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ABSTRACT

We recently introduced a series of papers “What should be known prior to performing EUS exams.” In Part I, the authors 
discussed which clinical information and whether other imaging modalities are needed before embarking EUS examinations. 
In Part II, technical controversies on how EUS is performed were discussed from different points of view. In this article, 
important practical issues regarding EUS elastography will be raised and controversially discussed from very different 
points of view.
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INTRODUCTION AND REVIEW OF THE 
LITERATURE

Since ancient times, physicians have considered 
palpation as an essential part of  the physical 
examination of  the patient, with changes in the 
elasticity of  tissues and organs, in particular increased 
firmness, traditionally associated with a pathologic 
process. The evolution of  imaging techniques has 
added elastography to physical palpation, a sort 
of  “palpation by imaging,” which allows real-time 
estimation of  tissue stiffness. As stiffer tissues deform 
less under compression (i.e., have a lower strain) 
than softer tissues, comparing echosets before and 
after applying a compressive force give valuable 
information on tissue stiffness. The differences in strain 
measurements are easily displayed sonographically using 
semi-transparent color scales overlaying the B-mode 
images.[1] Elastography based on the strain technique 
is also available as a real-time method for EUS.[2,3] 
Cancer and inflammation modify tissue elasticity to 
differing degrees, with malignant tumors being typically 
significantly stiffer than healthy surrounding tissues. 
The ability to differentiate between softer and harder 
tissues may help in refining the differential diagnosis of  
pancreatic lesions and lymph nodes (LNs).[4]

Elastography began as a qualitative technique, where 
green areas, corresponding to soft tissues, were 
considered benign, while blue areas indicative of  stiff  
tissues were considered more likely malignant.[2,5] With 
second-generation EUS elastography, semi-quantitative 
analysis could be performed using either the strain ratio 
or the strain histogram technique.[6] The strain ratio 
(SR) is calculated as follows: the operator positions 
a round-shaped region of  interest (ROI) sized on 
the target lesion (A) and a smaller ROI (B) above 
a homogeneous soft reference area either in the 
surrounding normal parenchyma or in the wall of  the 
gastrointestinal tract. The strain ratio is calculated by 
dividing the strain data from A by B (A/B), the value 
of  which is displayed automatically by the software of  
the ultrasound processors. It has been shown that both 
surrounding pancreatic parenchyma and gastrointestinal 
wall are useful positions for the reference ROI to 
differentiate between malignant and benign pancreatic 
lesions (parenchymal strain ratio and wall strain ratio).[7]

An alternative method of  quantitative elastographic 
analysis is the strain histogram. Modern ultrasound 
processors provide the opportunity to calculate average 

hue histograms over several compression cycles. These 
are graphical representations of  the colors (hues) 
distribution within a lesion, thereby describing the 
stiffness or elasticity of  the lesion. Consequently, the 
mean value of  the histogram reflects the global stiffness 
or elasticity of  a focal lesion based on calculations 
inside a selected ROI positioned over the lesion. In 
addition, standard deviation (SD) and other parameters 
may be used to further describe the hues distribution 
with the ROI.[8]

Elastography histogram analysis is helpful in diffuse 
diseases such as chronic hepatitis and pancreatitis, 
where the spatial color pattern displayed in the 
elastogram is related to the fibrous tissue alterations 
caused by chronic inflammatory processes. The 
distribution of  recorded strain measurements can 
be displayed as a histogram (Gaussian distribution 
curve) from which a number of  statistical parameters 
can be derived for quantitative evaluation. The key 
parameters (features extracted from the strain image) 
are mean strain (MEAN); SD of  the mean; percentage 
of  blue area (%AREA); and complexity of  the blue 
areas (COMP) (relation between the circumference and 
the area of  blue patches). The shape of  the histogram 
described mathematically by skewness and kurtosis also 
reflects the distribution and the homogeneity of  the 
tissue stiffness recorded.[9]

Computerized analysis based on artificial neural 
network[10] and fractals[7] have also been applied to EUS 
elastography with promising results, but more studies 
are needed to establish the real clinical impact of  these 
techniques. Theoretically, strain elastography just gives 
the relative stiffness inside an ROI, not providing an 
absolute measurement of  tissue stiffness. However, 
comparisons of  strain elastography between individuals 
are limited due to lack of  both objectivity and methods 
of  standardization. Recently, EUS-guided shear 
wave measurement allowed immediate and repeated 
measurement of  the objective elastic value, which 
may provide us more reliable absolute values of  tissue 
elasticity.[11-13] Clinical applications of  EUS-elastography 
include characterization of  pancreatic masses, LNs, 
subepithelial lesions, and tumor staging.[6,14,15]

PANCREATIC MASSES

Qualitative elastographic findings in the pancreas 
have been categorized into four different patterns to 
provide a classification of  solid pancreatic lesions. 
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A homogeneous green pattern usually represents normal 
pancreatic parenchyma; a heterogeneous, predominantly 
green pattern with slight yellow and red lines is present 
in inflammatory pancreatic masses; a heterogeneous, 
predominantly blue pattern with small green areas and 
red lines and a geographic appearance is present mainly 
in pancreatic malignant tumors (including pancreatic 
adenocarcinoma), while a homogeneous blue pattern 
is found in pancreatic neuroendocrine malignant 
lesions.[2,16]

When comparing the strain ratio of  a mass over the 
normal surrounding pancreatic parenchyma, malignant 
pancreatic masses and neuroendocrine tumors produce 
higher strain ratios than inflammatory masses and 
normal parenchyma.[17,18]

It has been suggested that a strain ratio of  >10 or a 
mean strain histogram value of  <50 is associated with 
malignancy.[17] However, the reproducibility of  EUS 
elastography in the evaluation of  solid pancreatic lesions 
is still a matter of  debate, even when semi-quantitative 
techniques are used.[17] It is anticipated that the new 
quantitative methods – shear wave elastography – will 
bring an interesting addition in this field.[12,19-24]

Several meta-analyses [25-30] have evaluated the 
diagnostic performance of  EUS elastography for the 
characterization of  malignant pancreatic tumors. Overall, 
their authors showed a high sensitivity (92%–98%), 
but a low specificity (67%–76%) of  EUS elastography 
in this clinical application. Disappointingly, there 
was no significant advantage of  semi-quantitative 
strain elastography over qualitative strain 
elastography. Interesting results have been reached 
by a recent multicenter study, including only small 
lesions (≤15 mm). [31] In this study, 50% of  solid 
pancreatic lesions ≤15 mm proved to be soft, and 
the probability of  a soft lesion to be malignant was 
negligible. Therefore, due to its very high negative 
predictive value for malignancy EUS elastography may 
be of  particular value for small pancreatic lesions. 
In addition, combining the information obtained by 
elastography with contrast-enhanced harmonic EUS 
for the differential diagnosis of  solid pancreatic masses 
could increase the overall diagnostic accuracy.[32-34]

PANCREATITIS

The diagnosis of  chronic pancreatitis[5,35] represents 
another interesting application of  EUS-elastography.[36] 

Fibrotic changes in chronic pancreatitis generally result 
in increased stiffness of  the pancreatic parenchyma,[37] 
while acute pancreatitits and necrotic areas often 
appear softer on elastography. In chronic pancreatitis, 
EUS-elastography histogram analysis and strain ratio 
measurements correspond to the histological fibrosis 
score and the probability of  exocrine pancreatic 
insufficiency.[38] The measured strain ratio correlates 
to the number of  EUS B-mode criteria for chronic 
pancreatitis (Rosemont classification),[39] rendering 
elastography a complementary tool in the diagnosis 
of  chronic pancreatitis. A similar correlation between 
elasticity values, Rosemont criteria, and endocrine 
dysfunction has been shown also using EUS-based 
shear-wave elastography.[12] Focal-type autoimmune 
pancreatitis can mimic pancreatic adenocarcinoma 
on B-mode EUS. EUS elastography may help in 
differentiating the two entities by demonstrating a 
diffuse homogenous increase in the stiffness 
of  the entire organ in autoimmune pancreatitis 
as opposed to ductal adenocarcinoma, where the 
increased stiffness is generally seen only within the 
tumor itself.[40] A preliminary study using EUS-based 
shear-wave elastography not only showed a significantly 
higher stiffness of  the pancreatic parenchyma in 
patients with autoimmune pancreatitis compared to 
healthy controls, but also that this technique may be 
useful to monitor the effect of  steroid therapy.[13]

LYMPH NODES

EUS elastography can be helpful in 
differentiating benign and malignant LNs. Benign 
(physiological and reactive) LNs are characterized by a 
homogeneous or scattered soft pattern (predominantly 
green or mixed red-yellow-green).[41] In a meta-analysis, 
the pooled sensitivity of  EUS elastography in 
differentiating benign and malignant LNs was 88%, 
with a specificity of  85%.[42] Two prospective studies 
using EUS fine-needle aspiration (EUS-FNA) as a 
gold-standard have shown that EUS elastography can 
be helpful in LN staging of  esophageal cancer.[43,44] In 
a recent prospective study comparing EUS elastography 
results with histology after surgery for esophageal 
cancer, the technique had an accuracy of  93.9% 
in identifying metastatic LNs.[45] Such noninvasive 
elastographic evaluation of  suspicious LNs may be 
particularly valuable if  the nodes are not accessible by 
FNA needle, in patients with contraindications to FNA, 
and for selecting the best FNA target when multiple 
nodes are present.[15,46-49]
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SUBEPITHELIAL LESIONS

Preliminary data suggest that EUS elastography could 
help in characterizing subepithelial lesions (SEL). 
In particular, it could be useful in differentiating 
gastrointestinal stromal tumors (GIST) from other 
types of  SEL. [50-52] In a pilot study with strain 
ratio EUS-elastography, GISTs were harder than 
other types of  gastric SEL such as lipoma and 
ectopic pancreas.[51] However, a subsequent larger 
study, including 62 SEL, which were classified 
according to histology, did not show a reliable 
differentiation between GISTs and leiomyomas 
using EUS-elastography. Based on qualitative strain 
elastography, 80% of  (4/5) leiomyomas appeared 
blue as did the vast majority of  GISTs that were 
included (61/62).[50] Another study using the strain 
ratio was able to differentiate between leiomyoma 
and GIST with a sensitivity and specificity of  100% 
and 94.1%, respectively.[52] Due to these conflicting 
data, further studies are needed to evaluate the 
capability of  EUS elastography in differentiating 
leiomyoma from GIST.

FOCAL LIVER LESIONS

EUS has proven to be helpful in the detection and 
guidance of  sampling of  small liver metastases, 
for example,  in pancreatobi l iar y mal ignancy. 
Preliminary experience is available showing that 
EUS elastography combined with contrast-enhanced 
EUS may facilitate characterization of  solid focal 
liver lesions.[53]

TARGETED EUS‑GUIDED TISSUE SAMPLING

In theory, EUS-elastography can highlight the hardest 
area within a pancreatic mass, a LN or another focal 
lesion by displaying the color-coded elasticity score 
in real time, thereby allowing selection of  the most 
suitable region for targeted EUS tissue sampling.[54] By 
avoiding necrotic (softer) areas, the diagnostic yield of  
tissue acquisition may be increased. A recent study[55] 
was conducted on 54 patients with solid pancreatic 
lesions, where a 25G EUS needle was inserted into the 
most suspicious part of  the lesion according to EUS 
elastography. A positive diagnosis of  adenocarcinoma 
was obtained in 85% of  patients. The diagnostic 
accuracy, sensitivity, and specificity of  the combination 
EUS-elastography/FNA was 94%, 93%, and 100%, 
respectively.

PRO: ADVANTAGES OF USING ELASTOGRAPHY

The use of  EUS elastography should be encouraged 
because it provides valuable information complementary 
to B-mode imaging. It is performed in real time, is easy 
to use and learn, has no additional risks or costs, and 
increases the duration of  the examination by only a few 
minutes. It has no known contraindications and does not 
require any specific preparation.[14] For EUS elastography 
of  solid pancreatic lesions as well as for LNs, a high 
intra- and interobserver agreement has been described 
at least for experienced examiners.[8,14,56,57] A soft 
focal solid pancreatic lesion is almost never a PDAC, 
whereas stiff  lesions might be malignant or benign. 
Elastography is, therefore, more reliable in excluding 
rather than confirming malignancy. On the other hand, 
elastography in combination with other endosonographic 
imaging tools such as contrast enhancement can be 
very helpful in confirming the malignant nature of  a 
mass or of  lymphadenopathy.[7,32-34,58] If  multiparametric 
EUS imaging including elastography concordantly 
demonstrates features consistent with a malignant lesion, 
but EUS-guided sampling yields inadequate, inconclusive 
or even negative results, repeat sampling or decision 
for surgery is indicated. [15] Moreover, this may be 
particularly helpful if  the region is not easily accessible 
by EUS needles, in patients with contraindications 
against fine-needle puncture and if  multiple suspicious 
areas are present.[21,54,55,58,59] The use of  elastography in 
pancreatic diseases and for characterization of  LNs is 
recommended by the EFSUMB guidelines.[15,60] In 2015, 
clinical practice guidelines for elastography specific to 
the pancreas were published by the Japanese Society of  
Medical Ultrasonics.[61]

CONTRA: ARGUMENTS AGAINST USING 
ELASTOGRAPHY

In addition to the described published positive results 
of  elastography, some of  the authors never use 
elastography. Elastography is not an essential component 
of  EUS because the majority of  endosonographers are 
capable of  producing excellent EUS outcomes without 
it. There are no data showing that elastography improves 
clinical outcomes when compared to EUS with or 
without EUS-guided tissue acquisition. In particular, 
there are no studies proving that elastography is truly 
superior in targeting cancer in suspicious lesions.

Most, if  not all elastography studies are fundamentally 
f lawed, because endosonographers cannot be 
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blinded to the standard B-mode EUS images when 
performing elastography. Hence, the incremental value 
of  elastography over standard B-mode imaging is 
unclear. The accuracy of  elastography for distinguishing 
malignant from benign lesions is usually in the range 
of  80%–90% – even in the hands of  experts. This 
is clinically inacceptable for potential cancer because 
one cannot accept a 10%–20% chance of  incorrect 
management. In addition, studies evaluating elastography 
likely overestimate its real accuracy, because studies 
never included only indeterminate masses. Studies 
usually included obvious cancers and likely clearly 
benign-appearing lesions. If  these obviously benign 
or malignant lesions were excluded, the accuracy of  
elastography would likely drop closer to the range of  
50%–60%, which is essentially the same as flipping a 
coin.

Finally, improvements in EUS histology needles have 
increased the accuracy of  EUS-guided biopsy to 
over 95%. Therefore, in terms of  mass lesions and 
nodes, the number of  truly indeterminate cases is very 
low. One could go as far as to say that, in cases of  
suspected cancer, elastography is useless in patients in 
whom EUS-guided tissue sampling is performed, and 
is of  questionable value when EUS-guided biopsy is 
negative (repeat biopsy is probably more useful than 
elastography).

There may be some future applications for elastography, 
but not in the management of  suspected malignancy. 
There are some interesting data in benign conditions 
such as chronic pancreatitis, autoimmune pancreatitis, 
and liver fibrosis, although further work is required to 
reduce operator dependence and to corroborate the 
existing results in general clinical practice.

Elasticity of  tissues is influenced by several 
pathophysiological processes, the most important 
being fibrosis and necrosis. Both mechanisms are not 
unique to malignant tissue transformation, but may 
also occur in inflammatory lesions, for example, in 
chronic (pseudo-tumoral) pancreatitis, autoimmune 
pancreatitis,[23,40,62] and sarcoidosis.[63] Chronic pancreatitis 
is a risk factor for pancreatic malignancy, and the 
diagnosis of  malignancy arising on a background of  
chronic pancreatitis is an important and difficult clinical 
scenario but one in which the utility of  elastography 
is reduced. Therefore, despite its high sensitivity 
to diagnose malignancy, the clinical value of  EUS 
elastography is hampered by low specificity that for 

characterization of  solid pancreatic lesions in one 
large prospective study was as low as 22%.[17] Used 
alone, it would miss few malignancies, but would result 
in unnecessary resections in 30%–35% of  cases in 
its current form. For this reason, EUS elastography 
cannot replace histology or cytology at the expense of  
additional examination time. The fact that the strain 
applied is unknown and we cannot obtain absolute 
values for elasticity, represent some of  the main 
limitations of  EUS elastography. Information from 
qualitative and semi-quantitative elastography depends 
on the ROI selected. The lack of  standardization 
of  technique hampers the generalizability of  the 
technique. For measurement of  strain ratio, there is no 
agreement within the literature on the position of  the 
second (comparative) ROI,[6,7,9] which can significantly 
influence the results of  measurement.[64] Positioning 
the second ROI within the gastrointestinal wall, as 
suggested in one of  the first publications,[5] may be 
hampered by the “slip artifact.”[9] In conclusion, the use 
of  SR is for research purposes only.

Modification of  presets, diameter of  the lesion, 
as well as the elasticity of  the lesion surrounding 
tissue may influence the results of  elastography 
significantly.[65-68] Qualitative elastography using scoring 
systems is prone to subjective assessment, and cutoff  
values for strain ratio differ a lot between studies. 
Moreover, compression by the transducer can artificially 
increase the strain,[3,14] and in some anatomical positions, 
compression induced by physiological pulsations of  
the heart and large arterial vessels is not sufficient to 
create stable elastography images. Finally, the length and 
specifications of  training in elastography have not yet 
been established.[14]

CONCLUSIONS

Elastography is complementary and not alternative 
to tissue sampling, and it was never intended to 
replace EUS-guided tissue sampling. Elastography 
may be used as an additional noninvasive technique 
to help characterize lesions in the proximity of  the 
gastrointestinal tract, guiding fine-needle punctures 
and helping to decide on further clinical management. 
In a pancreatic soft lesion, elastography has a very 
high negative predictive value to exclude ductal 
adenocarcinoma of  the pancreas. Qualitative as well as 
semi-quantitative EUS elastography are complementary 
tools for differentiating malignant and inflammatory 
pancreatic masses and LNs. Newer techniques (in 
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particular EUS-based shear-wave elastography) or the 
combination with other modalities such as contrast 
enhanced EUS, can further increase the value of  
elastography in the near future.
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