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Abstract: Although nesidioblastosis is the most common cause of hyperinsulinemic hypoglycemia in infants, it is rare in adults. 
Nesidioblastosis is pathologically characterized by diffuse neoformation of the islets of Langerhans islets from the pancreatic ductal 
epithelium and is a disease that does not exhibit neoplastic proliferation, unlike insulinoma. Hence, we present a rare case of adult- 
onset nesidioblastosis that caused repeated severe hypoglycemic symptoms and was cured by pancreatic resection twice, resulting in 
total pancreatectomy. A 37-year-old woman with the Whipple’s triad visited our institution. In the fasting test, the plasma glucose level 
decreased and immunoreactive insulin levels increased after 12 h. No tumor was identified in the pancreas by imaging. A selective 
arterial calcium injection test revealed that step-up was detected only in the gastroduodenal artery. The patient underwent pancrea
toduodenectomy with a diagnosis of adult-onset nesidioblastosis, with the pancreatic head region as the culprit. Pathological 
examination revealed neither tumorous islet cells nor an obvious increase in the number of islets. However, there were some isolated 
single insulin-producing cells in the pancreatic parenchyma, which could cause hyperinsulinemia and hypoglycemia. This patient was 
diagnosed with adult-onset nesidioblastosis. After the operation, the hypoglycemic symptoms improved, but 1 year later, the same 
symptoms recurred. The patient underwent remnant pancreatectomy and had no hypoglycemic symptoms for > 5 years after the second 
surgery. 
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Introduction
Nesidioblastosis is the most common cause of hyperinsulinemic hypoglycemia in infants but is extremely rare in adults.1,2 

Insulinoma is the most frequent cause of hyperinsulinemic hypoglycemia in adult.2 Nesidioblastosis is pathologically 
characterized by diffuse neoformation of the islets of Langerhans islets from the pancreatic ductal epithelium, a disease that 
does not exhibit neoplastic proliferation, unlike insulinoma.3 While insulinomas can be identified with various imaging 
modalities, adult-onset nesidioblastosis is difficult to detect using imaging modalities.4–7 To diagnose adult-onset nesidio
blastosis, it is necessary to suspect the disease based on clinical findings, endocrine examinations, and imaging studies and 
then perform a selective arterial calcium injection (SACI) test.8–13 The present study describes a rare case of adult-onset 
nesidioblastosis in a patient with heterochronic repeated severe hypoglycemic symptoms that was cured by pancreatic 
resection twice, resulting in total pancreatectomy.
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Case Report
A 37-year-old woman was referred to our hospital with complaints of weight loss (height: 160.4 cm, weight dropped 
from 90 to 66 kg in half a year) and repeated disturbances of consciousness. She was diagnosed with manic depression at 
a previous hospital. She had Whipple’s triad but did not take oral hypoglycemic agents or receive insulin injection 
therapy. She had no medical or family history of endocrine-related diseases including insulinoma, diabetes mellitus, or 
multiple endocrine neoplasia type 1.

Laboratory data showed that the serum levels of fasting plasma glucose (PG), immunoreactive insulin (IRI), connecting 
peptide immunoreactivity (CPR), and hemoglobin A1c, and a urine levels of CPR were 31 mg/dl, 11.6 μU/mL, 6.6 mg/mL, 5.2%, 
and 115.2 μg/day, respectively. Fajan’s index (IRI / PG), Grunt’s index (PG / IRI), and Turner’s index [(IRI × 100) / (PG - 30)] 
were 0.37, 2.7, 1160, respectively (Table 1a). In the fasting test, the PG level was decreased to 45 mg/dl and IRI was increased to 
10.0 μU/mL after 12 hours (Table 1b). In the octreotide loading test, the PG level was increased to 155 mg/dl after 120 minutes and 
IRI was decreased to 0.3 μU/mL after 30 minutes (Table 1c). Antiinsulin antibodies were absent. The function and imaging studies 
of the pituitary, adrenal, parathyroid, and thyroid glands were within normal limits. On imaging studies, including ultrasono
graphy, contrast-enhanced computed tomography, magnetic resonance imaging, and endoscopic ultrasonography, no tumor was 
identified in the pancreas (Figure 1). In addition, upper gastrointestinal endoscopy and colonoscopy revealed no findings in the 
gastrointestinal tract, suggesting ectopic insulinoma. The SACI test revealed that step-up was detected only in the gastroduodenal 
artery (GDA) and not in the proper hepatic, splenic, and superior mesenteric arteries (Figure 2).

Based on the above examination results, the patient was clinically diagnosed with adult-onset nesidioblastosis 
originating from the pancreatic head. Initially, she was treated with diazoxide (300 mg, taken daily) for 1 months; 
however, but symptoms of impaired consciousness persisted. Subsequently, she received octreotide acetate therapy 
(30mg, once every 4 weeks; Sandostatin LAR; Novartis, Basel, Switzerland) and had no hypoglycemic symptoms for 
1 year. However, the patient subsequently experienced relapse of hypoglycemic symptoms. The patient’s home blood 
glucose levels were not measured. The results of the SACI test were the same as the previous time, with a step-up only in 
the GDA, and no tumor was detected in the imaging studies. She underwent pancreatoduodenectomy for adult-onset 
nesidioblastosis with the pancreatic head region as the culprit, which was poorly controlled with drug therapy.

Pathological examination of the resected pancreas revealed no neoplastic proliferation of pancreatic β-cells, or an 
obvious increase in the size or number of islets. Immunohistochemical examination revealed numerous isolated insulin- 

Table 1 Endocrine Examinations

a) Index of insulin secretion

Calculation methods Results

Fajan’s index IRI / PG 0.37
Grunt’s index PG / IRI 2.7

Turner’s index (IRI × 100) / (PG - 30) 1160

b) Fasting test

Time (hour) 0 6 12

PG (mg/dl) 102 87 45

IRI (μU/mL) 30.2 3.9 10.0
CPR (ng/mL) 4.3 1.5 2.3

c) Octreotide loading test

Time (minute) 0 30 60 120 240 360

PG (mg/dl) 61 82 114 155 140 103

IRI (μU/mL) 6.6 0.3 0.4 2.2 3.2 4.2

Abbreviations: PG, fasting plasma glucose; IRI, immunoreactive insulin; CPR, connecting peptide 
immunoreactivity.
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producing cells in the pancreatic parenchyma. Therefore, insulinoma was not thought to be the cause of the hypogly
cemia in this patient. The numerous isolated insulin-producing cells in the pancreatic parenchyma may have caused the 
hyperinsulinemia and hypoglycemia in this patient (Figure 3). Although the patient pathologically did not fully meet the 
diagnostic criteria for nesidioblastosis, she was clinically diagnosed with adult-onset nesidioblastosis. After the first 
operation, the hypoglycemic symptoms disappeared; however, 1 year later, she gradually complained of the same 
symptoms. Therefore, the patient underwent remnant total pancreatectomy for heterochronic recurrent adult-onset 
nesidioblastosis, with the remnant pancreas as the responsible lesion. The resected remnant pancreas showed the same 
pathological features as those of the preceding pancreatectomy specimen, with no islet tumors but numerous isolated 
insulin-producing cells in the parenchyma (Figure 4). After the second surgery, the patient had no hypoglycemic 
symptoms for > 5 years (Figure 5). However, seven years later, the patient died of sepsis due to Fournier’s gangrene.

Figure 1 Contrast-enhanced computed tomography at initial diagnosis. There were no tumorous lesions from pancreatic uncus to head (a) and from pancreatic body to tail 
(b) on contrast-enhanced computed tomography.
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Figure 2 The results of selective arterial calcium injection test. The serum level of insulin status based on a selective arterial calcium injection test SACI (Calcium gluconate 
hydrate: 0.025 mEq/kg injection). 
Abbreviations: SACI, selective arterial calcium injection; CHA, common hepatic artery; GDA, gastroduodenal artery; SpA, splenic artery; SMA, superior mesenteric artery.
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Figure 3 Histopathological findings of resected specimen at the first surgery. (a) On hematoxylin and eosin staining of the resected pancreas, there were no neoplastic 
proliferation of pancreatic beta cells and increasing in the number or size of pancreatic islet cells. (b) On immunostaining staining for insulin of the resected pancreas, there 
were numerous isolated insulin-producing cells in the pancreatic parenchyma.

Figure 4 Histopathological findings of resected specimens at the second surgery. (a) On hematoxylin and eosin staining, tumorous proliferation of pancreatic beta cells and 
increasing in the number or size of pancreatic islet cells failed to show. (b) On immunostaining staining for insulin of resected pancreas, there were numerous isolated 
insulin-producing cells in the pancreatic parenchyma.
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Discussion
There are a wide variety of diseases that cause consciousness disturbance and weight loss, including endocrine and psychiatric 
diseases; however, hypoglycemia due to hyperinsulinemia is also an important differential diagnosis. Causes of hyper- 
insulinemic hypoglycemia include such as insulinoma, insulin autoimmune syndrome, the use of insulin secretagogues, and 
nesidioblastosis.1,2,14 Nesidioblastosis, first named by Laidlaw in 1938,3 has been reported to cause intractable hypoglycemia 
due to the diffuse proliferation of pancreatic beta cells. Nesidioblastosis is a disease characterized by severe postprandial 
hypoglycemia and hyperinsulinemia unresponsive to dietary therapy, and its mechanism is characterized by an abnormal 
increase in β-cell mass and diffuse neoformation of the islets of Langerhans islets from the pancreatic ductal epithelium.3 

Though, nesidioblastosis is recognized as the most common cause of hyper-insulinemic hypoglycemia in infants, it is very rare 
in adults, and the first adult case of nesidioblastosis has been reported in 1975.1,2,15 In an epidemiological survey conducted in 
Japan from 2017 to 2018, 205 cases of insulinoma were reported, of which 95% were aged 20 years or older, whereas only 9 
cases of nesidioblastosis occurred in patients aged 20 years or older.16 In recent years, adult-onset nesidioblastosis has also 
been reported after gastric bypass surgery for bariatric surgery and gastrectomy with Roux-en-Y anastomosis,17 these 
conditions are now collectively described as non-insulinoma pancreatogenous hypoglycemia syndrome.18 However, the 
developmental mechanism of adult-onset nesidioblastosis remains unclear, and several causes have been speculated, including 
dysregulation of beta cell function,19 increased production of growth factors,20 and unidentified genetic mutations.21 In recent 
years, mutations have been identified in several β-cell genes involved in insulin secretion, the most common of which are in 
the ABCC8 or KCNJ11 genes. A better understanding of the functions of these genes may help elucidate the pathogenesis of 
nesidioblastosis.22 Conversely, insulinoma is the most common cause of hyperinsulinemic hypoglycemia in adults and a rare 
disease in infants.1,2 In both diseases, it is important to first diagnose the existence of hypoglycemia due to hyperinsulinemia 
and then determine the localization of the responsible lesion. Whipple’s triad is a classical feature of hyper-insulinemic 
hypoglycemia.8 In addition, insulin secretion indices using PG and IRI, such as Fajan’s, Grunt’s, and Turner’s indices, fasting 
test, and octreotide loading test, are helpful in the initial diagnosis.9–12 Misdiagnosis of nesidioblastosis as a psychiatric 
disorder is likely to delay appropriate treatment and result in detrimental effects on the patient’s quality of life. This patient had 
repeated disturbances of consciousness, but was misdiagnosed with manic depression. In this case, the patient had Whipple’s 
triad, and all indices except Grunt’s index met the diagnostic criteria for hyperinsulinemic hypoglycemia. Although the 
sensitivity and specificity of these tests are not sufficient,23 it is clinically important to consider that the positive results of these 
tests can raise suspicions about nesidioblastosis or insulinoma. In addition, hypoglycemia results in various symptoms, 
including confusion, loss of consciousness, and seizures, so when these symptoms appear, it is necessary to consider whether 
hypoglycemia and the hyperinsulinemia that causes it may be the underlying cause.

A definitive diagnosis of nesidioblastosis was made postoperatively, based on histopathological findings. Pathological 
criteria have been proposed for the diagnosis of adult-onset nesidioblastosis, and consist of four major criteria and some 
minor criteria.24 The four major criteria are as follows. First, insulinomas were excluded by macroscopic, microscopic, 
and immunohistochemical examination. Second, there were multiple β-cells with enlarged hyperchromatic nuclei and 

Figure 5 Clinical course. Initially, she was treated with diazoxide for 1 months. However, symptoms of impaired consciousness persisted. Subsequently, she received 
octreotide acetate therapy and had no hypoglycemic symptoms for 1 year. However, the patient subsequently experienced relapse of hypoglycemic symptoms. She 
underwent pancreatoduodenectomy. One year later, she gradually complained of the same symptoms. Therefore, the patient underwent remnant total pancreatectomy. 
After the second surgery, the patient had no hypoglycemic symptoms for > 5 years.
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abundant clear cytoplasms. Third, islet cells have a normal spatial distribution among the different cell types. Finally, 
there is no endocrine cell proliferation activity. The identification of a ductuloinsular complex, characterized by the 
neoformation of islet cells arising from the pancreatic ductal epithelium, is also conclusive evidence of nesidioblastosis. 
However, as in this case, some cases do not completely meet these pathological criteria but show clinically similar 
symptoms, and the pathogenesis of adult-onset nesidioblastosis has not yet been fully established. In contrast, insulino
mas are characterized by neoplastic proliferation of pancreatic beta cells.4 Therefore, insulinoma is typically identified as 
a hypervascular tumor in imaging studies, whereas nesidioblastosis cannot be detected on imaging studies. The localized 
diagnostic accuracy of insulinoma by ultrasonography, computed tomography, magnetic-resonance imaging, endoscopic 
ultrasonography, and somatostatin receptor scintigraphy was reported to be 60–95% and With a recent advances in 
diagnostic technologies, a high pretreatment diagnostic rate for insulinoma has been reported by combining these 
imaging modalities.8–13 The SACI test is an existing and localized diagnosis using insulin secretion function and plays 
an extremely important role in identifying the region responsible for hyperinsulinemic hypoglycemia.13 The SACI test 
involves selective arteriography of the gastroduodenal, splenic, superior mesenteric, and hepatic arteries, and insulinomas 
are identified using tumor-enhancing staining. Calcium was injected into each artery (0.025 mEq/kg body weight) to 
assess endocrine function, and insulin was sampled from a catheter placed in the hepatic vein. When an insulinoma or 
nesidioblastosis is present, calcium injection releases insulin and decreases PG levels only if the specific artery that feeds 
the area of the pancreas containing these diseases is tested. In the SACI test, blood vessels with plasma insulin levels that 
were more than double the basal level after calcium injection were considered positive. In this case, the step-up was 
initially confirmed only in the GDA region; therefore, it was determined that the region responsible for hyperinsulinemia 
was in the pancreatic head. Therapeutic strategies for nesidioblastosis include pancreatectomy and drug therapy, and the 
former is considered as the optimal and curative treatment.25,26 It has also been reported that a high-carbohydrate diet 
with appropriate protein adjustment and reduced fat intake is effective in controlling of hypoglycemia in patients with 
nesidioblastosis;27 however, it has also mentioned that although these medications and dietary therapies have reduced 
severe hypoglycemic episodes, manageable hypoglycemic episodes still occur.27 In nesidioblastosis, partial pancreatic 
resection may cause continuous hypoglycemic symptoms, whereas total pancreatectomy leads to insulin-dependent 
diabetes mellitus. It has been reported, including in this case, that hyperinsulinemic hypoglycemia recurs over time 
after the culprit lesion is removed, but the mechanism is still unclear. Therefore, it may be important to continue follow- 
up for the recurrence of hypoglycemic symptoms after surgery. Recently, nesidioblastosis due to pancreatic islet 
hyperplasia after gastric Roux-en-Y bypass surgery has been reported,17 and this may help elucidate the changes that 
occur in the remnant pancreas over time after the initial pancreatectomy. Previous literatures suggested that when the 
disease persists, a 70–90% resection of the pancreatic tissue is advisable in order to avoid the possibility of developing 
post-operative diabetes and cure the hyperinsulinemic hypoglycemia.25,26 We believe that adult-onset nesidioblastosis 
might improve if the responsible region is removed. Since total pancreatectomy eliminates the exocrine and endocrine 
functions of the pancreas, various complications may occur after surgery. When we searched for the keyword “nesidio
blastosis, adult, total pancreatectomy” in PubMed, three case reports were found.28–30 The age at the time of total 
pancreatectomy ranged from 22 to 32 years, and all the patients were women. Two cases with records of treatment 
history were similar to this case in that they had undergone two-stage total pancreatectomy.28,29 One of these was a report 
of pyoderma gangrenosum after total pancreatectomy due to nesidioblastosis.30 Therefore, in our opinion, regional 
pancreatectomy should be performed for the responsible lesion initially rather than total pancreatectomy, and secondly to 
remnant pancreatectomy if hyperinsulinemic hypoglycemia symptoms reappear during the post-operative period. In 
adult-onset nesidioblastosis, in which hypoglycemia cannot be controlled by subtotal pancreatectomy or drug therapy, 
total pancreatectomy may be a treatment option given the current advances in insulin preparations and pancreatic enzyme 
replacement therapy. However, in such cases, it is important to ensure that patients fully understand the importance of 
continuing the diabetes treatment.

In patients who did not show normalization of glycemia by surgery or did not undergo pancreatectomy, chronic use of 
somatostatin analogs, diazoxide, or verapamil hydrochloride has been reported.31,32 Diazoxide is a frequently used drug 
for nesidioblastosis; however, it has some adverse effects, including fluid retention, hypotension, hypertrichosis, and bone 
marrow suppression.31 However, these treatments are primarily aimed at palliating the symptoms rather than curatively. 
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In this case, diazoxide did not improve the symptoms; therefore, the patient was promptly transferred to the next 
treatment. Although octreotide acetate therapy was subsequently able to alleviate the symptoms to a certain extent, the 
control worsened over time; therefore, surgical resection was selected.

Conclusion
In conclusion, the present study reports a case of heterochronic adult-onset nesidioblastosis that was cured twice with 
pancreatectomy, resulting in total pancreatectomy. When an adult patient presents with repeated hypoglycemic symptoms 
and insulinoma cannot be identified on imaging, adult-onset nesidioblastosis should be considered as a differential 
diagnosis. It is important to perform an existing and localized diagnosis, treat the responsible lesion, and be mindful of 
the possibility of recurrence in the residual pancreas.
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