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Abstract
Ectopic insulinoma is very rare and dormant tumor. Here we report the case of a 79-year-old female patient who presented with repeated episodes of hypoglycemia and was diagnosed with insulinoma based on laboratory and imaging examinations. computed tomography and positron emission tomography revealed a tumor in the retroperitoneum under and left of the hepatoduodenal ligament, which was resected successfully using a laparoscopic approach. Pathologic results revealed an ectopic insulinoma, which was confirmed immunohistochemically. Ectopic insulinomas are accompanied by hypoglycemia that can be misdiagnosed as drug- or disease-induced. These tumors are difficult to diagnose and locate, particularly in atypical cases or for very small tumors. Synthetic or targeted examinations, including low blood glucose, elevated insulin, proinsulin, and C-peptide levels, 48-hour fasting tests, and relative imaging methods should be considered for suspected cases of insulinoma. Surgery is the treatment of choice for patients with insulinoma, and laparoscopic resection is a feasible and effective method for select ectopic insulinoma cases.
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Core tip: Ectopic insulinoma is a very rare and dormant disease that is difficult to diagnose and locate. It should be a differential diagnosis when encountering cases of hypoglycemia thought to be caused by drugs and other diseases. Correlative laboratory and imaging examinations are necessary, and laparoscopic resection is a feasible and effective treatment approach.
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INTRODUCTION
Hypoglycemia is commonly encountered in daily clinical practice and often occurs during the treatment of diabetes mellitus. The condition is most often the result of insulin or other anti-diabetic agents and ethanol[1-3], though a small minority of hypoglycemia cases are spontaneous[4]. Hypoglycemia can also be caused by adrenal or hepatic diseases, gastrointestinal stromal and retroperitoneal tumors, endocrine deficiency, and even breast tumors[5-9], and rarely fromhypocortisolism[10] and non-Hodgkin lymphoma[11]. Additionally, some fruits may lead to hypoglycemia[12]. 
Although rare, hypoglycemia can be caused by an insulinoma,the most common hormone-secreting islet cell tumor. In such instances, the diagnosis is made when hypoglycemia occurs in the presence of symptoms of neuroglycopenia and inappropriately high levels of insulin and C-peptide. Additional imaging is often required to detect the underlying insulinoma. In the present paper, we describe the clinical and pathologic features of a rare case of hypoglycemia involving a functioning retroperitoneal insulinoma, and review the literature related to this topic to provide a comprehensive overview of this very rare and challenging tumor type.

CASE REPORT
A 79-year-old woman was referred to our hospital because of recurrent vertigo, weakness, and loss of consciousness she had been experiencing for a period of 9 months, which often occurred during fasting, hunger or exercise. When an episode occurred, serum glucose values fluctuated between 2.0 and 2.5 mmol/L (the lowest value was 1.5 mmol/L), and symptoms resolved after ingestion of glucose, dextrose, or dessert.The patient had never taken any sulfonylurea drugs.
Her physical examination was unremarkable;the thyroid was normal and no nodules were palpable. A brain computed tomography (CT) scan ruled out any focal or diffuse encephalic lesion. After admission, her serum glucose level was 2.4 mmol/L (normal value: 3.3–6.2 mmol/L), insulin was 35.4 μU/mL (normal value: 4.0–16.8 μU/mL), and C-peptide was 2.5 ng/mL (normal value: 1.0–4.5 ng/mL).Tumor markers were within normal limits. No symptoms related to upper gastrointestinal occlusion or bleeding were noted. The presence of the Whipple’s triad and result of the 48-h fasting test suggested a diagnosis of insulinoma. 
Regular transabdominalultrasound yielded negative findings in the pancreas. An abdominal CT/positron emission tomography (PET) scan also showed no evidence for a pancreatic tumor, but revealed a 2.5 cm  1.0 cm solid polyp in the retroperitoneum under and left of the hepatoduodenal ligament (Figure 1). Thus, the presumptive diagnosis of ectopic insulinoma was made and a laparoscopic tumor resection was performed. The gastrocolic ligament was detached with a harmonic scalpel to completely expose the neck, body, and tail of the pancreas, and no mass was detected. The lesser omentum was then opened to move the hepatoduodenal ligament to the right in order to expose the tumor. An isolated, pink, and slightly hard tumor (2.5 cm in diameter) was clearly identified in the retroperitoneum under the hepatoduodenal ligament with the assistance of intraoperative laparoscopic endoscopy. A laparoscopic wedge resection of the tumor was successfully performed using a harmonic scalpel (Figure 2). 
Pathologic evaluation of the resected tissue revealed a well-differentiated tumor with a distinct border surrounding the exocrine pancreatic tissue (Figure 3). Immunohistochemical evaluation showed that the cells were positive for tumor markers and insulin (Figure 4). Taken together, the findings confirmed the diagnosis of ectopic insulinoma, Heinrich’s classification type I. 
Glucose blood levels were recorded every 15 min during surgery without dextrose infusion (Table 1). Normoglycemia was achieved promptly after tumor removal. The patient was discharged on postoperative day 7, and a routine follow-up showed no recurrence of hypoglycemic symptoms.

DISCUSSION
Insulinoma presents with various clinical presentations, often with symptoms of hypoglycemia. These tumors are difficult to detect due to their small size. In a study of 114 articles encompassing 6222 cases of insulinoma, the vast majority (84%) were < 20 mm in diameter[13]. Almost all of these tumors were found in the pancreas parenchyma (43.3% head and uncinate, 25.3% body, and 30.9% tail), and < 1% were ectopic (extrapancreatic). Ectopic insulinomas with symptoms of hypoglycemia are extremely rare and can occur in the duodenal wall, ileum, jejunum, gastric wall, hilus of the spleen, gastrosplenic ligament, ligament of Treitz, lung, cervix, and ovary[14,15].
Symptoms of insulinomas include digestive bleeding, jaundice, and abdominal pain[16,17]. The Whipple triad, which includes documented hypoglycemia (plasma glucose G50 mg/dL), neuroglycopenic symptoms, and rapid relief of symptoms with the administration of glucose, is the diagnostic hallmark of an insulinoma. Although the 72-h fasting test has been the criterion standard for diagnosing insulinomas, recent data have verified that the diagnosis can be achieved in about 95.7% of cases undergoing a supervised fasting of 48 h[18].
	Although insulinomas are generally observed by abdominal ultrasonography, CT, and magnetic resonance imaging, these methods cannot easily detect ectopic insulinomas, particularly ones < 10 mm. Rather, more sensitive methods should be employed for more accurate detection, such as digital subtraction angiography, which uses the characteristic blood stream distribution. Other methods, including endoscopic ultrasonography, transhepatic portal venous sampling, 18fluorodopa PET/CT scanning, and arterial stimulation/venous sampling, have been widely used to localize insulinoma in clinical practice[19]. Fortunately for the patient in the present case, a combination of ultrasonography and contrast-enhanced CT detected the mass.
The treatment of choice for patients with insulinoma is surgery, including enucleation, segmental pancreatectomy, pancreatoduodenectomy, and distal pancreatectomy preserving the spleen[20]. Laparoscopic resection for insulinoma has now been widely accepted, which can be used for resection of small, benign, solitary, and superficial tumors[21,22], including ectopic insulinomas. This method reduces operation time, blood loss, and morbidity, and involves a shorter hospital stay and faster recovery period for the patient. In our case, ectopic insulinoma was diagnosed based on the typical symptoms and imaging examinations, and was completely removed. However, for patientswhose insulinomas have been missed during surgery and those who refuse or are not candidates for surgery (including malignant insulinoma with metastasis), alternative medical treatment is needed[23].
Ectopic insulinoma is a very rare and dormant disease that is difficult to diagnose and locate, particularly for very small tumors or atypical cases. This case report highlights that a diagnosis of ectopic insulinoma for hypoglycemia of unknown cause should be considered, even in cases with negative findings from the pancreas, and synthetic or targeted examinations for insulinoma need to be followed. In addition, laparoscopic resection is a feasible and effective method for treatment of ectopic insulinomas.

COMMENTS
Case characteristics
A 79-year-old woman with a 9-month history of recurrent hypoglycemia that resolved after intake of glucose, dextrose, or dessert intake.

Clinical diagnosis
Hypoglycemia.

Differential diagnosis
Drug-induced hypoglycemia;hypoglycemia caused by adrenal or hepatic diseases; insulinoma; hypocortisolism.

Laboratory diagnosis
Serum glucose level, 2.4 mmol/L; insulin, 35.37 μU/mL; C-peptide, 2.54 ng/mL; tumor markers were within normal limits.

Imagining diagnosis
Regular transabdominal ultrasonagraphy had negative findings in the pancreas. An abdominal computed tomography/positron emission tomography scan did not reveal a pancreatic tumor, but showed a 2.5 cm  1.0 cm solid polyp localized in the retroperitoneum under and left of the hepatoduodenal ligament with no fluorodeoxyglucose activity.

Pathological diagnosis
Immunohistochemical results showed that tumor cells were immunopositive for Ki67, insulin, CD56, chromogranin, and synaptophysin, and negative for serotonin, which supported a diagnosis of insulinoma. 

Treatment
The laparoscopic wedge resection of the tumor was successfully performed by harmonic scalpel.

Related reports
Very few cases of ectopic insulinomas have been reported in the literature. The clinical characteristics of ectopic insulinomas are sometimes atypical and the localization is difficult.

Experiences and lessons
This report showed a very rare and dormant disease that can be confused with non-insulinoma-induced hypoglycemia. Insulinomas are difficult to diagnose and locate, particularly for atypical or very small cases. The diagnosis of ectopic insulinoma for hypoglycemia of unknown cause should be considered even when there are negative findings of the pancreas, and synthetic or targeted examinations for insulinomas need to be followed.

Peer-review
The authors have described a case of ectopic insulinoma, which is a very rare, dormant disease that is difficult to diagnose and locate. The article highlights the importance of differential diagnosis with hypoglycemia caused by drugs and other diseases, and the need for correlative laboratory and imaging examinations. The report suggests that laparoscopic resection is a feasible and effective treatment approach.
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Figure 1 Radiologic findings. A: Plain scanning-phase computed tomography (CT); B: Arterial enhancement-phase CT; C: Equilibrium-phase CT showing the tumor (black arrow) in the retroperitoneum; D: Positron emission tomography showing the tumor in the retroperitoneum with no fluorodeoxyglucose activity.
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Figure 2 Tumor imaging in operation. A: An isolated, pink, slightly hard tumor was clearly identified under and left of the hepatoduodenal ligament (black arrow); B: The wedge resection of the tumor was successfully performed using a harmonic scalpel with a laparoscopic approach (black arrow); C: Tumor specimen.
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Figure 3 Pathologic results. Hematoxylin and eosin stainingshowing the tumor capsule and submucosal infiltration (A:  40; B:  100).
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Figure 4 Immunohistochemical findings. Tumor cells were immunoreactive, A: Ki67; B: Insulin; C: CD56; D: Chromogranin A; E: Synaptophysin; but negative for F: Serotonin.
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Table 1 Glucose blood levels during the operation
	Time
	Glucose blood level
(mmol/L)

	Perioperative
	

	Beginning of procedure
	3.2

	Tumor removal
	5.6

	15 min after removal
	5.8

	30 min after removal
	6.6

	45 min after removal
	6.8

	End of procedure
	6.9

	Postoperative
	

	Day 1
	5.6

	Day 2
	5.6

	Day 3
	5.8

	Day 4
	6.2

	Day 5
	7.5
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