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Abstract 
A pancreatic paraganglioma is a rare neoplasm that is difficult to distinguish from a pancreatic neuroendocrine tumour. Here we present a case of pancreatic paraganglioma that was surgically resected following preoperative diagnosis of a pancreatic neuroendocrine tumour. Careful evaluation of the endoscopic ultrasonography findings revealed abundant draining vessels, which could have led to a correct preoperative diagnosis of pancreatic paraganglioma.
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Core tip: Pancreatic paraganglioma is a rare disease, which has been reported only in 24 cases ever. Invasive procedures toward paragangliomas carry the potential risk of catastrophic complications due to unexpected release of large quantities of catecholamines. An accurate diagnosis of paraganglioma, therefore, is important before invasive procedures. Draining vessels from the tumour are sometimes observed in a general paraganglioma. However, it is still unclear in the pancreatic paraganglioma. In the present report, usefulness of draining vessels for a diagnosis of pancreatic paraganglioma was investigated by reviewing past cases.
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INTRODUCTION
Paragangliomas are rare catecholamine-secreting neuroendocrine tumours that arise from neuroendocrine cells of the extra-adrenal autonomic paraganglia and affect about 1 in 2000000 of the population[1]. The head, neck, and retroperitoneum are the most commonly affected sites, but pancreatic paragangliomas are extremely rare[2]. To our knowledge, only 24 cases of pancreatic paraganglioma have been previously reported in the English literature (see Table 1)[1-20]. In these previous reports, the pancreatic paragangliomas were often preoperatively misdiagnosed as pancreatic neuroendocrine tumours (pNETs) because the radiological characteristics of pancreatic paragangliomas resemble those of pNETs. We herein report a patient with a pancreatic paraganglioma, which was surgically resected following a preoperative diagnosis of a pNET, and discuss features associated with the disorder. 

CASE REPORT
An asymptomatic 47-year-old woman with a pancreatic tumour that was detected by ultrasonography was referred to our hospital. The patient’s past medical history and physical examination were unremarkable. Initial laboratory studies, including levels of tumour markers such as carcinoembryonic antigen, carbohydrate antigen 19-9, and α-fetoprotein, showed no abnormalities. An examination of pancreatic endocrine hormones showed that the insulin level was slightly elevated [14.6 µU/mL (5-10 µU/mL)], but the elevation was considered non-specific because blood glucose (108 mg/dL) and C-peptide levels [3.30 (0.78-5.19) ng/dL] were within normal levels. Levels of other hormones were also within their normal ranges. Transabdominal ultrasonography showed a 1.5-cm low-echoic tumour at the pancreas head. Dynamic computed tomography (CT) also revealed a 1.5-cm well demarcated tumour at the pancreas head (Figures 1A and B). The tumour was very strongly enhanced in the arterial phase and still faintly enhanced in the portal vein phase. Maximum intensity projection of the arterial phase in a coronal view clearly revealed the tumour feeding artery from the inferior pancreaticoduodenal artery and the draining vein into the portal vein (Figure 1C). No abnormalities were found in the bile duct, pancreatic duct, or liver. Compared with contiguous pancreatic parenchyma, the tumour appeared as a low-intensity lesion in a T1-weighted magnetic resonance image (MRI) and as a high-intensity lesion in a T2-weighted MRI (Figures 1D and E, respectively). Endoscopic ultrasonography (EUS) showed a well demarcated, low, and uneven echoic tumour surrounded by draining vessels emanating from the tumour (Figures 1F and G). We did not attempt EUS-guided fine needle aspiration (FNA) for a pathological examination because of the possible risk of bleeding due to the extremely abundant vascularity of the tumour. On the basis of these imaging findings, we made a preoperative diagnosis of a nonfunctional pNET. Pancreaticoduodenectomy was performed. The resected specimen included a tumour measuring 1.5 cm × 1.2 cm (Figure 2A). The tumour was located at the caudal part of pancreas head and partially adjacent to the second portion of duodenum. The tumour was isolated from major arteries and veins. Histological examination revealed a classical Zellballen pattern, with nests of cells surrounded by thick capsules (Figures 2B and C). The tumour was surrounded by normal pancreatic parenchyma. Immunohistochemistry examination of the tumour cells showed positive staining for CD56, synaptophysin, and chromogranin A and negative staining for insulin, glucagon, gastrin, and somatostatin. The tumour cells were surrounded by S-100 protein-positive sustentacular cells (Figure 2D). These results suggested that the tumour cells were differentiated toward neuroendocrine cells, but did not express any islet hormones. Epithelial membrane antigen staining was negative in the tumour cells but positive in the pancreatic ducts remaining within the tumour (Figure 2E). This result indicated that branches of the pancreatic duct were within the tumour. Taking into consideration the tumour location and pancreatic ducts remaining within the tumour, we inferred that the tumour arose from the pancreas. On the basis of these pathological findings, a diagnosis of pancreatic paraganglioma was established. The patient was followed for more than one year after surgery, but no recurrence was confirmed.

DISCUSSION
Pancreatic paragangliomas are radiologically similar to pNETs. In fact, the case reported here and six of the 24 other cases reported in the literature were preoperatively misdiagnosed as pNETs[1,8-12]. Fortunately, no complications occurred during the preoperative examinations or surgical procedures in the present case. However, invasive examinations and surgery of paragangliomas carry the potential risk of catastrophic complications due to unexpected release of large quantities of catecholamines. For example, a patient with pancreatic paraganglioma, who was misdiagnosed preoperatively as having pancreatic cancer, died 34 h after surgery because of unanticipated catecholamine release[17]. The use of EUS-guided FNA without preparations against catecholamine release could also be dangerous. These dangers highlight the importance of an accurate diagnosis of pancreatic paraganglioma. 
 Preoperative imaging may provide guidance for an accurate diagnosis. Areas of signal flow void (referred to as a “salt and pepper” pattern[21]) are often observed on MRIs of highly vascularized paragangliomas. Additionally, enlarged feeding arteries and early contrast filling of the draining veins are observed on dynamic CT images. This feature of draining veins has been reported to be useful in distinguishing pancreatic paraganglioma from pNET[12]. In the present case, the draining vein was confirmed by dynamic CT, but “salt and pepper” pattern was absent on the MRI. In the 24 other cases (Table 1), one has been reported to have draining veins[12], and one has been reported to be devoid of such veins[15]. The presence or absence of draining veins was not mentioned in the text of the reports of the remaining 22 cases, but examination of images presented in the reports suggest that two cases[13,18] had and three cases[2,9,11] did not have draining veins (presented material did not allow evaluation of draining veins in the remaining 17 cases). Formation of the tumour draining vasculature is supposed to depend on a variety of growth factors secreted from the tumour itself[22]. Most pancreatic paragangliomas seem to have a characteristic to induce abundant draining veins, although details of the mechanism of the vessel induction remain to be elucidated.  In summary, draining veins could be observed in 50% (four of eight) of evaluable cases. We conclude that evaluation of imaging findings, especially identifying draining veins around the tumour, may be useful in making a correct preoperative diagnosis of pancreatic paraganglioma.

COMMENTS
Case characteristics
A 47-year-old woman with a pancreatic tumour detected by ultrasonography was referred to our hospital.

Clinical diagnosis
The patient showed no symptom.

Differential diagnosis
Solid tumors (adenocarcinoma, neuroendocrine tumours, Solid-pseudopapillary tumor, acinar cell carcinoma, and paraganglioma), cystic tumors (serous cystic neoplasm).

Laboratory diagnosis
Laboratory studies, including levels of tumour markers such as carcinoembryonic antigen, carbohydrate antigen 19-9, and α-fetoprotein, showed no abnormalities, but insulin level was slightly elevated [14.6 µU/mL].

Imaging diagnosis
Computed tomography showed a 1.5-cm well demarcated tumour at the pancreas head, which was very strongly enhanced in the arterial phase and still faintly enhanced in the portal vein phase.

Pathological diagnosis
Histological examination showed a classical Zellballen pattern, and tumour cells of positive staining for CD56, synaptophysin, and chromogranin A, that were surrounded by S-100 protein-positive sustentacular cells.

Treatment
The patient received pancreaticoduodenectomy.

Related reports
Pancreatic paraganglioma has been reported only in 24 cases ever.

Term explanation 
Paraganglioma is rare catecholamine-secreting neuroendocrine tumour that arises from neuroendocrine cells of the extra-adrenal autonomic paraganglia

Experiences and lessons
Identifying draining veins around the tumour is useful in making a correct preoperative diagnosis of pancreatic paraganglioma.

Peer-review
The authors have summarized 25 cases of pancreatic paraganglioma including the present case and reported usefulness of tumour draining vessels for distinguishing pancreatic paraganglioma from pancreatic neuroendocrine tumour.
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Table 1 Summary of reports of 25 cases of pancreatic paragangliomas
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Figure 1 Images of the pancreatic tumour. A: Dynamic computed tomography (CT) in the arterial phase; B: Dynamic CT in the portal phase. 1.5-cm well demarcated tumour at the pancreas head was very strongly enhanced in the arterial phase and still faintly enhanced in the portal phase; C: Maximum intensity projection of the arterial phase in a coronal view. Red arrow indicates the feeding artery from the inferior pancreaticoduodenal artery and blue arrow indicates the draining vein into the portal vein; D: T1-weighted (T1W) magnetic resonance image (MRI); E: T2-weighted (T2W) MRI. The tumour appeared as a low-intensity lesion in T1W and as a high-intensity lesion in T2W; F: Endoscopic ultrasonography (EUS) images without power flow scanning; G: EUS images with power flow scanning. The low and uneven echoic tumour was surrounded by draining vessels.
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Figure 2 Histological examinations of the pancreatic tumour. A: Macroscopic findings of the resected specimen. Arrows indicate the tumour in the pancreas head; B, C: Hematoxylin and eosin staining showing tumour cells in a Zellballen pattern at magnifications of x 10 (B) and x 200 (C); D: Immunohistochemistry of S-100 protein displaying S-100 protein-positive sustentacular cells surrounding the tumour cells (x 200); E: Immunohistochemistry of epithelial membrane antigen displaying pancreatic duct branches remaining within the tumour (x 100).
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AgeSex

Tumour

size (cm)

Location in

pancreas

Preoperative diagnosis

Presence/absence of draining

vessels

Outcome Reference

62 M 1.5 body - NE autopsy 3

75 F 15 tail pancreatic cyst NE - 4

70 F 3 head pancreatic cyst NE - 4

72 F 14 head cystadenoma NE 2 years

　

alive 5

47 M 10 body pancreatic cyst NE 6 years

　

alive 6

- - - head - NE 2 years

　

alive 7

- - - head - NE 4 years

　

alive 7

45 F 8 head retroperitoneal

　

tumour NE 5 years

　

alive 8

58 M 8 head neuroendocrine tumour NE - 8

61 M 2.5 uncus neuroendocrine tumour absent in the presented figures5 years alive 9

85 M 6 head neuroendocrine tumour NE - 10

72 F 4 uncus nonfunctional neuroendcrine tumour  absent in the presented figures- 11

57 F 6.5 head non-functioning islet cell tumour stated as present - 12

57 F 2 uncus neuroendocrine tumour NE 4 years alive 1

50 M 3 head extraadrenal paraganglioma present in the presented figures- 13

51 F 5 uncus pancreatic cancer NE 3 years alive 14

40 F 4.5 uncus - stated as absent - 15

66 M 6 head - absent in the presented figures14 months alive 2

65 F 2 uncus - NE - 16

30 F 6.4 tail - NE died 34h after surgery 17

19 F 9 head sarcoma present in the presented figures- 18

55 F 19 tail malignant pancreatic tumour NE - 19

50 F 6 head paraganglioma, fine needle aspiration NE 4 years alive 20

63 M 4 head functional pancreatic paraganglioma NE - 20

47 F 1.5 head nonfunctional neuroendcrine tumour  present 1 year alive present case

NE: not evaluable
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