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	 Background:	 Pancreatic cancer is one of the most common cancers in the world and a major cause of cancer mortality. 
Therefore, it is extremely important to distinguish between malignant and benign changes quickly and accu-
rately. This single-center study aimed to assess the discriminatory properties of the color Doppler vascularity 
index (CDVI) in the diagnosis of focal chronic pancreatitis and malignant pancreatic tumors.

	 Material/Methods:	 Seventy-nine patients (42 men, 37 women; age 62.0±13.5 years; 46 adenocarcinomas; 33 pancreatitis) quali-
fied for this study. During endosonographic examination, pancreatic tumors were assessed in the color Doppler 
option. The dynamic tissue perfusion measurement was used to calculate tissue flow velocity (TFV), tissue per-
fusion intensity (TPI), and vascularization as the CDVI.

	 Results:	 TFV, TPI, and CDVI were significantly lower in the group with malignant tumors than in the group with pancre-
atitis (P<0.001). In the receiver operating characteristic analysis, results of TFV=2.181 cm/s, TPI=0.009 cm/s, 
and CDVI=0.268 allowed for significant prediction of malignant tumors (P<0.001), with sensitivity of 75.8%, 
69.7%, and 72.7% and specificity of 91.3%, 93.5%, and 80.4%, respectively, without significant differences be-
tween perfusion parameters and CDVI (P=0.07).

	 Conclusions:	 The findings from this study showed that color Doppler imaging and the use of the CDVI could provide an ad-
junctive diagnostic approach to distinguish between pancreatic adenocarcinoma and focal chronic pancreatitis. 
Owing to the possibility of calculating vascularization by non-Doppler methods, the method may be an easi-
er and more accessible diagnostic option for malignant pancreatic tumors than perfusion assessed in external 
software.
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Background

In European countries, pancreatic cancer is the fourth most fa-
tal cancer in men and women [1]. Pancreatic cancer most often 
occurs after the age of 70 years and is usually diagnosed in the 
advanced stage, which prevents effective treatment. Surgical 
treatment is possible in only 15% to 20% of patients, and the 
5-year survival rate reaches only about 20% in patients treat-
ed in this way [2]. The evaluation of tissue perfusion parame-
ters has been used as a diagnostic method that allows for the 
differentiation of the nature of focal pancreatic lesions [3,4]. 
The parameters enabling an adequate distinction of neoplas-
tic lesions between inflammatory and cystic pancreatic tu-
mors were found to be the average flow velocity and the low-
est and highest percentile of the perfusion intensity assessed 
by dynamic tissue perfusion measurement (DTPM). To date, it 
is not possible to perform DTPM during endosonographic ex-
amination (EUS). To the best of our knowledge, no company 
has implemented this method in the internal software of an 
ultrasound machine. This, in turn, leads to the need to pur-
chase additional software and involves the time-consuming 
transfer of recorded movie sequences with the color Doppler 
test to an external computer. On the other hand, an increasing 
number of new ultrasound devices have the ability to assess 
the number of color pixels shown in Doppler (color Doppler, 
power Doppler, microvascular flow [Samsung], superb micro-
vascular imaging [Toshiba], micro flow imaging [Philips]), and 
non-Doppler, such as B-Flow [General Electric] and Fine Flow 
[Hitachi]) options compared to the total number of pixels in 
the area being evaluated and to calculate the vascularity in-
dex. We have not found any studies comparing these 2 meth-
ods in the diagnosis of focal chronic pancreatitis and malignant 
pancreatic tumors. Therefore, this single-center study aimed 
to assess the discriminatory properties of the color Doppler 
vascularity index (CDVI) in the diagnosis of focal chronic pan-
creatitis and malignant pancreatic tumors.

Material and Methods

This study was based on statutory activity and the consent of 
the Bioethics Committee of the Military Institute of Medicine. 
All the procedures and tests were conducted in compliance 
with the Helsinki Declaration. All investigated patients pro-
vided written informed consent.

From 80 patients who underwent EUS diagnostics, tumors 
were located in the head (42), body (24), and tail (14) of the 
pancreas. From the 80 patients with pancreatic tumors of fo-
cal chronic pancreatitis or malignant etiology who underwent 
EUS diagnostics (Pentax EG-3870 UTK with linear transduc-
er of 5-12 MHz) with a color Doppler (Figures 1, 2) and bi-
opsy of the lesion by fine needle aspiration (EUS-FNA) with 

the use of EchoTip ProCore needles, 79 patients (42 men, 37 
women; age 62.0±13.5 years; 46 with adenocarcinoma; and 
33 with focal chronic pancreatitis, based on EUS-FNA and fol-
low-up results) were qualified for the study. One patient with 
focal chronic pancreatitis was excluded from further analy-
sis owing to artifacts that made adequate evaluation of tu-
mor perfusion impossible. The final diagnosis of the etiology 
of the tumor was established based on EUS-FNA results and 
verified in cases of suspected malignancy by the histopatho-
logical examination taken during surgery. To verify the diag-
nosis of benign lesions in EUS-FNA, patients were followed up 
for an additional 6 months.

Tissue Perfusion and Vascularization

During EUS diagnostics, the vascularization of the lesion was 
assessed in the color Doppler option of the Hitachi HI VISION 
Preirus (Fujifilm Healthcare, Japan), and the results were re-
corded in film sequences, which were 3 to 5 s in length. The 
color Doppler examination was performed at constant and un-
changed frequency settings (5 MHz) and signal gain. To better 
visualize the vessels, the flow velocity scale was determined 
individually. To perform DTPM, recorded film sequences with 
flow testing in the color Doppler option were evaluated in 
an external program (PixelFlux Medical Device, Chameleon-
Software, Leipzig, Germany). The region of interest (ROI) cov-
ered the entire color Doppler-gated tumor area, bypassing pe-
ripheral vessels and large vessels piercing the lesion. Mean 
tissue flow velocity (TFV [cm/s]) and mean tissue perfusion in-
tensity (TPI [cm/s]=(average velocity×vascular area)/ROI area) 
were used to distinguish between malignant tumors and fo-
cal chronic pancreatitis in DTPM [5]. To assess the vascular-
ization of the examined lesions based on the number of col-
ored pixels reflecting the flow field in the vessels, the color 
Doppler vascular index (CDVI [%]) was calculated by referenc-
ing the calculated flow area to the ROI surface.

Statistical Analysis

For statistical analysis, Statistica version 12 software (StatSoft 
Inc, Cracow, Poland) was used. The results are presented as 
means with standard deviation and median with interquartile 
range. The differences between the groups were tested using 
the t test for independent variables or the Mann-Whitney U 
test for nonnormally distributed data. To assess the discrim-
inatory properties of the studied variables, receiver operat-
ing characteristics (ROC) analysis was performed. Results of 
performed tests were recognized as significant when P<0.05.

Based on the data of the first 20 patients, the power analysis 
for the necessary sample size to achieve the significant dif-
ference in CDVI between focal chronic pancreatitis and malig-
nant lesions was 39 patients, for a statistical power of 90%.
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Results

Of the 79 lesions assessed, only 1 (adenocarcinoma) failed 
to visualize any flow (TFV, TPI, and CDVI=0). The average val-
ues of the flow parameters are presented in Table 1. All as-
sessed parameters differed significantly between the exam-
ined groups, and there were significantly higher values of 
TFV, TPI, and CDVI in the group with focal chronic pancreati-
tis (Table 1). In the ROC analysis, TFV, TPI, and CDVI enabled 
the differentiation between focal chronic pancreatitis and ma-
lignant pancreatic lesions (Table 2, Figure 3). Although sen-
sitivity and specificity for CDVI £0.25 in the recognition of le-
sions was about 75% (Figure 4), in comparative analysis, TPI 
was slightly better than CDVI in differentiating the lesions 
studied (P=0.07).

Discussion

In the present study, we examined the usefulness of the CDVI 
in differentiating between focal chronic pancreatitis and ma-
lignant pancreatic lesions. The discriminatory properties of 
CDVI were not significantly different from those parameters 

assessing tissue perfusion, such as flow velocity and intensi-
ty, which were reported earlier [3,4].
Detection of a solid mass in the pancreas causes several di-
agnostic problems, the most important being whether the 
mass is malignant or benign. This problem should be noted 
as one of the most difficult diagnostic tasks, which is the dif-
ferentiation of focal chronic pancreatitis from pancreatic can-
cer. Imaging methods play the most important roles, ranging 
from detection to staging assessment to planning the method 
of treatment. The current standard is diagnostic methods us-
ing computed tomography (CT), magnetic resonance imaging, 
and EUS [6]. Considering that in most cases the treatment of 
pancreatic cancer is ineffective and acute inflammation is of-
ten a sign of pancreatic cancer, methods enabling the proper 
detection and differentiation of solid pancreatic changes at an 
early stage are necessary [7,8]. Newer algorithms using exter-
nal software and visualization options are emerging. Lastly, the 
possibility of using additional software enabling an adequate 
differentiation of malignant tumors and focal chronic pancre-
atitis, based on Doppler perfusion parameters, for example, 
has been introduced [3]. In the present study, we compared the 
discriminative properties of 2 color Doppler methods, DTPM 
and CDVI, in the diagnosis of focal chronic pancreatitis and 

Figure 1. �Endosonographic examination with 
color Doppler option of the malignant 
pancreatic lesion. Malignant tumor 
outlined with the green line (green 
arrow). The black arrow indicates the 
color Doppler frame. White arrows 
show sparse vessels detected in the 
color Doppler option. Calculated color 
Doppler vascularity index, 0.42%; 
tissue flow velocity, 1.63 cm/s; tissue 
perfusion intensity, 0.007 cm/s.

Figure 2. �Endosonographic examination with 
color Doppler option of pancreatitis. 
Pancreatitis area outlined with the 
green line (green arrow). The black 
arrow indicates the color Doppler 
frame. White arrows show multiple 
vessels detected in the color Doppler 
option. Calculated color Doppler 
vascularity index, 5.97%; tissue flow 
velocity, 3.74 cm/s; tissue perfusion 
intensity, 0.220 cm/s.
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malignant pancreatic tumors. Numerous publications are avail-
able on the assessment of perfusion parameters in pancreatic 
lesions using contrast-enhanced ultrasound. In previous years, 
owing to the imperfections of Doppler techniques, enhancing 
the obtained image by the contrast method has significant-
ly expanded diagnostic options. In the EUS diagnostic results 

of 93 solid pancreatic focal lesions, Dietrich et al could not vi-
sualize any flow in focal pancreatic lesions using the Doppler 
option, while the use of contrast allowed them to differenti-
ate all lesions into hypovascular, isovascular, and hypervascu-
lar types [9]. In their study, reduced vascularization of the le-
sion was associated with malignancy with 92% sensitivity and 
100% specificity. Kitano et al, using contrast-enhanced har-
monic EUS, assessed the vascularization of solid pancreatic le-
sions previously diagnosed in conventional EUS [10]. Contrast-
enhanced harmonic identifies ductal carcinomas with 95.1% 

Study population n=79 Adenocarcinoma n=46 Pancreatitis n=33 Significance 
(p)Mean±SD Median (IQR) Mean±SD Median (IQR) Mean±SD Median (IQR)

Age [y] 	 62.0±13.5 	 62.6	(15.1) 	 64.1±13.8 	 64.3	(16.6) 	 59.0±12.1 	 59.7	(7.6) 0.029

TFV [cm/s] 	 1.809±0.973 	 1.720	(1.494) 	 1.327±0.753 	 1.415	(1.203) 	 2.481±0.844 	 2.487	(0.933) <0.001

TPI* [cm/s] 	 0.013±0.027 	 0.005	(0.011) 	 0.004±0.004 	 0.003	(0.005) 	 0.025±0.039 	 0.025	(0.017) <0.001

CDVI* [%] 	 0.430±0.790 	 0.203	(0.348) 	 0.168±0.176 	 0.127	(0.199) 	 0.797±1.113 	 0.472	(0.591) <0.001

Table 1. �Comparison of the results of perfusion and vascularization assessment of focal chronic pancreatitis and malignant pancreatic 
tumors.

CDVI – vascularity index; IQR – interquartile range; SD -standard deviation; TFV – tissue flow velocity; TPI – tissue perfusion intensity. 
* Mann-Whitney U test.

Cut-off value Sensitivity Specificity ACC AUC Significance (p)

TFV [cm/s] 2.181 0.758 0.913 0.848 0.845 <0.001

TPI [cm/s] 0.009 0.697 0.935 0.835 0.854 <0.001

CDVI [%] 0.268 0.727 0.804 0.772 0.828 <0.001

Table 2. Discriminatory properties of ultrasound parameters in the differentiation of pancreatic tumors.

ACC – accuracy; AUC – area under curve; CDVI – vascularity index; TFV – tissue flow velocity; TPI – tissue perfusion intensity.
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Figure 3. �Receiver operating characteristic curve chart. 
Comparison of discriminatory properties of ultrasound 
assessment parameters in the diagnosis of pancreatic 
adenocarcinomas.
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Figure 4. �Sensitivity and specificity of the color Doppler 
vascularity index in the diagnosis of pancreatic 
adenocarcinomas.
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sensitivity and 89.0% specificity. Subsequent studies using con-
trast-enhanced ultrasound methods have shown that reduced 
vascularization of the pancreatic lesion helps diagnose and 
differentiate malignant pancreatic tumors from focal chronic 
pancreatitis [11-13]. Using an image analysis application spe-
cifically written in Java, Săftoiu et al used the VI calculated as 
a percentage of the number of pixels in the contrasting pow-
er Doppler option divided by the number of all pixels in the 
ROI [14]. The combination of VI with endoscopic elastograph-
ic examination allowed for the differential diagnosis of focal 
pancreatic masses with 75.8% sensitivity and 92.5% specifici-
ty. Despite the promising results of contrast-enhanced Doppler 
EUS in the differentiation of solid pancreatic lesions, it should 
be noted that it is characterized by high variability of results 
and poor reproducibility, and the results of the method do not 
have absolute values, such as cm/s or mL/min [15]. Certain 
factors, such as the complications after intravenous adminis-
tration of ultrasound contrast, the necessity of having efficient 
resuscitation equipment during the examination, and contrain-
dications for this examination in the case of known allergies, 
pulmonary hypertension, and uncontrolled hypertension, are 
also not negligible and may limit the availability of the meth-
od [15]. Dynamic 64-slice helical CT with perfusion imaging 
can be used to identify malignant lesions with 80% sensitivi-
ty and 75% specificity [16].

Unlike contrast-enhanced ultrasound, the assessment of per-
fusion in solid pancreatic lesions using the color Doppler op-
tion during EUS does not require additional precautions, and 
the ongoing improving methods of Doppler imaging allow for 
an adequate assessment of vascularization of lesions [3,4]. 
The purpose of the present study was to compare the discrim-
inatory properties of organ perfusion parameters, such as the 
velocity and flow intensity, assessed in the previously tested 
DTPM method to the CDVI in the diagnosis of focal chronic 
pancreatitis and malignant pancreatic tumors. The selected 
CDVI can be calculated using Doppler and non-Doppler flow 
imaging methods and even in contrast-enhanced EUS, which 
is undoubtedly an advantage of this study. No contrast agents 
were used during the EUS examination in the present study, 
in contrast to the studies mentioned earlier, but only the col-
or Doppler option was used. In our study, a total of 79 lesions 
were analyzed, and only 1 failed to register any flow. In the 
malignant lesion group, significantly lower values of both per-
fusion parameters (TFV and TPI) and CDVI (Table 1) were ob-
tained. Perfusion and vascularization parameters assessed in 
the present study significantly differentiated between the group 
of malignant lesions and focal chronic pancreatitis (Table 2, 
Figure 3). Sensitivity and specificity for CDVI in the recogni-
tion of a lesion were about 75% (Figure 4), and in compara-
tive analysis, TPI was only slightly better than CDVI in differ-
entiating the lesions studied.

There were several limitations to our study. First, it had a rel-
atively small sample size. Next, we used a conventional col-
or Doppler method to calculate perfusion parameters and the 
CDVI. Thus, our findings can be repeated with most ultrasound 
endoscopy devices. However, this can be considered as a sig-
nificant limitation of this study since the use of a microvas-
cular imaging option and a calculation of microvessel density 
as CDVI could significantly improve the discriminatory prop-
erties of this index. Moreover, in the present study, pancreatic 
lesions were diagnosed with EUS-FNA, without the histologi-
cal assessment. Thus, we could not evaluate the grade of tu-
mor or the chronicity of pancreatitis. Moreover, the fact that 
FNA cytology has a rather high false-negative rate could mean 
that some cases of pancreatic adenocarcinoma were missed. 
Thus, these results relating to the discriminatory properties 
of CDVI should be verified in a group of pancreatic solid le-
sions with histopathological diagnoses. On the other hand, 
the 6-month follow-up period was designed to confirm the 
benign nature of lesions.

Nevertheless, in the scope of the differentiation of pancreatic 
lesions, our results were satisfactory, and this method can be 
an alternative to CT or EUS using contrast media. At present, 
EUS is recognized as the best method for detecting solid tu-
mors in the pancreas. However, the differentiation between fo-
cal chronic pancreatitis and malignant lesions is still very diffi-
cult to obtain. The results of our study provide evidence of the 
usefulness of assessing perfusion parameters and the CDVI in 
differentiating the lesions mentioned above. This method can 
be successfully used in centers with EUS. Despite promising 
research results, one cannot forget about the absolute neces-
sity to confirm the diagnosis with histological examination be-
fore qualifying a patient for further treatment.

Conclusions

The findings from this study showed that color Doppler imag-
ing and the use of the CDVI could provide an adjunctive diag-
nostic approach to distinguish between pancreatic adenocar-
cinoma and focal chronic pancreatitis. Owing to the possibility 
of calculating the vascularization by non-Doppler methods, it 
may be an easier and more accessible diagnostic option for 
malignant pancreatic tumors than perfusion assessed in ex-
ternal software.
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