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Abstract
Introduction: Pancreatic solid tumour diagnoses remain a challenge for modern medicine. However, using endosonography 

together with elastography helps to examine the elasticity of tissues and therefore may allow definition of the nature of pan-
creatic tumours.

Aim: To evaluate the usefulness of elastography with the strain ratio method and quantitative evaluation of pancreatic 
solid tumours.

Material and methods: A total of 54 patients with pancreatic solid tumours were treated with ultrasound endosonography 
with fine-needle aspiration biopsy. The control group contained 26 patients with normal pancreas. Pancreatic solid tumours and 
normal pancreas were analysed with elastography and elasticity evaluation of the interest area (A), reference (B), and the strain 
ratio factor (B/A). Postoperative histopathological or cytological examinations were the final diagnoses. Both postoperative and 
cytological diagnoses were compared with average elasticity parameters (A) and strain ratio factors (B/A).

Results: Average elasticity parameters (A) and the strain ratio factors (B/A) were: 0.025% (0.01–0.05%) for malignant pro-
cess, and (B/A) 33.93 (18.23–75.45); (A) – 0.26% (0.14–0.35%), and (B/A) 5.35 (3.47–7.8) for inflammatory process; (A) 0.54% 
(0.35–0.82%), and (B/A) 1.79 (1.02–2.05) for normal pancreatic tissue.

Conclusions: Malignant tumours have higher tightness factor compared to inflammatory tumours and normal pancreatic 
tissue. Elasticity parameters reach the highest levels in normal pancreatic tissue, lower in inflammatory tumours, and the lowest 
in malignant tumours.

Introduction
Pancreatic tumours constitute a real diagnostic 

problem, especially in the case of solid ones. In either 
case, diagnostic efficiency depends on the localisation, 
size, and echogenicity of the tumour. Pancreatic solid 
tumours can be malignant and benign. Inflammatory 
tumours in chronic pancreatitis, schwannomas, fibro-
mas, haemangiomas, lipomas, and adenomas are all 
benign tumours. On the other hand, adenocarcinomas, 
neuroendocrinal neoplasms, solid pseudopapillary neo-
plasms, stromal tumours, lymphomas, as well as met-
astatic tumours are malignant. Ninety-five percent of 
pancreatic neoplasms come from the exocrine part of 
the pancreas, while the rest derives from the endocrine 
part. The most frequent malignant tumour is adeno-
carcinoma neoplasm, which makes up about 90% of 

all pancreatic tumours [1, 2]. However, the detection 
of solid pancreatic tumours is connected with several 
diagnostic problems. Differentiation between malig-
nant or benign tumours, as well as the possibility of 
implementing surgical treatment, are the most import-
ant aspects in diagnosis. Radiological diagnosis of solid 
pancreatic tumours is of great importance all the way 
from detection of the tumour, through stage assess-
ment, and choosing the method of treatment. At the 
moment, there is no perfect method of evaluating the 
malignancy and operating ability of tumours. Solid pan-
creatic tumours are usually detected accidentally during 
ultrasound examination of the abdomen. During the di-
agnostic process we use computed tomography (CT), 
magnetic resonance (MR), and endosonography (EUS) 
[3]. Endosonography is the best method for the detec-
tion of pancreatic solid tumours, and together with 
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elastography, allows us to define the elasticity of the 
tissue and the character of solid pancreatic tumours. 

Aim
The purpose of this study is to evaluate the useful-

ness of elastography with strain ratio and quantitative 
evaluation of pancreatic solid tumours.

Material and methods
In this study we examined 54 patients with pancre-

atic solid tumours, and 26 patients with normal pancre-
as, which were examined with EUS because of submuco-
sal tumours of the upper gastrointestinal tract (Table I).  
Each of these persons was examined with EUS and 
computed tomography. Pancreatic solid tumours and 
normal pancreas were analysed with elastography and 
elasticity evaluation of the area of interest (A), the ref-
erence area (B), and the strain ratio factor (B/A). Post-
operative histopathological or cytological examinations 
were the final diagnoses, which were later compared 
with average elasticity parameters (A) and strain ratio 
factors (B/A). The study was conducted in accordance 

with the Declaration of Helsinki and was approved by 
the Institutional Review Board as well by the Local Eth-
ics Committees when required. All the patients provided 
informed consent. 

Results
Malignant tumours were diagnosed in 11 cases and 

inflammatory tumours were diagnosed in 3 cases in his-
topathological/cytological diagnosis after surgical treat-
ment. Malignant tumours were diagnosed in 23 cases, 
and inflammatory tumours were diagnosed in 17 cases 
after fine-needle biopsy. In 34 cases of pancreatic solid 
tumours we diagnosed malignant tumours: adenocar-
cinoma after surgical treatment (n = 9), neuroendocrine 
tumour after surgical treatment (n = 2), neoplasm cells 
after biopsy (n = 23), chronic pancreatitis after biopsy 
(n = 17), and inflammatory tumour after surgical treat-
ment (n = 3) (Table II). The average parameters with 
reference to cytological and histopathological results 
were fixed: (A) – 0.025% (0.01–0.05%), and (B/A) 33.93 
(18.23–75.45) for adenocarcinoma, neuroendocrine tu-
mour, and neoplasm cells; (A) – 0.26% (0.14–0.35%), 
and (B/A) 5.35 (3.47–7.8) for inflammatory process; (A) 
0.54% (0.35–0.82%), (B/A) 1.79 (1.02–2.05) for normal 
pancreas tissue (Table III).

Discussion
Elastography is one of the methods that enable us 

to show real-time elasticity of the tissue. The result is 
shown as a red-yellow-green-blue coloured picture. This 
method is based on different elasticity and hardness of 
normal and pathological tissue [4]. Deformation abil-
ity of the tissue is then evaluated depending on the 
difference in ultrasonic waves received. In case of soft, 
normal tissue, which is more elastic, the difference in 
ultrasonic waves received is higher than in pathologi-
cal, hard tissue. The deformation can be expressed in 
a five-level scale [5]: level 1 – green – normal tissue; 
level 2 – green, yellow and red – fibred tissue; level 3 
– green and blue with blue supremacy resembling hon-
eycomb – tissue with mixed hardness, level 4 – centre 
green and blue around – vascularised neoplasm tu-
mours; level 5 – intensive blue – malignant neoplasm.

Elastography is most commonly used to diagnose 
breast pathological lesions, thanks to easy access to 
this organ [6]. Endosonography with an elastography 
option is the result of the rapid progress of ultrasound 
and endoscopic techniques. Elastography is a real-time 
examination and special software is needed. The co-
loured view from the examination is put in atypical 
B-mode picture. During the examination, the region of 
interest is marked. As a result, there are two pictures 
on the screen – a typical ultrasound view and a view 

Table I. Patients of study group and control group

Group Number Age [years]

Study:

Female 20 40–85 (67.7)

Male 34 30–73 (55.4)

Control:

Female 11 22–64 (43.9)

Male 15 25–57 (44.6)

Table II. Histopathological/cytological evaluation

Evaluation 
after surgery

Evaluation  
of the biopsy

Together

Malignant 11 23 34

Inflammation 3 17 20

Together 14 40 54

Table III. Evaluation of elasticity (A) and strain rate 
ratio (B/A)

A B/A

Pancreatic cancer 0.025% 
(0.01–0.05%)

33.93  
(18.23–75.45)

Inflammatory process  
of the pancreas

0.26% 
(0.14–0.35%)

5.35  
(3.47–7.8)

Normal pancreas tissue 0.54% 
(0.35–0.82%)

1.79  
(1.02–2.05)
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with a coloured elastogram [7]. As we know, elastogra-
phy is one of the best methods in detecting pancreatic 
solid tumours. Combined EUS-FNA (fine-needle aspira-
tion biopsy) method is characterised by high sensitivi-
ty and specificity in diagnosing pathological pancreatic 
lesions [8–11]. In a multi-trial study with 121 patients 
Giovannini et al. used EUS with elastography for the 
evaluation of pancreatic tumours [5]. Adenocarcinoma 
tumours were diagnosed in 72 cases, neuroendocrine 
tumours were diagnosed in 16 cases, metastatic tu-
mours from other organs were diagnosed in 3 cases, 
and chronic pancreatitis was diagnosed in 30 cases. 
During this study Giovannini et al. used a five-level 
real-time elastography scale. The specificity of this 
method was evaluated at 80.6% and the sensitivity 
was 92.3%. In another study Saftoiu et al. examined 
68 patients with EUS and elastography and evaluated 
its usefulness in diagnosing pancreatic tumours. The 
observation period was 6 months. In 32 cases they 
diagnosed neoplasm tumours, chronic pancreatitis in  
11 cases, neuroendocrine tumours in 2 cases, and 
normal pancreas in 22 cases. Special software was 
used to objectivise the results. The software allowed 

the doctors to describe the histogram of colours and 
elasticity of pathological tissue. 

The sensitivity of this study was about 91.4% and 
the specificity was 88.9% [12]. In Iglesias-Garcia et al. 
the sensitivity of elastography was compared to the 
reference examination. The sensitivity was 100% and 
the specificity was 85.5% [13]. Hirche et al. showed 
different findings due to difficulties in defining the di-
mensions of the lesion. In the case of lesions bigger 
than 3.5 cm there was no possibility to examine the 
whole pathological lesion and a sufficient part of the 
surrounding normal tissue as a benchmark. That is why 
the sensitivity of the Hirche study was about 41% and 
the specificity was 53% [14]. Notwithstanding, differ-
entiation between chronic pancreatitis and pancreatic 
neoplasm remains a real challenge. Janssen et al. claim 
that elastography is not a precise examination to dif-
ferentiate chronic pancreatitis and pancreatic cancer 
[15]. According to them, a histopathology examination 
is of utmost importance, and elastography only helps 
to choose the spot to make FNA and EUS [16]. One of 
the most interesting studies about using elastography 
in the differential diagnosis of pancreatic solid tumours 

Figure 1. Normal pancreas tissue in elastography
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is the one by Iglesias-Garcia et al. The study is based 
on quantitative analysis software examining the elas-
ticity of the tissue. Iglesias-Garcia et al. examined the 
elasticity of pancreatic tumours and the strain ratio 
(SR) in all cases. Strain ratio is defined as the relation 
between the elasticity of normal tissue (reference) and 
the elasticity of the interest area (ROI). The sensitivity 
of this study with quantitative analysis was 100%, and 
the specificity was about 93% [17].

In the current study we examined the elasticity of 
the pathological pancreas tissue and the strain ratio. 
In normal pancreatic tissue the average elasticity was 
0.54% (Figure 1), and in inflammatory lesions it was 
0.26% (Figure 2). The average elasticity for adenocar-
cinoma tumours, neuroendocrine tumours, and squa-
mous cell carcinomas was 0.025 (Figure 3). The strain 
ratio factor was observed in inverse proportion and was 
the lowest in normal pancreatic tissue (average 1.79), 
while it was higher in inflammatory tumours (5.35). The 
highest value of the strain ratio factor was in adenocar-
cinoma tumours, neuroendocrine tumours, and squa-
mous cell carcinomas (33.93). We observed that the 
strain ratio factor was much higher in malignant lesions 

Figure 2. Chronic inflammatory process of the pancreas in elastography

than in inflammatory ones and in normal pancreatic tis-
sue. The elasticity parameters were the highest in nor-
mal pancreatic tissue, lower in inflammatory tumours, 
and the lowest in malignant tumours. The elastography 
with the strain ratio and elasticity parameters valuation 
proved to be helpful in the differentiation of pancreat-
ic solid tumours. However, more studies are needed to 
define the usefulness of this method in diagnosing solid 
pancreatic tumours.

Conclusions
Differential diagnosis of chronic pancreatitis and 

pancreatic cancer remains one of the most difficult 
diagnostic challenges. Endosonography is the best 
method in diagnosing pancreatic solid tumours due 
to its high sensitivity and specificity when combined 
with FNA biopsy and elastography. The strain ratio 
factor reaches much higher values for malignant tu-
mours than in the case of inflammatory tumours and 
normal pancreatic tissue. The elasticity parameters 
are the highest in normal pancreatic tissue, lower in 
inflammatory tumours, and the lowest in malignant 
tumours.
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Figure 3. Pancreatic cancer in elastography
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