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Abstract
Endoscopic ultrasound is increasingly being used for evaluation of pancreatic diseases and pancreatic tumors. Among 
various pancreatic cystic lesions, cystic degeneration of pancreatic neuroendocrine neoplasm is of the challenge in making 
diagnosis. Although unique characteristic of each type of pancreatic cystic lesions has been proposed abundantly, typical 
morphology of cystic degeneration of pancreatic neuroendocrine neoplasm is still unclear. We, herein, reported a case of 
66-year-old woman who was incidentally found to have a cystic lesion in the tail of pancreas upon screening transabdominal 
ultrasonography. A well-defined cystic lesion with rim calcification was noted on subsequent abdominal computed tomog-
raphy. Endoscopic ultrasound revealed a markedly thick-wall cystic lesion containing solid nodule inside which was not 
enhanced following contrast-enhanced study. A mucinous cystic neoplasm was suspected and the patient was proceeded with 
distal pancreatectomy. A definite diagnosis of neuroendocrine neoplasm was confirmed after staining with synaptophysin 
and chromogranin A. We performed a meticulous review on current literatures focusing on endoscopic characteristics of 
pancreatic neuroendocrine neoplasms with cystic degeneration.
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Introduction

Following increment of medical screening program, pancre-
atic cystic lesions are being recognized incidentally. Initial 
evaluation using cross-sectional study occasionally unable to 
make a definite diagnosis. Endoscopic ultrasound (EUS) is 
an imaging of choice that could provide detail examination 

and help to differentiate among various etiologies of pan-
creatic cystic lesions.

Case report

We report a case of 66-year-old woman who had no underly-
ing medical condition. She underwent annual medical check-
up which revealed an ill-defined anechoic lesion measuring 
23 × 18 mm at pancreatic tail on transabdominal ultrasonog-
raphy. Laboratory tests, including amylase, carcinoembry-
onic antigen (CEA), and carbohydrate antigen 19–9 (CA 
19–9), were all within normal ranges. Computed tomogra-
phy (CT) of the abdomen showed a round, exophytic, hetero-
geneous hypodensity lesion surrounding with thin wall and 
rim calcification on non-contrast study (Fig. 1a). On arterial 
and portal phase, a clear, thin-wall enhancement with cystic 
content was observed. Pancreatic parenchyma was unre-
markable and main pancreatic duct (MPD) was not dilated 
(Fig. 1b, c). Magnetic resonance imaging (MRI) in T1W 
fat suppression phase showed a heterogeneous hypersignal 
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intensity inside this lesion which was suspected to contain 
bloody component (Fig. 2). Following initial evaluation, 
endoscopic ultrasonography (EUS) using a forward-viewing 
radial echoendoscope (EG-580UR, Fujifilm, Tokyo, Japan) 
was carried out. A 24.2 × 18.5 mm cystic lesion with lateral 
shadowing, rather thick wall and a 9.5 mm hyperechoic nod-
ule was observed (Fig. 3). Color Doppler and Power Dop-
pler mode demonstrated only a small single vessel on the 
cystic wall. Contrast-enhanced EUS (CE-EUS) under the 
pulse inversion method using  Sonazoid® (Daiichi-Sankyo, 
Tokyo, Japan) revealed distinct enhancement in the outer 
border of cystic wall but not in the solid nodule (Fig. 4 
with VDO). Sonazoid was administered as a 0.015 mL/kg 
bolus together with 10 mL of saline solution over 3–5 s, and 
contrast-enhanced findings were observed continuously for 
one minute. The application of Sonazoid to the pancreas 
was approved by the Institutional Review Board of Nagoya 
University Graduate School of Medicine. Given the gender, 
location and gross appearance of the lesion, mucinous cystic 
neoplasm (MCN) was carried out as our primary differential 
diagnosis. Considering the malignant potential of mucinous 
tumor, a surgical resection by distal pancreatectomy was per-
formed without prior cytological diagnosis. The specimen 

cut surface showed bloody content within uni-locular cyst 
surrounded with dense capsule (Fig. 5). Histology unexpect-
edly turned out to be a well-differentiated neuroendocrine 
tumor (Fig. 6). Confirmation with immunohistochemistry 
was positive for CD56, chromogranin A and synaptophysin 
with Ki-67 of 1% (Fig. 7). The definite diagnosis of G1 pan-
creatic neuroendocrine neoplasm with cystic degeneration 
was made. Patient was followed up for the next 3 months 
with unremarkable clinical course.

Discussion

Pancreatic neuroendocrine neoplasms (PNENs) typically 
present as solid, in rare circumstance these tumors con-
tain cystic components. Previous published studies using 
different imaging modalities reported 9–20% of PNENs 
were cystic [1–3]. Cystic PNENs become one of the dif-
ferential diagnoses among cystic lesions of the pancreas but 
prevalence was far uncommon comparing with true pancre-
atic cystic neoplasms (PCN) [4, 5]. Several theories have 

Fig. 1  CT scan abdomen: a non-contrast phase showing cystic lesion with rim calcification at pancreatic tail (arrow), b, c arterial and portal 
phase showing rim enhancement with non-enhanced intracystic component

Fig. 2  MRI abdomen T1W fat suppression showing high signal inten-
sity component inside cystic lesion at pancreatic tail (arrow)

Fig. 3  Radial EUS showed cystic lesion at pancreatic tail with mark-
edly thick wall and solid nodule inside
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been put forth for the mechanism of cystic PNENs but it 
remains controversial [6, 7]. It is generally assumed that 
cystic PNENs are the result of tumor necrosis or degen-
eration within solid PNENs. However, conflicting data 

demonstrates that cystic PNENs represent a distinct entity 
rather than a morphologic variant as shown in one clin-
icopathologic study that cystic PNENs were less likely to 
demonstrate tumor necrosis comparing with solid PNENs 
(6% vs 18%) [8]. Underlying genetic etiology probably be 
responsible for the cystic counterparts [9]. In both solid and 
cystic PNENs, wide age range with no gender preference and 
comparable tumor size were observed. When compared with 
solid PNENs, cystic PNENs preferred to arise in pancreatic 
body and tail over pancreatic head [8]. Cystic PNENs were 
associated with more favorable clinic-pathological features; 
as they were mostly single, more often non-functional, less 
frequently associated with multiple endocrine neoplasia type 
1 syndrome, lower histologic grading and Ki-67 prolifera-
tion index and lower risk of liver and lymph node metasta-
sis [8, 10–12]. Multidisciplinary and multimodal approach 
were utilized to make an accurate preoperative diagnosis, yet 
continues to be challenging. The accuracy of preoperative 
diagnosis of cystic PNENs using cross-sectional imaging in 
distinguishing from other primary PCNs was only 47–60% 
[8, 13, 14]. A peripheral hypervascular rim is considered the 
radiologic feature most suggestive of cystic PNENs on CT or 
MRI. Multiple features of peripheral contrast enhancement 
were reported. Often smooth, thin-to-medium thickness 

Fig. 4  EUS: a contrast-
enhanced EUS compared with b 
B-mode EUS

Fig. 5  Distal pancreatectomy, cut surface showed bloody content sur-
rounding with dense fibrous capsule

Fig. 6  Low (a, b) and high (c) magnification micrograph of hematoxylin and eosin staining showed monomorphic plasmacytoid-like cells
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peripheral enhancement in purely cystic or thin-to-thick 
thickness and focally thickened peripheral enhancement 
in mixed solid-cystic could be seen [15]. The peripheral 
enhancement in arterial phase is observed more clearly than 
portovenous phase. Calcification was scarcely mentioned in 
radiologic finding of solid pancreatic neoplasms [16] but 
rather referred to PCNs. While up to 25% of MCN can con-
tain calcification [17], only 13% of predominantly cystic 
non-functioning PNENs represent tumor calcification [18]. 
Moreover, curvilinear or rim (egg-shell like) calcification, 
like in our case, can be found in pancreatic pseudocyst [19]. 
This made distinguishing calcified cystic lesions in the pan-
creas more complicated. Of all PNENs, calcification is usu-
ally focal, coarse, irregular, and centrally located, more com-
monly occurred within non-functioning and larger tumors. 
The appearance of rim calcification which had rarely been 
identified in previously reported cystic PNENs was depicted 
in our patient. The pathophysiology of calcification remains 
unclear but probably due to tumor necrosis and subsequent 
dystrophic calcification [20]. MRI may perform better than 
CT for detecting ductal communication in pancreatic cysts 
that usually is not considered as a cystic PNENs feature. Due 
to the high rate of diagnostic accuracy and low rate of com-
plications, EUS has become an integral part of the preop-
erative assessment of pancreatic cysts. However, according 
to case series [10, 21, 22] and case reports [23, 24], cystic 
PNENs appear unlikely to have any unique EUS findings 
that are sufficient to distinguish them from other pancreatic 
cystic lesions. Nevertheless, cystic PNENs may include the 

following EUS features: either pure cystic or mixed solid-
cystic component, uni-locular more frequently than multi-
locular, and thicker cyst wall (> 2 mm) when compared 
with MCN [25]. The communication between the cyst and 
MPD, unlike those in intraductal papillary mucinous cystic 
neoplasm (IPMN), was rarely found in cystic PNENs. A 
single case report demonstrated high pancreatic fluid lipase 
level following EUS-guided aspiration which corresponded 
with finding of cyst-MPD connection in MRI [26]. CE-EUS 
showed to be beneficial over conventional EUS in evaluation 
of PNENs [27]. Non-enhancement area which demonstrated 
as filling defect could be explained by necrosis or hemor-
rhage inside the cyst. Our case presented the finding of clear 
wall enhancement with indistinct enhancing solid nodule. 
This could be interpreted that intracystic solid component 
was not a mural nodule but rather necrotic or bloody compo-
nent of the lesion, reflecting degenerative change of PNEN.

Conclusion

Cystic degeneration of pancreatic neuroendocrine neoplasm 
is an uncommon etiology of pancreatic cystic lesion. Pre-
operative radiologic diagnosis continues to be a challenge. 
Variety of EUS findings were nonspecific in differentiating 
between cystic PNEN and PCN. We reported the rare case of 
cystic PNEN with rim calcification which mimicked MCN. 
Markedly thick cystic wall and suspicion of bloody content 
inside the cyst could be helpful in this diagnosis.

Fig. 7  Immunostaining positive 
for CD56 (a), synaptophysin (b) 
and chromogranin A (c), with 
1% of Ki-67 (d)
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