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ABSTRACT
Endoscopic ultrasound (EUS) is one of the best diagnostic methods for diseases of the digestive tract and surrounding organs. 
Whereas EUS-guided fine needle aspiration (FNA) has been very useful for providing histological confirmation for previously 
hard to reach lesions, elastography is aiming to obtain a “virtual biopsy” by assessing differences in elasticity between the normal 
and pathological – usually malignant – tissue. A question that arises is whether EUS-elastography has reached a stage where it 
might successfully supplant the use of EUS-FNA in some of its clinical indications. The main indications of EUS-guided FNA 
are listed in this article and published data on the usage of elastography in these settings is reviewed for each one. In some of the 
indications, a plethora of studies have been published, notably for the evaluation of solid pancreatic masses and lymph nodes, 
while in others there is little relevant data (submucosal masses, left liver lesions, left adrenal masses), or elastography simply 
is not suitable as a diagnostic means (cystic lesions). Our conclusion is that elastography is not yet ready to replace EUS-FNA 
in its indications, but should complement it in various settings, especially for the assessment of lymph nodes. It can only be 
considered an alternative on a case-by-case basis, in situations where FNA is regarded as a contraindication. Furthermore, it could 
be used in conjunction with other imaging techniques, such as contrast-enhanced EUS, in order to further improve the accuracy 
of non-invasive EUS assessment, possibly making the case for a more limited or targeted use of EUS-FNA in selected cases.
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INTRODUCTION

Endoscopic ultrasound (EUS) offers high-resolution 
images of  tissues and organs near the digestive tract 
as well as the digestive tract itself, thus becoming a 
landmark in the management of  numerous mediastinal 
and abdominal diseases.[1-3] Its main focus are the 
benign and malignant tumors of  the respective areas; 
the method has been proposed in various studies for 
both diagnosis and staging.[4-10]

Technological progress has led to the advent of  fine 
needle aspiration (FNA) and/or biopsy, performed 

under ultrasonographic guidance. EUS-guided FNA has 
great accuracy, with 80-85% sensitivity and almost 100% 
specificity.[11-18] Even though, it is traditionally considered 
to be a gold standard.[19] There are drawbacks. Setting 
aside the associated morbidity,[20-23] the technique can be 
taxing to master and repeat punctures may be needed 
for a diagnosis.[24,25] Furthermore, false negatives tend to 
pile up in some circumstances, for example in patients 
with underlying chronic pancreatitis,[26-28] while in the 
case of  multiple suspicious lymph nodes it is not always 
clear which one to puncture.[29]

Elastography is a newer method that seeks to improve 
the diagnostic yield of  ultrasound. The underlying 
principle is that tissue consistency has a proportional 
effect on the strain produced by its compression.[30] 
The comparison between standard ultrasound images 
obtained before and after slight compression results 
in a transparent color overlay superimposed over the 
conventional gray-scale B-mode scans, representing the 
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local index of  tissue elasticity.[31-34] It has been shown 
that there is a good correlation between this index and 
histopathologic features, even more so for malignant 
masses.[30,35-38] It was thus only logical that EUS 
elastography was developed, seeking to complement 
conventional EUS in the assessment of  previously hard 
to reach tumors in proximity of  the digestive tract, such 
as pancreatic masses[39-51] and lymph nodes.[52-54] There 
have even been further enhancements of  this technique, 
first using hue histogram analysis and artificial neural 
networks.[40,46] Afterwards, second-generation EUS 
elastography equipment introduced strain ratio (SR) and 
strain histogram (SH) as two reproducible, parametric 
measurements, that retrieve numerical values in real 
time, adding quantification possibilities to the technique 
and thus greatly reducing the human bias without the 
need for 3rd-party software.[55] SR computes the relative 
strain between two regions of  interest (ROI), whereas 
SH measures the strain values of  elemental areas inside 
a ROI and produces a graph as well as an average 
value. SR has already been used in vivo for pancreatic 
masses.[41]

As several studies have demonstrated, EUS-elastography 
is a promising technique with a high accuracy for the 
differential diagnosis of  solid, otherwise hard to reach 
masses (i.e., pancreatic tumors and lymph nodes). 
This article will attempt to review current data on 
elastography, its technique and actual indications and 
assess whether this “virtual biopsy” might be able to 
supplant EUS-FNA in some of  these instances.

QUALITATIVE AND QUANTITATIVE 
EUS-ELASTOGRAPHY

Qualitative elastography
The elastography module provided in the ultrasound 
device detects small structure deformations within 
the B-mode image caused by compression, which 
are smaller in hard tissue than in soft tissue.[56] The 
degree of  deformation is then graded on a scale of  
1-255 and each value is assigned a different shade 
from the red-green-blue (RGB) hue color spectrum 
for easier visual recognition. The two extremes are 
blue — hard and red — soft. The output is a real-
time two-panel image, with the usual conventional 
gray-scale B-mode image on the right side and the 
elastographic image on the left side. The ROI for the 
elastographic evaluation is selected manually, with an 
emphasis on selecting the lesion in its entirety and 
also including normal surrounding tissue. Preliminary 

work with qualitative elastography was carried out on 
breast lesions, identifying several patterns that correctly 
correlated with the diagnosis of  malignancy of  breast 
masses.[36]

Other patterns have been described for EUS-
elastography.[45,57] For example, in the case of  pancreatic 
masses, studies have considered that mostly blue 
masses were malignant, while other color patterns 
were considered to show benignancy.[48] Needless to 
say, it has been suggested that there is a strong bias 
in this type of  analysis, mostly observer-related, based 
on possible perception errors and the inability of  the 
human eye to completely characterize all color hues. 
Even so, studies have shown a good interobserver 
correlation, with high sensitivity for pancreatic masses 
and somewhat lower for lymph nodes.[40,58]

Quantitative elastography
Quantitative EUS elastography can be performed in two 
different ways. One involves representing the color hues 
as a histogram; the other compares the average strain in 
two different areas of  the ROI.

Hue/SH analysis
The histogram is a convenient way to quantify and 
represent a specific characteristic of  a digital image 
through a graph. In this case, the histogram is used to 
represent the digitized color distribution. Using specific 
3rd party software (ImageJ), such histograms can be 
obtained from standard qualitative elastography images.[59] 
The software analyzes the color of  pixels inside the ROI 
and each pixel color is assigned a value from 0 to 255 
(soft to hard). Elasticity values from 0 to 255 (soft to 
hard) are represented on the X-axis, while Y-axis values 
represent the number of  pixels of  each value. Side by 
side, the total numbers of  pixels in each value create the 
graph. Newer ultrasound machines have included SH 
software, automatically calculating the graph in real time, 
with slight technical differences (for example, an inversed 
numeric scale, where 0 higher values denote softness 
while lower ones hardness). Both procedures return a 
mean value that gives a numeric representation to the 
overall elasticity of  tissues.[40] The histogram analysis 
can even be taken one step further, by training artificial 
neural networks to make the distinction between benign 
and malignant histograms.[46,60,61]

SR
SR is based on a different principle than the histograms. 
Based on the assumption that some tissues (adipose, 
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start that it cannot be used in some of  the indications 
of  FNA. As a general rule, fluids can greatly artifact 
the elasticity of  tissue inside the ROI, so a lesion 
that has a cystic component, for example, cannot be 
evaluated by these means. In addition, including a 
large vessel in the elastography ROI has been, in our 
experience, a source of  errors. After eliminating these 
indications, the following remain: Solid pancreatic 
masses, lymph nodes, submucosal masses, left liver 
lobe masses and left adrenal masses. Extensive studies 
have been performed for the first two instances, while 
consistent data is rather scarce for the others.

Pancreatic masses
EUS is considered one of  the most accurate imaging 
techniques for the assessment of  the pancreas.[4,19,69] In 
spite of  efforts to implement criteria for the differential 
diagnosis between pancreatic cancer and mass-forming 
chronic pancreatitis, the accuracy has never been higher 
than 75%,[70] a percentage that elastography seeks to 
increase.

First qualitative EUS-elastography experiences were 
published by Giovannini et al. who implemented a 
qualitative scoring system based on the lesions color 
pattern; hard, mostly blue lesions were classified as 
malignant.[48] Sensitivity and specificity were, respectively, 
100% and 67%. A refining of  this system created a 
five-score classification: Score 1 (normal pancreatic tissue) 
was given to a homogeneous soft area (green); Score 2 
(fibrosis) was given to images with soft heterogeneity 
(green, yellow and red); Score 3 (early pancreatic 
adenocarcinoma) was given to mostly blue images (hard) 
with minimal heterogeneity; Score 4 (neuroendocrine 
tumor, metastasis) was given to an image with a central 
green hypoechoic region and blue tissue outer layer; 
Score 5 (advanced pancreatic adenocarcinoma) was 
assigned to blue lesions with heterogeneity due to 
necrosis. Scores 1 and 2 were considered benign, while 
3-5 were considered malignant. The scoring system 
achieved overall accuracy of  89.2% in a multicenter 
study,[44] with sensitivity and positive predictive value 
(PPV) being over 90%. Iglesias-Garcia has described 
four similar patterns: Homogeneous green for normal 
pancreas; heterogeneous, green-predominant for 
inflammatory pancreatic masses [Figure 1]; heterogeneous, 
blue-predominant for pancreatic malignant tumors; 
and homogeneous blue for pancreatic neuroendocrine 
malignant lesions [Figure 2]. This classification brought 
an almost 5% increase of  accuracy, up to 94.0%.[45] 
However, other qualitative elastography studies have 

connective) have little to no inter-individual hardness 
variance, these are used as a control. Therefore, the 
elasticity of  the target tissue is expressed not as an 
absolute value, but as a relative ratio to the reference 
provided by these tissues.[58] Using the standard qualitative 
EUS elastographic image, the operator selects two non-
overlapping areas inside the ROI: The lesion (area A) and 
the reference zone (area B). The B/A quotient obtained 
represents the SR.[43]

CLINICAL APPLICATIONS OF FNA AND 
THE ROLE OF EUS-ELASTOGRAPHY IN 
THESE SETTINGS

In order to assess whether elastography is a viable 
alternative to FNA, one has to first take a look at the 
indications and contraindications of  the latter. FNA 
fundamentals dictate that it should only be performed 
when the information obtained is likely to impact the 
management of  the patient.[62] Its diagnostic accuracy, 
cost effectiveness and patient comfort and safety 
should also be taken into consideration.[11] Pooling the 
indications as stated by several authors from different 
countries,[11,63-65] the uses for EUS-FNA are presented 
in the following Table 1, together with the uses of  
EUS-elastography:

Contraindications to EUS-FNA include cases where patient 
management would not be affected, lesions which cannot 
be clearly visualized, interposition of  other structures, such 
as vessels, between the needle and the target and a risk 
of  bleeding.[11,62,65] Furthermore, as pointed out by some 
reviews and published case reports, in some settings there 
is a risk of  seeding of  malignant cells.[66-68]

Due to the principles behind it, EUS elastography can 
only assess solid lesions; therefore, we can say from the 

Table 1.  Indicat ions of  EUS-FNA and of  
EUS-elastography
Indications of EUS-FNA Indications of EUS-elastography
Pancreatic 
(and peripancreatic) masses

Pancreatic masses

— Acute and chronic pancreatitis
Lymph nodes (associated 
with known or suspected 
cancer or lymphoma)

Lymph nodes

Submucosal masses Submucosal masses
Left adrenal masses Left adrenal masses
Small liver lesions Small liver lesions
Intra-pleural/intra-
abdominal fluid

—

EUS: Endoscopic ultrasound, FNA: Fine needle aspiration
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returned less optimistic figures. In one study, the patterns 
were found to be too similar and irregularly distributed 
between tumors and pancreatitis masses, perhaps with the 
exception of  neuroendocrine tumors, while in another 
there were crippling rates of  adequate lesion inclusion in 
the ROI, leading to disappointing results.[71,72]

More recently, studies have been published using 
quantitative EUS elastography for the differential 
diagnosis of  pancreatic masses. A study by Săftoiu 
et al. used hue-histograms in two different studies,[40,46] 
obtaining good sensitivities (93.4% and 91.4%) but 
varying specificities (66.0% and 87.9%). Overall 
accuracies in these studies were only slightly lower 
than the ones obtained by Itokawa et al . [41] and 
Iglesias-Garcia[43] using a SR protocol. The same SR 
protocol was also used by Dawwas et al. in a large 
single-center prospective study.[73] He cited a sensitivity 
of  100.0%, poor specificity of  16.7%, a PPV of  
86.1%, a negative predictive value of  100.0% and an 
overall accuracy of  86.5%.

The subject of  elastographic differential diagnosis of  
solid pancreatic masses was also covered in some very 
recent meta-analyses.[74-77] They included between 6 and 
13 studies, most of  them dealing with both qualitative 
and quantitative elastography. Sensitivity was very high 
in all of  them, between 95% and 99%, while specificity 
varied between 67% and 76% respectively.

Lymph nodes
Lymph nodes that are close to the digestive tract can 
be imaged with high accuracy via EUS. However, 
the differential diagnosis of  pathologic ones remains 

a challenge. Since the presence of  lymph node 
malignancy often changes the stage of  the tumor 
to a more advanced one, which entails distinct 
treatment options, clinical decision-making is greatly 
influenced by this aspect. At the moment, there 
are established criteria that suggest lymph node 
malignancy: Round shape, hypoechogenicity and 
diameter >1 cm and distinct margins. Nevertheless, 
these features overlap with benign nodes and their 
specificity is rather low.[29] Therefore, it is essential 
to develop a minimally-invasive imaging procedure. 
In this setting, EUS-elastography might be useful to 
differentially diagnose lymph node malignancy or to 
single out the more suspicious nodes.

The first study using qualitative EUS-elastography[48] 
evaluated lymph nodes with different locations (cervical, 
mediastinal, celiac and aortocaval). Predominance 
of  blue areas was considered to signify malignancy, 
while mostly green nodes, as well as indeterminate 
heterogeneous ones, were classified as benign. Switching 
to the previously described and more refined 5-point 
scoring system,[44] the same investigators obtained a 
great increase in specificity (from 50% to 82.5%), with 
only a slight decrease in sensitivity (from 100% to 
91.8%) and an overall accuracy of  88.1%. A different 
team[57] described only the three elastographic patterns 
(mostly blue, mostly green and an indeterminate mixed 
pattern with no predominance). Their findings showed 
that green nodes were benign with a 100% probability 
[Figure 3], while blue ones had a 92.3% chance of  
being malignant. Indeterminate mixed-pattern nodes, 
however, were just as likely to be benign as malignant.

Figure 1. A patient with chronic pancreatitis. The elastography image 
in the left panel shows a heterogeneous green pancreatic mass (red 
circle). B-mode reference image is shown in the right panel

Figure 2. A patient with a malignant pancreatic tumor. The 
elastography image in the left panel shows a homogeneous blue 
pancreatic mass (red circle). The mean value of the strain histogram 
is also shown near the bottom of the image (red rectangle). B-mode 
reference image is shown in the right panel
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Săftoiu et al. also conducted a study that evaluated lymph 
nodes through qualitative elastography,[78] using the 5-score 
system, with better results (92.86% accuracy). More 
importantly, however, is the fact that their study is one 
of  the few that also performed a quantitative analysis. 
Using separate RGB channel histograms, sensitivity, 
specificity and accuracy were all around the 95% threshold. 
Hue-histogram analysis performed by the same team[54] 
also yielded good figures, albeit slightly lower, but with 
specificity still over 90%. The most recent study,[79] which 
conducted both qualitative and quantitative evaluations of  
lymph nodes, complete with SR calculations, puts a damp 
on the enthusiasm of  previous results. The investigators 
concluded that elastography and SR calculation were 
no better than standard EUS in differentiating between 
malignant and benign lymph nodes, at least for patients 
with resectable upper gastrointestinal cancer that were 
included in the study.

Submucosal masses
The most important prognostic question to answer is 
whether a submucosal mass is benign or malignant.[80] 
B-mode criteria for benignancy are: Small size (smaller 
than 3 cm), smooth margins, uniform echogenicity and 
the lack of  signs of  infiltration. Elastography typically 
shows an intermediate elasticity with a homogeneous 
pattern.[81,82] A follow-up is usually required, with little 
to no changes in regards to the aforementioned criteria. 
Some degenerative changes may develop, making a 
diagnosis of  benignancy very difficult.[82] The most 
common submucosal lesions are lipomas which, in 
addition to these criteria, always originate between the 
mucosa and the muscularis propria and are usually soft.[82]

Malignancy B-mode characteristics are as follows: 
Larger lesions (more than 3-4 cm), irregularities of  
the margins, heterogeneous structure (this includes 
anechoic internal structures) and infiltration. In contrast 
with benign lesions, elastography usually shows harder 
patterns.[82] A single criterion is not enough for the 
differential diagnosis and the combination of  two 
criteria still shows low sensitivity, albeit specificity 
increases. In the study performed by Jenssen and 
Dietrich, almost a third of  the tumors showed one 
or two criteria for malignancy, while 37.7% lacked 
any.[82] One type of  submucosal tumor merits special 
attention. Gastrointestinal stromal tumors (GIST) are a 
difficult case because their malignancy is assessed based 
on size and the number of  mitoses/50 high power 
fields (HPF). Benign GISTs must be under 50 mm 
and have a low mitotic count (<5/50 HPF). Further 
complicating this situation is the fact that one tumor 
may have several foci of  highly different characteristics. 
In most cases, immunohistochemical analysis should be 
performed. Taking these factors into consideration, an 
elastography evaluation of  malignancy proves difficult.[82]

Liver lesions
Scarcely no data is available regarding liver tumor 
detection through EUS-elastography. Mostly case studies 
have been reported, generally owing to the fact that the 
examiner can usually only image the left lobe and not 
the entire organ, while there are better imaging options 
in play (computed tomography, magnetic resonance 
imaging). One study has shown though that left liver 
lobe tumors can be differentiated via elastography.[83]

Left adrenal masses
In contrast to the right adrenal gland, which is 
technically demanding to visualize,[84] the left one 
is routinely seen with EUS due to its location near 
the posterior gastric body wall.[85,86] Studies regarding 
EUS-FNA have been published,[87] citing a very good 
accuracy, although the number of  masses was very low. 
On the other hand, EUS elastography of  the adrenal 
glands has only been described in reviews and case 
reports, not in prospective or retrospective studies.[30] 
As a general rule, malignant masses tend to be harder 
(blue), but no consistent elastography criteria have been 
proposed.

DISCUSSIONS

Solid pancreatic masses have been thoroughly examined 
via EUS-elastography, with several limitations being 

Figure 3. A patient with a benign lymph node. The elastography 
image in the left panel shows a mostly green mass (red circle). B-mode 
reference image is shown in the right panel
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quite obvious. The method is observer-dependent, 
with a high selection bias of  the images and in some 
cases showing even a lack of  reproducibility. Excessive 
pressure applied to the tissue can artificially increase 
the strain. The presence of  certain tissues in the ROI 
(vessels, cysts, bone) greatly impacts the elasticity and 
hence the reliability of  the measurements. Furthermore, 
intra- and interobserver variability are still a factor in 
both qualitative and quantitative approaches. And even 
though some authors had very optimistic findings, 
others reported disappointingly low accuracy rates. 
Furthermore, we must keep in mind that, as far as 
pancreatic lesions are concerned, the golden standard 
is very often provided by EUS-FNA due to several 
factors, of  which surgical inaccessibility of  the organ and 
inoperability of  the tumor stand out. Therefore, most 
authors have concluded that EUS-FNA should most 
likely be aided by elastography in negative or inconclusive 
cases with a strong suspicion of  malignancy. The most 
recently published European guidelines[88] also suggest 
that elastography is more appropriate as a diagnostic aid 
to FNA than a first-line option.

Lymph node studies have shown accuracy of  
over 85% for EUS-FNA, thus delivering the most 
reproducible results in the diagnosis of  lymph node 
metastatic infiltration. However, the accuracy depends 
on the proper selection of  lymph nodes. Regarding 
elastography assessment, there have been conflicting 
results regarding its supremacy over B-mode evaluation 
of  lymph nodes. Nevertheless, a good accuracy has 
been consistently reported in studies, especially when 
using quantitative evaluation. Lastly, there is a low risk 
of  seeding that makes FNA a relative contraindication 
in some settings. Therefore, we should ask ourselves 
whether it is good practice to puncture a lymph 
node when the actual tumor is in the path of  the 
needle [Figure 4]. The European guidelines[88] stress 
the idea that elastography adds information to the 
B-mode evaluation and can better guide a EUS-FNA 
procedure.

In the case of  submucosal tumors, EUS elastography 
can add valuable information, helping to increase the 
accuracy of  the staging. However, current knowledge 
has been based on individual experience and lacks 
prospective studies. Furthermore, GISTs warrant 
special attention when it comes to malignancy grading, 
which can sometimes only be achieved through 
immunohistochemical testing of  each of  the foci. 
Elastography simply does not currently provide a good 

enough resolution to properly asses the microfoci found 
in GISTs.

As for left liver lobe lesions and left adrenal masses, 
there is hardly any data available regarding elastography 
evaluation.

CONCLUSIONS

Reviewing published data and also based on our clinical 
experience, it is our conclusion that elastography is 
currently not ready to replace EUS-FNA in all or any 
of  its indications. However, it should be a first-line 
means to complement FNA in various settings, as 
stated also by the most recent European guidelines. 
Negative or inconclusive cases of  pancreatic mass FNA 
should be aided by elastography, especially when there 
is a strong suspicion of  malignancy. Elastography can 
also be recommended to support discrimination of  
benign and malignant lymph nodes; this is especially 
true when used as a tool to select the nodes most likely 
to be malignant or malignant areas within nodes, for 
subsequent targeted EUS-FNA.

Both EUS elastography and subsequent EUS-FNA 
should be regarded as complementary methods that 
can give accurate information used for clinical decision 
making algorithms in individual cases. Due to its 
relatively ease of  usage (at a touch of  a button), low 
costs, lack of  complications and valuable information 
regarding the strain characteristics of  focal masses, EUS-

Figure 4. A patient with a malignant lymph node next to a primary 
tumor. The elastography image in the left panel shows the blue primary 
tumor partially encompassed in the regions of interest (pink outline) 
and the probably malignant satellite lymph node behind it (red outline). 
The node cannot be punctured without passing with the fine needle 
aspiration needle through the tumor. B-mode reference image is shown 
in the right panel
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elastography can be easily incorporated into the current 
clinical practice. Furthermore, EUS elastography might be 
the best option in settings where a high risk of  tumor 
cells seeding makes FNA a relative contraindication, 
but on a case-by-case basis (for example, the FNA of  
a lymph node where the tumor is in the path of  the 
needle).

Last but not least, elastography can be certainly used 
in conjunction with other imaging techniques, such as 
contrast-enhanced EUS, in order to further improve 
the accuracy of  non-invasive EUS assessment, possibly 
making the case for a more limited or targeted use of  
EUS-FNA in selected cases.
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