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Introduction: Insulinomas are rare, usually sporadic, and typically benign pancreatic neuroendocrine tumours. Pre-operative localization is
challenging and evidence on comparative analysis of anatomic and scintigraphic modalities for pre-operative tumour localization is limited,
even in contemporary series. Methods: The current study was designed to study the clinical features and management challenges of insulinomas
managed at a tertiary care centre. Clinical features, diagnosis, imaging techniques, surgical procedures, and outcomes details were collated.
Pre-operative imaging techniques (CT/MRI, nuclear scintigraphy) were compared with intraoperative and histopathological findings to assess
their accuracy of localization. Results: Thirty-seven patients (15 females [42%]; median age 36 years [IQR 28-49]) were included in the study.
In four patients (10.8%), the tumour occurred in the setting of multiple endocrine neoplasia type 1 (MEN 1) while the remaining were sporadic.
The sensitivity of pre-operative localization was 61.5% (multiphasic CT), 66.6% (multiphasic MRI), 100% (68Ga Exendin-4 PET-CT), and
91.6% (EUS). Three patients with normal multiphasic CT had localization on 68 Ga Exendin-4 PET-CT. The positive predictive value (PPV) of
both Exendin-PET-CT and EUS was similar at 91.6% and 91.6%, respectively. All patients (except one with nesidioblastosis), who underwent
enucleation or partial pancreatic resection, were cured. Conclusion: 68Ga Exendin-4 PET-CT based is a non-invasive imaging modality that
has high sensitivity and PPV and can be used as a first-line imaging modality. The overall prognosis of these tumours is good with high cure
rates attained following surgical resection.

Keywords: Endoscopic ultrasound, enucleation, F-DOPA PET, 68Ga-labeled exendin-4 PET, insulinoma, pancreatic neuroendocrine
tumour

INTRODUCTION inappropriate secretion of insulin, leading to hypoglycaemia.
Patients may experience symptoms of hypoglycaemia
due to a catecholamine surge (tachycardia, diaphoresis,
tremors) and/or in the form of neuroglycopenia (confusion,

Insulinomas are rare neuroendocrine tumours of the pancreas,
with a reported annual incidence of 1 to 4 cases per million.[!
These are usually sporadic, typically less than 2 c¢cm in size,
solitary and benign (in at least 90% of cases), and are diagnosed
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seizures, behavioural changes, and coma. More often than
not, the diagnosis is delayed as symptoms are misattributed
to psychiatric, cardiac, and neurological disorders. Fasting
hypoglycaemia is the usual manifestation seen in approximately
75% of cases, while up to 20% may have both fasting and
postprandial hypoglycaemia.>!

In the evaluation of insulinoma, there are two crucial steps: the
first is to establish the diagnosis, and the second one is to localize
the tumour. Establishing the diagnosis requires fulfilment of
the classical Whipple’s triad, which includes documented
hypoglycaemia (plasma glucose <55 mg/dl), symptoms
consistent with hypoglycaemia, and relief of hypoglycaemic
symptoms on exogenous glucose administration.l”! Localization
of the culprit lesion is the more challenging part, and multiple
modalities have been employed for the same.® These include
the routinely used computed tomography (CT), magnetic
resonance imaging (MRI), endoscopic ultrasound (EUS), as
well as the relatively newer methods such as somatostatin
receptor scintigraphy-based imaging with 68Ga-DOTA
PET-CT and the glucagon-like peptide 1 receptor-based
68Ga-Exendin-4 PET-CT scintigraphy, both of which are
highly sensitive and specific for localizing insulinoma.
The specialized method of selective intra-arterial calcium
stimulation combined with hepatic venous insulin estimation
may be required in some cases where other modalities fail
to localize the insulinoma. Pre-operative localization of the
tumour is helpful in decision-making for the appropriate
surgical procedure that will most likely result in a cure, either
that enucleation or pancreatic resection.

Surgical excision is the treatment of choice in all cases of
insulinoma, irrespective of size. The risk of recurrence after
surgery is 0—5% at 10 years and 0—7% at 20 years in sporadic
insulinoma, while it is greater among patients with MEN-1
syndrome (up to 20% at 10 years).”! Herein, we present
our tertiary care centre experience of the clinical attributes,
diagnostic methods, clinical outcomes, and long-term
follow-up of insulinomas over a decade.

MareriaLs AND MEeTHODS

This was the data from a single tertiary care centre.
A retrospective evaluation of medical records was performed
for histopathologically confirmed cases of insulinoma from
January 2011 to June 2021. Data regarding their demographic
profile, clinical presentation, diagnostic workup, and medical
and surgical treatment outcome were retrieved.

Biochemical diagnosis of insulinoma

The diagnosis of insulinoma was made based on the
clinical signs and symptoms of hypoglycaemia. Subjects
fulfilling the Whipple’s triad were subjected to a prolonged
supervised (48 to 72 hr) fast, after excluding factitious and
systemic causes of hypoglycaemia. An inappropriately
elevated level of insulin >3.0 wU/ml (18 pmol/l) and
c-peptide >0.6 ng/ml (0.2 nmol/l) in the presence of
documented hypoglycaemia <55 mg/dl (<3 mmol/l)

with serum P-hydroxybutyrate level of <2.7 mmol/l, was
considered diagnostic for endogenous hyperinsulinemic
hypoglycaemia (EHH).[ Insulin and c-peptide were estimated
by electro-chemiluminescence-immuno-assay (ECLIA)
[ELECSYS Roche Diagnostics COBAS 8000, Germany].
The intra- and inter-assay CV for C-peptide was 2.8% and
1.8%, respectively, by ECLIA and the same was 1.4% and
1.0%, respectively, for insulin. HbAlc was estimated by
high-performance liquid chromatography (HPLC) using
the Bio-Rad 10 system (Bio-Rad, Hercules, CA), with an
intra-assay CV of 0.81% and an inter-assay CV of 2.35%.
Biochemical parameters (glucose, liver, and renal function
tests) were measured using the COBAS 8000 Analyser Roche
Diagnostics, Germany).

Pre-operative localization of insulinoma

After confirming EHH, appropriate imaging modalities,
including CT abdomen (dual-phase or triple-phase), MRI
abdomen, and endoscopic ultrasound, were performed to
localize the lesions. The usual institutional protocol included
an initial anatomic localization (CT), followed by MRI, if
not localized by CT. Subsequently, a scintigraphy-based
anatomic and functional localization (either the SRS-based
68Ga-DOTATATE/DOTANOC PET-CT or the F-DOPA PET
CT) or the later introduced 68Ga-Exendin-4 PET-CT was
performed. Endoscopic ultrasound (EUS) was performed in
cases where the culprit lesion was not localized, or in cases
of discordance between anatomic and scintigraphy-based
imaging. In a subset of subjects in whom the lesions were
either not identified by the abovementioned modalities
or were multiple, the selective intra-arterial calcium
stimulation (SACS) test was performed.

Following pre-operative localization, patients underwent
surgery (either enucleation or pancreatic resection). During
the procedure, the concordance of pre-operative imaging
with intraoperative findings was further compared to evaluate
the accuracy of localization. After resection of the lesion,
the sample was submitted for frozen section analysis and
histopathology examination to confirm the presence of a
neuroendocrine tumour (NET) and establish its WHO grade.
Immunohistochemical analysis was also performed for insulin
and chromogranin.

Patients were considered to be in remission if there were no
recurrent episodes of hypoglycaemia following the surgical
intervention, irrespective of documented post-operative
rebound hyperglycaemia.

Statistical analysis

Statistical analyses were performed using the statistical
package Graph pad software (Prism version 9.0, California,
San Diego). Continuous variables were expressed as
mean + SD or median with the interquartile range as per
normality using the Kolmogorov—Smirnov test and classified
as parametric or nonparametric. All comparisons were done
at a level of significance of 0.05 (P value). Sensitivity and
positive predictive values of the various imaging modalities
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were evaluated considering the intraoperative localization and/
or histopathological demonstration of the lesion as the gold
standard. The accuracy of the different imaging modalities used
for tumour localization was compared with the gold standard.

Ethical aspects

The study was approved by Institutional Ethics Committee,
PGIMER, Chandigarh, India (IEC 07/2020 1715). Written
informed consent was taken from all the patients during
admission and/or follow up of this study. It was as per the
declaration of Helsinki.

ResuLts

There were a total of 37 patients with histopathologically
proven disease, including 36 cases of insulinoma and 1 case
of adult nesidioblastosis, over the past decade. The protocol
for their diagnosis and evaluation is depicted in Figure 1.
Their clinico-demographic characteristics, biochemical and
hormonal evaluation, pre-operative localization, management,
and outcomes are summarized below.

Clinical and demographic characteristics

There were a total of 15 females (42%), with a median age of
36 years (IQR 28-49) and a body mass index of 27.5 kg/m? (IQR
23.5-30.4). The most common pattern was sporadic (89.1%), and
in four patients (10.8%), the tumour occurred in the setting of
possible or proven MEN 1. There were four patients (10.8%, one
female) with multiple insulinomas, two of them associated with

MEN 1. Two patients with insulinoma associated with MEN 1 had
prolactinoma before the diagnosis of insulinoma and the other was
diagnosed with acromegaly during the follow-up. Two of them had
primary hyperparathyroidism. In the third patient, there was no
PHPT even after 4 years of follow-up; her mutation analysis for the
Menin gene was negative; hence, she was diagnosed as a MEN 1
phenocopy [Figure 2]. In four patients, insulinoma was multifocal,
while in the rest, it was a single lesion. Metastatic malignant
insulinoma was present in three patients, most commonly with
metastases to the liver, lymph nodes, and bone.

The median time from symptom onset to diagnosis was
1.2 years (0.5-3.5). Weight gain was present in 63.6% (26/35)
of the patients, and a history of weight loss was not present in
any of the patients. All patients reported a history of fasting
hypoglycaemia, and episodic post-prandial hypoglycaemia was
found in 56.7% (17/30) patients. Neuroglycopenic symptoms
were present in (86.4% of patients and adrenergic in 81% of
patients. Confusion (n = 24, 64.8%) was the most common
neuroglycopenic symptom. Medical management was used
prior to diagnosis in 59.4% patients, and approximately 80%
of these were inadvertently prescribed anti-epileptic agents.
These parameters are summarized in Table 1.

Biochemical parameters

Prolonged supervised fast was done in 70.2% of patients (26 of 37),
and the median duration of the fast required to attain symptomatic
hypoglycaemia was 4.5 hours (IQR 3.75-16.5). The median nadir
plasma glucose was 30 mg/dl (IQR 26-36 mg/dl). Concomitant

Suspected case of endogenous hyperinsulinemic

hypoglycemia (EHH)

Patients with suspected EHH were subjected to a prolonged supervised

[ e |

fast to meet criteria of Whipple's triad

Anatomic
Initial using CECT, followed by MRI (if not localized by CT)

|

scintigraphy-based (either the SRS-based 68Ga-DOTATATE/DOTANOC PET-CT or the F-

Functional (and anatomic) localization
DOPA PET CT) or 68Ga-Exendin 4 PET-CT was performed

Endoscopic ultrasound (EUS)

Enucleation was done in (21/37) patients, distal pancreatectomy in (3/37),

median pancreatectomy in (1/37), subtotal pancreatectomy in (1/37) of them

3 patients with malignant insulinoma received either PRRT or chemotherapy

Figure 1: Flowchart depicting the protocol for diagnosis and evaluation of patients with suspected endogenous hyperinsulinemic hypoglycaemia at

our institution
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Figure 2: Panel of photographs of a 53-year-old female patient with endogenous hyperinsulinemic hypoglycaemia who had (a) coarse facial features
due to underlying acromegaly which was due to a pituitary microadenoma on contrast-enhanced sagittal section MRI of the pituitary (red arrow) and/
or insulinoma as depicted by the 2.5 x 2.4 cm lesion in the tail of pancreas depicted by the white arrow on contrast-enhanced CT (c). The pancreatic
lesion was concordant on (d) 68Ga DOTATATE PET-CT with intense avidity (SUV Max 56.4) represented by the white arrow. The patient underwent
distal pancreatectomy, and histopathology revealed a WHO grade 2 insulinoma with (e) showing a nesting pattern with nuclear atypia and prominent

nucleoli (H and E 4x) and (f) shows tumour in the submucosa of the small intestine with normal mucosa (H and E 40 %)

median plasma insulin during episodes of hypoglycaemia was
21.9 mIU/ml (IQR 12-36 mIU/ml) and c-peptide was 4.5 ng/ml
(IQR 3.0 to 7.5 ng/ml). Median glycated haemoglobin was
4.8% (IQR 4.3-5.0%). The median cortisol was inappropriately
low (median 344 nmol/l, IQR 200 to 456).

Localization studies

After confirmation of EHH, different imaging modalities were
used to localize the culprit lesion. Computed tomography (CT)
and MRI localized the lesion in 64.7% (22/34) and 64.3% (9/14)
cases, each [Table 2]. In two of the patients who had more than
one lesion at surgery, CT picked up only one and missed the
additional lesion. MRI picked up the lesion in two patients
which was missed by CT but was falsely normal in one patient.

68Ga DOTANOC/DOTATATE or 18F-DOPA PET/CT
correctly localized the tumour in 11 of 17 patients. It was
falsely normal in 3 and localized to the wrong site in another
patient. Metastases to the liver and lymph nodes were seen in
one patient and multiple diffuse lymph nodal uptake was seen
in another [Figure 3]. 68Ga Exendin-4 PET-CT was done in
15 patients and rightly localized the tumour in 13 of them,
including one with nesidioblastosis. Of the 12 patients who had
undergone Exendin PET for whom histopathology (HPE) was
available, the lesion was localized correctly in 91.2% (11/12)
of them [Table 2]. The sensitivity of CT and MRI, in
localizing the tumour, was 61.5% and 66.6%, respectively. The
sensitivity and PPV of Exendin PET were 100% and 91.6%,
respectively [Table 3].

EUS revealed a lesion in 14 of the 17 patients in whom it
was performed. Out of 25 patients with HPE available, 14
had undergone EUS of which 12 were positive (85.7%,
12/14) [Table 2]. The sensitivity and PPV of EUS were both

Figure 3: Image panel of a 62-year-old male with endogenous
hyperinsulinemic hypoglycaemia with (a) showing mesenteric and
retroperitoneal lymphadenopathy on contrast-enhanced CT of the
pancreas represented by white arrows and (b) depicting the showing
intensely tracer avid enlarged enhancing celiac axis, paraaortic,
perigastric, peripancreatic, retrocaval, aortocaval, and mesenteric (largest
3.4 x 2.6 cm, SUV max 57.6) lymph nodes represented by yellow arrows
on 68GaDOTATATE PET-CT. The patient underwent a core biopsy which
revealed a tumour showing papillary architecture (H and E 20%). The
IHC for insulin shows strong cytoplasmic positivity (IHC x 20x). He
was managed with adjuvant everolimus therapy

similar at 91.6% [Table 3]. Multiple lesions were there in
three patients. EUS picked up a lesion that CECT, MRI, and
F-DOPA missed [Figure 4]. The site of occurrence of the culprit
lesion for insulinoma was slightly different between the two
modalities, namely the CT and EUS. While CT localized the
tumour to pancreatic head (2), tail (5), between the junction of
body and tail (1), body (1), neck (3), junction between body and
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Table 1: Clinical, demographic, and biochemical
parameters of the cohort

Parameter Value

Age (years) 36.0 (28.0 to 49.0)
Gender (% females) 42%
Median duration of symptoms prior to 15 (6 to 42)
diagnosis (months)

Fasting hypoglycaemia symptoms (%) 97.2%
Postprandial symptoms (%) 56.7% (17/30)
Both fasting and postprandial symptoms (%) 60% (15/25)
Weight gain (%) 74.2% (26/35)

BMI (kg/m?)

Medical treatment before diagnosis (%)*

27.5(23.5t030.4)
81.4% (22/27)

Syndromic association” 10.8% (4/37)

ALT (IU/T) 32 (22 to 47)
AST (1U/1) 31 (23to41)
Alb (g/dl) 4.1(3.6t04.2)
Creatinine (mg/dl) 0.80 (0.60 to 0.95)
Total cholesterol (mg/dl) 152 (125 to 165)
LDL (mg/dl) 96 (73 to 111)
HDL (mg/dl) 36 (26 to 41)

Triglycerides (mg/dl)
Parameters during the prolonged supervised fast

120 (91 to 214)
Time to hypoglycaemia during supervised fast (hrs) 4.5 (3.75 to 16.5)
30 (26 to 36)
31 (26 to 37)
0.17 (0.10 to 0.20)
21.9(12.0to 63.1)
45(3.0t07.5)

Fasting plasma glucose (mg/dl)

Glucose during prolonged supervised fast (mg/dl)

Ketones-B-hydroxybutyrate (mIu/ml)

Insulin level (pU/ml)

C-peptide (ng/ml)

HbAlc (%) 4.8 (4.3105.0)

Cortisol (nmol/1) 344 (200 to 456)
Values are expressed in frequency (1n%) or median (IQR), as appropriate.
#—Mostly anti-epileptics due to inadvertent diagnosis of seizure
disorder or in patients who presented with neuroglycopenic symptoms,
"—Mostly patients with MEN-1 syndrome. BMI—Body mass index,
MEN 1—Multiple Endocrine Neoplasia, ALT—Alanine transaminase,
AST—Aspartate transaminase, Alb—Albumin

neck (1) and uncinate process (3), the tumour location based
on EUS was in the pancreatic head (2), tail (2), between the
junction of body and tail (3), body (5), neck (1), and uncinate
process (5). Overall, the tumour localization was as follows:
CT-Head (5), Body (6), Tail (5) and EUS-Head (3), Body (13),
Tail (2).

Selective arterial calcium stimulation (SACS) was done in
three patients in whom localization of the tumour was not
possible by other methods. Localization was successful in two
of the three patients. The one in whom localization was not
possible had nesidioblastosis.

Treatment

Eighteen patients (48.6%) required pharmacotherapy for
the management of hypoglycaemia in the pre-operative
period during the hospital admission, which included
diazoxide (n = 14), octreotide (n = 8), nifedipine (n = 2)
and verapamil (n = 1) in addition to frequent complex
carbohydrate meals. The medical management was decided

as per availability and/or patient preference. Two patients
having metastatic malignant insulinoma were treated with
everolimus, and one of them was also given capecitabine.
One patient with malignant insulinoma received peptide
receptor radionuclide therapy (PRRT) in the form of
""Lutetium-based therapy (three cycles), with each cycle
followed by oral capecitabine. Of these, the two patients who
did not receive PRRT succumbed to the disease, whereas
the one who was managed with PRRT and capecitabine,
survived.

Among the total of 37, 26 underwent surgery. Of the
11 patients, three patients who had metastatic insulinoma
were not subjected to surgery in view of metastatic disease
and received either chemotherapy or PRRT. Two patients with
a clinical diagnosis of MENT, one diagnosed during the third
trimester of pregnancy who received medical management
and another young male, went into remission following
their parathyroidectomy. Data about surgery and follow-up
were not available in the remining six patients owing to the
retrospective nature of the analysis. Enucleation was done in
80% (21/26) patients, distal pancreatectomy in 12% (3/26),
and median pancreatectomy in 4% (1/26) of them. The patient
with nesidioblastosis underwent a subtotal pancreatectomy.
The maximum tumour dimension was <1 c¢m in three patients,
1-2 cm in five patients, 2 to 3 cm in one patient, and >3 cm in
three patients. Intraoperative ultrasound was used to confirm
insulinomas before proceeding to enucleation or pancreatic
resection, in 13 patients, and all these patients were cured. All
patients underwent surgery by the open route and none was
operated laparoscopically.

Except for one patient who had histology consistent with
nesidioblastosis, the rest had demonstrable pancreatic
neuroendocrine tumours, with immunohistochemistry positive
for chromogranin A, synaptophysin, and insulin. Histopathological
evaluation was available in 26 patients, of whom most
insulinomas (77%, n = 10/13) were well-differentiated tumours
either of low-grade or moderate-grade malignancy (WHO grades
G1 or G2). Neuroendocrine carcinoma (G3 WHO grade) was
present in (23%, n = 3/13) patients. There was one patient with
nesidioblastosis. The rest 12 patients had unclassified WHO
grading. Ki67 was less than 3% in most of the patients (9 out of 12).

Post-operative rebound hyperglycaemia occurred in
29.1% (7/24) of patients who were operated on. Subcutaneous
insulin was transiently used in these patients in the
post-operative period for glycaemic control and was gradually
tapered and discontinued in all but one patient who needed
it briefly (2 weeks) following discharge. The period of
follow-up ranged from 3 months to 10 years, with a mean
duration of 5.4 2.9 years. Two patients were lost to follow-up
after the immediate post-operative period. All, except three
patients who were operated on, were cured with a single
surgical intervention. The patients who had persistent discase
following surgery included a case of nesidioblastosis (managed
post-operatively with long-acting octreotide, diazoxide, and
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Table 2: Imaging modalities in the diagnosis and management of hyperinsulinemic hypoglycaemia

Imaging modality  Localization accuracy of the imaging

modality in the cohort

Concordance with intraoperative

findings or histopathological evaluation

based on positive imaging findings

Detection rate of culprit lesion
by a particular imaging modality
(using HPE as the gold standard)

CT (n=34) Localized lesion in 64.7% (22/34)
Normal pancreas in 12;
Atrophic pancreas with paracaval,
paraaortic, paracoeliac location lymph nodes
in 1 patient, liver mets in another patient
MRI (n=14) Localized lesion in 64.3% (9/14)
Normal pancreas in 5
EUS (n=17) Localized lesion in 82.3% (14/17)
Normal pancreas in 3;
Multiple lesions in 3
Ga68 DOTANOC/ Localized lesion in 73.3% (11/15)
DOTATATE or Normal pancreas in 4;
F-DOPA PET-CT Metastases (liver and lymph node in 1,
(n=17) multiple diffuse lymph node uptake in 1)
Ga68 Exendin PET  Localized lesion in 80% (12/15)
CT (n=15) Diffuse uptake alone in 3;

1 with diffuse pancreatic uptake and
peripancreatic LN, 1 with diffuse pancreatic
uptake with two additional focal lesions in
the neck of the pancreas
Selective arterial
calcium stimulation
(SACS) (n=3)

Done in three patients; Localization
successful in 2 (Splenic in 1, Splenic and
SMA in another)

63.6% (14/22)

Out of 25 with HPE available, 24

had undergone CT of which 13 were
positive 54.2% (13/24)

55.6% (5/9) Out of 25 with HPE available, 9 had
undergone MRI of which 5 were
positive 55.6% (5/9)

Out of 25 with HPE available, 14
had undergone EUS of which 12

were positive 85.7% (12/14)

75% (12/16)

91.2% (11/12) Out of 25 with HPE available,
12 had undergone Exendin
PET of which 11 were positive

91.2% (11/12)

MRI, magnetic resonance imaging; CT, computed tomography; EUS, Endoscopic ultrasonography; CECT, contrast-enhanced computed tomography;
EUS, endoscopic ultrasound; PET/CT, positron emission tomography/computed tomography. Values are expressed in frequency (%) with actual numbers
of each parameter in brackets. Histopathological evaluation was available in 26 patients, of whom 77% (10/13) had Grade I NET or Grade II NET, and
23% (3/13) had neuroendocrine carcinoma. There was one patient with nesidioblastosis. The rest 12 had unclassified WHO grading

Table 3: Details of various imaging modalities in patients
with hyperinsulinemic hypoglycaemia

Imaging True False False True
Positive  negative  positive  negative
CECT! (n=34) 15 10 0 1
MRI* (n=14) 6 3 0 1
Exendin*(n=15) 11 0 1 0
Endoscopic 11 1 1 1

ultrasound” (n=17)

Values are as number of patients. 'In the CECT group, seven patients did
not undergo surgery or HPE results was not available. *In the MRI group
four patients did not undergo surgery or HPE results were not available.
*In the Exendin group three patients did not undergo surgery. “In the
Endoscopic Ultrasound group two patients were lost to follow up and one
patient did not undergo surgery. In 1 patient EUS picked up a lesion in the
tail while the intraoperatively lesion was at the junction of body and neck
it was taken as false positive

everolimus) and three with malignant insulinomas (one of
whom required adjuvant everolimus, another one received
capecitabine, everolimus, and PPRT and the last one received
octreotide, diazoxide, and everolimus).

Discussion

Endogenous hyperinsulinemic hypoglycaemia is an uncommon
clinical entity encountered by a clinician. Insulinoma is

common in this subgroup of patients. This retrospective
study established that insulinomas are usually benign (~95%),
small (1-2 cm), and solitary tumours. Our study did not show a
predilection of insulinoma for females (42%), which is unlike
what has been reported in other series.”?! Fasting hypoglycaemia
occurred in all the patients, and nearly half of them additionally
had postprandial hypoglycaemia. This higher rate of
postprandial hypoglycaemia and the younger at diagnosis of
our cohort are also different from previous reports./*!Y The
median duration of symptoms prior to diagnosis (15 months)
was comparable to prior large series.!'!! There was a high rate
of misdiagnosis as epilepsy and intervention with anti-epileptic
agents. The inappropriately low cortisol suggests either a lag in
cortisol rise or blunting of response due to repeated episodes
of hypoglycaemia.!'?

It is imperative to localize by imaging modalities before
planning for surgical resection as it results in a better cure
rate and decreases operating time.['** The current study
also looked at the concordance of positive imaging findings
with intraoperative findings or histopathological evaluation
for accuracy. Among non-invasive modalities, the rates of
detection of the culprit lesion were similar between multiphasic
CT and MRI. However, MRI accurately localized the lesion in
two patients, which was missed by the CT scan. On the other
hand, MRI failed to localize the tumour in one patient, which
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Figure 4: Panel of photographs of a 28-year-old male who presented with multiple episodes of symptomatic hypoglycaemia which were confirmed
to be due to endogeneous hyperinsulinemic hypoglycaemia. CECT (a), Multiphasic MRI (b) and F-DOPA PET scan failed to localize the culprit lesion
but (c) EUS showed a well-defined hypoechoic lesion in the tail of pancreas adjacent to the splenic vein (white arrows). EUS elastography (d) shows the
lesion to be stiff (purple colour; white arrows). The patient underwent distal pancreatectomy successfully, which revealed a NET grade 1 tumour (insulin
immunostaining positive) and was cured

was correctly identified by CT. We did not find a significant
difference in the sensitivity of MRI and CECT for pre-operative
localization, with no specific advantage of one over the other.
Out of the five patients who underwent MRI and EUS, four
patients had concordant lesions, whereas, in one patient, EUS
picked up a lesion that MRI did not.

Besides anatomical imaging, rapid advances have been made
in the last couple of decades for the localization of insulinoma
in the form of functional imaging using radioactively
labelled peptide analogues which generally target the SSTR
subunits (mainly SSTR2) or large amino acid transport 1 and
the more recent glucagon-like receptor 1 (GLP1). Detection
of a lesion by nuclear scintigraphy depends on many factors
including the size of the tumour, location, receptor density,
and the target-to-background ratio.l'! Various studies have
shown a sensitivity of 66% to 85% with the use of 68Gallium
SSTR PET-CT (either 68Ga-DOTATOC or DOTATATE or
DOTANOC PET-CT).l'#16] In the current study, the 68Ga
DOTANOC/DOTATATE or 18F-DOPA PET-CT accurately
localized the tumour in 73.3% of patients (11/15), which
was higher than both CT and MRI. In one of the patients
with multiple lesions, CECT failed to localize the additional
lesion, while 68Ga DOTA PET-CT was accurately able
to locate the other lesion. This emphasizes the utility of
nuclear scintigraphy which incorporates both anatomical
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and functional aspects, in the pre-operative localization of
insulinomas.

However, it is well known that nearly 30% of insulinomas do
not express SSTR2 and SSTRS adequately, which can lead to
high false negative results in this subgroup of patients.!'”! In
fact, the greater density of GLP-1R in benign insulinomas and
SSTR preponderance in malignant insulinomas, is reported.'®!
GLP-1R is expressed with a high frequency as well as density
in almost 92% of benign insulinomas and clinical studies with
the 68Ga-labelled Exendin-4 scan have shown high sensitivity
and positive predictive value (nearly 95 to 100%).I""! The
sensitivity (100%) and PPV (91.6%) of 68Ga-labelled Exendin-4
PET-CT in our cohort was similar to that shown in prior studies.”?”
It was higher than other available investigation modalities, as has
been reported in other studies.['>2!) Hence, it might be a more
accurate screening test for insulinoma localization in patients with
EHH. Further, three patients who had normal pancreatic imaging
on CECT were accurately localized on 68Ga-labelled Exendin-4
PET-CT. The high sensitivity and PPV may be attributed to
the excellent spatial resolution of the modality which helps in
exact localization and tumour quantification pre-operatively.
Hence, they can be used to guide surgical management, thereby
improving the success rate of surgical excision.

The first-choice tracer is usually 68Ga-SSTR PET, based on
more evidence available with the same, wider availability and
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both higher sensitivity as well as detection rates with similar
specificity as compared to FluoroDopa PET CT.*? But, when
available, 68Ga Exendin-4 PET-CT is a non-invasive imaging
modality that has high sensitivity and PPV and can be used
as a first-line imaging modality, based on the results of the
current study.

Multiple studies have shown EUS to be positive in 70-95%
of cases in experienced centres.*?!! In the current study,
EUS had a sensitivity of 91.6% in localizing insulinoma, and
this is comparable to a prior study.™ We also demonstrated
the comparable sensitivity, as well as PPV of EUS and
68Ga-labelled Exendin-4 PET-CT in the accurate localization
of insulinomas. There were three patients with multiple lesions,
all were missed by CT but picked up by EUS. However, in one of
the patients, EUS identified the lesion in the tail of the pancreas
while intraoperatively, the lesion was at the junction of the
body and neck. Recent advances in EUS include elastography
that can be used in combination with conventional EUS. This
non-invasive method measures tissue stiffness and helps in
locating and further characterization of small insulinomas. This
technique was successfully used in one patient in the current
study where other imaging modalities (CT, MRI, F-DOPA
PET-CT) were negative. The further utility of EUS lies in
guiding biopsy of selected cases of insulinomas (limited to
specific indications such as inconclusive biochemical tests,
suspected malignancy, or extra-pancreatic lesions) or rarely,
for radiofrequency ablation.[2¢2”!

Localization with SACS was successful in two of the three
patients in whom it was performed and the third one had

nesidioblastosis. Hence, the sensitivity of SACS was 100%.
According to the literature, SACS is reported to have a
sensitivity of 77-100%.1'"" In a prior series from Maryland
where 45 sporadic insulinomas were not localized by any
imaging modalities, SACS correctly localized the lesion
in 84% of the cases.® However, SACS in that study was
compared only to anatomical imaging (USG, CT, or MRI) and
no nuclear scintigraphy was performed. Considering the lower
sensitivity and the invasive and expensive nature of this test, it
can be best reserved for cases with solitary tumours where all
imaging modalities have failed or in cases of multiple tumours
to identify the predominant site of secretion.

The treatment of choice for insulinomas is surgical excision,
and it predominantly entails enucleation, as the majority of
the lesions are solitary and benign.”! In the current study,
enucleation was done in 21 patients with a cure being achieved
in the vast majority (~95%) of patients. Pancreatectomy (partial
or subtotal) was required in five patients. All except one (with
nesidioblastosis) of these five patients underwent a cure for the
EHH. One of them who underwent subtotal pancreatectomy
had nesidioblastosis and was not cured despite the procedure.

A review of the relevant studies published from India was
also compared and contrasted with the current study and the
findings are summarized in Table 4.252-321 We found a male
preponderance in our series which was like a prior report
from India, contrasting with many Western series with female
preponderance. Further, while the calculated sensitivity of CT
scan was similar to our study, MRI in this series demonstrated
better sensitivity than our study (85.7% vs 64.3%). In another

Table 4: Comparative analysis of the current study with other series from India

Paul TV Gopal RA Anakal MG Jyotsna VP, Sharma A, Present
etal. etal. etal. etal. etal. Study
Year 2008 2010 2014 2016 2022 2024
Number (n) 18 26 19 35 9 37
Gender (M/F) 1.2:1 0.3:1 1.1:1 1.2:1 0.3:1 1.5:1
72 hr fast test 18/18 17/26 4/19 4/35 9/9 26/37
Malignant Cases (1) 1 0 0 0 0 3
Anatomic localization
CECT
Cases (n) 10 26 9 29 9 34
Sensitivity (%) 62.5 68.4 26.31 79 89 61.5
MRI
Cases (n) 10 3 11 20 Not done 14
Sensitivity (%) 85.7 333 26.31 85 66.6
Functional localization
68GaDOTATATE/F-DOPA PET CT
Cases (n) Not done Not Done 1 20 4 17
Sensitivity (%) 100 25 50
68Ga-Exendin-4 PET-CT
Cases (n) Not done Not done Not done Not done 1 15
Sensitivity (%) Not done 100 100
Endoscopic ultrasound
Cases (n) 3 3 Not done 22 17
Sensitivity (%) 100 75 95 91.6
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study from India, CT showed a high sensitivity of 89%:;
however, it included only nine patients. Localization with
SACS was successful in two of the three patients in whom it
was performed and the third one had nesidioblastosis. Hence,
the sensitivity of SACS was 100%. This is similar to one of
the Indian series where SACS was used in five patients.

This study had some limitations, including the retrospective
nature of the study, lack of all information on all patients, and
changes in the diagnostic protocol with the introduction of newer
modalities, especially nuclear scintigraphy. Though there is some
data on the utility of continuous glucose monitoring for the
screening of patients presenting with hypoglycaemia, we did not
use it in the current study.™* However, the strengths of the study
are single-centre data thereby ensuring uniformity in diagnosis
and management, and the use of both anatomic and some form of
scintigraphic modalities in the majority of patients, which enabled
us to compare the utility of both in pre-operative localization.

ConcLusION

Insulinomas are usually benign, solitary, and small tumours
that have an excellent prognosis after enucleation once they
are localized either by imaging or endoscopic ultrasound.
68Ga-labelled Exendin-4 PET-CT has high sensitivity and
positive predictive value and can be used as in the initial
strategy for pre-operative localization of the culprit lesion.
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