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Abstract
Aim: To reveal the malignancy rates of pancreatic cystic lesions and 

success rates of Computed tomography (CT), magnetic resonance imaging 
(MRI) and endoscopic ultrasonography (EUS) in differentiating between 
malignant vs non-malignant cystic lesions of the pancreas.

Methods: In this study, 138 patients were included. CT, MRI and EUS and 
pathology reports of the related patients were scrutinized and descriptive 
statistical methods were used. Sensitivity and specificity values of CT, MRI 
and EUS were calculated by taking the postoperative histopathology results 
as the gold standard.

Results: In assessment the data of patients with neoplastic or non-
neoplastic pancreatic cysts, the highest sensitivity, specificity and diagnostic 
accuracy in the malignant-benign distinction of the lesions was determined 
in CT. Although EUS had similar sensitivity and diagnostic accuracy rates 
as CT, its specificity was considered to be lower than CT. MRI had lower 
sensitivity, specificity and diagnostic accuracy rates compared to these 
modalities (EUS and CT). The sensitivity, specificity and diagnostic accuracy 
of EUS guided fine-needle aspiration biopsies were found to be quite low 
than other diagnostic modalities. 

Conclusion: While CT and EUS showed high correlation with each other 
in terms of overall diagnostic compliance, there was a moderate correlation 
between MRI and EUS.
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Introduction
Pancreatic cysts (PC) are detected incidentally. 

Their prevalence in asymptomatic patients is between 
2.4% and 13.5%, and its incidence increases with age 
[1]. The increase in the number of PC over the years is 
associated with an increase in the number of abdominal 
imaging. Concern about PC is due to the transformation of 
some cysts into ductal adenocarcinoma [2]. Considering 
all PCs, although they are thought to be at low-risk 
malignancy [3], the rate of malignancy may be up to 42% 
in some PCs [4]. Therefore, diagnosis and follow-up of 
PC is important.

Frequency of PC is 2.4-2.6% and increasing with 
age. It is known that the frequency of diagnosis of PCs 
is increasing due to the widespread use of cross-sectional 
imaging methods [1, 5] . PCs can be classified mainly 
as inflammatory fluid deposits, neoplastic cysts, non-
neoplastic cysts, mucinous or non-mucinous cysts. Cysts 
with potential for malignancy are intraductal papillary 
mucinous neoplasia (IPMN), mucinous cystic neoplasia 
(MCN), solid pseudopapillary tumor (SPPN) and 
neuroendocrine tumors (NET) of the pancreas.

Seventeen percent of PCs in asymptomatic patients 
were defined as in situ and ductal adenocarcinoma 
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and 42% as premalignant lesions. Twenty-eight percent of 
asymptomatic cysts were evaluated as MCN, followed by 27% 
IPMN, 17% serous cystadenoma (SCA), and 2.5% as ductal 
adenocarcinoma [6]. 

In this study, we aimed to reveal the malignancy rates of 
PC lesions and the success rates of imaging modalities such 
as endoscopic ultrasonography (EUS), computed tomography 
(CT), and magnetic resonance imaging (MRI) in differentiating 
between malignant and non-malignant cystic lesions of the 
pancreas.

Materials and methods
Patient selection

The ethics commission of the institution approved the 
current study protocol (No: 91610558-604.01.02).

EUS data of 2500 patients over the age of 18 years between 
January 2015 and April 2019 were examined in the study. Out of 
170 patients with pancreatic cystic lesions, 32 patients without 
CT or MRI were excluded from the study and 138 patients were 
included. The data of the patients were analyzed by reviewing 
fasting blood glucose, carcinoembryonic antigen (CEA) and 
amylase levels in cyst fluid, imaging (CT, MRI, EUS) findings 
retrospectively. 

CT protocol
CT acquisitions were performed on a dual source CT device 

(SOMATOM Force, Siemens Healthineers, Munich, Germany). 
For abdominal CT examination, all patients were given a contrast 
agent (120 ml non-ionic contrast material; iohexol, Omnipaque; 
GE Healthcare, Cork, Ireland) orally and intraveneously. For 
IV injection of the contrast material a mechanical injector was 
used at a flow rate of 3-5 ml/sec. Abdomen and pancreas were 
evaluated in the early arterial portal and hepatic phases. CT 
scanning parameters were as following; 100-300 mAs, 100-120 
kV, 64x0.6 collimation, gantry rotation time: 0.5 second, pitch 
value: 0.8, slice thickness: 3 mm, reconstruction spacing 3 mm, 
scan direction: craniocaudal. 

MRI protocol
MRI acquisitions were performed on 3T MR scanner 

(Verio 3T MR scanner, Siemens Healthineers, Munich, 
Germany). Contrast agent was not used for abdominal MR 
examination. After 4 hours of fasting, imaging was performed 
using T2 sequence (axial plane, TR/TE: 2000/96 msec, Flip 
angle: 150, NEX:1, phase direction: anterior- posterior, echo 
tain length: 168, matrix: 320x224, field of view: 380 mm, fat 
saturation: SPAIR, breath-hold respiration), and MRCP 3D 
sequence (coronal plane, TR/TE: 2400/719 msec, Flip angle: 
variable, NEX:2, phase direction: right- left, echo tain length: 
101, matrix: 380x380, field of view: 300 mm, fat saturation: 
SPAIR, navigator respiration).

EUS protocol
EUS evaluation was done with Olympus EVIS EXERA III 

CV-190 ecoendoscopic device by scanning from the duodenum 
up to the gastric corpus. The procedure was performed on an 
empty stomach with at least 8 hours fasting (starting from the 
midnight 00:00) before the procedure. Sedation (midazolam, 
propofol, fentanyl) and analgesia were given before EUS 
examination. 

In EUS, the nature of the lesion (solid or cystic), number and 
size, localization, morphological features (septation, lobulation, 

wall thickness, presence of mural nodule, calcification, 
connection with pancreatic duct and channel width), presence 
of lymph node, invasion of vascular structures and potential 
peripheral organ invasion were evaluated.

EUS-guided cystic lesion aspiration
For aspiration process, 19-22 Gauge needle and a Linear 

EUS (Olympus EVIS EXERA III CV-190) device was used.
The needles were mostly inserted into the cyst only 

once and the aspiration process was continued until the cyst 
disappeared as much as possible. In the patients having cysts 
with mural nodules or increased wall thickness, the cysts were 
re-entered after aspiration of the cyst fluid and aspiration from 
the wall or wall nodule.

PC fluid was primarily evaluated for cytopathological 
examination. If the aspirated fluid was above one cc, tumor 
markers such as CEA and CA 19-9 and amylase were examined.

Cytopathological evaluation
The material obtained from the PC fluid was evaluated 

by expert cytologists. Staining with hemotoxylin-eosin, 
Papanicolaou (PAP) and diff quick.

PCs evaluation
The World Health Organisation (WHO) classification was 

used in assessment of PCs which is categorized in to three main 
groups including: benign, premalignant, and malignant [8]. The 
major histologic subtypes are serous cystic neoplasms (SCN), 
MCN, IPMN) and SPPN [7]. 

Statistical analysis
Statistical package program (SPSS version 22 for Windows; 

SPSS inc, Chicago) was used for statistical analysis. Descriptive 
statistical methods were used for all features of pancreatic cysts. 
Continuous data were summarized as mean ± standard deviation 
and median (minimum-maximum), and categorical data were 
summarized with frequencies and percentages. For continuous 
variables without normal distribution, Mann-Whitney U test 
was applied in independent groups and p<0.005 value was 
considered as significant. Specificity, sensitivity, positive 
predictive value (PPV) and negative predictive value (NPV) of 
CT, MRI and EUS were calculated by taking the postoperative 
histopathological results as gold standard.
Results
Demographic data

A total of 138 patients (57 males, 41.3%; 81 females, 
58.7%) with neoplastic or non-neoplastic PC aged between 
19- 85 years (mean 59.30±13.06 years) were included in the 
study. While 56.5% (n=78) of the patients had symptoms such 
as abdominal pain, jaundice, weight loss and vomiting, 43.5% 
(n=60) were followed asymptomatically. Sixty-four patients 
(46.4%) had concomitant type 2 diabetes mellitus (DM).

Radiological and gastroenterological 
imaging findings of patients

Of the 138 patients who underwent EUS, 83.3% (n=115) 
had only MR results and 55.8% (n:77) had CT results. While 
the most common detected lesion in MR was the side branch 
IPMN (38.2%, n:=44), the most common lesions detected in CT 
were solid cystic degeneration (28.5%, n=22) and unspecified 
cystic lesion (28.5%, n=22); the most frequently detected lesion 
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in EUS was solid tumor with cystic degeneration (21.7%, n=30). 
PC localizations are shown in Figure 1. The most common 

localization was at the pancreatic head (32.6%, n=45). The 
neoplasia rates determined by CT, MR and EUS are shown 
in Figure 1. The relationship between the neoplastic and non-
neoplastic lesions detected by fine-needle aspiration biopsy 
(FNAB) and surgical materials; and cyst sizes detected in 
CT, MR and EUS were examined. There was no statistically 
significant difference between cyst size and neoplasia detected 
by any imaging method (p>0.05) (Table 1). 

Of 138 patients with EUS, peripancreatic lymphadenopathy 
in 13.8% (n=19) and pancreatic canal dilatation in 70% (n=98) 
was found. There was no significant relationship between the 
presence of peripancreatic lymphadenopathy and malignancy 
(p>0.005).

Figure 1 - Figure 1 shows the neoplasia rates determined by CT, 
MR and EUS.

Table 1 Radiological diagnoses, cyst diameters and cyst fluid biochemistry analysis detected in the examinations.

Diagnosis CT, n (%) MRI, n (%) EUS, n (%)

Simple cystic lesion 0 (0) 16 (13.9) 6 (4.3)

Solid tumor with cystic degeneration 22 (28.5) 16 (13.9) 30 (21.7)

Lymphocele 1 (1.2) 1 (0.8) 1 (0.7)

Unspecified cystic lesion 22 (28.5) 5 (4.3) 26 (18.8)

Pseudocyst 17 (22) 20 (17.3) 21 (15.3)

Walled off necrosis 1 (1.2) 2 (1.7) 2 (1.4)

Serous cystadenoma 2 (2.5) 5 (4.3) 5 (3.6)

Mucinosis cystadenoma 1 (1.2) 3 (2.6) 4 ( 2.9)

Mucinous cystic adenocarcinoma 1 (1.2) 2 (1.7) 4 (2.9)

Minor branch IPMN 8 (10.3) 44 (38.2) 26 (18.8)

Main channel IPMN 1 (1.2) 1 (0.8) 13 (9.4)

Pancreatic adenocarcinoma 1 (1.2) 0 (0) 0 (0)

Variable CT (mm) MRI (mm) EUS (mm)

Non-neoplastic, n 24 27 33

Median (min-max) 34.5 (10-107) 30 (9-90) 30 (5-90)

Neoplastic, n 13 17 24

Median (min-max) 30 (21-70) 35 (6-80) 36 (4-70)

P 0.491 0.426 0.903

Variable Amylase CA 19-9 CEA

Non-neoplastic, n 16 6 17

Median (min-max) 44.72 ( 0.10 - 78830) 1020.03 (3.90 - 20460) 650 (5 - 112445)

Neoplastic, n 5 2 7

Median (min-max) 747 (45.98 - 44700) 20330 (20200 - 20460) 2989 (8.50 - 127375)

P 0.032 0.131 0.589

Comparison of cyst features detected by CT, 
MRI and EUS with histopathology

The sensitivity and specificity values of patients considered 
as the gold standard of surgical pathology for the detection of 
neoplasia, are summarized in Table 2. 

The sensitivity and specificity of the modalities in detecting 
neoplasia were 90.9% and 75% for CT, 71,4% and 66,7% for 
MRI and 89,5% and 50% for EUS, respectively.

In comparison of FNAB results (n=16) of the same patients 
with the surgical biopsy results, the FNAB sensitivity and the 

specificity were found to be 42.9% and 50%, respectively.
Diagnostic accuracy rate NPV and PPV of the imaging 

methods are summarized in Table 2. The diagnostic accuracy 
rate for CT was 86.6% and NPV, PPV, sensitivity and specificity 
were higher in other examination methods.

The sensitivity and specificity, diagnostic accuracy rates, 
predictive values of the patients with regard to differentiating 
mucinous-non-mucinous lesions by considering the surgical 
pathology as the gold standard are summarized in Table 2. EUS 
had a high sensitivity (50%) and diagnostic accuracy (73.9%) in 
detecting mucinous tumors compared to CT and MRI.
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Considering the modalities in terms of 
general diagnostic compliance

MRI and EUS were moderately compatible (58.2%, 
kappa=0.406), CT and EUS were well compatible (68.8%, 
kappa=0.629), CT and MRI were found to be moderately 
compatible (59%, kappa=0.517).

The overall compliance for MRI and EUS was found to 
be 82.6% in distinguishing neoplasia. Additionally, in evaluating 
the consistency between the two modalities (MRI and EUS) with 
the kappa test, a statistically significant and good agreement was 
observed (kappa 0.628 and p<0.001).

The overall compliance for CT and EUS in distinguishing 
neoplasia was 80.5%. In assessment the consistency between 
these modalities with the kappa test, a statistically significant 
and good agreement was observed (kappa 0.613 and p<0.001).

The overall compliance for CT and MRI in distinguishing 
neoplasia was found to be 74.1%. In evaluation the consistency 
between the two modalities with the kappa test, a statistically 
significant and good agreement was observed (kappa 0.487 and 
p<0.001) (Table 2).

EUS guided FNAB pancreatic cyst fluid 
analysis

In the examination of PC fluid with EUS-FNAB and the 
evaluation of CEA, CA19-9 and amylase levels; the median 
CEA level (2989 U/Ml) and CA19-9 (20330 U/Ml) in neoplastic 
lesions were measured higher than non-neoplastic lesions, 
however, the difference between them was not statistically 
significant (p>0.05) (Table 1).

A statistically significant difference was found between 
neoplastic and non-neoplastic lesions only with the level of cyst 
fluid amylase and non-neoplastic lesions had higher amylase 
levels (p=0.032) (Table 1). CEA median values of cyst fluid in 
IPMN (n=8) and MCN (n=4) were determined as 146.23 (range: 
8.5-603) and 772.5 (range: 15.7-78830), respectively and no 
significant difference was found (p=0.126).

 

Discussion
Pancreatic cysts (PCs) are diagnosed much more frequently 

nowadays with the increasing  use of cross-sectional imaging 
methods in different diagnoses. Accurate diagnosis and typing 
of PCs is of great importance due to the risk of malignancy 
in some subtypes of PCs, the prevention of malignancy with 
treatment, or increasing the survival of patients by providing 
early diagnosis with follow-ups. The malignancy potential of 
PCs can be determined by typing with imaging methods, clinical, 
biochemical markers and cytological findings.

In the current study, 58.7% (n=81) of PCs were found in 
females and the median age was 60, the data which is compatible 
with the literature [8-10] . It was observed that 56.5% (n=78) of 
138 PC patients were diagnosed symptomatically and remaining 
patients (43.5%, n=60) were completely asymptomatic and PC 
was detected incidentally. In the study by Fernandez et al., 134 
(63%) of 212 cases were found symptomatic [6]. In another 
study by Attasaranya et al, similar to the study of Fernandez 
et al, approximately 2/3 of the patients were reported to be 
symptomatic [9]. In a study conducted by Mizuno et al, DM was 
found to be significantly higher in patients with PCs [11] . In our 
study, the rate of DM was 46% and it was more common than 
the normal population.

In examining the relation of neoplastic and non-neoplastic 
lesions detected by EUS-FNA with cyst sizes in CT, MR and 
EUS, no relation was found in any imaging method. According 
to the literature data, although the risk of malignancy is increased 
in cysts over 30 mm [12] , in some publications, this relationship 
has not been shown. In the study conducted by Spinelli et al., no 
connection between the cyst diameter and the risk of malignancy 
was shown, and a cyst in a small size did not mean of not being 
malignant [13].

In the present study, the most common location of PCs was 
the pancreatic head (32.6%). Similarly as in most studies, the 
most common localization was the pancreatic head which this 
rate reaches up to 63% [6, 10, 14] .

Although IPMN was not defined in the literature before 
1980, approximately 60% of incidentally detected PCs were 

Neoplastic Sensitivity and specificity Diagnostic accuracy and predictive values

Modality Diagnostic accuracy 
rate %

NPD % PPD % Sensitivity % Specificity %

CT 86.6 75 90.9 90.9 75

MRI 70.5 33.3 90.9 71.4 66.7

EUS 82.6 50 89.5 89.5 50

EUS-guided FNAB 43.7 11.1 87.5 42.9 50

Sensitivity specificity, diagnostic accuracy, and predictive rates of modalities in detecting mucinous lesions

CT 73.3 91.7 0 0 78.6

MRI 70.5 78.5 33.3 25 84.6

EUS 73.9 88.2 33.3 50 78.9

Overall compliance assessment of modalities

Modalities kappa p

EUS and CT 0.613 0.0001*

EUS and MRI 0.638 0.0001*

CT and MRI 0.487 0.0001*

* Pearson chi square test was used.
- FNAB: Fine- needle aspiration biopsy

Table 2 Diagnostic performance of CT, MRI, EUS and EUS-guided FNAB in cystic lesions of the pancreas.
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in the sensitivity and specificity of EUS. The values determined 
in our study were similar to those of Sedlack et al [15].

In a study of confirmed pathologically having PCs of 108 
patients [18], EUS with or without FNA had a significantly 
increased accuracy for diagnosing PCs with highest sensitivity 
(81.6%) and specificity (86.1%) compared to CT and MRI. 
EUS was found superior to CT in the characterization of PCs 
in small (<3cm) lesions but, it was superior to MRI in large 
(>3cm) lesions. In our study CT was found to have the highest 
sensitivity and specificity compared to other modalities. There 
was no statistically significant difference between cyst size and 
neoplastic pathology detected by the modalities.

In a study similar to the results of our study conducted 
by Lee et al in 34 PCs patients who underwent three imaging 
modalities three months before surgery, they found that PCs size 
detected by EUS tended to be read smaller in tail portion, while 
it was not in CT and MRI. The size on EUS was estimated to 
be smaller than on pathology when it was more than 4 cm [19]. 
The measurement in PCs compared to the relevant pathological 
size, EUS had the lowest agreement, but CT had the highest 
agreement. Thus, especially PCs located in the tail should be 
interpreted carefully when it is evaluated by EUS.

In a recent study, the sensitivity of EUS guided FNAB in 
distinguishing mucinous and non-mucinous cysts was 42% and 
specificity was 99% [20]. In two meta-analyzes, the sensitivity 
and specificity of EUS-FNA-based cytologies for neoplastic-
non-neoplastic pancreatic cysts were 51% and 94%, respectively 
[21,22]. Sensitivity and specificity can be increased in patients 
who have undergone cyst fluid aspiration due to insufficient 
cyst content or reported to have no atypical cells. Therefore, 
the presence of an on-site cytopathologist is very important. 
In the EUS-FNAB examination accompany by an on-site 
cytopathologist, there was a 10-15% increase in the diagnostic 
accuracy rate in the literature [23-25].

In our study, amylase level was higher in non-neoplastic 
lesions in cyst fluid. Since the amylase level is particularly high 
in pseudocysts, this is consistent with clinical data. In the study 
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it was lower in malignant lesions [26]. CEA and CA 19-9 levels in 
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There were some limitations in the current study as follows: 
1) Being a retrospective study and low number of operated 
patiens having postoperative histopathology results, 2) Although 
EUS-guided FNAB on-site pathological examination was 
performed in most patients, this procedure was not performed 
in some patients. We think that the low FNAB sensitivity can be 
due to this.

In conclusion, due to the more frequent diagnosis of cystic 
lesions of the pancreas and the risk of malignancy in some types 
of cysts, appropriate modalities (EUS, CT, MRI) should be 
selected according to the patient. In our study, CT was found 
to have higher sensitivity, specificity and diagnostic accuracy 
rates in differentiation of benign and malignant cysts compared 
to other modalities. Therefore, CT, due to it non-invasive nature 
and being a more accessible modality, can be preferred in these 
patients. While CT and EUS showed high correlation with each 
other in terms of overall diagnostic compliance, there was a 
moderate correlation between MRI and EUS

We think that performing EUS guided-FNAB in 
conjunction with on-site cytopathologist will reveal the true 
quality of this method. Appropriate imaging method should be 
considered during the diagnosis, follow-up and treatment of 
patients.
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