS) or by using
a dedicated contrast harmonic in Contrast-Enhanced Harmonic EUS (CH-EUS).
Doppler has been historically useful for evaluating large blood vessels with fast-
flowing blood but is not sensitive enough to detect slow and low-volume flow.
Microbubble contrast agents increase the intensity of backscattered USs and can
increase the Doppler signal of small vessels (arterioles and venules) with a diameter of
approximately 0.1-0.4 mm, but not the signal of capillaries. Unfortunately, CE-EUS
has several disadvantages such as blooming artefacts, vulnerability to motion artefacts
and low sensitivity to slow flow[26,31].

Contrast harmonic techniques permit to improve the resolution of this method
filtering signals originating from different tissues by selectively detecting harmonic
components. Harmonic imaging is based on non-linear acoustic effects of US in-
teractions with tissues or microbubble contrast agents. A linear system scatters signals
with the same frequency as the transmitted pulse, differently a non-linear response
contains both the original insonated frequency and harmonics, which are signals
containing multiples of the transmitted frequency. When exposed to US waves,
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microbubbles resonate, releasing many harmonic signals; in this way a single bubble
can be identified as a bright spot[32,33]. Through CH-EUS we can detect signals from
microbubbles in vessels with very slow flow, as in the capillary bed, without Doppler-
related artifacts[34].

During CH-EUS examination the echoendoscope is placed in front of the lesion of
interest and, like in EUS-E, a reference B-mode image is kept beside the contrast
enhanced image through a dual screen. In order to avoid breaking the microbubbles, a
large intravenous catheter should be employed for the injection of the contrast agent,
which should be administered slowly and followed by a saline flush. After the
injection, the uptake and washout of the contrast agent are evaluated for at least 120 s:
The microbubbles emit dynamically strong echo signals depicting large and small
vessels and showing the microvasculature of the evaluated tissue, from the un-
enhanced phase to the contrast-enhanced phase. The internal vascular architecture
influences the enhancement pattern, differentiated into 3 uptake patterns (hyper-
enhancement, iso-enhancement, hypo-enhancement). For CH-EUS study low me-
chanical index (typically below 0.4, adjusted depending on the target) should be
selected in order to obtain microbubble oscillation, to avoid their destruction and to
obtain effective tissue signal suppression (non-linear response from tissue is minimal
with low acoustic power)[26,31,35,36].

In recent years CH-EUS is achieving popularity, even if consensus is still lacking
about its exact role in diagnostic workup of gastrointestinal lesions. It is commonly
used in the investigation of pancreatic cystic and solid lesions, gallbladder abnor-
malities, subepithelial gastrointestinal tumors; other indications, such as staging of
gastric tumors and other anomalies are limited to research studies. Indeed, the
possibility of obtaining histological assessment through FNA or FNB with high
diagnostic accuracy made this technique often unnecessary in daily clinical practice[14,
32,37].

The European Federation of Societies for US in Medicine and Biology guidelines
recommend the use of elastography and US contrast agents to increase the ability to
distinguish benign or malignant nature of solid pancreatic tumors, pancreatic cystic
neoplasms, and LNs. On the other hand, these methods could be used to improve the
diagnostic performance of tissue sampling[38-41].

EUS-GUIDED TISSUE ACQUISITION

The introduction of EUS-FNA and FNB allowed a definite pathology for thoracic and
abdominal masses. EUS combines the high-resolution US imaging of lesions and a safe
and effective fine needle-based tissue acquisition of these lesions[11,42].

Several types of needles have been developed to provide histological tissue
examination. Anyway, also standard aspiration needles (mainly larger needles) may
provide the capture of tissue suitable for histopathological evaluation[43-47]. His-
topathological handling is possible with small tissue cores fixed in formalin and,
compared with cytopathological sample, it permits a wide variety of ancillary
diagnostic techniques (immunohistochemistry, molecular analysis)[47,48]. Four main
types of needle are currently available for EUS guided sampling: Standard aspiration
needles (19-25 Gauge), biopsy needles with a core trap and reverse angle technology or
with antegrade core trap (19-25 Gauge), needles with a shark-tip design (19-25 Gauge)
and needles with a Franseen-type design (19-25 Gauge)[47,48].

The “fanning technique”, which permits to sample a large part of the target solid
lesion or lymph node, represents the best EUS-sampling technique and is associated
with a significant lower number of passes needed to establish the diagnosis[49].
“Suction technique” is used to facilitate EUS-guided tissue acquisition and consists in
applying a negative suction pressure using a 5 mL or 10 mL syringe. On the other
hand, the so-called “slow-pull technique”, consisting in the controlled pulling of the
stylet allows a smooth negative pressure able to collect cytological specimens[50].

The amount of needle passes could be reduced based on on-site pathological
evaluation (ROSE), where available, or should be based on gross visual inspection of
the obtained material and the type of target lesion. A high number (= 7) of needle
passes is thought to be a predictor of a high diagnostic sensitivity of EUS-FNA[51,52].

EUS-tissue acquisition is safe, with very low incidence of severe complications. No
correlation among needle caliber and design and incidence of adverse events has been
reported.

Perforation (0.03%-0.15%) is mainly due to the echoendoscope passage and not to
the sampling procedure; limited data show that the perforation risk of EUS is similar
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to standard endoscopy.

The risk of acute pancreatitis following EUS-FNA is related to procedures which
involve direct passage of the needle through the pancreas; the risk is higher in cystic
than solid lesions sampling (0%-2%).

Severe bleeding following EUS-FNA is a rare event (0.13%), anyway an accurate
evaluation between thromboembolic risk vs bleeding risk is mandatory before
performing a EUS-guided intervention in patients on antiplatelet and/or antico-
agulants therapy: Anticoagulant drug withdrawal should be considered based on
patients’ risk assessment. A total platelet count lower than 50000/ mmc and a
prolonged prothrombin time (international normalized ratio greater than 1.5) should
be considered a contraindication. No correlation among needle size, design, amount of
passes has been related to an increased bleeding incidence[53,54].

Bacteremia and septic episodes following gastrointestinal EUS-FNA are rare events,
comparable to that of standard diagnostic endoscopy; they are slightly more frequent
in case of cystic lesions. In less than 1% of cases post-FNA fever was reported. Serious
infectious complications have been reported following EUS-FNA of mediastinal cysts,
ascites, perirectal cysts, pancreatic cystic lesions and pancreatic fluid collections.
Guidelines recommend peri-interventional antibiotic treatment for EUS-FNA of
pancreatic cystic lesions despite the absence of certain evidence, while the aspiration of
mediastinal cysts is mainly contraindicated considering the potentially severe
consequences of mediastinal infection[53-56].

EUS-guided sampling for malignant pancreatic tumors and for cholangiocarcinoma
seems not to be a risk factor for the development of peritoneal seeding, tumor
recurrence or decreased survival. The risk of peritoneal seeding following biopsy of
pancreatic cancer appears to be significantly lower with EUS-FNA compared to
percutaneous FNA[53,54].

EUS LYMPH NODE EVALUATION
B-mode EUS

Normal LNs have a characteristic B-mode appearance, with a typical two-layer
architecture: An echo-poor cortex and a hyperechoic inner zone (hilum), which
consists of fat and connective tissue, blood and lymph vessels. When using high-
frequency probe, echo-poor or cystic follicles can sometimes be seen within the
hypoechoic cortex. LNs shape is typically oval; supplying vessels can sometimes be
seen entering the hilum with tree-like branches departing from the hilum to the cortex
at color-Doppler evaluation[1,2]. The most important ultrasonographical features for
differential diagnosis are size, shape, border, presence or absence of a central hilum,
and cortical homogeneity (Figure 1)[57].

Size: The nodal size is the most relevant parameter for LNs nature diagnosis; all
imaging modalities use size for the LNs differential diagnosis. Normal LN diameter
varies according to their different locations (from 1 to 40 mm) and the best size
parameter to evaluate is debated. As a general rule, LNs with diameter < 15 mm seem
to grow mainly roundish by most pathological processes (both in inflammation and
neoplastic infiltration); in LNs > 15-20 mm the main growth is on the longitudinal
diameter, instead. Van den Brekel et al[58] proved that the minor axial diameter is the
most accurate in predicting tumor positive nodes[58]. Anyway, both inflammation and
malignant infiltration cause LNs enlargement and the distinction seems to be almost
impossible when based only on nodal size: Even LNs with small diameters (< 3—5 mm)
might be malignant, thus a higher limit value leads to higher specificity but lower
sensitivity in differential diagnosis and it is not possible to set a reference value[4-6]. In
gastrointestinal and pancreatic cancer about 50% of metastatic infiltrations are found
in small LNs, sized <5 mm[7].

Shape and border: As a rule, normal LNs are oblong, except in some sites of head and
neck. They present a sharp border, often not clearly distinguishable from the sur-
rounding isoechoic fat. On the other hand, both inflammatory and malignant LNs
show high delimitation based on an increased acoustic impedance gradient[2,59,60].

Most inflammatory LNs preserve their oval shape due to a homogeneous invo-
Ivement by disease (LN heterogeneity is typical of granulomatous diseases such as
tuberculosis). Neoplastic diseases affect mainly the cortex with multifocal arrangement
and malignant LNs result typically large, roundish and asymmetric. Lymphomas
affect the LN architecture diffusely, causing a roundish shape, while bulky masses
appear only in the latest stage[61,62].
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Figure 1 Endoscopic ultrasound B-mode criteria of a malignant lymph node (mediastinal metastasis from breast cancer), and endoscopic

ultrasound-guided tissue acquisition.
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Longitudinal-to-short axis ratio, the so-called Solbiati-Index (SI), has been often
proposed for differentiation of reactive and malignant LNs. A SI of less than 2 is
supposed to be a criterion of malignancy, even if it is more sensitive in the head and
neck region than in other sites, such as in axillary and inguinal region, where it’s often
false-negative[63].

Hilum: Homogeneously hypoechoic LNs without hyperechoic hilum are often
considered malignant because of neoplastic hilar infiltration. However, in the head
and neck region also some normal and inflammatory LNs could show no hyperechoic
hilum and, by contrast, an echogenic hilum can often be seen even in neoplastic LNs,
mostly in early phases. In some cases, squamous cell carcinoma metastases can cause
inner inhomogeneities which appear hyperechoic and can resemble the hilum[2,64].

Echostructure: LNs cortex is typical uniform, even if slight width fluctuation is
considered normal. Its thickness is only evaluable in the presence of a visible hilum
and its uniformity can often be analyzed only in larger LNs. Cortical thickening occurs
when cortex is > 50% of the main axis, and its thickness is considered asymmetric
when it is at least double at one site than at the narrowest point. In inflammatory LNs
with hypertrophic lymphatic follicles the cortex is typically concentrically widened, on
the contrary eccentric cortical infiltration is an important sign of malignancy, even
though cortex could be symmetrically involved in anaplastic carcinomal2,63,65].
Lymphomas are diffuse diseases and often affect LNs cortex in a uniform way, even if
it is not a rule.

Furthermore, the tendency toward necrotic and cystic degeneration of solid tumors
can cause inhomogeneity of the internal structure of LNs, which is rare in lymphomas
2].
Faige et al[66] proposed a Visual analogue scale for the EUS assessment of LNs
based on their B-mode appearance[66].

Color-Doppler EUS

In normal LNs arteries and veins enter through the hilum and branch towards the
cortex, ending in subcapsular sinuous capillaries. In most inflammatory processes
there is no significant change in vascular architecture and, in early stages, also
metastatic LNs preserve original vascularity, sometimes increased by related immune
reactions. In advanced stages bulky neoplastic infiltration and desmoplastic reaction
distort and encase the original vascular structure and, due to the production of
angiogenetic factors, tumors recruit capsular vessels leading to peripheral and intra-
tumoral hypervascularity. Anyway, the vessel density of malignant LNs often
depends on the type of primary tumor and neoplastic LNs often show avascular areas
due to necrotic or cystic degeneration[38,67,68]. On color- and power-Doppler US, the
vascular pattern of normal LNs is characterized by hilar vascularity without pe-
ripheral signals or by avascular pattern. The presence of peripheral flow is an
important criterion for malignancy, even in small metastatic LNs and in lymphomas,
which often show both hilar and peripheral vascularity. However, also tuberculous
LNs can show abnormal vascularity, with eccentric hilar vessels and sometimes with
peripheral pattern, leading to a difficult differential diagnosis from malignant ones.
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Increased vascularity in the surrounding inflammatory tissue can also mimic
peripheral vascularity in case of inflammatory nodes[2,65,68].

In summary, most remarkable Doppler-EUS findings suggesting malignancy are:
Displacement of vascular hilum, focal avascular areas, aberrant and subcapsular
vessels[69]. Esen et al[65] described a sensitivity of 50% but specificity of 97% of color
Doppler US criterion alone for the detection of metastatic LNs[65].

On spectral analysis, normal LNs hilar arteries present a resistive index (RI) < 0.75
and a pulsatility index (PI) usually lower than 1.6. Inflammatory LNs usually show a
higher vascularity with RI < 0.8 and PI < 1.6. In metastatic LNs blood vessels within
the capsule are compressed by tumor infiltration, and vascular resistance may rise,
usually with high RI (> 0.8) and high PI (> 1.6)[2,67]. It was hypothesized that the
intranodal pressure increases as long as the capsule is intact, with increased resistance
and relative ischemia. A relative drop in RI can follow the decrease of pressure within
the LN due to malignant infiltration of the capsule or to the presence of arteriovenous
shunts in advanced architecture distortion[1,70,71]. The RI in lymphomatous LNs
often measures intermediate values between reactive and metastatic LNs[2]. Table 1
summarizes B-mode and color-Doppler criteria for LNs characterization.

EUS-E

FNA/FNB remains the gold standard technique for the determination of LNs
malignant infiltration, with a positive predictive value (PPV) up to 100%, in this
context elastography could be useful in selecting most suspicious LNs for tissue
sampling, reducing unnecessary biopsies (Figure 2). EUS-E can detect even early
neoplastic infiltration or small metastatic nodes. Elastography can also offer an
alternative for the differential diagnosis in cases of negative biopsy or if tissue
acquisition is not possible[7,18,72,73].

Giovannini ef al[16] studied the ability of EUS-E in the differential diagnosis
between benign and malignant LNs, highlighting its importance for guiding biopsy
and showing higher sensitivity and specificity compared to B-mode EUS (91.8% and
82.5% vs 78.6% and 50.0%). PPV and NPV were of 88.8% and 86.8%, respectively[16].
Séftoiu et al[18] showed high 91.7% sensitivity, 94.4% specificity and 92.9% diagnostic
accuracy) in diagnostic differentiation using a qualitative analysis; even higher using
quantitative histogram analysis, which is supposed to be less operator-dependent[18].

Malignant tissues are generally harder than normal tissues and elastography can
give useful information for the distinction between benign and malignant LNs based
on their stiffness. In most studies the elastography images have been scored according
to different elastography patterns: LNs have been classified by EUS-E according to
homogeneity and prevalent color, distinguishing homogeneous (blue or green),
heterogeneous or honeycombed pattern[17,73,74]. In particular, Giovannini et al[16]
classified LNs as benign when qualitative EUS-E showed an homogeneous green
pattern or an heterogeneous soft tissue (green, yellow and red tissue), malignant when
homogeneously blue or mainly blue with one or some central areas of soft tissue
(representing necrotic areas), suspicious when it showed an honeycomb pattern, with
mixed hard and soft tissue.

In conclusion, EUS-E is an ancillary imaging method for LNs characterization and
with an optimal diagnostic yield; in particular, EUS-E seems to increase the diagnostic
yield in case of small LNs, which are difficult to characterize through B-mode and
tissue acquisition. EUS-E provides diagnostic information to conventional B-mode
imaging and can be used for the selection of suspicious LNs worth FNA /FNB thanks
to its high PPV; EUS-E alone cannot obviate the need of tissue acquisition in suspected
LNs[18,73,75].

Contrast-enhanced EUS
There are only few studies about the use of CE-EUS in the differential diagnosis of
LNs.

CE-EUS permits to analyze nodal microvasculature (Figure 3): contrast enhan-
cement pattern of inflammatory and normal LNs is characterized by centrifugal
homogeneous enhancement due to hilum predominant vasculature; the difference
between inflammatory and normal LNs is in the amount enhancement and not in the
contrast pattern[32,76].

In metastatic LNs the normal capillary bed is destroyed by malignant infiltration,
which also causes intranodal neoangiogenesis with development of pathological
vessels. Thus, malignant LNs typically show a change in the perfusion pattern at CE-
EUS with centripetal inhomogeneous enhancement due to abnormal neoplastic
vessels, arteriovenous shunts and hypovascular areas, detected as focal hypoenhanced
areas. For the same reasons malignant LNs also show longer contrast enhancement
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Table 1 Endoscopic ultrasound B-mode and color-Doppler criteria for the characterization of suspected lymph nodes

Benign LNs Malignant LNs
B-mode criteria
Shape Oval Round
Border Irregular shape Clear-cut, asymmetric
Echogenicity Hyperechoic Hypoechoic
Vascular hilum Present, central Absent
Echostructure Heterogeneous Homogeneous
Color-Doppler criteria
Hilar doppler sign Present Absent or displaced
Subcapsular vessels Absent Often present
Avascular areas Absent Often present
Resistance index <038 >0.38

LNs: Lymph nodes.

Figure 2 Endoscopic ultrasound elastography of a malignant lymph node (abdominal metastasis from gastric cancer).

duration in comparison to benign ones. It’s possible to find avascular necrotic areas in
granulomatous lymphadenopathies, such as tuberculosis and sarcoidosis leading to
false positive results[32].

While color Doppler-EUS can study nodal vasculature only at the level of arterioles
and venules, contrast harmonic mode can evaluate LNs microvasculature pattern.
Thus, a massive lymph node involvement by malignancies could be detected even by
CE-EUS, but tiny areas with abnormal capillary network within LNs can be revealed
only at CH-EUS. In lymphomas CH-EUS nodal patterns are variable; the most
common finding is intense homogeneous enhancement, not different from reactive
LNs, because of preserved good vascularization in the capillary bed[32,37,77]. Finally,
in case of CH-EUS non enhancement pattern, a colliquative necrosis could be deduced,
suggesting the presence of inflammatory LN (i.e. tubercular LN with extensive
necrosis).

Like EUS-E, contrast-enhanced EUS could be used for FNA targeting, in order to
choose the most suspicious LNs ant to select vital nodal areas: the identification of
signs of neoangiogenesis and the detection of hypoenhancing necrotic areas may be
useful in detecting malignant infiltration and in guiding biopsy[32].

A recent meta-analysis showed that CE-EUS has a poor pooled sensitivity (82.1%)
and an optimal specificity (90.7%) in LNs differential diagnosis[14]; the use of
dedicated CH-EUS slightly increases the diagnostic accuracy, with a pooled sensitivity
of 87.7% and a pooled specificity of 91.8%. Anyway, recent guidelines still do not
recommend CH-EUS for this indication[11,42].
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Figure 3 Contrast-enhanced harmonic endoscopic ultrasound appearance of a malignant lymph node (abdominal lymphoma).
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The concomitance of more than one LN is a clear CH-EUS limit; in fact, LNs charac-
terization is focused on the arterial and early venous phase. Repeated contrast
administrations should be necessary. The use of B-mode and EUS-E to identify
suspected LNs, and then CH-EUS to characterize in detail could be performed.

EUS-guided tissue acquisition

Making the correct differential diagnosis of mediastinal and abdominal lymphadeno-
pathies is still challenging and tissue acquisition becomes often necessary: EUS
provides an easy access to these LNs (Figure 1) and allows a better evaluation and
possibly FNA/FNB even for small LNs[78].

European guidelines recommend EUS-tissue acquisition as first-line histological
assessment of mediastinal or abdominal LNs if the pathological result modifies the
patient’s management and if percutaneous biopsy is not possible[11,42].

EUS-guided tissue acquisition was proved to increase the diagnostic accuracy in
diagnosis and staging and to have a good safety profile, probably related with the high
spatial resolution of EUS, the proximity of target lesions to the EUS probe and the
possibility to identify interposed vessels[79-82].

There is no robust evidence supporting the choice of different techniques for EUS
LN sampling. Indeed, EUS-TA techniques are mainly assessed in solid pancreatic
tumors, that are usually fibrotic and poorly cellulated. As described before, LNs
architecture is different to pancreatic one: Malignant LNs are usually poorly fibrotic
and highly cellulated. The results observed in solid pancreatic tumors are not 100%
reproducible in this field. Therefore, needle choice, number of needle passes, type and
amount of suction could only be deduced from knowledge in the field of solid
pancreatic tumors needle aspiration.

False-negative results are mainly related to the characteristics of the lesion (size and
nature of the tumor) and to technical aspects of EUS-FNA (sampling errors and
interpretative errors). The presence of small lesions or of an interposed vascular
structure between the transducer and the biopsy target can lead to inadequate or
nonrepresentative samples. Furthermore, the presence of severe inflammation can
hide an infiltrating tumor and cause histopathological errors[80,83].

Causes for false-positive results are epithelial cell contamination, EUS sampling
error and pathological misinterpretation. Tumor cells can be present in luminal fluid
and can enter the FNA needle as it passes through the gut lumen to reach the target
lymph node. Main contaminants originate from the duodenal and gastric mucosa, but
malignant cells are commonly present even in the luminal fluid of patients with
pancreatic cancer and not only with luminal cancers. Furthermore, it is advised not to
pass through the primary tumor with the needle when performing EUS-tissue
acquisition of LNs, in order to avoid contamination. It is also plausible that false-
positive results occur when the interposing mucosa is inflamed or in premalig-
nant/early malignant state (such as in Barrett’s esophagus with dysplasia or in chronic
or autoimmune pancreatitis). In addition, even if uncommon, also the misinter-
pretation by cytopathologists can drive to wrong diagnosis[42,84,85].

Based on high-quality evidence, the rate of false-negative results is dramatically
higher, compared to false-positive ones. This aspect could impact patients’ prognosis
since the risk of under-staging with consequent under-treatment could not be ex-
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cluded. In particular, in patients with early luminal gastrointestinal neoplasms (i.e.
Barrett’s adenocarcinoma or early gastric cancer), the incorrect classification of a
malignant LN could result in futile endoscopic resection and dramatic delay in
curative surgery.

Cytopathologists and endoscopists should co-operate, sharing information about
indications, clinical history and endoscopic technique, and increasing the level of their
expertise, in order to reduce these kinds of errors and to increase the diagnostic value
of this technique[82,85].

Okasha et al[78] reported a sensitivity and specificity of LNs EUS-FNA of 92% and
100%, respectively, with a very high PPV (100%) and a negative predictive value
(NPV) of 88.1% in diagnosing malignant LNs[78].

A recent meta-analysis (26 studies, 2833 LNs) demonstrated that EUS-FNA present
87% pooled sensitivity with a 100% specificity, with an area under the curve of 0.99.
The authors showed that sensitivity was slightly higher for abdominal (87%) than
mediastinal (85%) LNs. Significant impact of ROSE was also observed (91% vs 85%)
[86].

In 2020, another meta-analysis dealt with pooled diagnostic performance of EUS-
FNA for abdominal LNs characterization[87]. The Authors included 12 studies (774
patients) and reported 94% pooled sensitivity and 98% specificity.

On the other hand, a meta-analysis conducted in 2008 was focused on the diagnostic
accuracy of EUS-FNA on mediastinal LNs and showed a 88% pooled sensitivity and
96.4% pooled specificity[88]. Interestingly, this study clearly demonstrated that EUS-
FNA diagnostic accuracy increased over time; indeed, studies conducted in 2000’s
showed a pooled sensitivity of 91.7%[88].

To date, no randomized controlled study was designed to assess the difference
between EUS-FNA and EUS-FNB for LNs characterization. A large trial comparing 20-
gauge FNB needle to a standard 25-gauge FNA needle in 608 patients with solid
lesions included a small proportion of LNs[89]. The Authors observed a trend toward
a better accuracy in the FNB needle group (data on file; courtesy of Dr. Priscilla van
Riet).

A large retrospective study enrolling 209 patients undergoing LN sampling. The
Authors reported similar sensitivity (67% vs 75%) and diagnostic accuracy (79% vs
83%) for EUS-FNA and EUS-FNB, respectively, while a higher specificity was
observed in EUS-FNB group (100% vs 94%). The Authors observed that ROSE
availability increases the odd to obtain a correct diagnosis (Odd ratio 5.16 for accuracy)
[90].

All studies reported a very low incidence of adverse events for EUS-guided LNs
tissue acquisition. Pooled incidence was as low as 1.6% in published studies[56].

As demonstrated in the setting of solid pancreatic tumor, the diagnostic accuracy of
EUS-guided tissue acquisition of LNs could be improved if used in combination to
CH-EUS; the use of US contrast agent could be helpful not only in avoiding necrotic
avascular areas, but also helping to identify the most suspicious LNs to be targeted
[91].

High-quality evidence demonstrated that EUS-FNA is a sensitive, highly specific,
and safe diagnostic tool for pathological characterization of mediastinal and ab-
dominal LNs. Even if a positive impact is supposed, the role of EUS-FNB needles in
this setting should be demonstrated yet.

DIAGNOSTIC ALGORYTHM

Table 2 summarizes the diagnostic performance of EUS (B-mode and Doppler), EUS-E,
CH-EUS and EUS-guided tissue acquisition. While there is consensus on the low yield
of B-mode EUS and Doppler criteria, the application of image enhancement techniques
was not widely used, and final diagnosis was often based on EUS-guided tissue
acquisition.

However, even in this setting, EUS-tissue acquisition is burdened by a not-
negligible false negative rate, leading to a pooled sensitivity about 90%.

Outside clinical trials and tertiary centers, EUS-E presents high rates of unde-
termined cases due to technical failure (i.e. heartbeat artifacts) and CH-EUS is limited
by difficult interpretation and sub-optimal sensitivity[92].

On these bases, our study group is conducting a prospective study, aimed to assess
the combination of EUS-E and CH-EUS[92]. We found that the combination of the two
techniques was significantly more accurate: the concordance of the two techniques
shows a specificity and PPV of 100%. Interestingly, the sensitivity raised to 93.6%
when at least one technique resulted negative (EUS-E “or” CH-EUS positive for
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Table 2 Summary of diagnostic performance of B-mode endoscopic ultrasound, elastography, contrast-enhanced harmonic

endoscopic ultrasound and endoscopic ultrasound-guided fine needle aspiration for lymph nodes characterization

Pooled sensitivity Pooled specificity Area under the curve Ref.
EUS (B-mode + Doppler) 84.7% 84.6% 0.91 Puli et al[88], 2008
EUS-E 88% 85% 0.95 Xu et al[75], 2011
CH-EUS 87.7% 91.8% 0.97 Lisotti et al[14], 2019
Combined EUS-E + CH-EUS' 43.6% 100% 0.92 Lisotti et al[92], 2019
Combined EUS-E “or” CH-EUS*  93.6% 87.5% 0.91 Lisotti et al[92], 2019
EUS-FNA 87% 100% 0.99 Chen et al[86], 2020

1Both endoscopic ultrasound-elastography (EUS-E) and contrast-enhanced harmonic EUS (CH-EUS) positive for malignancy.
%At least one technique (EUE-E or CH-EUS) positive for malignancy.
EUS: Endoscopic ultrasound; EUS-E: EUS-elastography; CH-EUS: Contrast-enhanced harmonic EUS; EUS-FNA: EUS-guided fine needle aspiration.
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malignancy). Finally, no patient with both techniques negative had a malignant LN
(specificity for benign LNs 100%)[92].

The integration of the two techniques was able to overcome single limit; for
example, CH-EUS was able to identify malignant necrotic LNs that appear “soft” on
EUS-E but inhomogeneously enhanced on CH-EUS. On the other hand, EUS-E was
able to identify lymphomas as “hard” LNs, that could appear benign, as homogen-
eously hyperenhanced, on CH-EUS.

CONCLUSION

In conclusion, as LNs characterization represent a crucial point for patients’ ma-
nagement, EUS must make use of all knowledge and ancillary techniques that could
increase the diagnostic yield, avoiding the risk of false-negative tests, resulting in
serious condition misdiagnosing or disease understaging, and the need of repeating
EUS and tissue acquisition.
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