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Summary

Insulinoma is the most common pancreatic neuroendocrine 
tumor (NET). Insulinomas are most commonly benign, well-
differentiated NETs, whereas malignant neoplasms account 
for approximately 5-10% of all cases. Management includes 
conservative treatment with drugs targeting insulin-induced 
hypoglycemia, non-operative invasive procedures, as well as 

curative open or laparoscopic tumor resection. The current 
review aimed to summarize the current literature evidence 
on insulinoma and investigate the advantages and complica-
tions of available treatments.
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Introduction

 Neuroendocrine tumors (NETs) arise from the 
hormone-secreting cells and nerve cells mainly lo-
cated in the gastrointestinal and respiratory tracts 
[1]. Gastroenteropancreatic NETs (GEP-NETs) are 
tumors that affect gastrointestinal tract and pan-
creas and are classified as functional (hormone 
producing, F-NETs) or nonfunctional (NF-NETs) 
[2]. Pancreatic NETs are further divided into 3 
categories according to WHO 2017 classification: 
well-differentiated NET (G1, G2, G3), poorly dif-
ferentiated neuroendocrine carcinoma (NEC G3) 
and mixed non-neuroendocrine-neuroendocrine 
neoplasm (MiNEN) [3].
 Insulinoma is the most common pancreatic F-
NET, deriving from β-pancreatic islet cells that se-
crete insulin, and is associated with hypoglycemic 
neuroglycopenic and sympathetic-overstimulation 
symptoms [4]. Insulinomas are most commonly 

benign, well-differentiated NETs, whereas malig-
nant neoplasms account for approximately 5-10% 
of all cases [5]. Management includes conservative 
treatment with drugs targeting insulin-induced hy-
poglycemia, non-operative invasive procedures, as 
well as curative open or laparoscopic tumor resec-
tion [6]. The current review aims to summarize 
the current literature evidence on insulinoma and 
investigate the advantages and complications of 
available treatments.

Epidemiology 

 Insulinomas account for 1-2% of pancreatic 
tumors and affect approximately up to 3 patients 
per million per year [5,6]. In a case series study of 
125 patients with pancreatic NETs, Phan et al re-
ported that most F-NETs were insulinomas (55%), 
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followed by gastrinomas (36%) [7]. Insulinomas 
may occur at any age, mainly during the 5th dec-
ade of life, and have a slight female predominance 
[8]. Placzkowski et al retrospectively investigated 
a total of 237 operatively confirmed cases and re-
ported that 57% were females with a median age of 
50 years (range 17-86) [9]. Multiple endocrine neo-
plasia type 1(MEN-1) is observed in about 4-7% of 
cases and is associated with younger tumor occur-
rence age (3rd decade of life) [10,11]. Among the 237 
patients of the Mayo Clinic study, 14 patients (6%) 
had MEN-1 and 3 of them were diagnosed con-
currently with the identification of insulinoma [9].
 Insulinomas present with signs and symptoms 
early in their course and thus during diagnosis 
their size ranges between 0.5 cm and 2 cm [12,13]. 
Approximately 8-10% of these F-NETs are larger 
than 2 cm in diameter and have increased malig-
nant potential [14-17]. A 60-year study between 
1927 and 1986 by Service et al, involving 224 pa-
tients, reported an incidence of 4 cases per million 
per year and showed that 86.6% of them had single 
nonmalignant tumor in contrast to a minority of 
patients with multiple benign (7.1%) or malignant 
neoplasms (5.8%) [17]. Câmara-de-Souza et al, in a 
retrospective study of 103 patients, presented simi-
lar results regarding to patients having a benign 
tumor (87%) [18]. Hence, most insulinomas are sin-
gle tumors, less than 2 cm in diameter, presenting 
with equal frequency among all anatomic sites of 
pancreas and only 8% of them exceed 5 cm in di-
ameter [19].

Pathogenesis – Histopathology

 Insulinomas most commonly are well-dif-
ferentiated intrapancreatic G1-NETs, emerging 
as polyclonal or oligoclonal neoplasms that are 
subsequently outgrown by a malignant cell clone 
with metastatic potential [20,21]. Differentiation 
between benign and malignant tumors is some-
times difficult and is based on a combination of 
preoperative and intraoperative evidence (local in-
vasion, lymph node and liver metastases) [22]. His-
topathologic markers associated with the progno-
sis of insulinoma include Ki-67 proliferative index, 
tumor size, vascular invasion and local invasion 
[6,16,23].
 The mTOR/PS0S6K molecular signaling path-
way activation was significantly upregulated in 
tissue specimens derived from insulinomas com-
pared to normal pancreatic islet tissue in an in vitro 
study by Zhan et al [24]. These findings suggest 
that mTOR could be a potential therapeutic mo-
lecular target of future insulinoma medical treat-
ments through the use of mTOR inhibitors [24].

 Histopathologic analysis demonstrates loss of 
pancreatic lobule architecture and a population of 
small-sized identical cells with loss of nuclear ple-
omorphism [25]. Immunohistochemical staining 
(IHC) reveals positive staining for chromogranin, 
synaptophysin and loss of p57 nuclear expression 
[25,26]. In addition, stromal amyloid aggregates, 
amylin and insulin positive IHC may be identified 
as insulinoma specific findings [20]. Nevertheless, 
in up to 20% of cases with compatible clinical di-
agnosis and symptoms resolution postoperatively 
tumors do not stain positive for insulin in IHC [27]. 
Therefore, Zhao et al propose that positive insulin 
IHC is not mandatory in order to confirm the di-
agnosis and the PanNET histopathologic result is 
sufficient in the context of hyperinsulinemia and 
postoperative subsidence of hypoglycemia [27]. 
Rare genetic syndromes associated with insulino-
ma include MEN-1 (menin tumor suppressor gene 
mutation) and tuberous sclerosis (TSC1/hamartin 
and TSC2/tuberin gene mutations) [9,28-30].
 
Clinical presentation

 The diagnostic hallmark of insulinoma, the so-
called “Whipple’s triad” or “triad of insulinoma”, 
was first described by Allen Whipple and Virginia 
Kneeland Frantz in the 1930s and consists of [31]:
• Symptoms caused by hypoglycemia;
• Low blood glucose level during the episodes;
• Symptoms relief upon blood glucose level nor-

malization through glucose administration. 
 Hypoglycemic episodes caused by inappropri-
ate insulin secretion are divided in two main cat-
egories, adrenergic and neuroglycopenic [22,32]. 
Adrenergic symptoms are caused by sympathetic 
nervous system (SNS) activation/catecholamines 
release and include diaphoresis, tremor, palpita-
tions, anxiety, increased appetite and nervousness 
[22,32]. Neuroglycopenic symptoms, caused by 
decreased central nervous system (CNS) glucose 
supply, include impaired mental status and cogni-
tion, visual disturbances, disorientation, memory 
deficits, stupor, seizures and coma [22,32].
 The majority of patients presents within 1.5 
years of symptoms duration, but patients may be 
symptomatic for decades before being diagnosed 
[17]. Patients usually present with symptoms and 
signs precipitated during fasting periods, often 
upon awakening after the overnight fast or during 
exercise [33]. In order to avoid the occurrence of 
symptoms they frequently eat small meals and take 
snacks [33]. Infrequent presentation of insulinoma 
includes postprandial hypoglycemia, which may 
also be the only manifestation of hypoglycemia in 
some cases [9]. Common misdiagnoses include psy-
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chiatric or neurologic disorders, such as seizures 
[17,34].

Diagnosis

Biochemical tests

 Insulinoma diagnosis, in order to be absolutely 
established, requires compatible clinical presen-
tation and the presence of the following 6 crite-
ria [35]: blood glucose levels ≤ 40mg/dl, insulin 
≥ 36 pmol/l, C-peptide ≥ 200 pmol/l, proinsulin ≥ 
5 pmol/l, β-hydroxybutyrate ≤ 2.7 mmol/l and ab-
sence of plasma or urine sulfonylurea metabolites.
 The 72-h fasting test, considered as the gold 
standard for confirmation of insulinoma diagnosis, 
consists of consecutive blood glucose and insulin 
levels measurement until the patient becomes 
symptomatic [2,27,36]. Most patients (80%) devel-
op symptoms within 24h and are admitted in the 
hospital in order to undergo serial insulin, proinsu-
lin, C-peptide and insulin/glucose ratio every 4-6h 
[33,37-40]. An insulin/glucose ratio > 0.3 has been 
found in all patients with confirmed insulinoma 
or other pancreatic islet disease associated with 
endogenous hyperinsulinemia [39]. Nevertheless, 
Hirshberg et al reported that almost all patients 
develop symptoms within 48h of fasting and thus 
the 48-h test should replace the 72-h test as the 
new diagnostic test of choice [41].
 Interestingly, a controlled study by Vezzosi et 
al reported that the combination of proinsulin ≥ 5 
pmol/l and blood glucose < 2.5 mmol/l (< 45 mg/
dl) during 72h of fasting reached 100% sensitivity 
and specificity for the presence of endogenous hy-
perinsulinism [42]. The addition of C-peptide over 
0.2 nmol/l to the aforementioned criteria was diag-
nostic for insulinoma in patients with endogenous 
hyperinsulinism [42]. 
 Secretin stimulation test-induced insulin re-
sponse (IV 2U/kg) is a useful method to differentiate 
between multiple adenomas and nesidioblastosis 
or single adenomas [32,43]. Specifically, underlying 
nesidioblastosis or single tumors do not respond to 
secretin in contrast to multiple adenomas demon-
strating a significantly increased insulin secretion 
upon secretin administration [32].

Differential diagnosis of hypoglycemia

 Insulinoma biochemical disturbances may be 
observed in other conditions associated with fast-
ing hypoglycemia or postprandial hypoglycemia. 
Oral hypoglycemic agents (meglitinides or sulfo-
nylureas) and insulin are the most common phar-
maceutical causes of factitious self-induced hypo-
glycemia [44-46]. Renal failure, liver failure, sepsis, 

non-pancreatic tumors and adrenal insufficiency 
(hypocortisolemia) should also be included in the 
differential diagnoses [44,47-49]. Autoimmune dis-
eases, such as systemic lupus erythematosus, or 
multiple myeloma may result in the production 
of anti-insulin or anti-insulin receptor antibodies 
[50,51] that act through binding of an unregulated 
release of insulin or via direct insulin receptor 
stimulation respectively [50,51]. 
 Post-gastric bypass hyperinsulinemic post-
prandial hypoglycemia has been described due to 
postoperative nesidioblastosis in obese patients 
undergoing bariatric surgery and should be con-
sidered as an alternative cause in this population 
[52,53]. Noninsulinoma pancreatogenous hypo-
glycemia syndrome (NIPHS), a rare form of adult 
nesidioblastosis, manifesting with postprandial hy-
perinsulinemic hypoglycemia within 2-4 h after a 
meal should be considered in diagnostic dilemma 
cases [54].
 Most common causes that should be included 
in the differential diagnosis are summarized in Ta-
ble 1.

Tumor localization

 As soon as insulinoma clinical diagnosis is es-
tablished, anatomic detection of the tumor should 
be the next step combined with investigation of the 
presence or absence of metastatic disease. Locali-
zation of insulinomas prior to surgery is of great 
importance because up to 30% are <1 cm and in 
10% of cases the disease is multilocular [32]. Ini-
tial diagnostic imaging tests include ultrasound 
(U/S), computed tomography (CT) and magnetic 
resonance imaging (MRI), which detect up to 80% 
of the cases [55-57]. Furthermore, Wei et al inves-
tigated 33 consecutive patients retrospectively and 
reported preoperative detection sensitivity of 72 % 
for CT and 75% for MRI [57].
 Computerized tomography is currently consid-
ered the first-line imaging diagnostic test in the 
insulinoma visualization procedure [6]. Insulino-

Oral hypoglycemics (sulfonylureas, meglitinides)

Exogenous insulin administration

Systemic conditions (renal failure, liver failure, sepsis, non-
pancreatic malignancies, adrenal insufficiency)

Autoimmune disease (SLE)

Multiple myeloma

Post-gastric bypass hypoglycemia

NIPHS

Table 1. Hypoglycemia associated conditions in the dif-
ferential diagnosis of insulinoma
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mas and their liver metastases (in the case of ma-
lignant tumors) are typically highly vascularized 
lesions showing enhancement compared to normal 
pancreatic tissue with IV contrast administration 
on CT [6,58,59]. Therefore, contrast enhanced CT 
in the context of thin-slices techniques should be 
used in order to efficiently detect these neoplasms 
[58]. Calcifications, if present, are more commonly 
associated with the presence of malignant tumors 
[58]. Atypical presentations on contrast enhanced 
CT include hypodense tumors with decreased vas-
cularity or lesions with increased density prior to 
contrast administration [6,59].
 Magnetic resonance imaging (MRI) is emerg-
ing as an appropriate, safe, non-invasive alternative 
with high sensitivity in the localization of insulino-
mas and metastatic disease [6,59,60]. In compari-
son to normal pancreatic parenchyma β-pancreatic 
islet cell tumors manifest low signal intensity on 
T1-weighted and increased signal intensity on T2-
weighted images [59,60]. The pattern of enhance-
ment is attributed to the classic hypervascularity of 
these tumors and is usually homogeneous or ring 
enhancing in tumors >2 cm [57,59]. Metastases fol-
low a similar enhancement pattern as well [59]. 
Nevertheless, MRI role in the detection of insu-

linomas is limited by the typical contraindications 
to MRI use [6].
 Prior to CT introduction in the diagnosis of in-
sulinomas, digital substraction angiography (DSA) 
was the gold standard to detect tumor location [50]. 
Nowadays, angiography is applied in the context 
of selective arterial secretagogue injection (SASI) 
test, which utilizes the pancreatic F-NET hormone 
secretion to localize the tumor [50,61]. SASI test 
is done through the selective intra-arterial ad-
ministration of calcium gluconate (secretagogue 
of insulin) into the supplying arteries of pancreas 
and the hepatic arteries [61]. Hepatic venous blood 
sampling is achieved through a catheter placed in 
the hepatic vein and the post-injection increase in 
the serum immunoreactive insulin is evaluated to 
determine the tumor location [22,35,61]. SASI test 
sensitivity has been reported to range between 84-
100% and is the most sensitive method, independ-
ent of tumor size, to localize insulinomas preopera-
tively [61-63]. Figure 1 demonstrates a summary 
of U/S, CT and MRI appearance of insulinomas.
 Endoscopic ultrasound (EUS) sensitivity rang-
es between 70-95% and is the test of choice in the 
case of inconclusive results in the aforementioned 
first-line imaging tests [35]. EUS in combination 

Figure 1. U/S, CT and MRI appearance of insulinoma. Preoperative imaging confirmation and localization are of great 
importance in the context of surgical planning.
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with fine needle aspiration biopsy (FNA) achieves 
sensitivity up to 94% and specificity up to 95% 
[64-67].
 Somatostatin receptor scintigraphy (SRS) test 
is positive in only up to 50% of cases due to low 
density or absence of somatostatin receptor sub-
types 2 and 5 (sst2,sst5) [35,68,69]. In a small pro-
portion of patients with negative imaging PET/CT 
with 68Ga-DOTATOC or  68Ga-NOTA-exendin-4 is 
necessary in order to localize the tumor preopera-
tively [35,64].
 Newer data suggest that insulinomas highly 
express glucagon-like peptide-1 receptors (GLP-1R) 
and thus are labeled with a GLP-1R agonist (111 In-
DOTA-exendin-4), which has been used successfully 
in the detection of small tumors both pre- and intra-
operatively [71-74]. In many cases insulinomas can 
not be identified preoperatively and there is a need 
of a more sensitive non-invasive diagnostic test. 
Specifically, a recent systematic review by Mehrabi 
et al, evaluating 2.379 cases investigated after 2000, 
reported mean sensitivity of 85.3, 75.5, 57.7, 53.7 
for SASI test, EUS, MRI and CT respectively [44].
 Occult or non-detectable insulinomas are a 
diagnostic challenge for both radiologists and 
surgeons. The combination of CT, MRI and EUS 
achieves almost 100% sensitivity and occult tu-
mors are not frequent [32,65]. Recent data suggest 
that occult neoplasms are more frequently in the 
pancreatic head [65]. Norton et al in their case se-
ries study reported that only 33% of pancreatic 
head insulinomas were palpable intraoperatively in 
contrast to intraoperative ultrasound (IOUS), which 
precisely detected all of the neoplasms [75]. Intra-

operative palpation combined with IOUS is very 
effective (up to 93% detection rate) in the hands of 
surgeons trained on IOUS and familiarity with in-
sulinomas [22,32,44,76]. Figure 2 summarizes out 
proposed diagnostic and localization algorithm.

Treatment

Nonoperative

 Treatment of insulinomas is mainly surgical 
and the patient should be operated only if the di-
agnosis is confirmed, considering that currently 
blind pancreatectomy is not an appropriate thera-
peutic choice [32,77]. As soon as the diagnosis is 
confirmed, one of the most important aspects is 
the prevention of severe hypoglycemia through 
frequent meals and drugs, such as diazoxide ad-
ministered in dosages 50-300 mg/d [39,78]. Diazox-
ide is the typical antihypoglycemic drug acting as 
a potassium channel opener on β-pancreatic islet 
cells resulting in decreased insulin secretion [78-
81]. It is useful in approximately 2/3 of the pa-
tients, but should be stopped at least 1 week prior 
to surgical intervention due to risk of intraopera-
tive hypotension [39,78]. Side effects of diazoxide 
include peripheral edema, congestive heart failure, 
hypotension, renal dysfunction, weight gain and 
hypertrichosis [15]. Other drugs, that inhibit the 
biosynthesis or release of insulin and have been 
mentioned as a potential therapy in the literature, 
include streptozocin, verapamil and phenytoin [44].
Somatostatin analogs (SSAs), such as octreotide, 
are effective in the prevention of hypoglycemia 

Figure 2. Proposed algorithm for the diagnosis and localization of insulinomas. 
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in 40-60% of the cases and this variable response 
is most probably attributed to the variable distri-
bution of somatostatin receptors on insulinomas 
[39,82-85]. Ocreotide is used in long-acting release 
form at a monthly dose of 30 mg intramuscularly 
and the most common side effects include abdomi-
nal pain and flatulence as well as long-term compli-
cations (malabsorption, cholelithiasis) [82,86,87]. 
Despite of decreasing plasma insulin levels in 65% 
of patients, SSAs also inhibit counteractive hor-
mones secretion (glucagon and growth hormone) 
and their administration may result in exacerba-
tion of hypoglycemia [80,88-91]. 
 Recently, an inhibitor of the mTOR kinase 
(everolimus) has been reported to be an effective 
agent in the prevention of hypoglycemic episodes 
in patients with inoperable or malignant insu-
linomas (median duration of therapeutic effect: 
6.5 months) [35,92-99]. Tyrosine kinase inhibitor 
agents, including sutinib malate, have also been 
tested, presenting a relative success and may have 
a future role in the treatment of insulinomas [100].
 CT guided radiofrequency ablation (RFA) has 
been successfully used in the treatment of insu-
linoma of an elder patient with hypoglycemia re-

sistant to diazoxide, who was surgery ineligible 
due to other health issues [101]. Newer treatment 
options include US-guided ablation with ethanol, 
peptide receptor radionuclide therapy (PRRT), im-
age-guided robotic radiosurgery and irreversible 
electroporation (IRE) [98,102-104]. 

Surgical

Open surgery

 Despite development and advances in lapa-
roscopic surgery, insulinoma open surgery is the 
most widely accepted method [44]. Intraoperative 
palpation of pancreas combined with IOUS iden-
tification of homogeneous, hyperechoic masses 
permits the detection of over than 80% of tumors 
[105,106]. Nevertheless, approximately 10% of in-
sulinomas are not palpable and remain undetected 
without IOUS [15,107,108]. 
 The preferred surgical procedure, first per-
formed in 1931, is enucleation, especially in the 
management of small (<2.5 cm), benign, unilocu-
lar, superficial insulinomas located more than 2-3 
mm distal to the main pancreatic duct and major 
vessels [109-117]. Lymph node dissection is not in-

Figure 3. Open enucleation of insulinoma located in the body of pancreas that was preoperatively detected in CT. A 
small gray-red tumor was identified after resection and incision.
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cluded as routine treatment in patients with benign 
neoplasms, but is considered mandatory in cases of 
malignant tumors in the context of more extensive 
pancreatectomies [110-114]. Careful hemostasis 
and avoidance of main pancreatic duct injury are 
of extreme importance in order to decrease the risk 
of pancreatic fistula formation [116-118].
 Large tumors, high suspicion of malignancy 
or metastases indicate the need of pancreatectomy 
as the procedure of choice instead of enucleation 
[33,115]. Spleen preserving distal pancreatectomy 
or pylorus preserving pancreatoduodenectomy are 
safe and appropriate depending on the tumor loca-
tion [44,119-122]. Distal pancreatectomy, applied 
on lesions located in the body or tail of pancreas, 
is less invasive and associated with lower morbid-
ity and mortality compared to Whipple procedure 
[115]. Central pancreatectomy is an appropriate 
option for pancreatic isthmus or body tumors in 
order to preserve adequate functional pancreatic 
parenchyma [123]. 
 In the presence of multiple adenomas, enuclea-
tion of head tumors with distal pancreatectomy is 
an alternative to total or subtotal pancreatectomy 
[44,124]. Only 0.6% of insulinomas are treated with 
total pancreatectomy and it is well established that 
this extensive procedure should be avoided in most 
cases due to increased morbidity and mortality [44].
 Currently, enucleation is performed in 56% of 
patients, distal pancreatectomy in 32%, Whipple 
in 3%, subtotal pancreatectomy in less than 3%, 
whereas 0.5% of cases undergo exploratory lapa-
rotomy and biopsy [44].
 Figure 3 demonstrates a case of insulinoma 
open enucleation in the context of preoperative CT 
mediated tumor localization.

Laparoscopic surgery

 Laparoscopic excision of insulinoma in the 
form of enucleation or pancreatectomy is per-
formed in 5.5% of cases [44]. Gagner et al were 
the first to report laparoscopic enucleation of insu-
linoma in 1996 [125]. In a study by Sa Cunha et al, 
comparing laparoscopic and classic open enuclea-
tion, pancreatic fistula rate was significantly lower 
in the laparoscopic approach (14 vs 100%, p=0.015) 
[126]. Mean duration of hospitalization was 13±5.9 
days for the laparoscopic vs 17.6±7.5 days for the 
open procedure (nonsignificant difference) [126]. 
Newer evidence indicates the plausibility and 
safety of laparoscopic enucleation of insulinomas, 
especially in the treatment of distally located le-
sions [126-129].
 Laparoscopic enucleation is not free of obsta-
cles both pre- and intraoperatively. Preoperative 

localization of the neoplasm is significant consid-
ering that in laparoscopic surgery palpation of the 
pancreas is impossible [45,130]. Laparoscopic IOUS 
(LIOUS) is an invaluable tool and the sensitivity 
is comparable to IOUS during open surgery [131, 
132].
 Approximately 17-25% of laparoscopic proce-
dures are converted to open surgery due to difficul-
ties in surgical maneuvers, hemostasis or detection 
as a result of tumor location [27,127]. Other con-
version reasons include intrabdominal adhesions, 
malignancy, multiple adenomas and proximity to 
splenic vein [44].
 Minimal invasive distal pancreatectomy estab-
lishment in the treatment of insulinoma is rela-
tively recent [133]. Sussman et al reported a series 
of sporadic tumors excised with laparoscopic sta-
pler mediated distal pancreatectomy assisted with 
LIOUS [134]. There is congruence upon use of the 
aforementioned procedure, but the popularity and 
clinical experience remains limited [135-137]. In 
selected cases and in the hands of experienced 
surgeons laparoscopic approach is associated with 
faster recovery and acceptable perioperative mor-
bidity [138]. Park et al, in a case series study of 
23 successfully completed laparoscopic distal pan-
createctomies, reported 0% perioperative mortality 
and complications incidence of 16% [139].
 Hand-assisted laparoscopic surgery facilitates 
intraoperative pancreas palpation and probably the 
new generation robotic systems will definitely re-
solve this problem [140,141].

Treatment complications

 Mehrabi et al reported almost equal morbid-
ity for open (35.4%) and laparoscopic (32.8%) insu-
linoma excision operations and the most common 
complication in both approaches was pancreatic 
fistula (Open: 14.6% vs Laparoscopic: 7.2%) [44]. In 
a multicenter study by Kooby et al, there was no 
significant difference in the frequency of fistulas 
between open left-sided and laparoscopic left-sided 
pancreatectomy [142]. 
 Fistulas are more common in patients treated 
with tumor enucleation compared to other afore-
mentioned types of neoplasm excision [22,143]. 
Nevertheless, enucleation associated fistulas are 
less anatomically complicated due to low output 
and absence of pancreatico-jejunal or pancreatico-
gastric anastomosis and are usually conservatively 
treated, self-limited within 6 weeks [22,129,144]. 
Alternative approaches in the management of fistu-
las include percutaneous drainage, parenteral nu-
trition with SSAs and in most severe cases ERCP 
with sphincterotomy or reoperation [44,145]. 
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 According to Mehrabi et al, other common 
complications include those associated with ei-
ther open or laparoscopic pancreatectomy, such as 
abscess (Open: 4.8% vs Laparoscopic: 2%), pseudo-
cyst (Open: 3% vs Laparoscopic: 3.2%) and other 
observed only in open approach, such as diabetes 
mellitus (7.5%), pancreatitis (3.1%) and pulmonary 
embolism (1.8%) [44].

Survival, Prognosis and Follow-up

 Approximately 90-95% of insulinomas are 
benign with an expected 5-year survival rate fol-
lowing resection as high as 95-100% [22]. Relapse 
has been reported to be at the level of 3-5.4% in 
previous large series [146]. Patients may develop 
metastatic disease several years after excision of 
insulinomas initially considered to be benign and 
this relapse risk is more probable in grade G2 tu-
mors [17,146,147].
 Benign and malignant tumors are difficult to 
differentiate on histopathologic examination and 
frequently the diagnosis of a malignant insulinoma 
is confirmed by the presence of metastatic disease 
[148]. Most patients with malignant disease have 
lymph node or liver metastases and only rarely 
bony or other tissue metastases [149-151]. 
 Service et al observed 196 patients, initially 
symptomless for 6 months postoperatively and 
thus considered to be in remission, and reported 
recurrences between 4 and 18.5 years after initial 
tumor excision with a cumulative relapse frequen-
cy of 6% at 10 years and 8% at 20 years [17].
 Despite the availability of multimodal treat-
ment options, including surgery, chemotherapy, 
embolization, RFA and SSAs, malignant insulinoma 
prognosis is poor and the median survival duration 
is approximately 2 years [79,150,152]. Currently, 
chemotherapy in the treatment of malignant insu-
linomas is based on a combination of capecitabine 
and temozolomide, but the older combination of 
streptozocin and doxorubicin (or 5-fluorouracil) is 
still in use [153]. Prognosis in metastatic disease 
is poor even after R0 resection, but the treatment 
of metastatic disease should not be considered fu-
tile considering the improved quality of life [44]. 
In addition, liver or lymph node metastases are 
not always associated with poor prognosis [41,44, 
79,150].
 Jonkers et al investigated 62 sporadic insu-
linoma cases (44 benign and 18 metastatic tumors) 
in order to identify reliable markers of metastatic 
disease by the use of comparative genomic hybridi-
zation (CGH) [148]. Analysis revealed that the to-

tal number of genomic defects per tumor differed 
significantly between malignant and benign neo-
plasms (14.1 vs 4.2, respectively, p<0.0001) [148]. 
Chromosome 6q losses and 12q, 14q, 17q gains 
were found to be strong predictors for the meta-
static potential of the tumor and perfomed better 
than histopathologic parameters, such as tumor 
size or proliferation index [148].
 Insulinoma survivors should be followed-up at 
3,6,12 months interval postoperatively and subse-
quently annually, especially patients with malig-
nant disease or MEN1 associated tumors due to 
higher risk of relapse [17,35,44,154]. Disease re-
mission is defined by a symptomless 6-months in-
terval postoperatively and recurrence is extremely 
unlikely at ≥ 20 years after initial tumor excision 
[17,35,147]. Concise history should be obtained 
during follow-up reexamination including symp-
tomatology associated with hypoglycemia and 
workup should include fasting glucose, insulin, C-
peptide, proinsulin measurements as well imaging 
tests, such as CT or MRI [155].

Conclusion

 Insulinoma is the most common pancreatic F-
NET, occurs mostly during the 5th decade of life and 
is, in most cases, associated with excellent progno-
sis. Treatment is mainly surgical, but preoperative 
tumor localization is of extreme importance and is 
mediated through imaging tests, such as CT, MRI, 
EUS. If preoperative identification is not successful, 
palpation and IOUS are useful and reliable alterna-
tives. Surgical options include open or laparoscopic 
resection, tumor enucleation or distal pancreatec-
tomy. Nevertheless, open approach in the excision 
of insulinomas is the most popular method. Op-
erative plan may be modified in the presence of 
malignancy, multiple or large size neoplasms or 
lesions in proximity to the main pancreatic duct or 
major blood vessels. Complications may occur and 
the most frequent is pancreatic fistula in both open 
and laparoscopic procedures. Malignant metastatic 
disease mainly affects liver and lymph nodes. Most 
patients have benign disease and excellent progno-
sis after tumor resection, but malignant insulino-
mas have a poor prognosis, higher recurrence rates 
and decreased survival.
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