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Abstract

Despite all technological advances in imaging, many insulinomas remain occult. The aim of this study was to investigate the
sensitivity of various pre-operative localization modalities used over the last three decades in our center. Tertiary care hos-
pital, retrospective study (January 1990 and December 2020). This study consists of 36 patients of biochemically diagnosed
cases of organic hyperinsulinemic hypoglycemia. Radiology findings were correlated with operative and histology findings.
Median age of the patients was 45 years (M:F=1:1.8). Multiple endocrine neoplasia type 1, islet cell hyperplasia (ICH), and
malignancy were noted in 13.9, 5.6, and 5.6% patients, respectively. The median number of pre-operative localization tests
used was 2 (1=41.7, 2-50, >3-8.4%). Contrast enhanced computerized tomography (CECT) was the commonest imaging
modality used in 91.7% patients (standalone—39.5%) followed by ultrasonography (USG) in 41.7% patients. Pre-operative
localization rate was 86.1% (66.6% vs 92.6% before and after 2005). The sensitivity of USG, CECT, MRI, and selective
arterial calcium stimulation with hepatic venous sampling (ASVS) was 35.7%, 83.3%, 71.4%, and 75%, respectively. The
pre-operative localization rates with one, two, and more modalities were 93.3, 77.7, and 100%, respectively. Bi-digital palpa-
tion and intraoperative USG were accurate in 97% cases resulting in successful primary surgery. Pre-operative localization
techniques for insulinoma continue to evolve. CECT scan was found to be the most sensitive pre-operative localization
modality in our experience. Almost all insulinomas can be detected pre-operatively by an experienced surgeon and expert
performed IOUS.
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Introduction

Insulinoma is a rare pancreatic neoplasm resulting in condi-
tion of hyperinsulinemic hypoglycemia. Surgery is curative
in almost all cases [1]. The diagnosis of hyperinsulinemic
hypoglycemia is based on biochemical evaluation, and the
role of imaging is to localize the tumor in order to plan
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the appropriate surgical strategy. Despite advancement in
imaging technology, all insulinomas cannot be localized pre-
operatively and non-localization rate varies between 10 and
27% in various series [2, 3]. Further, imaging cannot differ-
entiate between insulinoma and islet cell hyperplasia ICH),
the two chief conditions responsible for organic hyperinsu-
linism. Surgical strategy for insulinoma and ICH is entirely
different, while majority of insulinomas can be managed by
enucleation of tumor, a formal resection is required in [CH
[2]. It is well-established that an experienced surgeon can
localize insulinoma with digital palpation during surgery
resulting in successful outcome and reverting of hypogly-
cemia in 90-95% of patients [4]. Addition of intraopera-
tive ultrasonography (IOUS) improves the results of digital
palpation [1, 5]. Considering all the aforementioned facts,
the need and extent of pre-operative localization of insu-
linoma remains controversial [6, 7]. But it is important to
realize that accurate pre-operative localization has potential
to reducing operation time, add to surgeons’ confidence, and
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would be absolutely necessary if minimal invasive surgery
is being planned [8, 9].

Due to the rarity of the condition, the consensus on the
optimal pre-operative localization strategy is not established.
World over various centers, depending on local expertise,
have developed their own protocol for pre-operative localiza-
tion of insulinoma [1, 4, 9]. An ideal localization modality
should be cheap, widely available with reproducible results.
Due to rarity of the condition, no head on comparisons are
possible. Our center is one of the few tertiary referral cent-
ers in India which deal with this rare condition. The aim
of this study was to find out the sensitivity of various pre-
operative localization modalities for insulinoma over the last
three decades and to compare the results with outcome of
surgery in terms of reverting hypoglycemia.

Material and Methods

Retrospective study (Jan 1990-Dec 2020) consisting of bio-
chemically proven cases of hyerinsulinemic hypoglycemia.
Only those patients who underwent surgery were included
and those who declined were excluded from the study. All
patients were operated by a single team of two surgeons.
Clinical, imaging, operative, histology, and follow-up find-
ings were noted.

Diagnosis and Localization Protocol and Operative
Technique

Diagnosis was established by 72-h supervised fasting test,
and serum glucose, insulin, and C-peptide levels measured
when patients developed symptoms or glucose level fell
below 45 mg/dL. Preferred cross-section imaging technique
at our center remains triple phase contrast enhanced comput-
erized tomography (CECT) + ultrasonography (USG). Some
cases underwent magnetic resonance imaging (MRI) on
physicians’ discretion or when CECT was contraindicated.
Selective arterial calcium stimulation with hepatic venous
sampling (ASVS) was performed in selected instances in
case when tumor was not localized on cross-sectional imag-
ing and provided patient could afford the test. Intraopera-
tive USG (IOUS) was performed in almost all cases except
for one case of technical failure. Radiologist experienced in
pancreatic USG helped in IOUS, and for the last 2-3 years,
surgeons are performing on their own. Apart from identifi-
cation of insulinoma, IOUS help in ruling out multicentric
lesion and to delineate relationship of lesion with vascular
structures and main pancreatic duct.

Open surgical technique remained the preferred technique
at our center. The head and tail of pancreas are mobilized,
and bi-digital palpation and IOUS are used to confirm the
presence of already localized insulinoma and to detect the
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occult ones. Discrete lesions situated at least 5 mm away
from the major pancreatic duct and blood vessels were
enucleated, and pancreatic resection was performed when
enucleation is not feasible—due to proximity of insulinoma
with duct. Minimal normal parenchyma surrounding insu-
linoma is resected so as to preserve normal function as much
as possible. Formal pancreatic resections, i.e., distal, sub-
total pancreatectomy, is only performed in patients having
positive gradient (regionalization) on ASVS but no discrete
lesion found during surgery and/or when ICH was present or
suspected. The area to be resected is determined by the terri-
tory showing the gradient—for example, splenic (distal pan-
createctomy), superior mesenteric (subtotal/mid-segmental
pancreatectomy), gastrodudenal (pancreato-duodenal resec-
tion), or all (near-total pancreatectomy). The anesthetists are
asked to stop dextrose infusion half-hour prior to enuclea-
tion or resection. Rebound hyperglycemia is observed and is
indicative of cure. This gradually settles down over the next
4-5 days. Insulin administration is avoided until blood sugar
are more than 180 mg/dL so as to stimulate the suppressed
beta cells to secrete insulin. Patients are allowed orally on
3rd-5th day and discharged after drain removal. Annual
screening for MEN1 component is done in follow-up.

Statistical analysis was done on SPSS software (version
17). Continuous data was reported as mean or median and
frequency as percentages.

Results

Thirty-eight patients were identified during the study period.
Two patients with malignant insulinoma (with hepatic
metastases) who were not operated were excluded from
study. One of those died at home while awaiting surgery
and another had inoperable lesion. Thirty-six patients were
included in the final analysis. Median age of the patients
was 45 years (7-67). Women outnumbered men (63.9%).
Fourteen percent of patients were pediatric (< 18 years of
age). Median duration of symptoms was 16 months (range:
0.5-120). Median insulin, C-peptide, and serum glucose
concentration at the zenith of glucose level were 34.4 mIU/L
(range: 8.4-116), 8.2 nmol/L (range: 0.36-308), and 35 mg/
dL (range: 18-49), respectively. Multiple endocrine neo-
plasia type 1 (MEN1), ICH, and malignancy were noted in
13.9%, 5.6%, and 5.6% patients respectively and remain-
ing had sporadic insulinoma. Multiple insulinoma were
observed in 16.7%. Clinical and operative findings of the
cohort are summarized in Table 1.

The number of imaging modalities employed was one,
two, three, and four in 41.7%, 50%, 2.8%, and 5.6% patients,
respectively. CECT was the commonest pre-operative
modality used in 91.7% patients either standalone or in com-
bination. Similarly, USG, MRI, ASVS, THPVS, and EUSG
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Table 1 Clinico-pathologic details of patients

SI. no Attribute Value
1 Age in years: median (IQR) 45 (27-40)
2 M:F 1:1.8
3 Duration of symptoms in months: median 16 (8-51)
(IQR)
4 Symptoms =n (%)
- Neuroglycopenic 31 (86.1)
- Adrenergic 5(13.9)
5 Presentation: n (%)
- Sporadic 31 (86.1)
- Familial (MEN1) 5(13.9)
6 Biochemical: median (IQR)
- Insulin: values in uU/L 34.4 (15.5-48.0)
- C-peptide: values in nmol/L 8.2 (2-97)
- Lowest blood glucose during 72 h fasting 35 (29-39)
7 Final histology: n (%)
- Benign insulinoma 32 (88.9)
- Malignant insulinoma 2(5.6)
- Islet cell hyperplasia (ICH) 2 (5.6)

Table 2 Summary of sensitivity of various imaging techniques

Sl no Modality Number of Sensitivity (%)
patients
1 USG 15 357
2 CT 33 83.3
3 MRI 8 71.4
4 ASVS+THVS 4 75.0
5 Bi-digital palpation 36 97.2
6 I0USG 35 97.2

were performed in 41.7, 22.2, 8.3, 2.8, and 2.8% patients,
respectively (Table 2). All patients had at least one cross-
sectional imaging either CECT or/and MRI (CT—77.8%,
MRI—8.3%, both CECT and MRI 13.9%). CT was stan-
dalone modality employed in 15 (41.7%) patients. Pre-oper-
ative localization was successful in 86.1% patients including
8.3% those where no discrete lesion could be made out but a
territorial gradient hinting at a particular region of pancreas
could be marked on ASVS or THVS. One (2.8%) had false
positive localization. Thus, 13.9% patients were explored as
occult insulinoma. The sensitivity of localizing insulinoma
for US, CECT scan, MRI, and ASVS was 35.7%, 83.3%,
71.4%, and 75%, respectively. When one, two, and three
or more pre-operative localization modalities were used,
the localization rate was 93.3%, 88.9%, and 100%, respec-
tively. All patients having undergone 3 or more modality
had at least one cross-sectional imaging (CECT or MRI),
and 66.6% had an invasive imaging in the form of ASVS or
THVS (Table 3). Pre-operative localization rate was 66.6%
before 2005 and 92.6% afterwards. The sensitivity of triple
phase CECT has improved from 55.6 to 94.7% in the last
15 years. Of the 5 patients who had non-localized tumor on
CT, three could be localization and/or regionalization on
ASVS and in one abdominal USG helped. Addition of MRI
did not help in any of these cases. Out of 5 patients with
non-localized lesion prior to surgery, 4 had insulinoma, and
1 ICH. Thus, 4 out of 32 (12.5%) benign insulinoma and
50% of ICH remained unlocalized and/or non-regionalized
prior to surgery (Fig. 1).

Intraoperative USG was used in 97.2% of cases and could
not be used in one patient with malignant insulinoma due
to technical reasons. Bi-digital palpation and IOUS were

Table 3 Results of various combinations of pre-operative imaging modalities

Sl no Modality N Accurate localiza-  Remark and interpretation
tion N (%)
1 One modality 15 14 (93.3)
-CT 15 14 (93.3) 1 false positive, insulinoma, location was different
2 Two modalities 18 14 (77.7)
-USG+CT 11 9(81.8) Only 1 was exclusively picked up on USG + I was hyperplasia
- USG+MRI 2 1(50.0) Picked up on MRI only, USG didn’t add upon
- CT+MRI 2 2(100.0) All picked up on CT, MRI didn’t add any value
-CT+DSA 1 0
-CT+ASVS 1 1(100.0) CT negative
- MRI+ASVS 1 1(100.0) Both positive
3 Three modalities 1 1 (100)
-USG+ CT+MRI 1 1(100.0) USG negative, CT, MRI both positive
4 Four modalities 2 1(50)
- CT+MRI+USG+ASVS 1 1(100) Insulinoma regionalized on ASVS
- CT+MRI+EUSG+THVS 1 0 FP on CT and EUSG, THVS regionalized ICH
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Fig. 1 Flow diagram showing
correlation of localization with
operative outcome

Total No of Case
(n=36)

Preoperative Localized Non-localized
(n=31) (n=5)

Sucessful Surgery Sucessful Surgery

False Postive on IOUS
Insulinoma= 28 (ICH)=1
*(E-12, R-14, DP+E-2)
Malignant Insulinoma=R-2

ICH=R-1

Intraoperative Localized
(n=4)
Insulinoma= 4
(E-2, R-2)

Failed Primary Surgery- E-1

Sucessful Subtotal
Pancreatectomy

*E= Enucleation, R= Resection, DP= Distal Pancreatectomy

accurate in 97.2% cases. In three patients with positive pre-  correctly localizing an insulinoma in a different location in
operative localization, IOUS detected another tumor besides  one patient with false positive on CT. The lesion picked up
the one localized pre-operatively. IOUS also helped in  on CECT turned out to be a lymph node. Surgery was suc-
cessful in all but one patient (97.2%). Enucleation was per-
formed in 44.4% patients and resection in 50%. In remaining

Table 4 Summary of operative details patients who had MEN|, distal pancreatectomy + enuclea-
SI. no Attribute Value tion of tumors in head of the pancreas was done (5.5%).
Out of two patients with final histology of ICH, one with
! Surgery ) positive pre-operative regionalization on THVS had distal
- Enucleation 16 (44.5) . . .
— *Resection 18 (50.0) pancreatectomy and remained euglycemic until last follow-
- Enucleation of tumors in head + DP 2(5.5) up. Another who could not afford invasive testing remained
2 Location of insulinoma: 7 (%) non-localized. This patient had a false positive localization
- Head 1(2.9) on IOUS and had persistent hypoglycemia following enucle-
- Uncinate 4(11.8) ation and later underwent a successful re-operation (subtotal
- ge(cik ?6(1377)1 pancreatectomy) at a later date. One patient with malig-
) T;)ﬂy 5 (1( 4.7')) nant insulinoma has wedge resection of liver at same sit-
- More than one site 3(8.8) ting while another had recurrent metastatic disease 5 years
3 Additional procedures later and underwent resection of 2 segments of liver. Four
- Hepatectomy 1(2.8) patients with MEN1 had subtotal parathyroidectomy, 3 dur-
- Subtotal parathyroidectomy 2(5.6) ing insulinoma surgery and 1 at later date. One with mild
Multiplicity 6 (17.6) hypercalcemia did not consent for parathyroidectomy and
5 Median tumor size (IQR) 18 (10-20)  is still under follow-up. The median size of insulinoma was
Outcome 18 mm (range 9-35). All patients were cured of hypogly-
- Failed exploration 1(2.7) cemia, 3 of those undergoing resection developed diabetes.
- Minor pancreatic fistula 7(19.4) The summary of operative findings and outcome are pro-
- Major pancreatic fistula 1(2.7) vided in Table 4.

*Consisting of ICH-2, malignant insulinoma-2, MEN1-2
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Discussion

CECT with current sensitivity rate of 83.3% turned out
to be the most useful single modality for pre-operative
localization of insulinoma in our experience. In case of
non-localization, addition of another cross-sectional imag-
ing did not contribute much. In this scenario, ASVS could
help in regionalization of pathology. In a biochemically
proven case of hyperinsulinism, non-localization could be
suggestive of ICH, and based on ASVS results, a gradient
driven resection can be performed. Almost all insulinomas
can be detected peroperatively by an experienced surgeon
and expert performed IOUS.

The reported success of pre-operative localization has
varied from 46 to 100% [2, 4, 8]. The success rate has been
dependent on the center and period of reporting. Mayo
Clinic, a pioneer in insulinoma surgery, has reported a very
constant overall sensitivity of about 75% with non-invasive
localization modalities over different period of time whereas
in recent times, addition of invasive procedures in form of
EUS and ASVS (SACST) improved sensitivity of pre-oper-
ative localization. It is to note that earlier they were employ-
ing USG, triple phase CECT, and MRI as primary localizing
modality [4]. Overall, EUS had a sensitivity of 75% and
SACST of 93% for the localization or regionalization of [4].
The blind exploration rate at their center dropped from 26
to 0% from 1978 to 2007. Other centers also have reported
an improved pre-operative localization rate over the time
and similar to us have also observed improved sensitivity of
CECT in insulinoma localization [2, 4, 8].

Sensitivity of CECT has improved in the last decade due
to technological advances. Rapid acquisition and standard-
ized protocol helped to improve localization and is the main
reason of improved sensitivity at our institution after the
year 2005. Due to increase vascularity, insulinoma appears
as hyper vascular lesion in early arterial or capillary phase
(Fig. 2). A few have reported similar or better results of
localization with MRI but the results have not been consist-
ent 7-71% [4, 9]. In comparison to MRI, CECT is more
easily available and is an inexpensive technique. Among
invasive modalities, the reported sensitivity of THVS and
SASI is usually more than 95% [1, 2, 4, 9, 10]. Recently,
EUS seems to be emerging as modality of choice in many
centers and these report very high sensitivity particularly for
the insulinoma located in the head and body [4, 11, 12]. But
it is important to remember that these modalities require a
high degree of technical expertise and are available in lim-
ited centers and the results could not be easily reproducible.
We do not have much experience in utilizing this modality
and expertise is still evolving. Some studies have reported
success with Ga-68 DOTANOC PET/CT scan, since major-
ity of insulinoma do not express somatostatin receptors, the

Fig.2 CECT abdomen arterial phase showing a discrete hyper vascu-
lar lesion in the tail of pancreas (arrow directed towards lesion) con-
sistent with insulinoma

success remain varied [9, 12, 13]. Therefore, essentially the
choice of modality to be employed would be dictated by
the availability of technology and expertise at a particular
center.

Notwithstanding the imperfect pre-operative localization,
the success of surgery varies from 95 to 100% in experi-
enced hand. Bi-digital palpation in experience hands has
been reported to detect 95% insulinoma. With the addition of
IOUSG, the success ranges between 98 and 100%. The same
finding was observed in the current study. But despite good
results of surgery, improvement in pre-operative localiza-
tion technique is much desirable. An accurate pre-operative
localization would help in reducing operation time, boost
surgeons’ confidence, reduce incidence of blind resection,
and greatly help in planning laparoscopic enucleation and/or
resection [2—4, 14]. With the evolution of minimal invasive
surgery, some centers have reported small series of lapa-
roscopic resection of insulinoma [14]. Though pancreatic
fistula rate following open or laparoscopic removal of insu-
linoma remains comparable, patients are likely to have easy
convalescence following minimal invasive surgery. As the
patients’ positioning for laparoscopic surgery vary with the
region of pancreas to be operated (head, body, and tail) and
bi-digital palpation is not an option, pre-operative locali-
zation seems to be absolutely necessary before interven-
ing. Laparoscopic USG could guide but even then, issue
of patient positioning remains [3, 14]. But despite all the
current advances in imaging, ICH still poses problem and in
case of non-localization, we are not sure if we are missing a
small insulinoma or are dealing with ICH. In this scenario,
regionalization with ASVS and THVS could help in taking
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decision for gradient driven resection during the first surgery
itself thus avoiding failed exploration or blind resections [4].

The strength of current study is that it reports a series of
patients who have a constant pre-operative protocol which
reports an improvement in pre-operative localization due to
technological advances. The weakness is it being a retro-
spective study, and due to time lag, comparative sensitivity
of different modality might not be a true reflection of facts.
Nonetheless, insulinoma being a very rare surgical entity,
our experience could contribute to developing a protocol in
our own country.

Conclusion

Pre-operative localization techniques of insulinoma continue
to evolve. In our experience, triple phase CECT seems to be
the best single modality. Pre-operative identification of ICH
remains a challenge. Experience of surgeon aided by IOUS
results in successful surgery even in almost all patients.
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