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ABSTRACT
Background Endoscopic ultrasound guided elastography is an imaging modality that can be used to evaluate tissue stiffness and to assess 
solid pancreatic lesions. It can also assist in optimizing the diagnostic yield of endoscopic ultrasound guided fine needle aspiration biopsies. 
Aims To review the literature on solid pancreatic lesions, the use of EUS guided fine needle aspiration and endoscopic ultrasound guided 
elastography and to present a single center experience using elastography to direct fine needle aspiration biopsies of solid pancreatic 
lesions. Methods  We present a review of the literature and a single center experience describing the use of EUS guided elastography in 
directing fine needle aspiration biopsies of solid pancreatic lesions. Results Thirteen male veterans with an average age of 62.3 (SD±11.8) 
years were enrolled in the study. The mean pancreatic mass size on EUS was 5.1×5.2 (SD±4.4×4.5) cm. A total of 13 lesions were identified 
during elastography. The lesions were most commonly found in the body (n=5), followed by multifocal lesions (n=4), pancreatic head (n=3) 
and tail (n=1). The seven concerning pancreatic lesions were stratified based on color pattern identified on EUS and EUS-elastography. 
Three lesions were homogenously blue, and four lesions were heterogeneously blue. The remaining six lesions which were less concerning 
were predominantly green. Of the three lesions, that were homogenously blue, two were diagnosed as adenocarcinoma (n=2) and chronic 
pancreatitis (n=1) respectively. Of the four heterogeneously blue lesions two were adenocarcinomas, while the other two represented 
a large B-cell lymphoma and chronic pancreatitis. Patients whose lesions were characterized as homogenous or heterogeneous green 
were benign and remained disease free after a median of two years of regular follow up. Limitations Relatively small number of patients 
studied. Conclusions In our single center experience we found that the use of real time endoscopic ultrasound guided elastography for 
targeting fine needle aspiration of suspicious pancreatic lesions may be beneficial as an adjunct modality to complement conventional 
EUS. Larger prospective studies need to be conducted to evaluate the utility of this modality in targeting pancreatic lesions. 
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BACKGROUND 

Traditionally, transabdominal ultrasound or computed 
tomography CT scanning [1, 2] are used to diagnose pancreatic 
lesions. However, transabdominal ultrasound is limited 
because it cannot be used to visualize the entire pancreas due 
to intervening fat or air. Endoscopic ultrasound (EUS) has 
emerged as the imaging modality of choice to diagnose chronic 
inflammatory, cystic, and neoplastic pancreatic lesions 
because it can assess areas of the pancreas at very close 
range [2, 3]. However, EUS is often times limited because 
it cannot distinguish between chronic pseudotumoral 
pancreatitis and pancreatic cancer. In some reports, the 
specificity of EUS images in diagnosing pancreatic masses 
or malignant lymph nodes has been described to be as low 
as 55% and the sensitivity of EUS-FNA is only 54% to 74% 
when sampling solid pancreatic masses in the setting of 
chronic pancreatitis [4, 5]. 

To help improve the diagnostic yield of endoscopic 
ultrasound, EUS guided elastography is increasingly being 
used in conjunction traditional endoscopic ultrasound. 
Elastography can be used to evaluate tissue stiffness and 
to assess the elasticity of solid lesions. Some studies have 
shown that EUS guided elastography is useful in improving 
diagnostic yield and efficiency of EUS-FNA of solid 
pancreatic lesions, however, this remains controversial [6, 
7, 8, 9].

In this review and single center experience, we discuss 
what is currently known about pre-procedural and procedural 
techniques in EUS guided FNA biopsies of solid pancreatic 
lesions, and we evaluate the utility of EUS elastography in 
obtaining tissue samples for cytological and histological 
diagnosis. We also present our single center experience 
using EUS guided elastography to evaluate suspicious 
pancreatic lesions. We illustrate how the combination of EUS 
and elastography may help select the hardest area within 
a pancreatic lesion [10] and how it may be a useful adjunct 
for guiding further clinical management when EUS-FNAB is 
negative or inconclusive [11, 12]. 

The Solid Pancreatic Lesion
When evaluating solid pancreatic lesions, one must 

understand that the differential diagnosis is broad and 
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includes both benign and malignant lesions (Table 1) [13]. 
Of all solid pancreatic masses, primary pancreatic ductal 
adenocarcinoma is the most common accounting for over 
85% of the lesions observed. Pancreatic adenocarcinoma is 
the fourth most common cause of cancer death in the United 
States [14, 15]. Most patients diagnosed with pancreatic 
adenocarcinoma are managed with chemotherapy, and as 
many as 20% undergo surgical resection. Tissue diagnosis 
is currently considered a prerequisite for chemotherapy 
and is desirable for those requiring surgery to exclude 
benign mimics of the disease. 

EUS is the best modality to diagnose pancreatic tumors 
with sensitivity higher than 90%, especially for lesions 
less than 2-3 cm in size in which it reaches a sensitivity 
rate of 99% vs. 55% compared to CT [16]. EUS also has a 
very high negative predictive value, which is important 
clinically because it means that EUS can reliably exclude 
pancreatic cancer [17]. EUS is markedly superior to 
transabdominal ultrasound (reported sensitivity between 
64%-91%) and has also been shown to be superior to 
computed tomography (CT) (sensitivity 66%-86%) for 
the detection of pancreatic masses in studies that compare 
both techniques [18, 19, 20]. However, often times it is 
difficult to differentiate between pancreatic cancer and 
mass-forming chronic pancreatitis, and EUS elastography 
has an important role in improving diagnostic accuracy 
in this subset of patients. In cases where a pathological 
diagnosis is required, EUS-FNA is particularly useful in 
guiding treatment decisions. 

Endoscopic Ultrasound-Guided Fine-needle Aspiration 
(EUS-FNA)

EUS FNA remains the gold standard in diagnosing 
pancreatic lesions and pancreatic cancer [21, 22] via tissue 
acquisition with a sensitivity of 80-85% and a specificity of 
100% [23] however the diagnostic accuracy of EUS guided 
FNA is limited and EUS FNA can be associated with risks 
and complications [24]. There are many pre-procedural and 
procedural considerations that must be assessed prior to 
performing EUS guided FNA (Table 2). The location of the 
lesion, lack of adequate visualization, lack of experience of the 
endoscopist, lack of onsite pathology, and lack of adequate 
sampling are all limitations in diagnostic yield. False negatives 
can also occur in up to 40% of cases [21, 25].

When performing EUS FNA several considerations 
must be made [26, 27]. A careful history and physical 
examination must be performed. Patients usually 
present with jaundice and unexplained weight loss. The 
use of serum carbohydrate antigen 19-9 (CA19-9) level 
may be helpful in making the diagnosis by increasing the 
pretest probability of disease however it is important to 
note that a normal CA 19-9 does not exclude malignancy 
[28].

Patients who undergo FNA must have the appropriate 
indication for the procedure. In patients that have 
potentially resectable lesions, a FNA may not be necessary 
however it should be performed when considering 
neo-adjuvant therapy or when there is a concern for 

Benign Tumors and Pseudotumors Malignant Tumors 
Focal pancreatitis and chronic pancreatitis Primary pancreatic and ductal adenocarcinoma (>85%) 

Autoimmune pancreatitis 
Secondary metastatic pancreatic tumors 
(Lung, breast, renal, prostate, melanoma, GI tract tumors, osteosarcoma) 

Microcystic serous cystadenoma Neuroendocrine tumors 
Lymphoma

Table 1.  Differential diagnosis of solid pancreatic lesions.

Preprocedural Considerations

Indications 
Perform FNA when it affects management, resection lesions may not need a FNA prior to resection 
FNA when considering neoadjuvant therapy 
EUS alone in staging locoregional disease and in borderline resectable disease 

Imaging 
Dedicated CT or MR should be performed prior to EUS to serve as a guide 
Lesions in acute/chronic pancreatitis may not be well defined 

Sedation Conscious or monitored anesthesia care 
Endoscopist experience Diagnostic accuracy increases with experience after a minimum of 75-100 cases for interpretative competence
Cytopathologist experience Cytopathologist should understand small possibility of a false-positive result does exist
Rapid On-Site Cytological Evaluation Improves the overall diagnostic sensitivity and accuracy of FNA of solid pancreatic masses by up to 10-15 [35].
Procedural Considerations 

Lesion size 

Large tumors are more likely to be necrotic and/or fibrotic with an indurated consistency, making it difficult to 
puncture them or move the needle within the lesion
Small tumors may not only be difficult to accurately target but also may have a greater tendency to be displaced or 
fall out of the lesion during needle advancement

Presence of pancreatitis Inflammation that occurs with chronic pancreatitis may obscure or mimic a pancreatic malignancy by causing a 
reactive process that produces cellular changes that are indistinguishable from well-differentiated neoplasia

Needle Size Studies have shown that 25G needle was more sensitive than the 22G needle (93% vs. 84%) for diagnosing pancreatic 
malignancy [33, 36]

Number of Passes 
3-5 passes if ROSE is available [37, 38]
5-7 passes if no ROSE is available 

Table 2. Pre-procedural and procedural considerations that must be assessed prior to performing EUS guided FNA.
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autoimmune pancreatitis in which management will be 
altered based on pathology results [14].

Prior to performing EUS FNA an evaluation of imaging 
is essential. Most pancreatic adenocarcinomas are 
hyopechoic. It is important to note that some lesions may 
not be well visualized or poorly defined on CT scan and 
this is more common in the setting of acute or chronic 
pancreatitis [29]. Cystic lesions, especially when complex 
or microcytic, may appear solid.

Adequate sedation, endoscopist experience [30, 31, 
32]. Cytopathologist experience, technique used for tissue 
sampling, use of a stylet, number of passes, and molecular 
analysis also play a role in the diagnosis of pancreatic 
adenocarcinoma. Studies have shown that 25 gauge needles 
are easier to handle and are less likely contaminated with 
blood and may in fact have a better diagnostic yield than 22 
gauge needles for cytological but not histological diagnosis 
[33]. In addition the method of tissue sampling also plays 
a role. The fanning technique, which involves sampling 
multiple areas within a lesion during each pass, was found 
to be superior to the standard approach because fewer 
passes were required to establish the diagnosis [34, 35, 
36, 37, 38]. In our single center experience we focus on 
the use of EUS elastography and how it affects diagnostic 
yield. We used FNA when it was indicated, had appropriate 
imaging with either a CT scan or MRI prior to performing 
endoscopic ultrasound, had expert cytopathologists, had 
expert endoscopists, used 25 gauge needles, but did not 
use rapid on-site pathology (Table 3). 

In our experience, no complications were observed, 
however, there are risks associated with EUS guided FNA. 
Risks of EUS-FNA include acute pancreatitis and needle-
track seeding [39, 40, 41]. 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, 42]. 
In addition, false negative results can occur in the setting 
of chronic pancreatitis [25, 43]. Because the risks and 
contraindications and a need to improve diagnostic yield, a 
non-invasive imaging modality like EUS elastography may 
be beneficial. 

EUS Elastography 
Real time elastography performed during endoscopic 

ultrasound is a procedural technique that has been 
shown to better characterize pancreatic lesions during 
endoscopic ultrasound. Hiroka et al. first [44] reported 
the clinical usefulness of EUS elastography of the pancreas 
in 2005 and since then numerous reports of the utility 
of elastography has been published [45, 46]. There are 
two types of evaluation associated with elastography, a 
qualitative and a quantitative method. In the quantitative 
evaluation, image-analysis techniques are used to evaluate 
the characteristics of a lesion in a quantitative manner, 
including the use of a strain ratio, a strain histogram and 
a neural network. In the qualitative evaluation the pattern 

of the elastogram such as the major color tone and the 
heterogeneity of the color tones are examined.

The quantitative evaluation of tissue stiffness can be 
divided into two techniques, strain and shear wave. In the 
strain technique, a compressive force is applied to tissue 
causing an axial tissue deformation (strain), which is then 
calculated by comparing the echo set before and after 
compression [47] (Table 4). 

Longitudinal scanning and radial echoendoscopes can 
be used in elastography. Longitudinal echoendoscopes 
have the advantage that suspicious areas can be targeted 
for biopsy under direct visualization [48]. The area that 
is being examined is referred to as the region of interest 
(ROI). The ROI has to be sufficiently large, i.e. it must 
contain the area under evaluation and enough surrounding 
“normal” tissue for comparison. The optimum ratio is 
approximately 50% lesion, 50% normal/surrounding 
tissue. Elastography works by create a ratio of relative 
elastiscity difference between these two regions. If the ROI 
is small, this ratio cannot be displayed and elastography 
wont be useful [9, 49]. 

In the qualitative evaluation, the elastography software 
measures pixels of tissue in the region of interest and 
displays a hue of the relative strain value or hardness of 
tissue. Most of the systems display a chromatic map (red-
green-blue) in which hard tissue areas are shown in dark 
blue or blue and soft tissue areas are displayed in red or 
green. Because strain (deformation) is smaller in harder 
tissues and larger in softer tissues, the differences in 
strain (hardness) of the tissues can be quantified and by 
means of a color map displayed as a transparent overlay 
superimposed on the usual grey-scale EUS image [50] 
(Figure 1). 

The pancreas under EUS guidance has a smooth 
contour and is hypoechoic and finely granular. It appears 
homogenously soft compared to other tissue when 
evaluated under endoscopic ultrasound. With advancing 
age, pancreatic echogenicity increases significantly, because 
of fat and connective tissue deposits, and consequently the 
elastography image becomes more heterogeneous. The 
contour can become increasingly lobulated.

Studies have shown that endosonography when 
combined with elastography has the highest sensitivity for 
detecting even small pancreatic masses. In addition, some 

Hard Tissue Dark blue 

Soft Tissue 
Red
Green 

Table 3. Color Map for classifying tissue in EUS elastography (Red-Green-
Blue).

Homogenously hard 
Heterogeneously Hard 

Mixed
Heterogeneously Soft
Homogenously Soft

Table 4. Description of Range of Tissue Stiffness.
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studies have shown that elastography can be beneficial in 
guiding biopsies for cytological and histological diagnosis 
[48]. The primary aim of EUS elastography is to distinguish 
benign and malignant tumors through the assessment of 
tissue elasticity (with benign tumors being soft while 
malignant tumors are hard) [51]. According to the seminal 
studies, benign masses are green and malignant masses are 
blue [52, 53]. Each color represents a different elasticity 
pattern and because there is a range, many qualitative 
analysis methods have been describe to best characterize 
the predominant color inside a region of interest. The most 
commonly used description has a range of: homogenously 
hard, heterogeneously hard, and mixed, heterogeneously 
soft and homogenously soft (Table 3). 

In clinical practice the normal pancreas has a soft 
(homogenously green appearance) in most cases. In 
acute pancreatitis, necrosis appears softer as compared 
to harder tumors. Chronic pseudotumoral pancreatitis 
can be differentiated from pancreatic adenocarcinoma 
by a difference in elastography appearance in most of 
cases, based on semi-quantitative analysis, which showed 
high strain for the average hue histograms in chronic 
pancreatitis as compared to pancreatic adenocarcinoma. 
However, often times chronic pancreatitis and hard 
tumors cannot be distinguished by elastography, probably 
because of their similar fibrous structure [54]. Pancreatic 
ductal adenocarcinoma appears as a stiff mass, stiffer than 
the adjacent parenchyma, owing to the presence of fibrosis 
and marked desmoplasia. Autoimmune pancreatitis has a 
characteristic stiff diffuse pattern of the whole pancreatic 
parenchyma, not just in the focal mass (Table 5). 

It is important to note that studies have also shown 
that EUS elastography has been shown to be reproducible 

in the evaluation of solid pancreatic lesions, even between 
endoscopists with no or limited experience in EUS and/or 
EUS elastography. Reproducibility and diagnostic accuracy 
increase with experience in EUS and EUS-elastography [55].

Two large studies have evaluated the accuracy of strain 
based elastography and found the sensitivity ranging 
from 93% to 100% and the specificity ranging from 
17% to 95% for diagnosing pancreatic malignancies [56, 
57]. The specificity for diagnosing these malignancies is 
widely variable. In a large meta analysis of 13 studies with 
1,042 patients with solid pancreatic masses elastography 
showed a pooled sensitivity and specificity of 95% (93%-
96%) and 69% (63%-75%), respectively [58]. 

PATIENTS AND METHODS

A retrospective review of prospectively collected data 
collected at a large Veterans administration medical center 
from December 1st, 2009 to March 31st, 2012 was evaluated 
and the following data examined: patients personal data, 
diagnosis at admission, clinical history, conventional EUS 
examination, EUS-elatography, and final diagnosis. 

All patients above 18 years of age with prior imaging 
(Computed Tomography or Magnetic Resonance Imaging) 
demonstrating a pancreatic mass, or requiring further 
evaluation to better rule out a pancreatic mass, were 
included. Patients with pancreatic masses predominantly 
cystic in nature, with a history of previous pancreatic 
surgery or carcinoma, and patients who underwent 
EUS evaluation of extra-pancreatic disease such as peri-
pancreatic lymph nodes were excluded (Table 6).

All endoscopic examinations were performed by 
two expert EUS endosonographers with at least one 
year of specialized training in endoscopic ultrasound. A 

Figure 1. EUS and EUS elastography findings of four selected patients. (a). Elastography of a normal patient without pancreatic pathology, demonstrating 
a predominantly green pattern. This patient was not part of the trail and image is shown for comparison purposes. (b). Heterogeneously green pancreatic 
lesion, considered low risk. (c). Homogenously blue pancreatic lesion, diagnosed as adenocarcinoma on final pathology.(d). Heterogeneously blue 
pancreatic lesion, diagnosed as adenocarcinoma on final pathology.
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qualitative and quantitative analysis was performed by 
each endosonographer. Each endosonographer analyzed 
elastography images based on the most predominant 
color and its distribution. Color patterns were classified 
as: 1) Predominantly green 2) Predominantly blue. 
Elastography patterns of distribution were classified as 1) 
relatively homogeneous pattern (homogeneous colors) or 
2) heterogeneous pattern (areas of two or more different 
colors). EUS was performed using Hitachi HI VISION 900 
or Preirus workstations (Hitachi Medical Systems Europe, 
Zug, Switzerland) with installed elastography module 
software using both linear and radial echoendoscopes (EG 
3870 UTK, Pentax Orangeburg, NY). Pancreatic lesions 
were first examined using EUS and conventional B mode 
imaging (Hitachi HA 900) followed by EUS with real time 
elastography. EUS and EUS elastography were recorded 
during each procedure. For elastography, the probe was 
placed adjacent to the gastric or duodenal wall, exerting 
just enough pressure for an optimal and stable image 
on the standard B mode. The region of interest was 
identified and elastography was used to evaluate this 
region.

The mass was then classified as either homogenous 
or heterogeneous, blue or green, using criteria as 
previously described. The decision to perform EUS-
FNA of the pancreatic mass for cytology was based on 
the EUS appearance and the hue color pattern. EUS-FNA 
was targeted to a region of interest based on the color 
pattern (predominantly blue) or combination of EUS and 
elastography findings, while lower risk patients with 
a predominantly green pattern in lesions suggesting a 
benign lesion were followed clinically (Table 7).

A 22 or 25 gauge needle (Echo tip Cook Endoscopy 
Winston-Salem, NC) was used for sampling the mass. 
There was no on-site cytopathology service available, thus 
samples were collected and sent to the pathology lab to 
determine the final diagnosis. 

Expert cytopathologists were blinded to endoscopic 
findings. The final diagnosis was determined by positive 
cytology or surgical pathology. Patients who were not 
biopsied (predominantly green pattern with low risk for 
malignancy) were followed clinically.

RESULTS 

Thirteen male veteran patients with an average age 
of 62.3 (SD±11.8) years were enrolled in the study. All 
patients had abnormal findings on CT imaging prior to 
undergoing endoscopic ultrasound. The indications for 
EUS included CT findings of pancreatic mass/cyst, changes 
consistent with chronic pancreatitis and/or dilated CBD 
with clinical suspicion for malignancy. 

The mean pancreatic mass size on EUS was 5.1×5.2 
(SD±4.4×4.5) cm. A total of 13 lesions were identified 
during elastography. The lesions were most commonly 
found in the body (n=5), followed by multifocal lesions 
(n=4), pancreatic head (n=3) and tail (n=1). Of the 7 
concerning pancreatic lesions identified on EUS and EUS-
elastography, three lesions were found to be homogenously 
blue, and four lesions were heterogeneously blue. The 
remaining six lesions were predominantly green. EUS-FNA 
was performed on six of the seven lesions that were blue 
on EUS-EG. Of the three lesions, that were homogenously 
blue, two were diagnosed as adenocarcinoma (n=2) 
and chronic pancreatitis (n=1) respectively. Of the four 

Normal pancreas Soft, (homogenously green) appearance in most cases

Acute Pancreatitis Necrosis appears softer as compared to harder tumors

Chronic Pancreatitis Elastography may not be able to contribute to the early diagnosis of pancreatic carcinoma in cases of chronic pancreatitis 
(with the exception of the early stages of autoimmune pancreatitis)

Pancreatic Masses Appears as a stiff mass (dark blue), stiffer than the adjacent parenchyma, owing to the presence of fibrosis and marked 
desmoplasia

  Malignancy can be excluded with high accuracy when a predominantly green pattern is seen, it has a negative predictive 
value is usually higher than 90% [9, 49]. 

Table 5. Appearance of Common Pancreatic Diseases on Elastography.

Patient Age (Years) Reason for EUS Average Size of the Lesion (CT)
1 49 Abnormal CT/pancreatitis None
2 61 Chronic pancreatitis None
3 62 Pancreatic mass on CT None
4 64 Pancreatic mass on CT 0.5 × 1.0 cm
5 65 Pancreatic cysts None
6 69 Dilated common bile duct None
7 51 Pancreatic head mass 4.0 cm × 3.0 cm
8 87 Pancreatic mass on CT  4.8 × 5.2 cm
9 78 Pancreatic mass on CT 3.90 × 3.95 cm
10 87 Pancreatic mass on CT 3.9 × 4.2 cm
11 54 Pancreatic mass on CT None
12 46 Rule out pancreatic mass None
13 62 Pancreatic mass on CT 13.9 × 13.8 cm

Table 6. Demographic Characteristics of Patients who underwent EUS Elastography.
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heterogeneously blue lesions two were adenocarcinomas, 
while the other two represented a large B-cell lymphoma 
and chronic pancreatitis (Table 2). One lesion 
characterized as homogeneous blue was not biopsied 
because of its location in the pancreas that would require 
too much of the pancreatic parenchyma to be traversed to 
reach the lesion.

There were six lesions that were characterized 
as predominantly green; 3 each as homogenous and 
heterogonous green. Of these, only one lesion characterized 
as homogeneously green was biopsied due to high clinical 
suspicion and was negative for malignancy. None of other 
predominant green lesions were biopsied (Table 8). 

All patients including those who did not undergo 
biopsy based on low risk EUS and elastography findings 
were followed clinically for a mean period 2 years 
(range of 1.5-3 years). Follow-up included clinic visits 
with gastroenterology and primary care physicians. The 
patients underwent annual imaging or more frequently 
if clinically indicated. None of the patients that were not 
biopsied based on EUS and EUS-EG findings, nor those with 
negative EUS-FNA, developed an interval cancer, and all 
remained alive at the time of this completion of the study.

DISCUSSION
EUS elastography is a noninvasive technique that can 

be used to complement conventional EUS that requires 
minimal prolongation of the examination time, minimal 
cost, and no added risk of complications. Elastography 
can provide important information that may improve the 
diagnostic accuracy of solid pancreatic masses, especially 
when there are contraindications to FNA or when EUS-
FNA gives a negative result. In addition, elastography 
may help provide an optimal puncture site location 
when performing FNA and by doing so, may improve the 
diagnostic accuracy in a subset of challenging patients. 
Furthermore, elastography may reduce the number of 
false-negative cases and number of passes required to 
obtain adequate tissue for diagnosis. 

Our single center experience demonstrates that EUS 
guided elastography may improve the diagnostic yield 
of EUS-FNA biopsies for pancreatic masses. Similar to 

previous studies, four elastographic patterns where 
defined quantitatively: homogeneous green pattern, 
heterogeneous green pattern, heterogeneous blue pattern, 
and homogeneous blue pattern. Using this classification, 
in our single center experience we identified pancreatic 
adenocarcinoma with a sensitivity of 100% and an 
accuracy of 85%. These results are comparable to previous 
studies which have shown that EUS elastography not only 
provides information complementary to that from EUS but 
also potentially increases the yield of fine needle aspiration 
and potentially reduces the number of unnecessary 
biopsies [59]. 

As with previous studies, differentiating pancreatic 
inflammatory masses from solid neoplastic lesions with 
similar rigidity was challenging. Inflammatory masses may 
produce a heterogeneous blue pattern, which parallels 
the color pattern of pancreatic neoplasms, as such, EUS 
elastography may not be able to target suspicious areas of a 
lesion or improve the low accuracy of EUS in patients with 
chronic pancreatitis. In our study, one of three patients 
diagnosed with chronic pancreatitis on prior CT had a 
mass confirmed on EUS elastography that was biopsied. 
The lesion biopsied was predominantly blue while the 
remaining lesions demonstrated a predominantly green 
pattern. EUS elastography has a high sensitivity but low 
specificity may provide false-positive results but not 
false-negative results for the diagnosis of solid pancreatic 
masses. Evaluation of the dominant hue in the color 
distribution on elastography is useful for assessing the 
diagnosis of pancreatic lesions but some degree of inter-
observer variation exists. 

The strength of this observational study is its 
retrospective review of prospective date, participation 
of more than one expert endosonographer, and lack of 
an in-room cytopathologist, thereby providing unbiased 
verification of the reproducibility of the diagnostic utility 
of this technique in an independent cohort. An additional 
strength was the close follow up for two years for patients 
with a benign pattern on elastography. In our study, 
patients whose lesions were characterized as homogenous 
or heterogeneous green were benign and remained disease 
free after two years of regular follow up visits. 

Patient Color/AVG Diagnosis  Post Procedure Suspicion For Cancer Pathology
1 Heterogeneous green Chronic pancreatitis Low Not done
2 Heterogeneous green Chronic pancreatitis Low Not done
3 Homogenous green Normal pancreas Low Not done
4 Homogenous green Normal Pancreas Low Not done
5 Homogenous green Chronic pancreatitis Low Negative for malignancy
6 Homogenous green Normal pancreas Low Not done
7 Homogenous blue Mass with partial solid component High Adenocarcinoma
8 Homogenous blue Solid mass High Adenocarcinoma
9 Homogenous blue Pseudocyst Low Chronic inflammation
10 Heterogenous blue Mass with mixed echo High Adenocarcinoma
11 Heterogenous blue Chronic pancreatitis Low Chronic pancreatitis
12 Heterogenous blue Heterogenous mass High Adenocarcinoma
13 Heterogenous blue Solid mass High Large B cell lymphoma

Table 7. EUS elastography findings and pathological correlation.
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The limitations of our observational study included the 
small sample size. In addition, quantitative modifications 
in elastography like strain ratio, that were reported after 
our study was initiated, were not integrated into our study.

Although we report on the utility of EUS-
elastography  to distinguish between malignant and 
benign pancreatic lesions, we cannot definitively conclude 
that elastography adds substantial value to EUS based 
assessment of solid pancreatic lesions because of our 
small sample size. Based on our experience we feel that 
elastography may be beneficial as an adjunct modality 
to complement conventional EUS. Given that larger, well 
conducted studies and meta-analysis have shown that 
EUS-elastography may or may not add substantial value 
to the EUS-based assessment of solid pancreatic lesions 
when compared to B-mode imaging with varying degrees 
of sensitivity and specificity [60]. We conclude that further 
studies must be conducted to evaluate the utility of EUS 
guided elastography. 

CONCLUSION
EUS elastography may be helpful in characterizing 

pancreatic lesions and targeting EUS FNA biopsies. 
Furthermore, it can provide important information in 
differentiating pancreatic masses in cases where a negative 
result of EUS-FNA is suspected or in patients who are not 
suitable for FNA. We believe that this technique is likely 
to supplement rather than replace the role of pancreatic 
tissue sampling in the future. Further, well-designed large 
prospective studies need to be conducted to evaluate 
the utility of EUS elastography in directing fine needle 
aspiration biopsies of solid pancreatic lesions.

Age (yrs) 62.3±11.8
Mean Pancreatic Lesion Size (cm) 5.1 × 5.2±4.4 × 4.5
Site of Pancreatic Lesion

Head 5
   Body      5

Tail     1
  Neck      1

Multi focal 2
Color of Pancreatic Lesion 

Benign 0
Adenocarcinoma 2
Other: not biopsied 1

Heterogeneous Blue
Benign 1
Adenocarcinoma 2
Other: B-cell lymphoma 1

Heterogeneous Green
Benign 1
Adenocarcinoma 0
Other: not biopsied 1

Homogeneous Green
Benign 2
Adenocarcinoma 0

  Other: not biopsied 2

Table 8. Summary of patient characteristics, pancreatic lesion characteristics 
and elastography findings.

Acknowledgments
This research was supported by a grant from the 

National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) (U-01 NIH: 5U01DK108327-02)

Conflict of Interest
Authors declare no conflict of interests for this article.

References
1.	 Gress F, Gottlieb K, Sherman S, Lehman G. Endoscopic 
ultrasonography-guided fine-needle aspiration biopsy of suspected 
pancreatic cancer. Ann Intern Med 2001; 134:459-64. [PMID: 11255521]

2.	 Mertz HR, Sechopoulos P, Delbeke D, Leach SD. EUS, PET, and CT 
scanning for evaluation of pancreatic adenocarcinoma. Gastrointest 
Endosc 2000; 52:367-71. [PMID: 10968852]

3.	 Soriano A, Castells A, Ayuso C, Ayuso JR, de Caralt MT, Gines MA, Real MI, 
et al. Preoperative staging and tumor resectability assessment of pancreatic 
cancer: prospective study comparing endoscopic ultrasonography, helical 
computed tomography, magnetic resonance imaging, and angiography. Am 
J Gastroenterol 2004; 99:492-501. [PMID: 15056091]

4.	 Fritscher-Ravens A, Brand L, Knofel WT, Bobrowski C, Topalidis T, 
Thonke F, de Werth A, et al. Comparison of endoscopic ultrasound-guided 
fine needle aspiration for focal pancreatic lesions in patients with normal 
parenchyma and chronic pancreatitis. Am J Gastroenterol 2002; 97:2768-
75. [PMID: 12425546]

5.	 Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of EUS-guided FNA of 
pancreatic masses in the presence or the absence of chronic pancreatitis. 
Gastrointest Endosc 2005; 62:728-36; quiz 51, 53. [PMID: 16246688]

6.	 Kongkam P, Lakananurak N, Navicharern P, Chantarojanasiri T, Aye 
K, Ridtitid W, Kritisin K, et al. Combination of EUS-FNA and elastography 
(strain ratio) to exclude malignant solid pancreatic lesions: A prospective 
single-blinded study. J Gastroenterol Hepatol 2015; 30:1683-9.  
[PMID: 26238152]

7.	 Opacic D, Rustemovic N, Kalauz M, Markos P, Ostojic Z, Majerovic 
M, et al. Endoscopic ultrasound elastography strain histograms in the 
evaluation of patients with pancreatic masses. World J Gastroenterol 
2015; 21:4014-9. [PMID: 25852289]

8.	 Giovannini M, Thomas B, Erwan B, Christian P, Fabrice C, Benjamin 
E, Geneviève M, et al. Endoscopic ultrasound elastography for evaluation 
of lymph nodes and pancreatic masses: a multicenter study. World J 
Gastroenterol 2009; 15:1587-93. [PMID: 19340900]

9.	 Hirche TO, Ignee A, Barreiros AP, Schreiber-Dietrich D, Jungblut 
S, Ott M, et al. Indications and limitations of endoscopic ultrasound 
elastography for evaluation of focal pancreatic lesions. Endoscopy 2008; 
40:910-7. [PMID: 19009483]

10.	 Popescu A, Saftoiu A. Can elastography replace fine needle aspiration? 
Endosc Ultrasound 2014; 3:109-17. [PMID: 24955340]

11.	 Hawes RH. Indications for EUS-directed FNA. Endoscopy 1998; 30 
Suppl 1:A155-7. [PMID: 9765112]

12.	 Yamao K, Sawaki A, Mizuno N, Shimizu Y, Yatabe Y, Koshikawa T. 
Endoscopic ultrasound-guided fine-needle aspiration biopsy (EUS-
FNAB): past, present, and future. J Gastroenterol 2005; 40:1013-23. 
[PMID: 16322944]

13.	 Weston BR, Bhutani MS. Optimizing Diagnostic Yield for EUS-Guided 
Sampling of Solid Pancreatic Lesions: A Technical Review. Gastroenterol 
Hepatol (N Y) 2013; 9:352-63. [PMID: 23935542]

14.	 Dumonceau JM, Polkowski M, Larghi A, Vilmann P, Giovannini M, 
Frossard JL, Heresbach D, et al. Indications, results, and clinical impact 
of endoscopic ultrasound (EUS)-guided sampling in gastroenterology: 
European Society of Gastrointestinal Endoscopy (ESGE) Clinical 
Guideline. Endoscopy 2011; 43:897-912. [PMID: 21842456]



523JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 5 – Sep 2016. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2016 Sep 08; 17(5):516-524.

15.	 Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics, 2011: the 
impact of eliminating socioeconomic and racial disparities on premature 
cancer deaths. CA Cancer J Clin 2011; 61:212-36. [PMID: 21685461]

16.	 Owens DJ, Savides TJ. Endoscopic ultrasound staging and novel 
therapeutics for pancreatic cancer. Surg Oncol Clin N Am 2010; 19:255-
66. [PMID: 20159514]

17.	 Saftoiu A, Vilmann P. Role of endoscopic ultrasound in the diagnosis 
and staging of pancreatic cancer. J Clin Ultrasound 2009; 37:1-17.  
[PMID: 18932265]

18.	 Rosch T, Lorenz R, Braig C, Feuerbach S, Siewert JR, Schusdziarra 
V, Classen M. Endoscopic ultrasound in pancreatic tumor diagnosis. 
Gastrointest Endosc 1991; 37:347-52. [PMID: 2070987]

19.	 Palazzo L, Roseau G, Gayet B, Vilgrain V, Belghiti J, Fekete F, Paolaggi 
JA. Endoscopic ultrasonography in the diagnosis and staging of pancreatic 
adenocarcinoma. Results of a prospective study with comparison 
to ultrasonography and CT scan. Endoscopy 1993; 25:143-50.  
[PMID: 8491130]

20.	 Sugiyama M, Hagi H, Atomi Y, Saito M. Diagnosis of portal 
venous invasion by pancreatobiliary carcinoma: value of endoscopic 
ultrasonography. Abdom Imaging 1997; 22:434-8. [PMID: 9157867]

21.	 Iglesias-Garcia J, Dominguez-Munoz E, Lozano-Leon A, Abdulkader 
I, Larino-Noia J, Antunez J, Forteza J. Impact of endoscopic ultrasound-
guided fine needle biopsy for diagnosis of pancreatic masses. World J 
Gastroenterol 2007; 13:289-93. [PMID: 17226911]

22.	 Turner BG, Cizginer S, Agarwal D, Yang J, Pitman MB, Brugge WR. 
Diagnosis of pancreatic neoplasia with EUS and FNA: a report of accuracy. 
Gastrointest Endosc 2010; 71:91-8. [PMID: 19846087]

23.	 Erickson RA. EUS-guided FNA. Gastrointest Endosc 2004; 60:267-79. 
[PMID: 15278063]

24.	 Eloubeidi MA, Tamhane A, Varadarajulu S, Wilcox CM. Frequency 
of major complications after EUS-guided FNA of solid pancreatic 
masses: a prospective evaluation. Gastrointest Endosc 2006; 63:622-9.  
[PMID: 16564863]

25.	 DeWitt J, McGreevy K, Sherman S, LeBlanc J. Utility of a repeated 
EUS at a tertiary-referral center. Gastrointest Endosc 2008; 67:610-9.  
[PMID: 18279866]

26.	 Chen G, Liu S, Zhao Y, Dai M, Zhang T. Diagnostic accuracy of endoscopic 
ultrasound-guided fine-needle aspiration for pancreatic cancer: a meta-
analysis. Pancreatology 2013; 13:298-304. [PMID: 23719604]

27.	 Puli SR, Bechtold ML, Buxbaum JL, Eloubeidi MA. How good is 
endoscopic ultrasound-guided fine-needle aspiration in diagnosing 
the correct etiology for a solid pancreatic mass?: A meta-analysis and 
systematic review. Pancreas 2013; 42:20-6. [PMID: 23254913]

28.	 Goonetilleke KS, Siriwardena AK. Systematic review of carbohydrate 
antigen (CA 19-9) as a biochemical marker in the diagnosis of pancreatic 
cancer. Eur J Surg Oncol 2007; 33:266-70. [PMID: 17097848]

29.	 Erickson RA, Garza AA. Impact of endoscopic ultrasound on the 
management and outcome of pancreatic carcinoma. Am J Gastroenterol 
2000; 95:2248-54. [PMID: 11007225]

30.	 Eisen GM, Dominitz JA, Faigel DO, Goldstein JA, Petersen BT, Raddawi 
HM, Ryan ME, et al. Guidelines for credentialing and granting privileges 
for endoscopic ultrasound. Gastrointest Endosc 2001; 54:811-4.  
[PMID: 11726873]

31.	 Polkowski M, Larghi A, Weynand B, Boustiere C, Giovannini M, Pujol 
B, et al. Learning, techniques, and complications of endoscopic ultrasound 
(EUS)-guided sampling in gastroenterology: European Society of 
Gastrointestinal Endoscopy (ESGE) Technical Guideline. Endoscopy 
2012; 44:190-206. [PMID: 22180307]

32.	 Harewood GC, Wiersema LM, Halling AC, Keeney GL, Salamao DR, 
Wiersema MJ. Influence of EUS training and pathology interpretation 
on accuracy of EUS-guided fine needle aspiration of pancreatic masses. 
Gastrointest Endosc 2002; 55:669-73. [PMID: 11979248]

33.	 Madhoun MF, Wani SB, Rastogi A, Early D, Gaddam S, Tierney WM, 
Maple JT. The diagnostic accuracy of 22-gauge and 25-gauge needles in 
endoscopic ultrasound-guided fine needle aspiration of solid pancreatic 
lesions: a meta-analysis. Endoscopy 2013; 45:86-92. [PMID: 23307148]

34.	 Bang JY, Magee SH, Ramesh J, Trevino JM, Varadarajulu S. Randomized 
trial comparing fanning with standard technique for endoscopic 
ultrasound-guided fine-needle aspiration of solid pancreatic mass 
lesions. Endoscopy 2013; 45:445-50. [PMID: 23504490]

35.	 Hebert-Magee S, Bae S, Varadarajulu S, Ramesh J, Frost AR, Eloubeidi 
MA, et al. The presence of a cytopathologist increases the diagnostic 
accuracy of endoscopic ultrasound-guided fine needle aspiration cytology 
for pancreatic adenocarcinoma: a meta-analysis. Cytopathology 2013; 
24:159-71. [PMID: 23711182]

36.	 Gerke H. EUS-guided FNA: better samples with smaller needles? 
Gastrointest Endosc 2009; 70:1098-100. [PMID: 19962501]

37.	 Erickson RA, Sayage-Rabie L, Beissner RS. Factors predicting the 
number of EUS-guided fine-needle passes for diagnosis of pancreatic 
malignancies. Gastrointest Endosc. 2000; 51:184-90. [PMID: 10650262]

38.	 LeBlanc JK, Ciaccia D, Al-Assi MT, McGrath K, Imperiale T, Tao LC, 
Vallery S, et al. Optimal number of EUS-guided fine needle passes needed 
to obtain a correct diagnosis. Gastrointest Endosc 2004; 59:475-81. 
[PMID: 15044881]

39.	 Carrara S, Arcidiacono PG, Mezzi G, Petrone MC, Boemo C, Testoni 
PA. Pancreatic endoscopic ultrasound-guided fine needle aspiration: 
complication rate and clinical course in a single centre. Dig Liver Dis 
2010; 42:520-3. [PMID: 19955025]

40.	 Lee LS, Saltzman JR, Bounds BC, Poneros JM, Brugge WR, Thompson 
CC. EUS-guided fine needle aspiration of pancreatic cysts: a retrospective 
analysis of complications and their predictors. Clin Gastroenterol Hepatol 
2005; 3:231-6. [PMID: 15765442]

41.	 Jonkman EF, van Tuyl BA, Sanders FB, Haas LE. Severe acute 
pancreatitis after EUS-FNA of a pancreatic cyst: a rare, but serious 
complication. BMJ Case Rep 2015; 2015. [PMID: 25969492]

42.	 Bleicher P. [Ergonomy in the equipment for the general dental 
practice]. Zahnarztl Prax 1970; 21:241 passim. [PMID: 5278063]

43.	 Iglesias Garcia J, Dominguez-Munoz JE. [Endoscopic ultrasound-
guided biopsy for the evaluation of pancreatic tumors]. Gastroenterol 
Hepatol 2007; 30:597-601. [PMID: 18028856]

44.	 Itoh T, Hirooka Y, Itoh A, Hashimoto S, Kawashima H, Hara K, Kanamori 
A, et al. Usefulness of contrast-enhanced transabdominal ultrasonography in 
the diagnosis of intraductal papillary mucinous tumors of the pancreas. Am J 
Gastroenterol 2005; 100:144-52. [PMID: 15654794]

45.	 Mei M, Ni J, Liu D, Jin P, Sun L. EUS elastography for diagnosis of solid 
pancreatic masses: a meta-analysis. Gastrointest Endosc 2013; 77:578-
89. [PMID: 23199646]

46.	 Ying L, Lin X, Xie ZL, Tang FY, Hu YP, Shi KQ. Clinical utility of acoustic 
radiation force impulse imaging for identification of malignant liver lesions: 
a meta-analysis. Eur Radiol 2012; 22:2798-805. [PMID: 22772145]

47.	 Gao L, Parker KJ, Lerner RM, Levinson SF. Imaging of the elastic 
properties of tissue--a review. Ultrasound Med Biol 1996; 22:959-77. 
[PMID: 9004420]

48.	 Jenssen C, Dietrich CF. Endoscopic ultrasound-guided fine-needle 
aspiration biopsy and trucut biopsy in gastroenterology - An overview. 
Best Pract Res Clin Gastroenterol 2009; 23:743-59. [PMID: 19744637]

49.	 Dietrich CF, Hirche TO, Ott M, Ignee A. Real-time tissue elastography 
in the diagnosis of autoimmune pancreatitis. Endoscopy 2009; 41:718-
20. [PMID: 19618344]

50.	 Dietrich CF, Saftoiu A, Jenssen C. Real time elastography endoscopic 
ultrasound (RTE-EUS), a comprehensive review. Eur J Radiol 2014; 
83:405-14. [PMID: 23643030]

51.	 Fusaroli P, Saftoiu A, Mancino MG, Caletti G, Eloubeidi MA. Techniques 
of image enhancement in EUS (with videos). Gastrointest Endosc 2011; 
74:645-55. [PMID: 21679945]

52.	 Saftoiu A. State-of-the-art imaging techniques in endoscopic 
ultrasound. World J Gastroenterol 2011; 17:691-6. [PMID: 21390138]

53.	 Giovannini M, Hookey LC, Bories E, Pesenti C, Monges G, Delpero 
JR. Endoscopic ultrasound elastography: the first step towards virtual 
biopsy? Preliminary results in 49 patients. Endoscopy 2006; 38:344-8. 
[PMID: 16680632]

54.	 Janssen J, Schlorer E, Greiner L. EUS elastography of the pancreas: 
feasibility and pattern description of the normal pancreas, chronic 
pancreatitis, and focal pancreatic lesions. Gastrointest Endosc 2007; 
65:971-8. [PMID: 17531630]



524JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 5 – Sep 2016. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2016 Sep 08; 17(5):516-524.

55.	 Soares JB, Iglesias-Garcia J, Goncalves B, Lindkvist B, Larino-Noia J, Bastos P, 
Caetano AC, et al. Interobserver agreement of EUS elastography in the evaluation 
of solid pancreatic lesions. Endosc Ultrasound 2015; 4:244-9. [PMID: 26374584]

56.	 Dawwas MF, Taha H, Leeds JS, Nayar MK, Oppong KW. Diagnostic 
accuracy of quantitative EUS elastography for discriminating malignant 
from benign solid pancreatic masses: a prospective, single-center study. 
Gastrointest Endosc 2012; 76:953-61. [PMID: 22854060]

57.	 Saftoiu A, Iordache SA, Gheonea DI, Popescu C, Malos A, Gorunescu 
F, Ciurea T, et al. Combined contrast-enhanced power Doppler and real-
time sonoelastography performed during EUS, used in the differential 
diagnosis of focal pancreatic masses (with videos). Gastrointest Endosc 
2010; 72:739-47. [PMID: 20674916]

58.	 Pei Q, Zou X, Zhang X, Chen M, Guo Y, Luo H. Diagnostic value of 
EUS elastography in differentiation of benign and malignant solid 
pancreatic masses: a meta-analysis. Pancreatology 2012; 12:402-8.  
[PMID: 23127527]

59.	 Hu DM, Gong TT, Zhu Q. Endoscopic ultrasound elastography for 
differential diagnosis of pancreatic masses: a meta-analysis. Dig Dis Sci 
2013; 58:1125-31. [PMID: 23306838]

60.	 Mayerle J, Beyer G, Simon P, Dickson EJ, Carter RC, Duthie F, Lerch 
MM, et al. Prospective cohort study comparing transient EUS guided 
elastography to EUS-FNA for the diagnosis of solid pancreatic mass 
lesions. Pancreatology 2016; 16:110-4. [PMID: 26602088]


