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Abstract
Insulinoma is the commonest functioning pancreatic neuroendocrine tumor. The only curative treatment is surgical exci-
sion after preoperative localization. A retrospective analysis of nine patients (February 2017–June 2020), 2 males and 
7 females, was done for clinical presentation, biochemistry, localization methods, intraoperative findings, postoperative 
outcome, histopathology reports, and follow-up. Techniques for localization of the tumor were pancreatic protocol triple-
phase multi-detector computed tomography (MDCT), endoscopic ultrasound (EUS), Ga 68 DOTANOC PET-CT, and Ga 
68 NOTA-exendin-4 PET-CT (GLP1R scan). The mean age was 38 (range 20–68) years and mean duration of symptoms 34 
(range 8–120) months, and symptoms of Whipple’s triad were present in all cases after a supervised 72-h fast. MDCT local-
ized tumor in 8/9 cases. EUS before MDCT in one patient had also localized tumors. Ga 68 DOTANOC PET-CT detected 
tumor in 2/4 patients. In one patient, MDCT or DOTANOC PET scan could not localize tumor; GLP1R scan localized 
tumor accurately. Two patients had associated MEN1 syndrome. All 9 patients underwent surgical resection (four open and 
five laparoscopic) of tumor-enucleation (3), distal pancreatectomy with splenectomy (3), and pancreatoduodenectomy (PD) 
(3). The last four procedures and all three enucleations were laparoscopic. Five patients developed postoperative pancreatic 
fistula (POPF), only one grade B which required percutaneous drain placement. One patient, who had initial open enuclea-
tion, developed hypoglycemia after 48 h; PD was performed. All patients were cured and all, except one (who died of upper 
GI bleed), were alive and disease-free during a mean follow-up of 26 (range 2–41) months. Preoperative localization of 
insulinoma is important and decides the outcome of surgery in terms of cure. MDCT can localize tumors in most patients; 
the last resort for localization is the GLP1R scan. Laparoscopic procedures are equally effective compared to open surgery. 
Considering the benign nature of the disease, enucleation is the procedure of choice.

Keywords  Pancreatic neuroendocrine tumor · Insulinoma · Enucleation · Ga 68 NOTA-exendin-4 PET-CT

Introduction

Insulinomas are the most common cause of endogenous 
hyperinsulinemic hypoglycemia in adults [1]. Insulinoma 
is the most common functioning pancreatic neuroendocrine 
tumor (PNET), accounting for one-third to one-half of all 
PNETS and 1–2% of all pancreatic neoplasms [2–5]. Insu-
linomas are usually located in the pancreas, equally distrib-
uted in the head, body, and tail, extra-pancreatic extremely 
rare (< 2%), mostly located in the duodenal wall [6]. Surgical 
removal is the treatment of choice but accurate localization 
of the tumor is the key to successful surgical management. 
Insulinoma can be sporadic or part of multiple endocrine 
neoplasia1 (MEN1) syndrome. Eighty percent of sporadic 
insulinomas are small and intrapancreatic, thus making 
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preoperative localization unsuccessful in 10–25% of cases 
[1]. There are very few reports of insulinoma from India 
[7–10].

In this study, we present a single-center experience with 
insulinoma and highlight the importance of accurate pre-
operative localization for successful surgical management.

Patients and Methods

Between February 2017 and June 2020, nine patients with 
a final diagnosis of insulinoma were identified at a tertiary 
care center in west India. The medical records of these 
patients were reviewed for demographic data, clinical pres-
entation, biochemistry, localization methods, intraoperative 
findings, postoperative outcome, histopathology reports, and 
follow-up.

Biochemical diagnostic criteria used for the diagnosis of 
insulinoma were plasma concentration of glucose < 55 mg/
dl, insulin level of at least 3.0 µIU/ml, and C-peptide level 
of at least 0.6 ng/ml [11]. A 72-h fasting test was done on 
all patients. All the cases were screened for MEN syndrome 
after confirming the diagnosis of insulinoma.

Techniques for localization of the tumor were pancreatic 
protocol triple-phase multi-detector computed tomography 
(MDCT), endoscopic ultrasound (EUS), Ga 68 DOTANOC 
PET-CT, and Ga 68 NOTA-exendin-4 PET-CT (GLP1R 
scan).

Postoperative pancreatic fistula (POPF) is defined as per 
the International Study Group on Pancreatic Fistula (ISGPF) 
[12].

All statistical analyses were done using the computer pro-
gram Microsoft Excel 2019.

Results (Table 1)

Clinical Profile

A total of 9 patients, 2 males and 7 females, with a mean 
age of 38 (range 20–68) years were diagnosed with an insu-
linoma. All the patients presented with typical features of 
Whipple’s triad, i.e., symptoms of hypoglycemia, low blood 
glucose levels, and relief of symptoms after glucose admin-
istration; the mean duration of symptoms before diagnosis 
was 34 (range 8–120) months. Two patients had insulinoma 
associated with MEN 1 syndrome.

Biochemical Analysis

All patients had typical neuroglycopenic symptoms with 
hypoglycemia. All patients underwent a supervised 72-h fast 

test; mean plasma concentration of glucose was 41 (range 
30–54) mg/dl, insulin 8.3 (range 3.1–16) µIU/ml, and C-pep-
tide 1.9 (range 0.9–4.3) ng/ml.

Preoperative Localization

Once hypoglycemia was documented, preoperative localiza-
tion procedures were done. All patients underwent pancre-
atic protocol triple-phase multi-detector computed tomog-
raphy (MDCT) which was able to locate the tumor in 8/9 
cases. One patient had undergone EUS before coming to our 
center which had also localized the tumor. Due to financial 
constraints, we were able to get Ga 68 DOTANOC PET-CT 
done in 4 patients only and it detected the tumor in only 
2/4 patients. In one patient, we were not able to localize 
the tumor with either MDCT or DOTANOC PET scan; this 
patient underwent GLP1R scan which localized the site of 
the tumor accurately.

Operative Procedure

After preoperative localization, all nine patients underwent 
surgical resection of the tumor—this included enucleation 
in three, distal pancreatectomy with splenectomy in three, 
and pancreatoduodenectomy (PD) in three patients. Four 
patients had open and five underwent laparoscopic proce-
dures. The last four procedures and all three enucleations 
were done laparoscopically; no blind surgery in the form of 
distal pancreatectomy had to be performed, because of accu-
rate preoperative localization of the tumor in all cases. The 
mean postoperative hospital stay was 8 (range 3–14) days.

Syndromic Insulinoma

On hormonal work-up, two patients were found to have asso-
ciated MEN1 syndrome. The first patient was a 45-year-old 
female with typical clinical diagnostic features of primary 
hyperparathyroidism, insulinoma, and multiple collagenoma 
but genetic work-up could not be done because of financial 
constraints. The second patient was a 20-year-old female 
with parathyroid adenoma with microprolactinoma diag-
nosed to have menin gene on genetic work-up.

Perioperative Blood Sugar Management

Patients were started on intravenous dextrose and intermit-
tent D25 infusions with hourly blood sugar monitoring. In 
the operation theater, dextrose drip was stopped just after the 
removal of the tumor and normal saline with insulin infusion 
was started, if required, to maintain the blood sugar around 
200 mg/dl. One patient required insulin even after discharge 
but it was stopped after 1 month on follow-up.
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Histopathology

Mean tumor size was 2.6 (range 1.5–5.5) cm. The tumor 
was located in the pancreatic head (2), uncinate process 

(1), body (4), and tail (2) of the pancreas. All tumors were 
benign, well-differentiated neuroendocrine tumor grade I. 
Immunohistochemical marker study was also suggestive 
of insulinoma in all patients.

Table 1   Summary of patients with insulinoma

EUS, endoscopic ultrasound; MDCT, multi-detector computed tomography; MEN1, multiple endocrine neoplasia 1; PD, pancreaticoduodenec-
tomy; POPF-BL, postoperative pancreatic fistula biochemical leak; WDNET, well-differentiated neuroendocrine tumor

Variables Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Age (years) 45 23 40 68 45 20 49 26 28
Sex F M F F F F F F M
Comorbidity - - - - - - - - -
Duration of 

symptom 
(months)

30 24 24 20 120 12 18 48 8

72-h fast test
Insulin (µIU/

ml)
3.6 16 12.6 7.2 3.1 9.7 10 6.3 6.3

Glucose (mg/
dl)

54 30 44 42 47 35 37 41 40

C-peptide (ng/
ml)

0.9 4.26 1.1 1.5 2.0 2.02 3.2 1.3 1.24

Localization
MDCT  +   +   +   +   +   +  -  +   + 
EUS  + 
68 Ga 

DOTANOC 
PET

 +  - -  + 

GLP1R scan  + 
Preoperative 

localization
Y Y Y Y Y Y Y Y Y

Site of tumor Body Uncinate Head Body Head Body Tail Body Tail
Surgery Open distal 

pancreatec-
tomy with 
splenec-
tomy

PD Enucleation 
followed by 
PD

Lap distal 
pancreatec-
tomy with 
splenec-
tomy

PD Lap distal 
pancreatec-
tomy with 
splenec-
tomy

Lap enuclea-
tion

Lap enuclea-
tion

Lap enu-
cleation

Morbidity - - POPF-BL POPF-BL POPF-BL POPF-BL - - POPF-B
Clavien-Dindo 

grade of 
complica-
tions

- - IIIb - - - - - IIIa

Hospital stay 
(days)

12 9 14 4 8 4 5 3 9

Histology WDNET WDNET WDNET WDNET WDNET WDNET WDNET WDNET WDNET
Grade G1 G1 G1 G1 G1 G1 G1 G1 G1
Size of tumor 

(cm)
5.5 1.8 1.5 1.5 1.5 5.2 4.0 1.5 1.5

30-day mortal-
ity

- - - - - - - - -

Follow-up 
(months)

41 *2 33 31 29 28 16 15 12

Sporadic vs 
syndromic

Syndromic 
(MEN1)

Sporadic Sporadic Sporadic Sporadic Syndromic 
(MEN1)

Sporadic Sporadic Sporadic
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Postoperative Complications

Only two out of the nine patients had major (Clavien-Dindo 
grade IIIa and IIIb) complications. One of these two patients 
with grade B POPF required percutaneous drain placement. 
The other patient initially underwent open enucleation of the 
tumor; histology revealed insulinoma. But the patient devel-
oped an episode of hypoglycemia after 48 h and a repeat 
MDCT revealed a remaining tumor, so PD was performed; 
histology was residual insulinoma. Four patients had grade 
BL (biochemical leak) POPF which settled on its own. Three 
patients did not have any complications.

Follow‑up

The mean follow-up period was 26 (range 2–41) months 
and none of the patients was lost to follow-up. All patients 
were cured of the disease and, except one, all were alive and 
disease-free during the follow-up. One patient developed 
an upper gastrointestinal (UGI) bleed after pancreatic stent 
removal on follow-up; the bleed initially stopped with con-
servative treatment but he again had another episode of UGI 
bleed and died 2 months after surgery. None of the patients 
developed recurrence.

Discussion

Very few reports of insulinoma have been published in India. 
Paul et al. [7] published their experience with 18 patients 
managed at the Christian Medical College (CMC), Vel-
lore, over 10 years (1995–2005) [7]; Gopal et al. [8] pub-
lished their experience with 26 patients managed at the 
King Edward Memorial (KEM) Hospital, Mumbai, over 
16 years (1993–2009) [8]; and Jyotsna et al. (2006) pub-
lished their experience of 31 patients at the All India Insti-
tute of Medical Sciences (AIIMS), New Delhi, over 13 years 
(1992–2005) [9] and later in 2016 of 35 patients over 8 years 
(2006–2013). We report our experience with 9 patients man-
aged over 3 years (2017–2020) [10].

Two males and seven females in our study suggest female 
preponderance which is similar to other studies [13]. The 
mean age of presentation was in the fourth decade and the 
mean duration of symptoms before diagnosis was long, 
i.e., 34 (range 8–120) months, because symptoms of hypo-
glycemia are vague and non-specific [6]. Clinically, these 
patients have varied neurological symptoms ranging from 
simple confusion and neurocognitive deficits to frank sei-
zures and even coma [14, 15]. Typical manifestations of 
insulinoma are the symptoms of hypoglycemia usually pro-
voked by fasting or exercise [16]. A wide spectrum of clini-
cal manifestations in patients with insulinoma is the reason 
for the difficult recognition of the disease with a long time 

interval between the onset of the symptoms and the diag-
nosis. Insulinoma is confirmed by the presence of endog-
enous hyperinsulinemic hypoglycemia. The diagnostic “gold 
standard” for insulinoma is the 72-h fast test [17]. One-third 
of patients develop corresponding symptoms within 12 h, 
80% within 24 h, 90% within 48 h, and almost 100% of 
patients within 72 h after the test initiation [6]. The 72-h 
fast test was done in all our patients and the results were 
positive as per the standard guidelines. Diagnosis of endog-
enous hyperinsulinism can be made by the presence of blood 
glucose level < 55 mg/dl (3.0 mmol/l); concomitant insulin 
level ≥ 3 µIU/ml (≥ 18 pmol/L); C-peptide level ≥ 0.6 ng/
ml (0.2 nmol/L); and proinsulin level 5.0 pmol/L [18]. The 
mean insulin and C-peptide levels in our study were similar 
to the NIH data [19].

Medical therapy can control hypoglycemic symptoms 
in approximately 50–60% of patients with insulinoma but 
surgery remains the only curative treatment [20]. Surgical 
excision is the definitive treatment and the majority of the 
patients become symptom-free after surgical removal of the 
tumor [16]. The most important factor in the successful sur-
gical management of insulinoma is the preoperative localiza-
tion of the tumor in the pancreas [21]. The recurrence rate 
is about 7% in insulinomas without MEN 1 but increases to 
21% in those with MEN 1 [22]. Preoperative localization 
facilitates pancreas-preserving surgery such as enucleation 
or limited segmental resection [23], decreases the operating 
time, increases the chances of surgical cure, and prevents the 
need for repeat surgeries [19, 24, 25].

A basket of preoperative localization modalities is cur-
rently available and these range from non-invasive imag-
ing such as abdominal ultrasonography (US), computed 
tomography (CT), and magnetic resonance imaging (MRI) 
to invasive modalities such as arteriography, transhepatic 
portal venous sampling (THPVS), intraarterial calcium 
stimulation with hepatic venous sampling (ASVS), endo-
scopic ultrasonography (EUS), and intraoperative ultrasound 
(IOUS). Recently, newer modalities for localization, e.g., Ga 
68 DOTANOC PET-CT, Ga 68 DOTATATE PET-CT, and 
Ga 68 NOTA-exendin-4 PET-CT (GLP1R scan), have been 
described which have sensitivities up to 98% [26].

Though US is a widely available, non-invasive, low-cost 
test, it was not done in our study for localization as it is 
highly operator-dependent and 9–66% can only be localized 
[27, 28]. Contrast-enhanced US (CEUS) using microbubbles 
is more accurate with a sensitivity of 89% and a specificity 
of 87%, because of the strong vascularity of the insulinomas 
[29, 30].

In our study, we performed MDCT in all patients with a 
sensitivity of 89%, similar to other studies. CT is a simple 
and safe procedure to perform that is operator-independent. 
CECT of the abdomen is one of the most commonly used 
diagnostic procedure with a sensitivity of 35–82% [31, 32]. 
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The thin-section MDCT is more accurate, reaching a sensi-
tivity of 83–94% [33, 34]. CT visualizes the exact location 
of an insulinoma, its relationship to vital structures, and the 
presence of metastases [35]. Multi-phase CECT is currently 
accepted as the first-line investigation for the visualization of 
insulinoma. Typically, insulinomas are hypervascular and, 
as a result, demonstrate a greater degree of enhancement 
than the normal pancreatic parenchyma during the arterial 
and capillary phases of contrast bolus (Fig. 1) [36]. Atypical 
CT appearances of insulinoma are occasionally encountered 
and can include hyperdense lesions precontrast, hypovascu-
lar and hypodense lesions post-contrast, cystic masses, and 
calcified masses [36]. Calcification, when it occurs, tends to 
be discrete and nodular, and is more common in malignant 
than in benign tumors [37, 38]. Technical advances have 
improved the quality of CT, with a recent study reporting 
that an MDCT enabled visualization of as many as 94% of 
insulinomas [34].

We did not perform MRI in our cases but, currently, 
strong evidence is emerging for the use of MRI in the imag-
ing of insulinomas and investigators have shown high sen-
sitivity for MRI in the detection of insulinomas [35]. The 
sensitivity of MRI for the localization of an insulinoma is 
35–63% and can detect smaller lesions than CT scans [27, 
39]. Like CT, MRI is safe, non-invasive, and rapid, and 

facilitates the detection of metastases. Insulinomas generally 
demonstrate low signal intensity on T1-weighted images and 
high signal intensity on T2-weighted images [37]. In current 
practice, MRI is a second-line (after CT) investigation for 
the localization of insulinomas, but it could potentially take 
over from CT in the future as it becomes more widely avail-
able and expertise improves.

The most accurate diagnostic tool for insulinomas is 
EUS with a sensitivity of 94% alone or up to 100% when 
combined with CT [27, 31]. EUS gives information on the 
adjacent lymph nodes also [27, 40, 41] and its power of 
detection is maximum for lesions in the head and the body of 
the pancreas with a sensitivity of 95% and 98%, respectively 
[31]. It allows to perform biopsy or cytology with fine-nee-
dle aspiration [42] and mark the lesion with a tattooing agent 
[43]. EUS also helps to know whether tumor enucleation is 
possible as it can estimate the distance between the tumor 
and the main pancreatic duct [44]. The limitations are that it 
is invasive, operator-dependent, and frequently incapable of 
detecting tumors of the pancreatic tail [31, 45]. In our study, 
EUS was done in only one patient before the patient was 
referred to our center and it detected the tumor accurately.

Despite this wide array of localization modalities avail-
able, some investigators still prefer to minimize the number 
of preoperative investigations, as surgical exploration with 

Fig. 1   Computed tomography 
images of patients of insu-
linoma. a Head. b Uncinate 
process. c Body. d Tail of the 
pancreas
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palpation and intraoperative ultrasonography (IOUS) by 
experienced surgeons has consistently been shown to have 
an impressive overall sensitivity of 95 to 100% [46, 47]. At 
our center, we did not have to perform IOUS in any case 
because we were able to localize the tumor preoperatively 
in all patients.

18 F-fluorodeoxyglucose PET is not useful for the diag-
nosis of insulinoma because of its low proliferation rate 
[27]. Different somatostatin receptors (SSTR) and glucagon-
like peptide-1 (GLP-1) receptors are expressed by benign 
and malignant neoplasms [26, 48, 49]. In our study, Ga 
68 DOTANOC PET-CT accurately localized the tumor in 
only 2 out of 4 patients because benign insulinomas show 
a low expression of SSTR subtype 2, with a sensitivity of 
25–31% [50–52]. Prasad et al. found that SSTR2 expression 
in insulinomas is present in up to 80% of cases [53] and, 
in a recent study, 68 Ga-DOTATATE scans localized the 
tumor in 9 out of 10 cases (sensitivity of 90%) [54]. Benign 
insulinomas express GLP-1R on the cell surface with high 
(> 90%) incidence and high density [48], which makes them 
highly detectable with GLP-1R scan, a technique that uses 
an agonist of GLP-1R, even though it is not widely avail-
able. In the prospective study conducted in 2016 by Luo Y 

et al., GLP-1R showed a sensitivity of 98% [26, 55, 56]. In 
our study, in one patient in whom other investigations failed, 
GLP-1R scan accurately localized the tumor (Fig. 2).

Invasive localization studies such as arteriography and 
selective arterial calcium stimulation test (SACST) have the 
sensitivity of 70–100%, but in clinical practice are not used 
now because of their invasiveness [57].

With the use of accurate preoperative localization, the 
Mayo Clinic reported the reduction of blind explorations 
from 26 to 0% over the last 20 years [58].

After the localization of the tumor, surgery is the only cura-
tive treatment. In our study, no blind distal pancreatectomy 
was performed as it used to be done in past in the manage-
ment of patients with occult insulinoma [7, 8]. The exact sur-
gical procedure for insulinoma remains a matter of debate, 
although most investigators would advocate a pancreas-sparing 
approach [7, 47]. One of the studies found enucleation to be 
associated with a higher risk of microscopic positive margins 
compared with a formal resection (38% vs 0%, p = 0.043) but 
R1 resection was not associated with an increase in recurrence 
or reduced survival [59, 60]. Our patients’ surgery was done by 
both open and laparoscopic techniques and included resection 
and/or enucleation. Laparoscopically, total of five procedures 

Fig. 2   a MDCT image of 
insulinoma showing enhancing 
lesion in the tail of the pancreas 
mimicking as spleniculi. b 
GLP1R scan image of the same 
patient showing uptake in the 
lesion. c Enucleated specimen
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were done including enucleation in three and distal pancrea-
tectomy with splenectomy in two. This was possible because 
of preoperative localization. The success rate of laparoscopic 
resection is 70–100% with minimal mortality and equivalent 
safety and efficacy rates as open resection [28]. To achieve bet-
ter accuracy in localization, one can use the laparoscopic US. 
Laparoscopic surgery, including enucleation, is being increas-
ingly used to treat insulinomas and may become the surgical 
approach of choice in the future [7, 61].

The cure rate of surgery is 77–100% [49] and overall sur-
vival after resection is 97% at 5 years and 88% at 10 years 
[20]. In our study, we were able to get a 100% cure because 
of accurate preoperative localization of the tumor in all cases. 
All (except one, who died) of our patients are symptom-free on 
follow-up and without any recurrence of the disease.

None of our patients was found to have nesidioblasto-
sis which is an abnormal proliferation of β cells throughout 
the entire pancreas [62]. It is a rare cause of adult hyper-
insulinemic hypoglycemia seen in only 0.5 to 5% of cases 
[63]. It is difficult clinically and biochemically to distinguish 
between diffuse nesidioblastosis and insulinoma [64]. The 
treatment of adult nesidioblastosis is surgical resection of 
the pancreas in the form of subtotal pancreatectomy leaving 
a rim of pancreatic tissue attached to the second part of the 
duodenum [65].

Insulinomas can be sporadic or a part of MEN 1 syn-
drome. Ninety percent of insulinomas measure < 2 cm and 
30% are < 1 cm in diameter. Ten percent are multiple, 10% 
are malignant [66], and 10% are associated with MEN 1 
[67]. The average age of occurrence is 45 years for sporadic 
cases and 25 years for MEN 1 [1, 4, 68]. Sporadic insu-
linomas are usually solitary, benign, and encapsulated small 
lesions. MEN1 patients may present with multiple tumors 
in 80% of cases so the surgical approach should be more 
aggressive and radical [69]. In our study, two patients had 
associated MEN 1; both underwent distal pancreatectomy 
with splenectomy (no other tumor was present in the pan-
creas during surgery) and in one parathyroidectomy was also 
required.

Limitations of our study are its retrospective nature 
and the small number of patients but we were able to 
achieve 100% preoperative localization of the tumor, using 
mainly MDCT and supportive imaging modalities 68 Ga 
DOTANOC PET-CT and GLP1R scan. This ensured com-
plete excision of the tumor and symptom-free survival dur-
ing a follow-up of more than 24 months.

Conclusion

After clinical suspicion and biochemical diagnosis, preop-
erative localization of insulinoma is very important and will 
decide the outcome of surgery in the form of a cure. MDCT 

can localize the tumor in most patients. The last resort for 
localization is the GLP1R scan which can detect insulinoma 
with 100% sensitivity. Laparoscopic procedures are equally 
effective compared to open surgery. Considering the benign 
nature of the disease, enucleation is the procedure of choice.
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