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Abbreviations used 

A. In Cyrillic 

CT - computed tomography 

MRI - magnetic resonance imaging 

Chronic pancreatitis - CP 

Pancreatic ductal adenocarcinoma - PDA 

MPD - main pancreatic duct 

EUS - endoscopic ultrasonography 

URV - upper reference value 

MRCP - magnetic resonance cholangiopancreatography 

i.v.  - intravenously 

AE - abdominal ultrasound 

PET - positron emission tomography 

B. In Latin 

SE - strain elastography 

RTE - real-time elastography 

TE - transient elastography 

ARFI - acoustic radiation force impulse 

pSWE - point Shear wave elastography 

ARFI - SWE - acoustic radiation force impulse - shear wave elastography 

2D - SWE - two-dimensional shear wave elastography 

3D - SWE - three-dimensional shear wave elastography 

CECT - Contrast Enhanced Computer Tomography 

FNB - fine needle biopsy 

EUS - endoscopic ultrasonography 

IOA - inter observer agreement 

APA - American Pancreatic Association  

CA 19-9 - carbohydrate antigen 19-9 



 ROI - region of interest 

 ARFI - VTQ - acoustic radiation force impulse - virtual touch quantification 

SW - shear wave 

SWV - shear wave velocity 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 

Increased hardness / density is a major quality of abnormal tissues. The diagnostic value of this 

property has been known since antiquity, with the oldest data on the application of the palpation method 

dating from 3000 - 2500 BC . Nowadays, palpation continues to be a fundamental technique in the 

physical examination of the patient. Due to its great subjectivity and dependence on the skills and 

experience of the researcher, however, it has been significantly displaced by modern methods of 

diagnostic imaging - ultrasound, X-ray (Computed Tomography / CT /) and Electromagnetic (Magnetic 

Resonance Imaging / MRI /). Each of these methods has advantages in specific areas of medicine, but 

a significant part of them are limited in terms of recurrence , patient tolerability and financial costs. A 

common disadvantage of each of these methods is the inability to provide objective data on the density 

of the tissues studied, which, as pointed out, is an essential feature to distinguish between normal from 

pathologically altered structures. The need for such information raises the search for a methodology 

that objectively and accurately measures the elasticity of tissues and thus to assess their hardness. This 

was achieved in 1991 when Cespedes and Ophir introduced the first elastography , today known as 

"strain " or compression elastography . Since then, a variety of elastography techniques have been 

introduced , including strain elastography ( SE , RTE ) , transient elastography ( TE ) , acoustic radiation 

force impulse ( ARFI ) , point shear wave elastography ( pSWE ; ARFI quantification ; ARFI - SWE ) , 

two- dimensional -, three-dimensional shear wave elastography ( 2D-SWE; 3D-SWE ) . It has been 

found that each of them has its advantages and disadvantages and is most successfully applied in certain 

areas of medicine. 

In the field of gastroenterology Elastography has found wide application as a method for estimating 

liver density and stage of fibrosis in patients with chronic liver disease. Its reliability in this direction 

has been proven in a number of studies. Less data are available on its diagnostic value in pancreatic 

diseases. 

Pancreatic diseases are a serious health problem. Current research shows that in 2022, 62,310 new 

cases of pancreatic cancer and 49,830 deaths are expected in the United States. The annual incidence is 

13.1 / 100,000 population and the mortality rate is 11.1 / 100,000, with 1/64 people developing 

pancreatic cancer at some point in their lives. With regard to chronic pancreatitis , the statistics are also 

alarming - the frequency on an annual basis is 5-12 / 100,000 and the overall incidence is on average 

50 / 100,000. In addition, the age range in which the diagnosis is made is on average between 30 and 

40 years, which emphasizes the social significance of the problem. Early diagnosis of pancreatitis 

carcinoma is hampered by the lack of early symptoms and the need for highly specialized and in some 

places difficult to access methods for diagnostic imaging and histological verification. In chronic 

pancreatitis , the lack of clear criteria for histological diagnosis and staging usually delays and 

compromises early diagnosis. The use of a widely available, inexpensive, non-invasive, reproducible 



and repeatable method for pancreatic examination is essential for daily clinical practice . This gave rise 

to the idea of studying the Point Shear Wave elastography method ( pSWE ) in diseases on pancreas . 

 

pSWE as part of the spectrum of elastographic techniques, it has theoretical advantages that 

presuppose its successful application to the pancreas . Taking into account the physical basis of the 

method and the pathomorphological characteristics of the tissues in chronic pancreatitis (CP) and 

pancreatic ductal adenocarcinoma (PDA), we formulated the initial hypothesis that p SWE can be 

successfully used to diagnose benign and malignant diseases of the pancreas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PURPOSE AND TASKS 

Objective: To evaluate the capacity of the method Point Shear Wave - elastography in the diagnosis of 

diseases of the pancreas . 

Tasks: 

1. To study the method of SW-elastography in patients with normal pancreatic parenchyma and 

to derive mean and reference values for SWV in normal pancreatic parenchyma. 

2. To study the method p SW - elastography in patients with chronic pancreatitis and to derive 

mean and reference values for SWV in chronic pancreatitis 

3. To investigate the influence of factors including area of interest, age, BMI, smoking, alcohol 

consumption and diabetes on SWV in patients with chronic pancreatitis . 

4. To compare SWV values in patients with normal pancreatic parenchyma and chronic 

pancreatitis . To establish the accuracy of SWV for differentiation of patients with HP from 

patients with NPP and to derive a threshold value for the diagnosis of chronic pancreatitis . 

5. To study the pSW-elastography method in patients with pancreatitis adenocarcinoma and to 

derive mean and reference values for SWV in pancreatic adenocarcinoma . To investigate the 

influence of factors including hepatic dissemination , mechanical jaundice , age, BMI, alcohol, 

smoking, diabetes on SWV values.  

6. To compare SWV values in chronic pancreatitis and pancreatitis ductal adenocarcinoma . To 

derive a threshold value for the diagnosis of PDA. To compare the precision of the pSWE 

method for differentiation of HP from PDA in comparison with the tumor marker CA 19-9. 

 

 

 

 

 

 

 

 

 



MATERIALS AND METHODS 

Included are 3 groups of patients : 1. With normal pancreatic parenchyma - 30 patients ; 2. With chronic 

pancreatitis - 35 patients ; 3. With pancreatic ductal adenocarcinoma - 38 patients . 

In view classification on patients in the respective group se use the following methods : 

1. History . The questions that se ask on time on taking off anamnesis are related to the presence 

on complaints , their characteristic and antiquity . He turns se attention on previous 

hospitalizations and performed in the past paraclinical , imaging and invasive research and 

manipulation . Search se information for accompanying diseases , operations and reception on 

medications that _ would could Yes provoke or Yes be result from pancreatic damage . They 

report se harmful habits ( alcohol , smoking ). He turns se attention on the family anamnesis . 

2. Physically research . Oh what condition on patient , color on leather and visible mucous 

membranes , skin changes , respiratory and cardiovascular system , availability on operational 

scars , abdominal status ( palpatory soreness , peritoneal irritation , symptom on Murphy , 

symptom on Courtesy , presence on ascites ). At all patients se calculates BMI. 

3. Laboratory research . At all considered patients are researched complete blood picture complete 

_ biochemistry , coagulation status . It counts us se indicators associated with pancreatic 

inflammation - elevated values on amylase and lipase , increase of CRP and ESR, leukocytes . 

They have been studied values on common protein and albumin a, cholestasis (GGT and AF) 

and cytolytic (AST and ALT) enzymes , common and direct bilirubin . At patients who _ subject 

to on histological verification se correct possible deviations in coagulation indicators and 

hemoglobin . Laboratory research with a conducted in the Department on clinical laboratory , 

Kaspela University Hospital . 

4. Ultrasound research . At all conventional patients abdominal ultrasound is the initial figurative 

method for evaluation on structure on pancreatic parenchyma . The device used for abdominal 

ultrasound is Siemens Acuson S2000 from 2008 with convex transducer with a frequency of 1-

4MHz. The main frequency used at echography _ _ research on the abdomen is 3.5MHz in B-

mode. 

Alone abdominal ultrasound includes evaluation on pancreas - structure ( homogeneous , iso 

- or slightly hyperechoic compared to the liver ), contour ( equal ), size on head (25-30mm), 

body (18mm) and tail (25-30mm), size on GPK ( to 2 mm in the case ). I appreciate you se the 

presence on focal lesions , calcifications in the parenchyma and in CPC, pseudocysts , 

peripancreatic effusion . Additionally se visualize black liver ( size , structure , contour , focal 

lesions ). They are looking for se scars for portal hypertension - dilated v.porte (> 12mm), 

v.lienalis (> 9mm), splenomegaly (> 120/45 mm ), recanalized umbilical vein . With the help 

of _ color Doppler se appreciate va speed on portal and lienal blood flow . Oh , it fits is the 



presence on ascites , limited liquid collections , lymphadenomegaly , venous thrombosis . 

Reports se pathology on bile bladder and biliary system , availability on gallstones _ _ bubble 

or bile tree , looking for se scars for extrahepatic cholestasis or cholangitis . 

5. Contrast enhanced computed tomography (CES) . The spiral three-phase CT with oral and 

venous contrast is the main one applied figurative method . Performs se on Siemens Emotion 

device 16. This standard , wide accessible and non-invasive method se used for diagnostics on 

patients with diseases on pancreas ( chronic pancreatitis ; pancreatic adenocarcinoma ) and on 

complications related to them . Protocol at CT of pancreas includes : 1. Thickness on cuts 5mm, 

followed by reprocessing on image and reconstruction on slices up to 1.5 mm; 2. Venous 

contrast 100ml (3ml / s). The used venous contrast is Iopamiro ( Iopamidol ) 370mg / ml . Like 

oral contrasting matter se used water . 

a. Before the contrast scanning se performs natively such that _ better _ _ presents the 

presence on calcifications in the parenchyma . The same no se visualize adequately after 

contrast amplification or can Yes se interpret such as expression on the contrast 

amplification . 

b. The early one arterial phase . By time on the early arterial phase the contrast amplification 

on pancreatic parenchyma is insignificant , but it is important from view point on the 

optimal visualization on trunk celiac disease and its branches and the mesenteric vessels . 

c. Early portal phase . It is called more " pancreatic " phase . It starts in 40-50 seconds after 

the introduction on the contrast matter . The early one portal phase is the largest meaning 

at diagnostics on pancreatic pathology , so such as provides optimal visualization on 

pancreas gland and the best base for differentiation on normal structure from pathological 

changes . In this one phase se present potential secondary hepatic lesions such as 

circulatory vessels too are good contrasting . 

d. It's late portal " hepatic " phase . It starts 70-80 seconds after the introduction on the 

contrast matter . This one phase se used for complete evaluation on abdominal cavity - 

local complications on chronic pancreatitis , presence on liver , lymph and peritoneal 

metastases . At availability of PDA, it is also useful for staging on tumor and detection on 

possible venous invasion . 

The diagnosis on chronic pancreatitis se place on the base on Cambridge criteria adapted for CT 

( Table 1 ) . _ At patients with suspicions from AE, for pancreatic adenocarcinoma , except such as 

diagnostic means , she also serves for staging and determination on resectability . Patients judged such 

as resectable , after histological verification , be direct for operatively treatment . 

At patients with normal pancreatic parenchyma CT was not applied , in view avoidance on 

superfluous exposure on ionizing radiation . 



Table 1. Cambridge classification adapted for CT. 

Cambridge 0 / Norm Normal pancreas 

Cambridge 1 / Unclear It is not possible Yes se establish chronic 

pancreatitis of the LC with the current ones 
methods 

Cambridge 2 / Lek pancreatitis Two or more from the following : CPC m / u 

2-4mm in the area on body , light enlargement 
on pancreas , heterogeneous structure on 

parenchyma , small cystic changes (<10mm), 

uneven ductal contour , pathological side 
branches > 3 

Cambridge 3 / Moderate pancreatitis As 2 + GPC> 4mm 

Cambridge 4 / Heavy pancreatitis As 2 and / or 3 + one from the following : cysts 

over > 10 mm , parenchymal calcifications , 

ectal calcifications , d uctal strictures , 
deformations _ of the Civil Procedure Code 

 

6. Percutaneous needle biopsy . Apply se such as method for histological verification , at patients 

with metastatic disease and those assessed _ such as locally unresectable . In patients considered 

potentially operable percutaneous biopsy is not performed due to the risk of tumor 

dissemination (up to 16%) and possible compromise of the chances of curative surgery . The 

manipulation is performed after discontinuation of food and water for at least 6 hours, under 

general venous anesthesia with Propofol , Fentanyl and Dormicum controlled by a certified 

anesthesiologist. The test is performed on a supine patient. The ultrasound machine used is 

Hitachi Aloka  7 , Used se disposable automatic biopsy pistol with a needle Tru -cut 18 Ga, 

22mm length on biopsy , brand TSK Laboratory, Japan. After disinfection convex transducer 

with guide prefix se puts in the epigastrium , localizes be and be biopsy ROI in the field on 

head , body or the tail on pancreas . The material obtained macroscopically is evaluated and, if 

necessary, the manipulation can be repeated. Prophylactic antibiotics are used - cephalosporins 

third generation ( Ceftriaxon 2.0g), pre -procedure and until the second post -procedure day. 

7. Endoscopic fine- needle ultrasonography ( EUS ) aspiration biopsy ( FNB) . EUS-FNB is used 

as a method of histological verification in all patients assessed as operable , in order to minimize 

the risk of tumor dissemination ( 0.003-0.009%). The manipulation is performed with a linear 

echoendoscope Olympus TJF 140 running Olympus Evis processor Exera 190 and Hitachi 

Aloka ultrasound machine 7. The manipulation is performed after cessation of food and water 

intake for at least 6 hours, under general venous anesthesia with Propofol , Fentanyl and 

Dormicum controlled by a certified anesthesiologist. The examination is performed in the left 

lateral position of the patient. Prior to histological examination, a complete echoendoscopic 



assessment of the hepatobiliary system and pancreas is performed - the presence of biliary 

obstruction, vascular invasion, regional lymphadenomegaly or hepatic dissemination , ascites 

as far as the possibilities of the method allow. After presenting the area of interest, a fine needle 

is performed needle aspiration biopsy for FNB Acquire 22Ga (Boston Scinetific ). The lesion 

is punctured between 2 and 4 times depending on the macroscopic evaluation of the obtained 

histological material, with each puncture passing between five and ten times through the tumor 

using the " fanning" technique and minimal aspiration by slow extraction of the mandrel 

(aspiration with " Stylet"). Prophylactic antibiotics are used - cephalosporins third generation 

( Ceftriaxon 2.0g), pre -procedure and until the second post -procedure day. 

8. Histological examination. Histological evaluation se perform in the Department on 

pathoanatomy , UMHAT " Kaspela " . Taken biopsy material se fixes in 10% formalin solution 

for 24h Processes se on conventional technology in ascending alcoholic battery . They are 

preparing se paraffin blocks , from who after microtome cutting _ se receive histological 

preparations with a thickness of 3-4 microns. Received preparations se stained with 

hematoxylin-eosin . 

9. рSWE . At all patients , after the standard AE in B-mode is performed рSWE on pancreas . The 

used device is Siemens Acuson S2000 from 2008, with standard conventional transducer (1-

4MHz) also used in B-mode. The maximum speed on transverse wave that _ can Yes be 

registered from the device is 4.95 m / s. At higher speed and at incorrect received results the 

device writes - X, XX MS. 

 Basically requirement for application on the method is the pancreas Yes can Yes be adequately 

presented in B-mode, without on him Yes superimpose gas collections . 

All patients no are se kept or accepted liquids at least 6 hours before research and are at rest at 

least 20 min . before the first measurement . 

Technique on performance . The patient is calm lay down on back , with hands to the body . 

Given are mu instructions Yes breathes calmly , like avoids deep respiratory excursions or 

cutting movement . The study starts in standard B-mode in which se visualize pancreas . For 

the goal transducer se place transverse to the area on epigastrium and se directs to trunk c e 

liakus . In this one position se presents the body on pancreas such as for basic landmark serves 

lienal vein . Consecutively se present head and tail on pancreas through slightly movement on 

transducer respectively down and on right and up and on left . After such as se evaluate 

pancreatic structure in B-mode, be passes to рSWE in everyone from the three parts on pancreas 

at patients with chronic pancreatitis and normal pancreatic parenchyma and in the area on the 

lesion and the surrounding parenchyma at patients with PDA. For the goal immediately before 

the measurement the patient se invited _ Yes exhale slightly and yes hold on breath you are 

now on the measurement . The goal is maximum Yes se avoid artifacts , generated from 

respiratory movements , though the same Yes se remove automatically and from the device . A 



requirement is yes se get at least 10 correct measurements from areas of interest. Except SWV 

itself registers the depth as well on measurement . 

Statistically Methods 

Statistical methods were selected according to basic factors described in the statistical literature 

(Armitage et al. 2001). The first leading factor were goals and objectives on the dissertation labor . The 

species on the quantities ( metric , rank , nominal , binary ) is next determining factor for the choice on 

statistically methods . 

Metric data are checked for symmetry and normality on the distribution through test on 

Kolmogorov-Smirnov . At availability on normal distribution ( p> 0.05), metric quantities are presented 

with the arithmetic mean value and standard deviation (± SD) and are analyzed through parametric 

statistically methods . At lack on normal we are distributive (p <0.05) used the medians and the 

intequartile range (IQR) and non- parametric statistically methods . Nominal , rank and dichotomous 

data ( Yes / Yes - No / No ) are presented in cash and percentage and processed through crossed tables . 

At dichotomous quantities is used test on Fisher 's exact test, and at quantities with more from two 

categories was conducted test Chi -square test . 

One from the main goals on the present scientifically research it was establishment on reference 

intervals and thresholds values on SWV at three groups patients with normal pancreatic parenchyma , 

with chronic pancreatitis and with pancreatic adenocarcinoma . For the goal it was used statistical 

program MedCalc , version 20.014, 2021 , following sustainable Robust method , which _ se 

recommended for samples less than 120 participants in the approved guidelines on Institute for clinical 

and laboratory standards ( CLSI Document C28-A3 , 2008). 

In the preliminary analysis , data were checked for availability on normal the distribution through 

test on Kolmogorov-Smirnov and a normal values ( outliers) through method of Reed (1971). At lack 

on normal distribution was conducted logarithmic transformation followed _ from reverse 

transformation ( back transformation), in order normalization on the distribution . 

For determination precision on SWV at diagnosis on chronic pancreatitis and pancreatitis 

adenocarcinoma it was used ROC curve analysis including _ _ area under curve ( AUC), threshold to 

the literature value , sensitivity and specificity . 

For the rest analyzes it was used the program IBM SPSS Statistics for Windows, Version 27.0 

(2020) [ 185 ] p the following statistically methods :  

1) Parametric statistically methods  

o t- test for independent samples (independent-samples t-test) for comparison on two groups or 

categories    

o correlation analysis on Pearson (Pearson r correlation) for establishment on connection between 

two metric values with normal distribution . 

 



2) Non-parametric statistically methods  

o test on Mann -Whitney U, for comparison on two groups concerning metric value with 

asymmetric distribution  

o test on Friedman for more from two connected measurements / samples ( r elated- s amples 

Friedman's test) at comparison on dimensions in the individual parts on gland ( head , body and 

tail ) at patients with chronic pancreatitis 

o test on Kruskal - Wallis for comparison on values of SWV versus the classification Cambridge 

at patients with chronic pancreatitis 

o rank correlation on Spearman ( Spearman rank-order correlation - r 
s 
) for establishment on 

connection between quantities , from who one or both _ are asymmetrically distributed . 

 

3) Statistically analysis at frequency data  

o test on Fisher 's exact test for establishment on associations or comparison on proportions at 

dichotomous quantities 

o test Chi -square for establishment on associations at ordinal quantities or nominal quantities 

with more from two categories   

 

4) Graphic illustration  

For graphically presentation on the data are used statistical programs MedCalc version 19.4.1 

(2020) and Minitab version 21.1 (2021). The results are summarized in tables and illustrated with 

appropriate charts including : _ 

o Circular graphics (Pie charts) 

o Graphs on individual and medium values and 95% confidence interval (Individual value plots) 

o Intervals graphs illustrating _ the referees borders for SWV at the individual groups patients 

( Reference intervals) 

o Intervals charts including _ the average value and 95% trustworthy interval ( Interval plots) 

o ROC curve diagnostic _ precision on SWV 

o Boxes graphics (Box plots) for illustration on the average trend and distribution at metric 

quantities 

 

All analyzes are conducted at admissible level on error from I- you Type alpha = 5%. 

The results are interpreted such as statistically significant at p <0.05, as the level on significance is 

highlighted on forward way : * - p <0.05; ** - p <0.01; *** - p <0.001. 

 

On the base on used materials and methods , criteria for inclusion in any from groups are the following : 

1. Patients with normal pancreatic parenchyma 



Patients without medical history for pancreatic diseases in the past . Without family medical history for 

pancreatic diseases . Without data for sugar diabetes or bile stone disease . Normal values on amylase 

and lipase . No se establishes increased alcoholic consumption (> 20g / day ) or reception on 

medications that _ can Yes induce pancreatitis ( eg azathioprine ) . Adequate visualization on pancreas 

in B-mode. Normal structure on pancreas - homogeneous structure , smooth contours , iso - or slightly 

hyperechoic parenchyma compared with liver . _ Normal dimensions on gland - 25-30mm in the area 

on head , 18mm in the body , 25-30mm in the tail . Undilated chief pancreatic channel , up to 2mm in 

the area on the body . No are available data for portal hypertension or splenomegaly . 

2. Patients with chronic pancreatitis 

Figurative data for chronic pancreatitis established through spiral CT with contrast responsible on 

Cambridge II-IV criteria ( see Table 1), adapted for figurative research . Opportunity for adequately 

visualization on pancreas in B-mode. Without clinical or biochemists data for exacerbation on chronic 

pancreatitis for last 3 months but _ medical history for at least 3 episodes on exacerbation in the past . 

Values on amylase and lipase <x3 GDS. Tracking within _ on at least 3 months from the moment on 

performance on ultrasound elastography . 

3. Patients with pancreatitis ductal adenocarcinoma 

Proven histologically , through percutaneous needle biopsy ( Tru -cut) or EUS-FNB, pancreatic ductal 

adenocarcinoma . Opportunity for good visualization on the lesion and the adjacent on her parenchyma 

in B-mode. 

 

 

 

 

 

 

 

 

 

 



RESULTS 

 

The results of statistical data analysis on the possibilities of the method Point Shear Wave - 

elastography in relation to the diagnosis of diseases of the pancreas are presented in sectors 

corresponding to the tasks of the dissertation. Three groups of patients were included in the study: 

Group 1: C normal pancreatic parenchyma ; Group 2: With chronic pancreatitis ; Group 3: With 

pancreas ductal adenocarcinoma . 

Task 1 : To study the method of SW-elastography in patients with normal pancreatic parenchyma 

and to derive mean and reference values for SWV in normal pancreatic parenchyma. 

General characteristics of patients with normal pancreatic parenchyma 

The study included 30 patients with normal pancreatic parenchyma, of which 14 men (46.70%) 

and 16 women (53.30%), with no significant difference in the relative proportion of both sexes, p = 0. 

797 . The age of the participants varied between 18 and 85 years, with an average age of 45.75 ± 16.93 

years (median 44.50 years). No significant age difference was found between men and women: men 

45.61 ± 20.30; females 45.81 ± 14.03g, p = 0. 979. 

The body mass index ( BMI) has median 22. 60 kg / m 2 in the group, 23.40 kg / m 2 in men and 

22.05 kg / m 2 in women, with no significant difference between the sexes , p = 0. 697. Patients with 

normal weight have the highest relative share, constituting 60% of the whole group, 50.00% of men 

and 68.80% of women, p = 0. 396. 36.70% of all patients are overweight, 42.90% of men and 31.30% 

of women are overweight, and only one male patient is underweight . 

In the study group, 21 (70.00%) were non-smokers and 9 (30.00%) smokers. Smokers make up 

21.40% of men ( n = 3) and 37.50% of women ( n = 6) , with no significant difference, p = 0. 440. 

 

 

 

 

 

 

 

 

 

 

 

Table _ 2. General characteristics of patients with normal pancreatic parenchyma 



Sizes Total Men Women p 

Number (%) 

 

30 

 

14 

(46.70%) 

16 

(53.30%) 

0.797 f 

Age 

o �̅�(± SD) 

o Min.-Max. 

o Median ( IQR) 

 

45.75 ± 16.93 

18 - 85 

44.50 (30) 

 

45.61 ± 20.30 

18 - 85 

46 (35) 

 

45.81 ± 14.03 

22 - 67 

44 (25) 

 

 

0.979 t 

BMI 

o Median ( IQR) 

o Min.-Max. 

 

 22.60 (6.77) 

17.90 - 29.40 

 

23.45 (7.40) 

17.90 - 29.40 

 

22.05 (6.95) 

18.60-29.40 

 

0.697 U 

BMI categories     

 

0.396 χ 2 

o Below norm: <18 .50 1 (3.30%) 1 (7.10%) 0 (0.00%) 

o Normal: 18.50 - 24.90 18 (60.00%) 7 (50.00%) 11 (68.80%) 

o Above normal: ≥ 25 11 (36.70%) 6 (42.90%) 5 (31.30%) 

Smoking     

o Yes n (%) 9 (30.00%) 3 (21.40%) 6 (37.50%)  

0.440 f o No n (%) 21 (70.00%) 11 (78.60%) 10 (62.50%) 

�̅� = arithmetic mean ; IQR - interquartile range; f - Fisher 's test ; t - t-test for independent samples; U 

- Mann- Whtney U test ; χ2 - Chi-square test 

 

Five wave velocity ( SWV ) measurements were made in each part of the gland (head, body and 

tail), from which we calculated the average value for each part. SWV values showed a normal 

distribution in both sexes according to the Kolmogorov-Smirnov test ( SWV head: men p = 0. 142, 

women p = 0. 200; SWV body: men p = 0. 068, women p = 0. 200; SWV tail males p = 0.079, females 

p = 0. 200) and data are presented with mean and standard deviation. 

 

The depth of the area of interest in the three parts of the gland is also presented as the average of 

five measurements in each part of the gland. All three values are presented with mean and standard 



deviation due to the presence of a normal distribution ( Depth head area : men p = 0. 064, women p = 

0. 120; Depth zone body: men p = 0. 200, women p = 0. 200; Depth of tail area males p = 0. 200, 

females p = 0. 200). 

 

To compare the SWV values and the depth of the area of interest between male and female patients, 

a t-test was performed for the independent samples. In all three parts of the gland, the speed of the wave 

did not show a significant relationship with the sex of the patients: SWV head p = 0. 649; SWV body p 

= 0. 560; SWV tail p = 0. 821). The depth of the area of interest also did not show significant gender 

differences: Depth head area p = 0. 657; Depth zone body p = 0. 955; Depth zone tail p = 0. 761) ( Table 

3 ).   

Table 3 SWV values and depth of area of interest in the head, body and tail of the gland in patients with 

normal pancreatic parenchyma 

Wave speed ( SWV ) ( m / 

s) 

 

Total Men Women p 

Chapter 

o �̅�(± SD) 

o Min.-Max. 

 

 

1.18 ± 0.30 

0.74 - 2.26 

 

1.21 ± 0.40 

0.74 - 2.26 

 

1.15 ± 0.20 

0.80 - 1.56 

 

 

0.649 

Body 

o �̅�(± SD) 

o Min.-Max. 

 

 

1.20 ± 0.28 

0.80-2.12 

 

1.23 ± 0.35 

0.80 - 2.12 

 

1.17 ± 0.23 

0.90 - 1.70 

 

 

0.560 

Tail 

o �̅�(± SD) 

o Min.-Max. 

 

1.14 ± 0.26 

0.76- 1.92 

 

1.13 ± 0.30 

0.86 -1.92 

 

1.15 ± 0.22 

0.76 -1.48 

 

 

0.821 

Depth of interest (cm)     

Chapter 

o �̅�(± SD) 

o Min.-Max. 

 

 

5.14 ± 0.84 

3.50-6.10 

 

5.22 ± 0.83 

4.00 - 6. 10 

 

5.08 ± 0.87 

3.50 - 6. 10 

 

 

0.657 



Body 

o �̅�(± SD) 

o Min.-Max. 

 

 

4.75 ± 0.95 

3.10-6.10 

 

4.74 ± 0.96 

3.22 - 6. 10 

 

4.76 ± 0.97 

3.10-6.10 

 

 

0.955 

Tail 

o �̅�(± SD) 

o Min.-Max. 

 

5.16 ± 0.85 

3.20 - 6.14 

 

5.21 ± 0.78 

3.90 - 6.14 

 

5.12 ± 0.93 

3.20-6.14 

 

 

0.761 

�̅� = arithmetic mean value 

 

In FIG. 1 illustrates similar SWV values in the head, body and tail of the gland in male and female 

patients with normal pancreatic parenchyma. Analogously to FIG. 2 illustrates the similarities in the 

depth of the area of interest between male and female patients. 

 

 

 

Figure 1 : SWV values in the head, body and tail of the gland according to the sex of patients with 

normal pancreatic parenchyma 

 



 

Figure 2 : Values of the depth of the area of interest in the head, body and tail of the gland according 

to the sex of patients with normal pancreatic parenchyma 

 

SWV reference limits in the head, body and tail of the pancreatic parenchyma 

 

The lack of a significant difference between male and female patients in terms of age, BMI and 

SWV values in the head, body and tail of the gland gave grounds to derive common reference values 

for the whole group without distinction between the sexes.  

Normal distribution was found in the three parts of the gland of SWV measurements 

( Kolmogorov-Smirnov : head p = 0.10; body p = 0.06; tail p = 0.08). Two abnormal values were 

identified by the Reed method , one for SWV in the head (patient № 28 with a value of 2.26 m / s) and 

the other for SWV in the tail (patient № 15 with a value of 1.92 m / s). These two values were removed 

from the data and are not included in the results presented in Table. 4.  

For SWV in the head of the gland, the reference interval covers values from 0.62 m / s (lower limit) 

to 1.64 m / s (upper limit). For SWV in the body of the gland, the interval shows a lower limit of 0.55 

m / s and an upper limit of 1.75 m / s. For SWV in the tail of the gland, a lower limit of 0.64 m / s and 

an upper limit of 1.57 m / s were established. 

 

 

Table _ 4. Results of the analysis to establish the reference limits of SWV in the head, body and tail of 

the gland in patients with normal pancreatic parenchyma 



Results from data analysis SWV 

Head ( m / s ) 

SWV 

Body ( m / s ) 

SWV 

Tail ( m / s ) 

o Arithmetic mean value �̅� 1.18 1.20 1.14 

o Standard deviation 0.30 0.28 0.26 

Reference Limits 

( Robust method CLSI C28-A3 
b 

) 

o Low reference value 

border ( m / s ) 

 

0.62 

 

0.55 

 

0.64 

o Upper reference value 

border ( m / s ) 

 

1.64 

 

1.75 

 

1.57 

 

SWV reference limits for the whole pancreatic parenchyma in patients with normal pancreatic 

parenchyma 

 

Table 5. Results of the analysis to establish SWV reference values for the whole pancreatic parenchyma 

Descriptive statistics  SWV average for parenchyma 

( m / s ) 

o The lowest value 0.86 

o The highest value 1.74 

o Arithmetic mean value �̅� 1.17 

o Median  1.11 

o Standard deviation 0.2 2 

Reference Limits 

( Robust method CLSI C28-A3 ) 

o Reference value lower limit ( m / s ) 0.66 

o Reference value upper limit ( m / s ) 1.62 

 

Graphic illustration of the reference intervals including the lower and upper limits of SWV in the 

head, body, tail and whole gland is provided in Figure 3. 

The horizontal lines of the graphs correspond to the average value of SWV for the corresponding 

part of the gland. 



 

 

Figure 3: Reference limits of SWV in head (a), body (b), tail (c) and whole pancreatic parenchyma (d) 

in patients with normal parenchymal parenchyma. The horizontal lines mark the averages. 

 

Analysis of the relationship between SWV and depth of area of interest in patients with normal 

pancreatic parenchyma 

 

The relationship between SWV and depth of interest in the normal pancreatic parenchyma group 

was investigated by Spearman 's rank correlation. (Spearman's rank-order correlation) . The results 

showed a lack of significant association in the individual parts and in general: chapter ( p = 0.170); body 

( p = 0.653); tail ( p = 0.551); total ( p = 0.665) ( Table 6 ). 

 

 

 

 

 

Table _ 6. Result of the correlation analysis between SWV and the depth of the zone in patients with 

normal pancreatic parenchyma 



Correlations between 

SWV and the depth of the area of 

interest 

Correlation 

Coefficient ( r 
s 
) 

p 

 

Chapter 

 

0.257 

 

0.170 

 

Body 

 

0.860 

 

0.653 

 

Tail 

 

-0.113 

 

0.551 

 

Total 

 

0.083 

 

0.665 

 

 

Analysis of the relationship between SWV and body mass index (BMI) in patients with normal 

pancreatic parenchyma 

 

potential association between SWV and BMI in the normal pancreatic parenchyma group was 

investigated by Spearman 's rank correlation . There was a lack of significant association in the 

individual parts of the paremchyma and in general: head ( p = 0.834); body ( p = 0.884); tail ( p = 0.214); 

total ( p = 0.658) ( Table 7 ). 

 

 

 

 

 

 

 

 

Table _ 7: Result of the correlation analysis between SWV and BMI in patients with normal pancreatic 

parenchyma 



Correlations between 

SWV and the depth of the area of 

interest 

Correlation 

Coefficient ( r 
s 
) 

p 

 

Chapter 

 

0.040 

 

0.834 

 

Body 

 

0.028 

 

0.884 

 

Tail 

 

-0.234 

 

0.214 

 

Total 

 

- 0.084 

 

0.658 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task 2 : To study the method of SW - elastography in patients with chronic pancreatitis and to 

derive mean and reference values for SWV in these patients 

General characteristics of patients with chronic pancreatitis 

Обобщение на резултатите към Задача 1 

1) На базата на 30 пациенти с нормален панкреасен паренхим бяха определени референтни граници 

за SWV в главата, тялото, опашката и целия панкреасен парехим със следните стойности. 

Интервал  Глава Тяло Опашка Панкреасен 

паренхим 

Долна 

граница 

 

0.62 0.55 0.64 0.66 

Горна 

граница 

1.64 1.75 1.57 1.64 

2) При пациентите с нормален панкреасен паренхим не се установи значима асоциация между 

измеренията на SWV и дълбочината на зоната на интерес в отделните части и като цяло.  

3) Индексът на телесна маса (BMI) не показа значима връзка със стойностите на SWV в отделните 

части на жлезата и като цяло при пациентите с нормален панкреасен паренхим, но все пак трябва да 

се има предвид, че мнозинството от пациентите бяха с нормално тегло. 

 

 

 



The chronic pancreatitis (CP) group consisted of 35 patients, of whom 24 men (68.60%) and 11 

(31.40%) women, with a significantly higher proportion of men, p = 0.004 . The mean age in the group 

was 60.69 ± 13.01 years (median 61.00 years), with an age range of 36 to 86 Higher mean age was 

found in females (65.91 ± 11.77g) with a narrower age range (45 to 84g) compared to males (58.29 ± 

13.08g), range 36 to 86g, but no significant difference, p = 0. 109. 

The body mass index ( BMI) showed a normal distribution with a mean of 22.73 ± 4. 08 kg / m 2 

in the whole group, 22.56 ± 4.0 7 kg / m 2 in men and 23.09 ± 4.27 kg / m 2 in women, without significant 

difference between the sexes, p = 0. 730. Patients with normal weight make up 57.10% of the whole 

group, 58.00% of men and 54.50% of women, p = 0. 718. 28.60% of all patients with HP, 25.00% of 

men and 36.40% of women are overweight. Underweight patients accounted for 14.30% of the entire 

HP group, 16.70% of men and 9.10% of women. In the group with HP, 51.40% are smokers and 48.60% 

non-smokers. Smokers make up 70.80% of male patients and 9.10% of female patients, with a 

significant difference = 0. 001 ( Table 8 ). 

 

Table 8: General characteristics of patients with chronic pancreatitis 

Sizes Total Men Women p 

Number (%) 

 

35 

 

24 

(68.60%) 

11 

(31.40%) 

0.004 * * f 

Age 

o �̅�(± SD) 

o Min.-Max. 

o Median ( IQR) 

 

60.69 ± 13.05 

36 - 86 

61.00 (21) 

 

58.29 ± 13.08 

36 - 86 

56.50 (20) 

 

65.91 ± 11.77 

45- 84 

68.00 (18) 

 

 

0.109 t 

BMI 

o �̅�(± SD) 

o Min.-Max. 

o Median ( IQR) . 

 

 

 22.73 ± 4.08 

15.70 - 30.90 

22.10 (6.20) 

 

22.56 ± 4.07 

15.20 - 30.90 

22.08 (5.79) 

 

23.09 ± 4.27 

17.90-29.70 

22.10 (8.80) 

 

0.730 t 

BMI categories     

 o Below norm: <18 .50 5 (14.30%)  4 (16.70%) 1 (9.10%) 



o Normal: 18.50 - 24.90 20 (57.10%) 14 (58.30%) 6 (54.50%) 0.718 χ 2 

o Above normal: ≥ 25 10 (28.60%)  6 (25.00%)  4 (36.40%) 

Smoking     

o Yes n (%) 18 (51.40%) 17 (70.80%) 1 (9.10%)  

0.001 ** f o No n (%) 17 (48.60%) 7 (29.20%) 10 (90.90%) 

�̅� = arithmetic mean ; IQR - interquartile range; * * - Statistical significance at p> 0.01; f - Fisher 's 

test ; t - t-test for independent samples; U - Mann- Whtney U test ; χ2 - Chi-square test 

 

Similar to the normal pancreatic parenchyma group, five measurements of wave velocity ( SWV ) 

and depth of area of interest in the head, body, and tail of the gland were performed in patients with HP. 

From the five measurements, the average value for each part was calculated. 

Data are presented with mean and standard deviation due to normal distribution in both sexes 

( SWV head: men p = 0. 089, women p = 0. 158; SWV body: men p = 0. 055, women p = 0. 200; SWV 

tail: men p = 0. 200, women p = 0. 200; Depth head area : men p = 0. 200, women p = 0. 200; Depth 

zone body: men p = 0. 200, women p = 0. 200; Depth of tail area males p = 0. 200, females p = 0. 200). 

A comparison of SWV values and the depth of the area of interest between male and female patients 

did not show a significant relationship with the sex of the patients: SWV chapter p = 0. 435; SWV body 

p = 0. 632; SWV tail p = 0. 892). No significant relationship was found between gender and depth of 

area of interest: Depth head area p = 0. 328; Depth zone body p = 0. 606; Depth zone tail p = 0. 573 

( Table 9 ).     

 

Table 9: SWV values and depth of area of interest in the head, body and tail of the gland in patients 

with chronic pancreatitis 

Wave speed ( SWV ) ( m / 

s) 

 

Total Men Women p 

Chapter 

o �̅�(± SD) 

o Min.-Max. 

 

 

1.85 ± 0.49 

0.92- 3.08 

 

1.85 ± 0.49 

1.21 - 3.08 

 

1.78 ± 0.50 

0.92 - 2.96 

 

 

0.435 



Body 

o �̅�(± SD) 

o Min.-Max. 

 

 

1.76 ± 0.46 

1.01 -3.50 

 

1.79 ± 0.52 

1.16 -3.50 

 

1.70 ± 0.33 

1.01 - 2.17 

 

 

0.632 

Tail 

o �̅�(± SD) 

o Min.-Max. 

 

1.63 ± 0.34 

0.86 - 2. 38 

 

1.64 ± 0.33 

1.14 - 2.38 

 

1.62 ± 0.37 

0.86 -2.27 

 

 

0.892 

Depth of interest (cm)     

Chapter 

o �̅�(± SD) 

o Min.-Max. 

 

 

5.14 ± 1.37 

2.80 -8.00 

 

5.29 ± 1.50 

2.80 - 8.00 

 

4.80 ± 1.01 

3.26 - 6. 40 

 

 

0.328 

Body 

o �̅�(± SD) 

o Min.-Max. 

 

 

4.64 ± 1.50 

1.70- 8.00 

 

4.73 ± 1.62 

1.70- 8.00 

 

4.44 ± 1.25 

2.22 - 6.12 

 

 

0.606 

Tail 

o �̅�(± SD) 

o Min.-Max. 

 

5.09 ± 1.45 

2.70 - 7.98 

 

5.22 ± 1.54 

2.92 - 7.98 

 

4.82 ± 1.25 

     2.70-6.64 

 

 

0.573 

�̅� = arithmetic mean value 

 

In FIG. 4 illustrates similar values of SWV in the head, body and tail of the gland in male and 

female patients with chronic pancreatitis . 



 

FIG. 4 : SWV values in the head, body and tail of the gland according to the sex of patients with chronic 

pancreatitis   

 

Reference limits of SWV in the head, body and tail of patients with chronic pancreatitis 

 

In patients with chronic pancreatitis , no significant differences were found between men and 

women in age, BMI and SWV values in the head, body and tail of the gland. This fact justifies the 

setting of reference values for the whole group with HP without gender distinction. 

The reference values are calculated by the robust method CLSI C28-A3) and presented on  Table 

10 . 

 

 

 

 

 

 

Table _ 10: Results of the analysis to establish the reference limits of SWV in the head, body and tail 

of the gland in patients with chronic pancreatitis 

 

Results from analysis of the data SWV 

Head ( m / s ) 

SWV 

Body ( m / s ) 

SWV 

Tail ( m / s ) 



o Arithmetic mean value �̅� 1.85 1.76 1.63 

o Standard deviation 0.49 0.46 0.34 

Reference Limits 

( Robust method CLSI C28-A3 
b 

) 

o Low reference value 

border ( m / s ) 

 

1.03 

 

1.11 

 

0.88 

o Upper reference value 

border ( m / s ) 

 

2.98 

 

2.99 

 

2.31 

 

SWV reference limits for the whole pancreatic parenchyma in patients with chronic pancreatitis 

The SWV values in the head, body and tail of the gland were compared using the Friedman test 

for more than two Friedman 's tests , which showed no significant difference between the different parts 

of the gland . = 0.057 ). This fact justified the calculation of the average SWV value for the three parts 

of the gland, which was used to establish the reference limits for the parenchyma in patients with HP. 

Table 11: Results of the analysis to establish SWV reference values for the whole pancreatic 

parenchyma in patients with chronic pancreatitis  

Descriptive statistics  SWV average for parenchyma 

( m / s ) 

o The lowest value 1.13 

o The highest value 2.81 

o Arithmetic mean value �̅� 1.75 

o Median  1.73 

o Standard deviation 0.34 

Reference Limits 

( Robust method CLSI C28-A3 
b 

) 

o Lower limit reference value ( m / s ) 0.99 

o Reference value upper limit ( m / s ) 2.43 

SWV values according to the Cambridge classification for chronic pancreatitis 

According to the Cambridge classification , 14 (40%) patients were categorized into Class I I (mild 

pancreatitis ); 6 (17.10%) in Class III (moderate pancreatitis ) and 15 (42.90%) in Class IV (severe 

pancreatitis ) ( Fig. 5 ). 



 

FIG. 5 : Distribution according to the Cambridge classification 

 

The SWV values in the head, body, tail and the entire pancreatic parenchyma compared to the 

Cambridge classification showed a lack of normal distribution in Class 4 ( Kolmogorov Smirnov p> 

0.05 ). This fact and the small number of patients in Class 3 justify the use of the non-parametric Kruskal 

-Wallis test for comparison between the three classes and post - Hawk pair comparisons. The results 

showed the highest SWV values in patients categorized in Class 4 Cambridge in all parts of the gland 

and in the pancreatic parenchyma in general, but statistical significance was reported only in the body 

( p = 0.048) and the whole parenchyma p = 0.036) . 

 

Table _ 12 : Comparison of SWV in the head, body, tail and entire pancreatic parenchyma between 

Cambridge Class 2, 3 and 4 patients 

Sizes Cambridge classification  

Class 2 Class 3 Class 4 p 

Chapter     

o Median ( IQR) 1.64 (0.38) 1.79 (0.93) 1.90 (1.01)  

0.114 o �̅� (± SD) 1.61 ± 0.27 1.93 ± 0.60 2.03 ± 0.54 

o Min. - Max. 0.92 to 2.00 1.21 to 2.96 1.33 to 3,080 

Body     

o Median ( IQR) 1.55 (0.39) 1.51 (0.55) 1.84 (0.50) 0.048 * 



o �̅� (± SD) 1.61 ± 0.32 1.54 ± 0.28 1.99 ± 0.55 3 → 1: 

0.037 * 

3 → 2: 0: 

048 * 

o Min. - Max. 1.01 to 2.17 1.16 to 1.88 1.41 to 3.50 

Tail     

o Median ( IQR) 1.53 (0.20) 1.33 (0.74) 1.71 (0.43)  

0.069 o �̅� (± SD) 1.61 ± 0.27 1.42 ± 0.45 1.75 ± 0.33 

o Min. - Max. 1.36 to 2.27 0.86 to 2.14 1.14 to 2.38 

Pancreatic parenchyma  

o Median ( IQR) 1.58 (0.34) 1.66 (0.46) 1.86 (0.42)      0.036 * 

3 → 1: 

0.014 * 

 

o �̅� (± SD) 1.61 ± 0.24 1.63 ± 0.31 1.93 ± 0.36 

o Min. - Max. 1.13 to 2.04 1.17 to 2.09 1.55 to 2.81 

�̅� = arithmetic mean ; IQR - interquartile range; * - Statistical significance at p> 0.05    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task 3: To investigate the influence of factors including depth of interest, age, BMI , smoking, 

alcohol consumption and diabetes on SWV in patients with chronic pancreatitis . 

Relationship between depth of study and SWV values in patients with chronic pancreatitis 

Обобщение на резултатите към Задача 2 

1) На базата на 35 пациенти с хроничен пакреатит бяха определени референтни граници за SWV 

в главата, тялото, опашката и целия панкреасен парехим със следните стойности. 

 

Интервал  Глава Тяло Опашка Панкреасен 

паренхим 

Долна 

граница 

 

1.03 1.11 0.88 0.99 

Горна 

граница 

 

     2.98 2.99 2.31 2.43 

2) Установиха се значимо по-високи стойности на SWV в тялото на жлезата и средно за 

панкреасния паренхим при пациенти с тежък панкреатит (Клас 4 Cambridge) в сравнение с 

пациентите с умерен (Клас 3) или лек панкреатит (Клас 2).  Тези резултати определиха 

стойностите на SWV в тялото и средно за панкреасния паренхим като най-показателни за 

тежестта на хроничния панкреатит. 

 

 



The results showed a significant negative / inverse association between the depth of the area of 

interest and the SWV in the head ( r s = -0.367 , p = 0.030), the body ( r s = -0.462, p = 0.005) and the 

pancreatic parenchyma in general  = -0.469 , p = 0.004. 

Table _ 13: Results of the correlation analysis for the relationship between the depth of the area of 

interest and the SWV 

Sizes SWV 

Chapter 

r 
s
 

Body 

r 
s
 

Tail 

r 

Total 

r 

Depth head area 

o Correlation coefficient 

o p 

 

-0.367 

   0.030 * 

 

- 

 

- 

 

- 

Body area depth 

o Correlation coefficient 

o p 

 

- 

 

-0.462 

     0.005 ** 

 

- 

 

- 

Depth of tail area 

o Correlation coefficient 

o p 

 

- 

 

- 

 

-0.318 

0.062 

 

- 

Depth of parenchyma area total 

o Correlation coefficient 

o p 

 

- 

 

- 

 

- 

 

-0.469 

     0.004 ** 

r s - Spearman correlation coefficient ; r - Pearson correlation coefficient ; * - Statistical significance at 

p <0.05 ; ** - Statistical significance at p <0.01 ; - No correlation analysis was performed due to 

inappropriateness 

The graphs of FIG. 6 illustrate the inverse association between the two quantities - higher depth values 

are associated with lower SWV values and vice versa. 



 

* - Significant association at p <0.05; ** - Significant association at p <0.01 

FIG. 6 : Graphs illustrating the relationship between depth on the area on interest and SWV in patients 

with chronic pancreatitis  

 

Relationship between BMI and SWV values in patients with chronic pancreatitis 

  Body mass index showed a significant negative association with SWV values in patients with CP 

in the head ( r s = -0.473 , p = 0.004), the body ( r s = -0.416, p = 0.013) and the pancreatic parenchyma 

in general  = -0.409 , p = 0.015). 

 

 

 

 

 

 

Table _ 14 : Results of the correlation analysis for the relationship between age and body mass index 

with SWV 



Sizes SWV 

Chapter 

r 
s
 

Body 

r 
s
 

Tail 

r 

Total 

r 

Age 

o Correlation coefficient 

o p 

 

-0.073 

0.677 

 

0.195 

0.206 

 

0.141 

0.418 

 

0.148 

0.396 

BMI 

o Correlation coefficient 

o p 

 

-0.473 

    0.004 ** 

 

- 0.416 

   0.013 * 

 

0.025 

0.887 

 

-0.409 

   0.015 * 

r s - Spearman correlation coefficient ; r - Pearson correlation coefficient ; * - Statistical significance at 

p <0.05 ; ** - Statistical significance at p <0.01 ; - No correlation analysis was performed due to 

inappropriateness 

From the graphs of FIG. 7 shows higher BMI values are associated with lower 

SWV values and vice versa. 

 

* - Significant association at p <0.05; ** - Significant association at p <0.01  

FIG . 7 : Graphs illustrating the relationship between BMI and SWV in patients with chronic 

pancreatitis  

Analysis of the relationship between diabetes, smoking and alcohol consumption and SWV 



In FIG. Figure 8 shows similar mean SWV values in patients with and without diabetes in the 

three parts of the gland and the entire pancreatic parenchyma. 

 

 

 

FIG. 8 : Mean values and 95% confidence interval of SWV in patients with and 

without diabetes in the group with HP in the three parts of the gland and the entire pancreatic 

parenchyma 

 

According to smoking, patients with chronic pancreatitis were almost evenly divided into smokers 

(51.40%, n = 18) and non-smokers (48.60%, n = 17)   

The two subgroups were compared by t-test for independent samples, which showed no significant 

effect of smoking on SWV values : head ( p = 0.392), body ( p = 0.935), tail ( p = 0.864), pancreatic 

parenchyma ( p) = 0.667). Similar mean SWV values in smokers and non-smokers with HP are 

illustrated in FIG. 9 . 



 

FIG. 9 : Mean values and 95% confidence interval of SWV in smoking and non-smoking patients in 

the HP group in the three parts of the gland and the entire pancreatic parenchyma 

 

amount of alcohol consumption was coded on an ordinal scale with the following degrees: 0 = no 

consumption, 1 = moderate consumption (<20g / day ); 2 = increased consumption (20-80 g / day ); 3 

= excessive consumption (> 80g / day ) . In the group with HP the following distribution of patients 

according to alcohol consumption was found: 34.30% ( n = 12) do not consume alcohol, 14.30% (n = 

5) report moderate consumption, 8.60% (n = 3) indicate increased consumption and 42.90% (n = 15) 

noted excessive consumption ( Fig. 10 ). 



 

FIG. 10: Distribution of patients with HP according to alcohol consumption 

 

The effect of alcohol consumption on SWV was studied by Spearman 's rank correlation . The 

results ( Table 27) showed no significant relationship between alcohol consumption and the values of 

SWV head ( p = 0.871 ), SWV body ( p = 0.230 ), SWV tail ( p = 0.232 ) and SWV pancreatic 

parenchyma ( p = 0.426 ). 

Table 15: Results of the correlation analysis for the relationship between alcohol consumption and SWV 

Alcohol consumption SWV 

Chapter 

r 
s
 

Body 

r 
s
 

Tail 

r 
s
 

Total 

r 
s
 

o Correlation coefficient 

o p 

-0.029 

0.871 

- 0.208 

0.230 

- 0.207 

0.232 

- 0.139 

0.426 

r s - Spearman 's correlation coefficient  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

  

 

 

Task 4 : To compare SWV values in patients with normal pancreatic parenchyma and chronic 

pancreatitis . To establish the accuracy of SWV for differentiating a patient with HP from patients 

with NPP and to derive a threshold value for the diagnosis of chronic pancreatitis . 

SWV values were compared between patients with chronic pancreatitis and normal pacreatic 

parenchyma. The results showed significantly higher SWV values in all parts of the gland and in the 

pancreatic parenchyma in general in patients with HP. The difference in the medians of SWV (head) 

amounts to 0.66 m / s ( p> 0.001 ) and of 0.50 m / s ( p> 0.001 ) for SWV (body). The difference in the 

mean values of SWV (tail) shows 0.49 m / s ( p> 0.001 ), and for the entire parenchymal parenchyma 

0.58 m / s ( p> 0.001 ). 

Table _ 16 : Comparison of SWV in the head, body, tail and entire pancreatic parenchyma between 

patients with HP and NPP 

Sizes Group  

HP NPP p 

Chapter    

Обобщение на резултатите към Задача 3 

В Задача 3, анализирахме потенциалното влияние на рискови фактори свързани с възрастта,  

дълбочина на зоната на интерес, индекса на телесна маса, диабет, тютюнопушене и консумация на 

алкохол върху стойностите на SWV.  

1) Фактори със значимо влияние  

         - Индексът на телесна маса показа обратна връзка с SWV.  

По-високи стойности на SWV се асоциираха с по-нисък индекс на телесна маса.  Пациентите с 

поднормено тегло имаха най-висока средна стойност на SWV.  Тенденцията беше твърда за 

всички части на жлезата и целия панкреасен паренхим, но поради малкия брой пациенти с 

поднормено BMI е необходимо да бъде проверена в бъдещи проучвания.  

        - Дълбочината на зоната на интерес показа обратна връзка с SWV. 

    По-високи стойности на SWV се асоциираха с по-повърхностно разположение за на ROI и 

обратно.  

2)  Фактори, които не покааха значимо влияние върху SWV 

o Възраст  

o Диабет  

o Тютюнопушене 

o Консумация на алкохол  

 



o Median ( IQR) 1.78 (0.47) 1.12 (0.38)  

0.000 *** U o �̅� (± SD) 1.85 ± 0.49 1.18 ± 0.30 

o Min. - Max. 1.01 to 3.50 0.74 to 2.26 

Body    

o Median ( IQR) 1.68 (0.42) 1.18 (0.35)  

0.000 *** U 

 

o �̅� (± SD) 1.76 ± 0.46 1.20 ± 0.28 

o Min. - Max. 1.01 to 3.50 0.80 to 2.12 

Tail    

o Median ( IQR) 1.60 (0.36) 1.08 (0.38)  

0.000 *** t o �̅� (± SD) 1.63 ± 0.34 1.14 ± 0.26 

o Min. - Max. 0.86 to 2.38 0.76 to 1.92 

Pancreatic parenchyma   

o Median ( IQR) 1.73 (0.39) 1.11 (0.31)       

0.000 *** t 

 

o �̅� (± SD) 1.75 ± 0.34 1.17 ± 0.22 

o Min. - Max. 1.13 to 2.81 0.86 to 1.74 

�̅� = arithmetic mean ; IQR - interquartile range; * ** - Statistical significance at p> 0.001; U - Mann- 

Whitney test ; t - t-test for independent samples 

In FIG. 11 presents the graphical graphs illustrating the medians, intequartile range and individual 

values of SWV in the head, body, tail and the entire pancreatic parenchyma between patients with HP 

and NPP. Systemically higher and statistically significant values are emerging in the group with HP in 

the three parts and the whole gland. 

 



FIG . 11: Box graphs of SWV in the head, body, tail and entire pancreatic parenchyma between patients 

with HP and NPP 

Accuracy of SWV for differentiation of patients with HP from patients with NPP 

The highest degree of accuracy of 93.60% in distinguishing patients with HP from those with NPP 

showed SWV values for the whole pancreatic parenchyma ( AUC = 0.936, p> 0.001 ), with 91.43% 

sensitivity, 90.00% specificity and optimal threshold value of SWV pancreatic parenchyma > 1.41m / 

s. 

Table 17: Results of the ROC curve analysis 

SWV  

 

AUC 

(95% CI) 

p Sensitivity 

     (95% CI) 

Specificity 

   (95% CI) 

Threshold 

value 

 

Pankr . 

Parenchyma 

0.936 

0.846 to 0.982 

 

<0.001 

91.43% 

76.90 to 98.20 

90.00% 

73.50 to 97.90 

 

> 1.41 

Chapter 0.906 

0.807 to 0.964 

 

<0.001 

91.43% 

76.50 to 98.20 

80.00% 

76.50 to 98.20 

 

> 1.36 

T yalo 0.888 

0.785 to 0.953 

 

<0.001 

88.57% 

73.30 to 96.80 

86.67% 

69.30 to 96.20 

 

> 1.36 

Tail 0.888 

0.785 to 0.953 

 

<0.001 

85.71% 

69.70 to 95.20 

80.00% 

61.40 to 92.30 

 

> 1.34 

AUC - area under the curve 

In FIG. 12 presents the ROC curves corresponding to the diagnostic accuracy of SWV in the three parts 

of the gland and for the pancreatic parenchyma in general in differentiating patients with chronic 

pancreatitis in patients with normal pancreatic parenchyma.  

 



FIG. 12 ROC curves for the diagnostic accuracy of SWV in differentiating patients with HP from 

patients with NPP 

Summary of results for Task 4 

A comparison was made between patients with HP and NSAIDs to establish diagnostic potential on SWV 

on the differentiation of chronic pancreatitis from normal pancreatic parenchyma. 

1) Significantly higher SWV values were found in patients with CP compared to those in the NPP group. 

The trend is systematic and valid for SWV measurements in the three parts of the gland (head, body and 

tail) and the entire pancreatic parenchyma. 

2 ) SWV showed high reliability in distinguishing chronic pancreatitis from normal pancreatic parenchyma 

in the following order by degree of precision. 



o 93.60% pancreatic parenchyma 

o 90.60% head                                                 

o 88.80% body                                                   

o 88.80% tail                                    

o SWV > 1 .41 MS 

o SWV> 1.36 m / s 

o SWV> 1.36 m / s 

o SWV> 1.34 m / s 

 

 

Task 5: To study the method p SW - elastography in patients with pancreatitis adenocarcinoma 

and to derive mean and reference values for SWV in pancreatic adenocarcinoma . To study the 

influence of factors including hepatic dissemination , mechanical jaundice , age , BMI , alcohol, 

smoking, diabetes on SWV values . 

General characteristics of patients with pancreatitis ductal adenocarcinoma 

The third group included 38 patients with pancreatitis ductal adenocarcinoma (ADA) aged between 

47 and 85 years, with a mean age of 65.34 ± 10.65 years (median 65.00 years) and an equal number ( n 

= 19) of men and women. The mean age of both sexes was very similar (men 64.73 ± 9.90 years; women 

65.94 ± 11.59 years), without significant difference, p = 0. 731. The body mass index ( BMI) showed a 

normal distribution with an average value of 23.47 ± 4.24 kg / m 2 in the whole group, 23.21 ± 4.48 kg 

/ m2 in men and 23.74 ± 4.09 kg / m2 in women, without significant difference between the sexes, p = 

0. 730. Normal-weight patients make up 71.10% of the whole group, 73.70% of men and 68.40% of 

women, p = 0. 710. 26.30% of all patients with PDA, 21.10% of men and 31.60% of women are 

overweight. Only one patient (2.60%) in the male group was categorized as underweight . Among 

patients with PDA, 28.90% were smokers and 71.10% non-smokers. Smokers make up 42.10% of male 

patients and 15.80% of women, with no significant difference, p = 0. 151 ( Table 29 ). 

Table 18: General characteristics of patients with pancreatitis adenocarcinoma  

Sizes Total Men Women p 

Number (%) 

 

38 

 

19 

(50.00%) 

19 

(50.00%) 

1,000 f 

Age 

o �̅�(± SD) 

o Min.-Max. 

o Median ( IQR) 

 

65.34 ± 10.65 

47 - 85 

65.00 (18.75) 

 

64.73 ± 9.90 

49 - 82 

65.00 (18) 

 

65.94 ± 11.59 

47- 85 

67.00 (20) 

 

 

0.731 t 



BMI 

o �̅�(± SD) 

o Min.-Max. 

o Median ( IQR) 

 

 

 23.47 ± 4.24 

18.30 -37.90 

22.80 (5.35) 

 

23.21 ± 4.48 

18.30 - 37.90 

22.80 (4.80) 

 

23.74 ± 4.09 

18.60-31.60 

22.90 (5.87) 

 

0.710 t 

BMI categories     

 

0.487 χ 2 

o Below norm: <18 .50 1 (2.60%)  1 (5.30%) 0 (0.00%) 

o Normal: 18.50 - 24.90 27 (71.10%) 14 (73.70%) 13 (68.40%) 

o Above normal: ≥ 25 10 (2 6 .30%)  4 (21.10%)  6 (31.60%) 

Smoking     

o Yes n (%) 11 (28.90%)  8 (42.10%) 3 (15.80%)  

0.151 f o No n (%) 27 (71.10%) 11 (57.90%) 16 (84.20%) 

�̅� = arithmetic mean ; IQR - interquartile range; * * - Statistical significance at p> 0.01; f - Fisher 's 

test ; t - t-test for independent samples; U - Mann- Whtney U test ; χ2 - Chi-square test 

      

In FIG. 13 illustrates the distribution by sex ( panel a ) and age ( panel b ) of patients with pancreatic 

adenocarcinoma . The distribution of patients by BMI categories is presented on FIG. 14.   



 

FIG. 13: Distribution by sex ( panel a ) and age ( panel b ) of patients with pancreatic disease 

adenocarcinoma 

 

 

FIG. 14: Distribution of patients with pancreatitis adenocarcinoma by BMI category 

In the PDA group, 81.60% ( n = 31) of the tumors were located in the head of the pancreatic 

parenchyma, 15.80% ( n = 6) in the body and 2.60% ( n = 1) in the tail of the gland. In men, 89.50% ( n 



= 1 7 ) of tumors are localized in the head and 10.50% ( n = 2) in the body. In women, the distribution 

is similar: 73.70% ( n = 14) in the head, 21.10% ( n = 4) in the body and 5.30% ( n = 1) in the tail of 

the gland, with no significant difference between the sexes ( Fig . 15 ). 

 

FIG. 15: Localization of PDA according to the sex of the patients. 

 

In the group with PDA, 10 measurements of SWV tumor and 10 in the surrounding parenchyma 

were made, from which the mean values of SWV tumor and SWV surrounding parenchyma were 

calculated. Data are presented with mean and standard deviation due to normal distribution in both 

sexes ( SWV tumor: men p = 0. 200, women p = 0. 200; Surrounding parenchyma : men p = 0. 200, 

women p = 0. 200). 

Significantly higher values of SWV (tumor) were found in women, 3.30 ± 0.95 m / s compared to 

2.55 ± 0.72 m / s in men, p = 0. 009. Measurements of the surrounding parenchyma did not show a 

significant difference between men and women with PDA, p = 0. 505 ( Table 19 ). 

 

 

 

 

 

 



Table 19: Values of SWV lesion and surrounding parenchyma in patients with pancreatic 

adenocarcinoma  

Wave speed ( SWV ) MS Total Men Women p 

Tumor MS 

o �̅�(± SD) 

o Min.-Max. 

 

2.92 ± 0.91 

0.88 - 4.65 

2.55 ± 0.72 

1.14 - 4. 20 

3.30 ± 0.95 

0.88 - 4. 65 

 

0.009 ** 

Surrounding parenchyma 

(cm) 

o �̅�(± SD) 

o Min.-Max. 

 

 

5.35 ± 1.11 

3.49 - 8.00 

 

5.23 ± 0.93 

3.49 - 7.07 

 

5.48 ± 1.27 

3.68 - 8.00 

 

 

0.505 

�̅� = arithmetic mean value 

 

Reference limits of SWV in pancreatic adenocarcinoma 

Due to the significant difference in the value of SWV in male and female patients with PDA, the 

reference limits were calculated for the whole group and separately for both sexes. 

Table 20: Results of the analysis to establish SWV reference limits in patients with pancreatic 

adenocarcinoma 

Results from analysis on the data SWV MS 

Total 

SWV m / s 

Men 

SWV m / s 

Women 

Reference Limits 

( Robust method CLSI C28-A3 
b 

) 

o Low reference value 

border ( m / s ) 

 

1.01 

 

0.96 

 

1.36 

o Upper reference value 

border ( m / s ) 

 

4.85 

 

4.10 

 

5.51 

 

SWV reference intervals for patients with pancreatitis adenocarcinoma and separately for men and 

women are presented in Fig . 16.  



 

FIG. 16 : Reference intervals for SWV in total for patients with pancreatitis adenocarcinoma (a) and 

separately for men (b) and women (c)  

 

Influence of factors including the presence of hepatic dissemination , mechanical jaundice , age, 

BMI , smoking, alcohol consumption and SWV diabetes in patients with pancreatic 

adenocarcinoma . 

 

SWV tumor in relation to the presence of metastases 

Metastases were found in the majority of patients with pancreatitis adenocarcinoma : 55.30% ( n 

= 21 ), compared with 44.70% ( n = 17 ) without metastasis ( Fig. 17 ). 



 

FIG. 17 : Availability on metastases at patients with pancreatic adenocarcinoma 

In the group with metastases, a higher mean value of SWV (3.09 ± 0.94 m / s) was observed, 

compared with patients without metastases (2.84 ± 0.90 m / s), but without significant difference ( p = 

0.640 ). 

 

FIG. 18 : Individual and average values and 95% confidence interval of SWV 

according to the presence of metastases in patients with pancreatitis adenocarcinoma  

 



Mechanical jaundice (with muddy drainage on bile tree ) _ establish at 21 (55.30%) of patients 

with pancreatitis adenocarcinoma and was not detected in the remaining 17 (44.70%) patients ( Fig. 

19 ).  

SWV values were compared between patients with mechanical jaundice and those without 

mechanical jaundice by t-test for independent samples. The results did not show a significant 

association between the presence of mechanical jaundice and SWV . The mean value in patients with 

mechanical jaundice was 2.84 ± 0.87 m / s, compared to 3.03 ± 0.98 m / s in patients without mechanical 

jaundice , p = 0.546 ( Fig. 20) . 

 

FIG. 20 : Availability on mechanical jaundice at patients with pancreatic adenocarcinoma 

 



 

FIG. 21. Individual and mean values and 95% confidence interval of SWV in the presence of 

mechanical jaundice in patients with pancreatic adenocarcinoma   

 

The relationship between patient age and body mass index ( BMI) to SWV measurements in 

patients with pancreatic adenocarcinoma was studied by Pearson 's correlation analysis ( Table 21) . 

The results showed no significant association between patients' age and SWV tumor values ( p = 0.085 ), 

as well as between BMI and SWV tumor ( p = 0.480 ). 

Table 21: Results of the correlation analysis for the relationship between age and body mass index with 

SWV measurements in patients with pancreatic adenocarcinoma 

Sizes SWV tumor 

r p 

Age 0.283 0.085 

BMI -0.118 0.480 

 r - Pearson correlation coefficient  

 

The distribution of patients with pancreatitis adenocarcinoma versus smoking showed 30% ( n = 

11 ) smokers and 70.00% (n = 27) non-smokers ( Fig. 22 ). 

 



FIG. 22 : Distribution of patients with pancreatitis adenocarcinoma versus smoking 

 

 

SWV values did not show a significant association with smoking. Smokers had a slightly lower 

mean value of 2.56 ± 0.98 m / s, compared to non-smokers 3.07 ± 0.86 m / s, but no significant difference 

( p = 0.120 ) ( Fig . 23 ). 

 

 

 



 

FIG. 23 : Individual values, mean values and 95% confidence interval of SWV in smoking and non-

smoking patients in the pancreatic group adenocarcinoma 

 

Diabetes mellitus was found in 36.80% ( n = 14) of patients with pancreatitis adenocarcinoma and was 

not present in the remaining 63.20% ( n = 24) ( Fig. 24 ). 

 

FIG. 24 : Distribution of patients with pancreatitis adenocarcinoma in the presence of diabetes mellitus 

 

The presence of diabetes mellitus in patients with pancreatitis adenocarcinoma did not show a 

significant effect on SWV values . In the group without diabetes a slightly higher average value of 3.08 

± 0.92 m / s was reported, compared to the group with diabetes 2.67 ± 0.88 m / s, but without 

significance of the difference ( p = 0.191 ). 

Compared to alcohol consumption, 15 (39.50%) patients stated that they do not consume alcohol, 

18 (47.40%) reported moderate consumption (<20g / day ) , 2 (5.30%) reported increased consumption 

20-80g / day ) and 3 (7.90%) indicate excessive consumption (> 80g / day ) . 

( Fig. 25 ). 

 



 

FIG. 25: Distribution of patients with pancreatitis adenocarcinoma versus alcohol consumption 

 

The effect of alcohol consumption on SWV was studied by Spearman 's rank correlation . The 

results ( Table 22) showed a weak inverse / negative association, but without statistical significance r s  

= -0.260, p = 0.114 . 

 

Table 22: Results of the correlation analysis for the relationship between alcohol consumption and SWV 

Size SWV 

r 
s
 p 

 

Alcohol consumption 

 

-0.260 

 

0.114 

r s - Spearman 's correlation coefficient     

 

 

 

 

 

Summary of the results for Task 5 

 

На базата на 38 пациенти с панкреасен аденокарцином бяха изчислени референтните граници за SWV 

при този вид заболяване. Поради значимо по-високата стойност на SWV при жените, са представени 

референтните интервали за групата и отделно за двата пола.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task 6: To compare the values of SWV in chronic pancreatitis and pancreatitis ductal 

adenocarcinoma . To derive a threshold value for the diagnosis of PDA. Yes se compare precision 

on method pSWE for differentiation of HP from PDA in comparison with the tumor marker CA 

19-9. 



SWV values were compared between patients with pancreatitis adenocarcinoma and those with 

chronic pancreatitis , with CP using the average of the three parts of the gland (head, body and tail). 

The results showed significantly higher SWV values in patients with PDA (2.93 ± 0.91 m / s), compared 

with the group with HP (1.75 ± 0.34 m / s), with an average difference of 1.18 m / s ( p> 0.001 ). . 

( Table 23) 

Table _ 23 : Comparison of SWV between patients with PAD and HP 

SWV Group         t-test 

PDA HP p 

o �̅� (± SD) 2.93 ± 0.91 1.75 ± 0.34       

0.000 *** 

 

o Median ( IQR) 2.77 (1.26) 1.72 (0.40) 

o Min. - Max. 0.88 to 4.65 1.13 to 2.81 

�̅� = arithmetic mean ; IQR - interquartile range; * ** - Statistical significance at p <  0.001 

 

In FIG. 26 presents graphs of individual and mean 95% confidence intervals in patients with pancreatic 

adenocarcinoma and chronic pancreatitis . In the PDA group, with the exception of four individual 

values, all others are located above 2.00 m / s. Conversely, in the group with HP only three values are 

above 2.00 m / s, all others are 

lower. 



*** - p> 0.001 

FIG. 26: Individual and mean SWV values in patients with pancreatitis adenocarcinoma and chronic 

pancreatitis 

 

Accuracy of SWV in differentiating patients with PDA from patients with HP 

Based on SWV values, 88.60% of patients with PDA were correctly differentiated from those with 

CP ( AUC = 0.886, p> 0.001 ). The optimal threshold value was set at SWV > 2.09 m / s, with a 

sensitivity of 89.47% and a specificity of 91.20% specificity ( Table 24 ). 

Table 24: Results of the analysis with ROC curve for differentiation of PDA from HP 

PAD → HP 

 

AUC 

(95% CI) 

p Sensitivity 

     (95% CI) 

Specificity 

   (95% CI) 

Threshold 

value 

 

SWV  

 

0.886 

0.796 to 0.976 

 

<0.001 

89.47% 

75.20 to 91.10 

91.43% 

76.90 to 98.20 

 

> 2.09 

AUC - area under the curve 

In FIG. 27 is presented The ROC curve for the diagnostic accuracy of SWV in differentiating patients 

with PDA from patients with HP. 

 



FIG . 27 ROC curve for the diagnostic accuracy of SWV in differentiating patients with PDA from 

patients with HP 

To investigates the diagnostic potential of CA 19-9 for differentiation on chronic pancreatitis 

from pancreatic ductal adenocarcinoma . To analyze the relationship between CA 19-9 and total 

bilirubin in patients with chronic pancreatitis and ductal adenocarcinoma . 

For the purpose of the present task, patients with HP and PDA were categorized according to the 

tumor marker CA 19-9 (u / ml) in two groups: 0 = within normal limits; 1 = with values higher than the 

upper normal limit. In FIG. 28 illustrates the distribution of patients with HP and PDA according to the 

two categories. In patients with HP, 71.40% ( n = 25) were categorized as normal values of the tumor 

marker CA 19-9 and 28.60% ( n = 10) with values above the upper normal limit. In the group with PDA, 

normal values of CA 19-9 were found at 31.60% ( n = 12) and values above the upper normal limit at 

68.40% ( n = 26). 

 

         FIG. 28: Distribution of patients with HP and PDA to CA 19-9 (u / ml) 

ROC curve analysis showed an accuracy of 69.90% of the tumor marker CA 19-9 (u / ml) for 

differentiation on chronic pancreatitis from pancreatic ductal adenocarcinoma ( AUC = 0.699, 95 % CI: 

0.577 to 0. 822, p = 0.0014), with a sensitivity of 68.42% and a specificity of 71.43% ( Fig. 29 ). 



 

FIG. 29 : ROC curve illustrating the diagnostic accuracy of the tumor marker CA 19-9 for 

differentiation on pancreatic ductal adenocarcinoma of chronic pancreatitis  

A significant difference was found in favor of pSWE for differentiation between HP and PDA, 

with difference in the area under the curve - AUC difference = 0.186, p = 0.012 . The accuracy of 

differentiation of HP from PDA based on SWV is 18.60% higher compared to the differentiation of the 

two conditions based on CA 19-9 . 

Significantly higher diagnostic accuracy of the SWV is illustrated by the ROC curves in FIG. 30 . 



 

FIG. 30 : Comparison of ROC curves illustrating the diagnostic accuracy of SWV and CA 19-9 for 

differentiation on chronic pancreatitis from pancreatic ductal adenocarcinoma 

 

Relationship between CA 19-9 and total bilirubin in patients with chronic pancreatitis and 

pancreatitis ductal adenocarcinoma 

Mann - Whitney test was used to compare patients with normal and elevated tumor marker values 

in each of the two groups, with HP and PDA . 9 in norm and 33.40 µmol / l at CA 19-9 above the upper 

normal limit, but the difference between patients with normal and elevated tumor markers does not 

reach statistical significance, p = 0.131. A median total bilirubin of 40.60 µmol / l was found in patients 

with PDA in the subgroup with normal tumor marker CA 19-9 , compared to 103.95 µmol / l in the 

subgroup with tumor marker CA 19-9 above the upper limit, with a significant difference , p = 0.014. 

 

 

 

 

 

Table 25. With secrecy on total bilirubin in patients with chronic pancreatitis and ductal 

adenocarcinoma according to the tumor marker CA 19-9 



Total 

bilirubin 

 

Ymol / l 

Chronic pancreatitis Pancreatic adenocarcinoma 

CA 19-9 

norm 

CA 19-9 

above the 

norm 

Mann- 

Whitney   

p 

CA 19-9 

norm 

CA 19-9 

above the 

norm 

Mann- 

Whitney   

p Median 

( IQR ) 

17.90 

(12.65) 

33.40 

(105.85) 

 

 

0.131 

40.60 

(90.35) 

103.95 

(187.30) 

 

 

0.014 * Min.-Max 7.20-64.30 7.10-236.00 17.40-275.80 8.50-565.20 

�̅� 

(± SD) 

 

21.22 

(± 12.42) 

69.25 

(± 81.31) 

78.26 

(± 82.96) 

154.64 

(± 175.63) 

�̅� = arithmetic mean ; IQR - interquartile range; * - p <0.05 

In FIG. 31 illustrates the median, interquartile range, and individual bilirubin values relative to tumor 

marker CA 19-9 . 

   

Fig . 31 Box graphs illustrating medians, interquartile range, and individual bilirubin values relative to 

tumor marker CA 19-9 .  

 



Summary of the results for Task 6 

To determine the diagnostic potential of SWV on the differentiation of the pancreas adenocarcinoma of 

chronic pancreatitis , we compared the values of SWV in the PDA group with those in HP. 

 

1) Significantly higher SWV values were found in patients with pancreatitis  

   adenocarcinoma compared with those with chronic pancreatitis . 

2) SWV showed a reliability of 88.60% in distinguishing pancreatic adenocarcinoma  

from chronic pancreatitis , with a threshold value of SWV > 2.09 MS. 

3) In patients with pancreatitis adenocarcinoma significantly higher values of the ratio between SWV tumor 

and SWV surrounding parenchyma were found . 

4) CA 19-9 (normal - above normal) showed a relatively low reliability of 69.90% in the differentiation of 

chronic pancreatitis from pancreatic ductal adenocarcinoma , with 68.42% sensitivity and 71.43% 

specificity. 

5) Compared to SWV, the tumor marker CA 19-9 showed 18.60% lower accuracy for distinguishing HP 

from PDA, with a significant difference. 

6) CA 19-9 showed a significant association with total bilirubin only in patients with PDA in whom 

significantly higher total bilirubin was found in the tumor marker CA 19-9 above the upper normal limit 

compared to the normal tumor marker. 

 

 

 

 

 

 

 

 

 



SUMMARY 

Diagnosis and treatment of diseases of the pancreas are a great challenge for modern 

gastroenterology and medicine in general. In a world where medical science is heavily focused on 

patients' quality of life, chronic pancreatitis is a serious problem, and its diagnosis and management are 

becoming increasingly important. Even excluding potential life-threatening complications in the short 

term, there are medium-term problems such as pain and malnutrition , and in the long term there is a 

risk of developing diabetes and pancreatic cancer. Studies show that on an annual basis the incidence 

of HP is 7.8 / 100,000. Given that the average survival of patients with HP is on average 18-20 years 

the total incidence of HP among the population probably ranges between 120-143 / 100, 000. It should 

be noted that these results are likely to be significantly underestimated as not a small number of cases 

of HP are objectified by medical professionals other than gastroenterologists and surgeons (eg 

endocrinologists , general practitioners) and are not covered by epidemiological studies. 

Problems in the treatment of HP are largely due to the usually late diagnosis of roundness . It, in 

turn, is the result of a lack of a reliable and easily applicable test for the early diagnosis of chronic 

pancreatitis , with a definitive diagnosis usually taking years. 

The lack of a validated and universally applicable system for histological assessment and staging , 

in practice, makes the diagnosis of HP based mainly on imaging methods and / or functional studies. 

Abdominal ultrasound does not allow adequate assessment of the pancreas in all patients and is 

generally dependent on the presence of major structural changes in the parenchyma and ductal system, 

without being able to objectively assess the presence of fibrosis . CT is highly sensitive to the presence 

of calcifications and ductal abnormalities, but is suboptimal in fine parenchymal changes associated 

with fibrosis . MRCP is a reliable diagnostic method limited by the need for expensive equipment, 

qualified personnel and some specific contraindications on the part of the patient. EUS is considered 

the most reliable method for early diagnosis of chronic pancreatitis . The low IOA and the lack of 

uniform standards for implementation and interpretation somewhat compromise its application. Aside 

from this fact, the invasiveness of the method and the need for sedation make it unsuitable for a large 

group of courses and require precise selection of indicated patients. 

Of course, early diagnosis of HP is not an easy task. Experience has shown that in many cases the 

diagnosis is made on the basis of typical clinical scenarios (eg recurrent pain episodes with chronic 

alcohol use). New methods are needed to build on existing ones while being easy to implement and 

accessible in everyday calling . 

The pancreas ductal adenocarcinoma currently remains the most difficult neoplasm to treat . In 

recent years, new methods for the treatment of locally advanced or metastatic have been gradually 

imposed and are about to enter clinical practice. pancreatic cancer. These include positioning markers 



in the tumor area for more precise radiation therapy, topical injection therapy with T NF -agents or 

immunotherapy with tumor antigen-laden dendritic cells, and more. Despite innovations in this area, 

preliminary studies have not shown a significant improvement in the survival of these patients. In this 

context, it can be concluded that medical science should shift the focus to the early diagnosis of PDA, 

ie. on the identification of lesions limited to the pancreas ( stage I A ), in which the 5-year survival rate 

is between 31-39% (compared with 2% in total for the other groups and 0.5% for stage IV ). The search 

for methods that have a good diagnostic performance for pancreatic cancer and at the same time are 

applicable to a large population of people is justified . 

Ultrasound elastography offers a qualitatively new look at the diagnosis of a number of diseases. 

It evaluates pathological changes in tissues based on the change in their elasticity, which is judged by 

the degree of deformation in response to applied external force. Elasticity, in turn, is a function of the 

hardness of the material under study. Relative to the human body, increased hardness is almost 

exclusively associated with the presence of fibrosis , ie. variations in elasticity reflect the degree of 

fibrosis in the study area of interest. 

In the present paper we have accepted the hypothesis that ultrasound elastography can be used as 

a diagnostic method in chronic pancreatitis and pancreatitis . ductal adenocarcinoma . This judgment 

was based on an understanding of the pathohistological characteristics of the two nosological units. It 

was pointed out that the main histological feature of HP is the progressive fibrosis of the parenchyma, 

which in its evolution significantly resembles the liver. As is known, the application of ultrasound 

elastography for the assessment of liver fibrosis is currently convincingly proven and in practice a 

standard in certain indications. As for PDA, the structure of the tumor is characterized by the presence 

of pronounced fibrous stroma . Moreover, it has been found that the desmoplastic reaction is most 

pronounced in tumors less than 2 cm in size and usually decreases as the tumor grows. Purely 

theoretically, this fact suggests that ultrasound elastography should be accurate, especially in small 

lesions that are potentially resectable . 

At the time of its creation, ultrasonic elastography was practically inapplicable to the pancreas. 

The first imposed elastographic technique ( SE) allows for adequate assessment of only surface 

structures (breast, thyroid , etc.). The introduction of pSWE marks a new stage in the development of 

elastographic techniques and specifically their application to the pancreas. Its main advantages are 

related to the ability to assess areas of interest located at a depth of 8 cm, as the application of directed 

acoustic radiation force ensures objectivity, reproducibility and low dependence on distance, the 

presence of surrounding structures or vascular pulsations. 

The initial hypothesis defines the aim of the study, namely: "Assessment of Point Shear Wave 

elastography as a method for diagnosing diseases of the pancreas." In order to achieve this goal, we set 



ourselves six tasks to study the applicability of pSWE in patients with normal pancreatic parenchyma, 

chronic pancreatitis and pancreatic ductal adenocarcinoma and objectify its precision to differentiate 

between them. 

To solve the set tasks we examined 103 patients divided into three groups: group 1. Normal 

pancreatic parenchyma; group 2. Chronic pancreatitis ; group 3. Pancreatic ductal adenocarcinoma . 

Anamnestic , physical , laboratory, imaging and chitological methods were used for adequate 

selection of patients . Contrast-enhanced CT was used as the reference method in the HP group. 

Statistically, the most accurate method for early diagnosis of HP is EUS. The decision to opt for C ECT 

was motivated by the fact that the EUS is characterized by a low IOA, which could potentially 

compromise the comparability and reproducibility of the results obtained. Histological examination was 

adopted as the reference diagnostic method in the PDA group. The selection of two methods for 

histological examination follows the rules of good clinical practice. Percutaneous needle biopsy was 

preferred in radically incurable patients and EUS-FNB in patients potentially amenable to surgery. The 

aim was to minimize the risk of tumor dissemination , which in percutaneous needle biopsy reached 

16% compared to < 1% for EUS-FNB. 

The technique of pSWE application was in line with the research known so far on the topic to 

ensure good comparability of results. 

In problem №1 we investigated the pSWE method in patients with normal pancreatic parenchyma. 

To date, there have been 3 studies in the literature examining pancreatic SWV reference values under 

healthy controls. In our study, reference values of SWV were found in normal pancreatic parenchyma 

0.66-1.64 m / s, at an average value of 1.17 ± 0.22 m / s. These results are comparable to those obtained 

so far in the literature by Zaro et al., Yashim a et al., Xie et al. . It has been shown that the location of 

the area of interest (head, body or tail) does not affect the results obtained, which is also confirmed in 

the above studies. This gave rise to the establishment of reference limits for the entire pancreatic 

parenchyma. The influence of various other factors ( ROI depth , smoking, sex, BMI) on SWV values 

is additionally studied , and it has been proved that none of them has a significant effect on it. These 

results have been confirmed by other studies, with only Z aro et al . find a significant correlation 

between ROI depth and S WV . 

For problems a № 2 , we studied the p SWE method in 35 patients with chronic pancreatitis . The 

overall characteristics of the patient population showed a significant prevalence of males 68.60% versus 

31.40%. These results reflect the general prevalence of males in HP in a 2: 1 to 4: 1 ratio established in 

epidemiological studies . In this group, too, there was no significant difference between the results 

obtained in the head, body and tail of the gland, therefore values for the whole pancreas were presented. 

steamed . Reference values of S WV at HP 0.99-2.43 m / s and an average value of 1.75 ± 0.34 m / s 



were established. We compared the data obtained by us with those found so far in the literature by M 

ateen et al, Llamoza -Torres et al. and Yashima et al. . Summary results in our study are higher, but 

similar to those obtained by Llamoza -Torres et al. and Yashima et al . and differ significantly from 

those of Ma teen et al. These consistently higher results are explained by the inclusion criteria used and 

the group of patients selected on this basis . Our study also analyzed patients with severe chronic 

pancreatitis and local complications, which is not valid for the above studies. A further study by Ma 

teen et al. there are methodological shortcomings that cannot be neglected, such as the lack of a unified 

reference image method. In the above-mentioned study, including criteria, each imaging method 

supporting the diagnosis of HP was used, including a review of abdominal radiography in certain 

patients . The study of L lamoza -Torres et al. uses the EUS as a reference image method, which is 

scientifically sound. However, patients unclear to HP were also included in the analysis, ie. potentially 

healthy patients. In addition, the low I OA characteristic of EUS to some extent casts doubt on the 

comparability of the results obtained with subsequent research in this area. In our work, we preferred 

CECT as a reference diagnostic method for HP. This decision was motivated on the one hand by the 

existence of clear criteria for diagnosing HP on the basis of CT and on the other by the objectivity of 

the method and the minimum methodological differences in implementation, which ensures 

reproducibility and comparability of results . 

In Task 2, we examined the correlation of SWV measured with pSWE to the severity of HP. It was 

found that there is a significant direct association of S WV with the severity of HP. In patients with 

severe CP, statistically significantly higher values of SWV (1.93 ± 0.36 m / s) were found with equal 

to mild (1.61 ± 0.24 m / s) and moderate (1.63 ± 0.31 m / s). On this basis, it can be concluded that 

pSWE can be successfully used not only for diagnosis but also for determining the severity of HP. On 

the other hand, it is impressive that even with mild pancreatitis the determined values of 1.61 ± 0.24 m 

/ s are significantly higher than those for NPP (1.17 ± 0.22 m / s), ie pSWE can successfully differentiate 

early forms of HP. Such an analysis has not yet been made in the literature and at this stage is irrelevant 

to other studies. 

In Task 3, we examined the influence of factors including area of interest ( ROI), MI, smoking , 

alcohol consumption, gender, age, and diabetes on S WV scores in patients with HP. From the studied 

factors it was found that the depth of R OI and BMI show reliable inverse association with the values 

of S WV , ie. the lower B MI and the more superficial R OI correlate with higher values of S WV. These 

results are in conflict with a study by Kawada et al. which establishes a direct correlation with the depth 

of the area of interest. As far as BMI is concerned, the results we obtained are based on studies by P 

ozzi et al. and Y ashima et al. . We believe that the results obtained for B MI and the depth of ROI 

essentially reflect the dependence of S WV on the severity of pancreatic fibrosis . As is known, the 

pancreas exocrine insufficiency is clinically manifested by replacement of over 90% of the pancreatic 

parenchyma with fibrosis . PEN is manifested by malabsorption and malnutrition , which ultimately 



lead to a significant reduction in muscle and fat tissue and from there to low B MI and a more superficial 

location of the pancreas. 

Among the other factors studied, no one has been shown to have a significant effect on SWV values. 

Age, gender, smoking, alcohol consumption and the presence of diabetes did not show a significant 

effect on the results obtained. For comparison , Llamoza- Torres et al. establish a positive association 

of S W V with smoking and the level of alcohol consumption, and Y ashima et al. and K awada et al . 

only with alcohol consumption. Obviously, future research is needed in this direction. 

Our study outlined a significant objectivity of the p SWE method in the assessment of diffuse 

pancreatic diseases and a good correlation with the severity of pancreatic fibrosis . 

Task 4 aimed to evaluate the accuracy of the pSWE method for differentiating between normal 

pancreatic parenchyma and HP. In the comparison between the two groups, a statistically significant 

difference was found in the values of S WV (1.17 m / s with an average value for NPP and 1.75 m / s - 

for HP). It was found that at a threshold of 1.41 m / s for the entire pancreatic parenchyma, pSWE had 

an accuracy of 93.6% for the diagnosis of HP with a sensitivity of 91.43% and a specificity of 90.00%. 

The threshold value established by us is practically identical to the one obtained (1.40 m / s) in the 

studies of Yashima et al. and L lamoza- Torres et al. A statistically significant difference between S 

WV in NNP and HP was found in Pozzi et al. and Goertz et al. . Only M ateen et al. did not establish a 

significant difference in the values of S WV - 1.28 m / s for NPP against 1.26 m / s for HP. 

The results obtained by us show a significant advantage of p SWE compared to conventional 

abdominal ultrasound in terms of the diagnosis of HP. According to various studies , the sensitivity of 

AE varies between 52-81% with a specificity of 70-92%, and its performance is closely related to the 

presence of pronounced parenchymal and ductal abnormalities. In patients with initial HP, its diagnostic 

value significantly deteriorates, probably approaching the lower limits of sensitivity and specificity. 

Significant is the fact that according to the algorithm for the diagnosis of HP of A PA , AE is not 

included at all as a diagnostic method. On the other hand, in the present study we proved that p SWE 

has high sensitivity and specificity for differentiation between NNP and HP, and they persist even in 

early forms of chronic pancreatitis ( SWV - 1.17 m / s for NNP / 1.61 m / s with a C ambridge II (cure) 

X P). 

Moreover, according to our study, the performance of p SWE for the diagnosis of HP is comparable 

to that of CT (sensitivity - 75%, specificity - 91%), as p SWE has advantages in terms of accessibility, 

repeatability , reproducibility and safety. In this context, we believe that p SWE can be included as the 

first image in the diagnostic algorithm for HP, which will replace CT in a large proportion of patients 

studied. Based on the results obtained, it can be used for precise selection of patients indicated for more 

precise imaging studies such as MRHP and EUS. 



 

 

 

 

 

 

 

 

 

Sheme 2. Place of p SWE in the diagnosis of HP 

 



In Problem 5, we examined the pSWE method in patients with histologically verified PDA. The 

general characteristics of the patient population showed an equal distribution by sex (19 men and 19 

women). The majority of tumors were located in the head (81.60%), which corresponds to the data in 

the literature . In 10 valid measurements, the mean value of S WV in the tumor area was 2.92 ± 0.91 m 

/ s with a reference range of 1.01-4.85 m / s. These values are comparable to those found in studies by 

P ark et al. (3.3 ± 1.0 m / s), G oertz et al. and Z aro et al. . The analysis of the results depending on 

gender revealed that consistently and significantly higher values of SWV in the area of the tumor were 

found in women - 3.30 ± 0.95 m / s against 2.55 ± 0.77 m / s for men. To date, no such analysis has 

been conducted in the literature. Follow-up studies are needed before such monitoring can be validated 

and its clinical significance assessed. However, it should be noted that even if only males are considered, 

the differences between S WV in HP and PDA remain statistically significant (1.75 m / s vs. 2.55 m / 

s) (p = 0.000). In addition, it should be borne in mind that the results obtained for SWV in PDA, in our 

study, and in general, are likely to be significantly underestimated. The equipment we use has an upper 

limit of S WV of 4.95 m / s, ie. higher values are represented by an ultrasound machine such as X, XXm 

/ s and are eliminated by analysis. With the advancement of technology, this limitation is likely to be 

removed. 

For problem 5 we analyzed the influence of various factors on the results obtained for S WV in 

PDA. None of the studied factors (outside sex) showed a significant effect on the obtained values. It is 

important to point out that among the studied factors was the presence of mechanical biliary obstruction, 

which was shown not to have a statistically significant effect on S WV measured by p SWE (p = 0.546) . 

This one fact we reported such as key in terms of the applicability of the pSWE method in the subgroup 

of patients with PDA and concomitant biliary obstruction. It determines a significant advantage of 

pSWE over the tumor marker CA 19-9 in this subpopulation , which in fact represents 55.3% (in our 

study) and 53.9% (according to literature data) of patients with PDA. 

Task 6 aimed to evaluate the accuracy of the pSWE method for differentiating between HP and 

PDA. The comparison between the two groups showed a statistically significant difference in the values 

of S WV (1.75 m / s average for HP and 2.93 m / s - for PDA , p <0.001). It was found that at a threshold 

value of 2.09 m / s, pSWE has an accuracy of 88.6% for the diagnosis of PDA with sensitivity - 89.47% 

and specificity - 91.20%. The threshold value established by us is higher than the one calculated by 

Goertz et al. 1.74 m / s with sensitivity 91.1% and specificity 60.4%. As can be seen, the increase in the 

threshold value in our study, although associated with a slight decrease in sensitivity , significantly 

improves the specificity of the p SWE method. Zaro et al.  They are currently conducting a study on the 

topic and according to preliminary data the threshold value for diagnosing PDA is 1.54 m / s, but no 

data on sensitivity and specificity have been published yet. 



task 6, we compared the accuracy of the p SWE method with that of CA 19-9 for the diagnosis of 

PDA and found that the performance of CA 19-9 is inferior to 18.70% of ultrasonic elastography (88.6% 

vs. 69.9%). 

Additionally, we decided to study a correlation often observed in clinical practice, namely the 

association of elevated CA 19-9 values with the presence of cholestasis . The presence of mechanical 

jaundice in PDA has been shown to be significantly associated with elevated CA 19-9 values (p = 0.014). 

In patients with elevated CA 19-9, the mean bilirubin was 103.9 versus 40.6 with a normal tumor marker. 

A similar dependence was reported in the group with HP, but it did not reach statistical significance - p 

= 0.131. 

In the context of the above, we can conclude that p SWE has a significant advantage over CA 19-

9 as a non-invasive method for the diagnosis of PDA, and it is particularly pronounced in the subgroup 

of patients with mechanical jaundice , which as mentioned is 53-56% of patients with PDA. 

From the point of view of what we said, we looked for the place of pSWE in the diagnostic 

algorithm for PDA. We believe that with regard to PDA, p SWE cannot replace CT as a diagnostic 

method in view of the impossibility of achieving adequate staging . 

However, in up to 11% of cases, the differentiation of HP from PDA on the basis of CT is 

impossible. In these cases, pSWE can be used to distinguish between the two nosological units with 

high precision, sensitivity and specificity. Based on the obtained results, high-risk patients suitable for 

subsequent histological evaluation can be selected. In patients with concomitant cholestasis in particular, 

it has a significant advantage over CA 19-9 and, if the method is available, can successfully change it . 

 

 

 

 

 

 

 

 

 



CONCLUSIONS 

 

1. Reference limits of S WV were established in normal pancreatic parenchyma 0.66-1.64 m / s, 

at an average value of 1.17 ± 0.22 m / s. 

2. There were no statistically significant differences in S WV (m / s) between the different parts 

of the pancreas. 

3. Gender, BMI, and smoking did not affect outcomes in patients with normal pancreatic 

parenchyma. 

4. Mean values and reference limits of S WV at HP of 1.75 ± 0.34 m / s and 0.99-2.43 m / s, 

respectively, were established. 

5. There is a correlation between the severity of HP and the values of S WV , and statistically 

significantly higher values are found in severe pancreatitis ( C ambridge class I V ). pSWE it 

can also be used as a method to assess the severity of HP. 

6.  BMI and depth of ROI show significant inverse association with SWV values in patients with 

HP. 

7. There is a statistically significant difference between S WV in HP and NPP (p = 0.000) . 

Significantly higher SWV values were also found in patients with mild HP compared with NPV 

(p <0.001) . At a threshold value of 1.41 m / s p SWE differentiates HP from NPP with an 

accuracy of 93.60% 

8. Mean values and reference limits were established for PDA of 2.92 ± 0.91 m / s and 1.01-4.85 

m / s, respectively. 

9. Significantly higher SWV values in the tumor area were found in women with PDA. 

10. Regardless of gender, there is a statistically significant difference between S W V in HP and 

PDA. At a threshold value of 2.09 m / s p SWE differentiates HP from PDA with an accuracy 

of 88.60% 

11. The tumor marker CA 19-9 has significantly lower accuracy for the diagnosis of PDA compared 

to pSWE . 

12. The presence of cholestasis has a significant effect on CA 19-9 values. 

13. The presence of cholestasis did not correlate with S WV (m / s) measured by p SWE . 



CONTRIBUTIONS 

Contributions of original character 

1. The reference limits of SWV measured by pSWE in normal pancreatic parenchyma were 

established . 

2. It has been shown that p SWE can differentiate between HP and NPP with high precision, 

sensitivity and specificity. 

3. Proof be that pSWE can reliably differentiate between HP and PDA. 

4. The influence of various factors on the measured values of S WV was studied and it was found 

that B MI and the depth of ROI in HP and sex in PDA are the only factors that have a statistically 

significant influence on the results obtained. 

5. It was proved that the presence of extrahepatic cholestasis did not have a significant effect on 

SWV values measured by p SWE. 

6. It has been shown that pSWE has an advantage over CA 19-9 for differential diagnosis between 

HP and PDA. 

Contributions of scientific and applied nature 

1. An application of pSWE has been proposed as a figurative method in the diagnostic algorithm 

for chronic pancreatitis and set a threshold value for the diagnosis of chronic pancreatitis . 

2. An application of pSWE has been proposed as a figurative method in the diagnosis of 

pancreatitis ductal adenocarcinoma and set a threshold for the diagnosis of PDA. 

Contributions of a confirmatory nature 

1. There was a statistically significant difference between the values of S WV in NNP and HP. 

2. It was confirmed that the location of the area of interest (head, body or tail) did not affect the 

measured values. 

3. There was a statistically significant difference between the values of S WV in PDA and HP. 

4. cholestasis was confirmed to have a significant effect on CA 19-9 values.  
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