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Abstract
AIM
To evaluate the accuracy of the elastography score 
combined to the strain ratio in the diagnosis of solid 
pancreatic lesions (SPL). 

METHODS
A total of 172 patients with SPL identified by endoscopic 
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ultrasound were enrolled in the study to evaluate 
the efficacy of elastography and strain ratio in di
fferentiating malignant from benign lesions. The semi 
quantitative score of elastography was represented by 
the strain ratio method. Two areas were selected, area 
(A) representing the region of interest and area (B) 
representing the normal area. Area (B) was then divided 
by area (A). Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and 
accuracy were calculated by comparing diagnoses made 
by elastography, strain ratio and final diagnoses.

RESULTS
SPL were shown to be benign in 49 patients and 
malignant in 123 patients. Elastography alone had 
a sensitivity of 99%, a specificity of 63%, and an 
accuracy of 88%, a PPV of 87% and an NPV of 96%. 
The best cut-off level of strain ratio to obtain the 
maximal area under the curve was 7.8 with a sensitivity 
of 92%, specificity of 77%, PPV of 91%, NPV of 80% 
and an accuracy of 88%. Another estimated cut off 
strain ratio level of 3.8 had a higher sensitivity of 99% 
and NPV of 96%, but with less specificity, PPV and 
accuracy 53%, 84% and 86%, respectively. Adding 
both elastography to strain ratio resulted in a sensitivity 
of 98%, specificity of 77%, PPV of 91%, NPV of 95% 
and accuracy of 92% for the diagnosis of SPL. 

CONCLUSION
Combining elastography to strain ratio increases the 
accuracy of the differentiation of benign from malignant 
SPL.

Key words: Endoscopic Ultrasound; Elastography; 
Strain Ratio; Real Time; Pancreatic lesions
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Core tip: This prospective study included 172 patients 
with solid pancreatic lesions (SPL) to evaluate the value 
of combining the elastography score to strain ratio for 
differentiating benign from malignant lesions. Adding 
both elastography to strain ratio resulted in a sensitivity 
of 98%, specificity of 77%, positive predictive value 
(PPV) of 91%, negative predictive value (NPV) of 95% 
and accuracy of 92% for the diagnosis of SPL. The best 
cut-off level of strain ratio was 7.8 with a sensitivity of 
92%, specificity of 77%, PPV of 91%, NPV of 80% and 
an accuracy of 88%. So, adding both diagnostic tools 
increases the yielding of diagnosis. 
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INTRODUCTION
Solid pancreatic lesions (SPL) are mostly malignant 
with 5-year survival rates of less than 5%[1]. Endoscopic 
ultrasound guided fine needle aspiration (EUS-FNA) is 
a very good tool for the diagnosis of malignant SPL, 
with sensitivity and specificity rates of 91% and 94%, 
respectively[2,3], but it shows false negative results 
in approximately 15% of cases[4]. Strict follow up for 
negative FNA lesions is mandatory and may necessitate 
the use of invasive techniques to reach a full diagnosis, 
such as diagnostic laparoscopy[5]. 

The elastic properties of the tissues were used to 
assist in diagnosis by comparing color images in the B 
mode before and after compression[6,7]. This was used 
in endosonography to calculate the elastography of the 
lesion without using other invasive techniques[8,9]. A 
5-scored system was developed by Giovannini et al[10] 
and colleagues to distinguish between benign and 
malignant lesions, yet it was very subjective. Then, 
the strain ratio was developed as a semi quantitative 
method by dividing the area of interest by the normal 
tissue to improve objectivity and reach a better 
diagnosis[11].

In this prospective study, we investigate the 
efficacy of endosonographic elastography and strain 
ratio for the differentiation of benign from malignant 
lesions.

MATERIALS AND METHODS
Patients
Patients with SPL identified by EUS were enrolled in 
this prospective study. It included patients that were 
referred to the endoscopy units of both Cairo and 
Zagazig University Hospitals for endosonographic 
evaluation. The inclusion criteria were as follows: 
patients with identified SPL from prior radiological 
imaging; patients with extrahepatic biliary obstruction 
showing negative imaging results and referred for 
EUS; and patients above 18 years old. The exclusion 
criteria included: patients who declined to participate 
in the study, patients with a contraindication to the 
procedure, such as patients unfit for propofol sedation 
or coagulopathy, and patients lost to follow up or in 
whom the final diagnosis could not be reached. The 
ethical committee approved the study protocol and 
informed consents were obtained from all patients 
prior to the procedure. 

Methods
The study was designed as a prospective study to 
evaluate the efficacy of elastography and strain 
ratio in diagnosing SPL. Eligible patients who agreed 
to participate in the study were appointed to the 
endoscopy room on the day of the procedure for 
EUS examination under conscious sedation with IV 
propofol administration. An EUS examination was 
performed on all patients with a linear Echoendoscope 
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Pentax EG3830UT (HOYA Corporation, PENTAX 
Lifecare Division, Showanomori Technology Center, 
Tokyo, Japan) connected to a Hitachi EUB-7000 HV 
ultrasound unit (Hitachi Medical Systems, Tokyo, 
Japan). All examinations were performed by one 
endosonographer. For EUS-FNA biopsies, we used the 
Cook needle 22G (Echotip®; Wilson-Cook, Winston 
Salem, NC, United States). Elastography was applied 
to evaluate the SPL. Elastography is the sound 
wave technique to measure tissue deformation in 
response to compression. Theoretically, malignant 
lesions are harder than inflammatory ones. The 
hardness of the lesion is reflected by the degree of 
deformation represented by a color map (red-green-
blue colors represent soft to hard tissue, respectively). 
Quantitative scores and strain ratios were determined 
during the procedure. EUS-FNA was performed after 
the elastography. 

Qualitative score
‘‘Elastic score’’ reported by Giovannini et al[10] was 
used. A score of 1 was defined as homogeneous soft 
tissue (green) and interpreted as normal tissue. A 
score of 2 was given to heterogeneous soft tissue 
(green, yellow, and red), and interpreted as fibrosis 
or inflammation as shown in Figure 1. A score of 
3 represented mixed hard and soft tissues (mixed 
colors) or a honeycombed elastography pattern, 
interpreted as indeterminate for malignancy as shown 
in Figures 2 and 3. A score of 4 was given for hard (blue) 
lesions with a soft (green) central area, interpreted 
as malignant, hypervascularized lesions. Finally, a 
score of 5 represents predominantly hard (blue) 
lesions with dispersed heterogenic soft (green, red) 
areas, interpreted as advanced malignant lesions with 
necrotic areas as shown in Figure 4.

The semi quantitative score of elastography was 

represented by the strain ratio method. Two areas 
were selected, area (A) representing the region of 
interest and area (B) representing the normal area. 
Area (B) was then divided by area (A). For pancreatic 
lesions with a homogeneous pattern of elasticity, area 
A was chosen from any region, but in heterogeneous 
regions, area A was chosen to cover as much hetero
geneous area as possible. Both areas were manually 
selected by these criteria. The means of strain ratios 
were calculated and used as final results for each 
patient as shown in Figures 5 and 6. Subsequently, 
the best cut-off value was selected from the receiver 
operating characteristic (ROC) curve and was used 
for the calculation of diagnostic value. The best cut-off 
value of strain ratio was also combined with the results 
of elastography for the calculation of diagnostic value.

Statistical analysis
Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and accuracy 
were calculated by comparing diagnoses made by 
elastography, strain ratio and final diagnoses.

The final diagnosis of the SPL was obtained from 
the positive cytopathological examination of aspirate 
taken by EUS-FNA, the excisional biopsy of surgically 
removed tumors, and the presence of metastases or 
the follow up of benign lesions for at least one year.

RESULTS
From January 2013 to April 2016, 172 patients with 
pancreatic lesions were enrolled in this study. There 
were 120 males and 52 females with mean age of 55.7 
years. The site, final diagnosis of pancreatic lesions, 
and elastography score are presented in Tables 1-3. 

Scores 1 and 2 were considered benign while 
scores 3 to 5 were considered malignant. Elastography 
alone had a sensitivity of 99%, specificity of 63%, PPV 
of 87%, NPV of 96%, and accuracy of 88% (Table 4).

The mean value of the strain ratio for benign 
lesions is 5.58 while the mean value for malignancy is 
31.25; this difference was statistically significant at a p 
value of 0.01.

Based on the results of the ROC curve that was 
used for analysis, the best cut-off level of strain ratio to 
obtain the maximal area under the curve was 7.8 with 
a sensitivity of 92%, specificity of 77%, PPV of 91%, 
NPV of 80% and accuracy of 88%. Another cut off 
level of strain ratio was calculated at a level of 3.8 and 
demonstrated very high sensitivity (99%) and NPV 
(96%), but less specificity (53%), PPV (84%), and 
accuracy (86%). Adding elastography to strain ratio 
resulted in a sensitivity of 98%, specificity of 77%, 
PPV of 91%, NPV of 95% and accuracy of 92% for the 
diagnosis of SPL (Table 4).

DISCUSSION
The percentage of benign SPL in our study is 28%, 
which is similar to a study carried out by Pradermchai 
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Table 1  Location of the Solid pancreatic Lesions 

Location of pancreatic lesions Number of cases = 172

Head of the pancreas 118
Uncinate process     7
Body of the pancreas   22
Tail of the pancreas     4
Diffuse involvement (pan-pancreatic lesion)   21

Table 2  Final diagnosis of solid pancreatic lesions 

Nature of the lesion Final diagnosis Number of 
cases = 172

Benign lesions Pancreatitis 49
(49 cases) -Chronic pancreatitis 40

-Autoimmune pancreatitis   9
Malignant lesions Ductal adenocarcinoma 97
(123 cases) Mucinous neoplasm 22

Neuroendocrine tumors   2
Lymphoma   1
Metastasis   1

Okasha H et al . Elastography and strain ratio in SPL
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surrounding area[14].
EUS-FNA also has many drawbacks, including the 

need for multiple needle passes to obtain an adequate 
sample, iatrogenic complications[15], a learning curve 
and the need to evaluate many cases to obtain better 
efficacy.

These drawbacks raised the need to develop 
other techniques for the diagnosis of SPL with 
fewer complications and better efficacy. Dawwas 
and colleagues reported a sensitivity of 100% for 
EUS elastography but with a very low specificity of 
16.7%[16]. This was in contrast to previous published 
studies[17,18] and was not in concordance with our study 
that showed a specificity of 63%. Still, a problem 
appeared when using the elastic score due to its 
subjectivity. In our study, 36.7% (18/49) of patients 
with chronic pancreatitis had scores of 3 and 5 which 
is supposed to indicate malignancy. This may be 

Kongkam and colleagues[12] that reported a percentage 
of 23 and is similar to a meta-analysis that presented 
a close figure of 26.5%[13]. 

The diagnostic value of EUS-FNA has always 
been questioned due to the high false negative rates 
encountered; these rates can reach up to 15%-17%[2,5]. 
These false negative findings are manifested mostly in 
focal lesions in patients with chronic pancreatitis due 
to a similar hypoechoic pattern when compared to the 

Table 3  Qualitative analysis by elastography distribution 

Diagnosis (n  = 172) Score 1 Score 2 Score 3 Score 4 Score 5

Pancreatitis 6 25 12 -   6
   Chronic pancreatitis 6 21   8 -   5
   Autoimmune 
   pancreatitis

-   4   4 -   1

Ductal adenocarcinoma - - 28 - 69
Mucinous neoplasm - -   3 - 19
Neuroendocrine tumors - -   1 -   1
Lymphoma - -   1 -
Metastasis - - - -   1

Table 4  Diagnostic values of elastography and strain ratio

Elasticity 
score

SR 7.8 SR 3.8 Elasticity score 
and SR 7.8

Sensitivity 99% 92% 99% 98%
Specificity 63% 77% 53% 77%
PPV 87% 91% 84% 91%
NPV 96% 80% 96% 95%
Accuracy 88% 88% 86% 92%

PPV: Positive predictive value; NPV: Negative predictive value.

Figure 1  A patient with chronic pancreatitis showing heterogeneous 
soft tissue (green, yellow, and red), and interpreted as fibrosis or 
inflammation.

Figure 2  A patient with elasticity score 3 showing mixed hard and 
soft tissues (mixed colors) or a honeycombed elastography pattern, 
interpreted as indeterminate for malignancy.

Figure 3  A patient with autoimmune pancreatitis showing elasticity score 
3. 

Figure 4  A patient with advanced malignant lesions with necrotic areas 
(elasticity score 5) showing predominantly hard (blue) lesion with 
dispersed heterogenic soft (green) areas.  

Okasha H et al . Elastography and strain ratio in SPL
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attributed to the presence of calcifications and fibrous 
strands, which increases the score. Additionally, 6 
patients out of 40 with chronic pancreatitis scored 
1 although this score is supposed to reflect normal 
pancreatic tissue. Considering that chronic pancreatitis 
is a well-known and established risk factor for the 
development of pancreatic cancer[19], SPL in patients 
with chronic pancreatitis is a worrisome feature that 
may indicate the development of malignancy on top 
of a chronic inflammatory condition. In a study of 373 
patients with chronic pancreatitis, 4 of them developed 
pancreatic malignancy after a follow up period of 2 
years[20]. Fifty percent of neuroendocrine tumors scored 
2 instead of 4 and 71% of ductal adenocarcinomas 
had scores of 4 instead of 3 according to the scale. 
This was similar to a study published by Itokawa 
and colleagues in which only 33% of neuroendocrine 
tumors were scored 4 and 22% had a score of 1[9]. 
In our study, the 2 cases with neuroendocrine tumors 
were scored as 3 and 5 and not 4, which may explain 
why none of our cases had an elasticity score of 4. 
In a study done by Giovannini et al[21]. Sixteen point 
one of the lesions that had scores of 1 or 2 were 
adenocarcinoma. This renders elastography less 
specific although it has high sensitivity in our study 
sensitivity was 99% despite low specificity (63%).

As an elastography score is a very subjective tool 
and depends on the operator in most of the cases, 
another tool was added to increase its specificity 
to reach a better diagnosis[22-24]. The strain ratio 
with different cut off levels was mentioned in many 
studies[16,17,21]. We had a cut off level of 3.8 that had a 
sensitivity, specificity, PPV, NPV and accuracy of 99%, 
53%, 84%, 86% and 96%, respectively. This was 
similar to the study done by Pradermchai Kongkam 
and colleagues[12] that identified a cut off value of 
3.17 that gave a better specificity of 66.7%, but lower 
values in sensitivity, PPV, NPV, and accuracy 86.2%, 
89.3%, 60%, and 81.6%, respectively. In our study, 
the best cut off value to differentiate benign from 
malignant SPL was 7.8, it has a sensitivity of 92%, 
specificity of 77%, PPV of 91%, NPV of 80% and 
accuracy of 88%. 

Other studies have analyzed the usefulness 
of quantitative EUS-elastography. Iglesias-Garcia 
et al[25] published the strain ratio results of 86 
consecutive patients with pancreatic solid lesions 
(49 adenocarcinomas, 27 inflammatory masses, 
6 malignant neuroendocrine tumors, 2 metastatic 
oat cell lung cancers, 1 pancreatic lymphoma, and 
1 pancreatic solid pseudopapillary tumor) and 20 
controls. The strain ratio was significantly higher 
among patients with malignant pancreatic tumors than 
those with inflammatory masses. Normal pancreatic 
tissue showed a mean strain ratio of 1.68 (95%CI: 
1.59-1.78). Inflammatory masses exhibited a strain 
ratio (mean 3.28; 95%CI: 2.61-3.96) that was 
significantly higher than that of the normal pancreas 
(P < 0.001), but lower than that of pancreatic adeno
carcinoma (mean 18.12; 95%CI: 16.03-20.21) (P 
< 0.001). The highest strain ratio was found among 
endocrine tumors (mean 52.34; 95%CI: 33.96-70.71). 
The sensitivity and specificity of the strain ratio for 
the detection of pancreatic malignancies with a cut-
off value of 6.04 were 100% and 92.9%, respectively, 
exceeding the accuracy obtained with qualitative 
elastography. Another publication retrospectively 
evaluated 109 patients with solid pancreatic masses 
using the same methodology. A total of 20 patients 
were diagnosed with chronic pancreatitis (6 without 
and 7 with focal inflammatory masses, and 7 with 
autoimmune pancreatitis), 72 were diagnosis with 
pancreatic cancer, 9 with pancreatic neuroendocrine 
tumors, and 8 with a normal pancreas. In the quali
tative evaluation, all pancreatic cancers showed an 
intense blue coloration, whereas the inflammatory 
masses presented mixed colorations (green, yellow, 
and low-intensity blue). The mean strain ratio was 
23.66 ± 12.65 for the inflammatory masses and 39.08 
± 20.54 for pancreatic cancer (P < 0.05)[9]. 

To increase the efficacy of the diagnosis of SPL, we 
combined elastography with the strain ratio level of 7.8 
to have a sensitivity of 98%, a specificity of 77%, an 
accuracy of 92%, a PPV of 91% and an NPV of 95% 

Figure 5  A patient with pancreatic head malignancy showing high stain 
ratio (25.86).

Figure 6  A patient with pancreatic head malignancy showing very high 
stain ratio (45.34).

Okasha H et al . Elastography and strain ratio in SPL
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and increased the accuracy compared to the use of 
each tool alone.

SPL should be investigated thoroughly to identify 
their type. The use of elastography combined with 
strain ratio increases the accuracy of differentiation 
between malignant and benign SPL.

COMMENTS
Background
Different real time elasticity scores were developed to distinguish between 
benign and malignant lesions, yet they are very subjective, which is an 
important drawback. Strain ratio is a semi-quantitative method developed by 
dividing the area of interest by the normal tissue to improve objectivity and 
reach a better diagnosis.

Research frontiers
Accurate diagnosis of the nature of pancreatic masses aids a lot in the proper 
management. In this study, there is a suggestion that adding strain ratio to 
elastography increase the accuracy of diagnosis.

Innovations and breakthroughs
The literature suggests that adding strain ration to elastography score would 
add to proper diagnosis and differentiation of pancreatic masses. This study 
suggests a new cut off value for strain ratio to differentiate between benign and 
malignant pancreatic lesions being 7.8.

Applications
The study adds additional evidence of using two non-invasive techniques being 
elastography score and strain ration for diagnosis solid pancreatic masses.

Terminology
Strain ratio: a quantitative method for proper diagnosing of the nature of lesions, 
calculated by dividing the area of interest by the normal tissue.

Peer-review
The authors have performed a good study, the manuscript is interesting.
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