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Intra-arterial Calcium Stimulation with Hepatic
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nsulinoma is a rare neuroendocrine tumor

with an incidence of approximately 4 per

5 million population. They are typically

sporadic, solitary and less than 2 cm in

diameter. Despite the introduction of so-
phisticated cross-imaging techniques such as CT
scan, MRI and ultrasound, localization of insuli-
nomas, especially those smaller than 2 cm re-
mains a problem; for this, one can localize insu-
linoma by stimulating release of insulin using
selective intra-arterial injection of calcium and
subsequent measurement of insulin levels in the
hepatic veins. We report here a case of multiple
pancreatic insulinomas measuring 3.0 x 2.1 x 2.0
cm ( head) and 1.0 x 0.8 x 0.3 cm (body) not seen
by imaging techniques but localized by intra-
arterial calcium stimulation with hepatic venous
sampling and intraoperative ultrasound imag-
ing. This is the first selective intra-arterial cal-
cium stimulation with hepatic venous sampling
for localization of pancreatic insulinoma in the
Philippines.
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Introduction

Insulinomas are functional neuroendo-
crine tumors of pancreatic beta islet cells
with an estimated incidence of 4 cases / mil-
lion persons per year, accounting for over
60% of all pancreatic islet cell tumors. Ap-
proximately 90% of insulinomas are solitary
and benign; 10-15% are usually multiple
adenomas and are associated with MEN.'
The majority of patients diagnosed with an
insulinoma are between 30-60 years of age,
with women accounting for 59%.* Insuli-
noma is the most common cause of hypogly-
cemia resulting from endogenous hyperinsu-
linemia.* They present with neuroglycopenic
symptoms including anxiety, dizziness, light-
headedness, personality changes, unusual be-
havior, confusion, incoherence, blurred vi-
sion, seizures and coma. Sympatoadrenal
signs and symptoms such as palpitations,
tremulousness, diaphoresis and tachycardia
are due to cathecolamine release in response
to low serum glucose levels.” Hypoglycemia
and neuroglycopenic symptoms with subse-
quent measurement of insulin and insulin re-
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lated components remain the major maneuver
used in the diagnosis of hyperinsulinemic
hypoglycemia.® After biochemical diagnosis
has been established, tumor localization is
recommended because the successful resec-
tion is facilitated by precise preoperative lo-
calization. The majority of insulinomas are
small and pose a challenge to even the most
sophisticated imaging technology.

Preoperative localization of insulinoma
using conventional imaging modalities such
as ultrasonography and computed tomogra-
phy have been disappointing with identifica-
tion of only 20-50% of tumors."® The sensi-
tivity of MRI for detection of primary pan-
creatic tumor diminishes, however, with de-
creasing tumor size from up to 100% in large
tumors to 30% when diameters are under 2
cm.” Somatostatin-receptor scintigraphy has
been used in the detection of neuroendocrine
tumors.® Unfortunately, half of the insulino-
mas do not express somatostatin receptors
and the sensitivity, at best, reaches to only
60%. Based on these facts, hence emerge the
more invasive modalities such as angiogra-
phy, with intra-arterial calcium stimulation
with hepatic venous sampling.

Case report

A. Clinical features: A 21 year-old female
who presented with a two-year history of
weakness, lightheadedness and diaphoresis
upon waking up and during strenuous activi-
ties, symptoms relieved with food intake. She
had two emergency room admissions because
of loss of consciousness, then regained after
administration of intravenous dextrose.
Weight-wise, she had gained about 20-kg
over the past two years. She reported no in-
take of sulfonylureas, use of steroids or injec-
tions of insulin. Her menstrual history was
unremarkable. There was no one in the fam-
ily with hypoglycemic events, or pituitary,
pancreatic or parathyroid tumors. Her body
mass index was 36 kg/m*; she had no acan-
thosis nigricans and was not cushingoid. She

had an adult type tanner stage of puberty. No
nipple discharge was noted, and her abdomen
was soft with no palpable masses or or-
ganomegaly. Neurological examination was
also quite unremarkable.

B. Hormonal work-ups: A 72-hour fasting
protocol is a major maneuver used in the di-
agnosis of hyperinsulinemic hypoglycemia
state such as Insulinoma. In this test, the pa-
tient fasts for up to 72 hours under close
medical supervision. When patient develops
hypoglycemia defined as plasma glucose be-
low 40 mg/dL accompanied by neuroglyco-
penic symptoms, serum C-peptide and insulin
levels are determined. Elevated levels (serum
insulin level >6 ulU/mL and serum C-peptide
>0.6 ng/mL) are 95-100% diagnostic of hy-
perinsulinemic hypoglycemic state such as
that of insulinoma.” The results of our pa-
tients 72 hour fasting protocol and the other
differentials are detailed in Table 1.

She had hypoglycemia (capillary blood
glucose of 32 mg/dL) with neuroglycopenic
symptoms at the 4th hour of the test with se-
rum insulin level of 102 ulU/mL and C-
peptide value of 14.82 ng/mL. A diagnosis of
hyperinsulinemic hypoglycemia, probably
from the insulinoma was made.

C. Imaging procedures: Abdominal sono-
graphy was normal, CT scan showed only
prominence of the uncinate process of the
pancreas with no appreciable mass, and MRI
revealed no definite abnormality.

D. Intra-arterial calcium stimulation with
hepatic venous: Sampling: A technique was
developed to localize insulinomas before
surgery by stimulating the release of insulin
using selective intra-arterial injections of cal-
cium gluconate as a secretagogue and then
measuring insulin levels in hepatic veins.

This procedure is reported to have 94%
sensitivity for diagnosing insulinoma.'’ We
then proceeded with selective intra-arterial
calcium stimulation with hepatic venous
sampling. Catheters were positioned in the
right and left hepatic veins through bilateral
femoral venous punctures.
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Table 1. Protocol for a 72-hour fasting result showed hyperinsulinemia during hypoglycemia sugges-

tive of insulinoma

Symp- Plasma Plasma C-peptide  Antiinsu- IGF- BOH  SU/meglit Insulin-
toms or glucose Insulin (nmol/L) lin anti- 2 bu- indie Glucose
Diagnosis signs (mg/dL) (nU/mL) receptor tyrat screen Ratio
Abs e
Normal No >40 <6 <0.2 - N >2.7 - <0.3
Insulinoma test cell Yes <40 >6 >0.2 - N <2.7 - >0.3
hyperplasia
Factitious sulfony- Yes <40 >6 >0.2 - N <2.7 + >0.3
lurea/meglitinide
Factitious Insulin Yes <40 <6 <0.2 - N <2.7 - >0.3
Non-islet cell Yes <40 <6 <0.2 - <2.7 - <0.3
tumor
Abnormal counter- Yes <40 <6 <0.2 - N >2.7 - <0.3
regulation
Autoimmune Yes <40 <6 <0.2 - N >2.7 - <0.3
Patient (4th hour) Yes 32 102 4.9 NA NA NA NA 3.2

After catheterization of the femoral artery,
superior mesenteric,
splenic and hepatic arteries were selectively
cannulated. Presampling selective angiogra-

the gastroduodenal,

phy was performed by injecting non-ionic
contrast agent into each artery. A “tumor
blush” at the region of the head was noted

(Fig. 1).

Fig. 1. Tumor blush seen at the region of the head of the pancreas during presampling selective an-

giography
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Calcium gluconate (10% solution) at a
dose of 0.025 meq Ca++/kg was diluted to a
5 ml bolus and injected into each artery rap-
idly. Blood samples for insulin determination
were obtained from both hepatic veins simul-
taneously at 0 and 30 seconds after calcium
injection. An increase of more than 2-3 fold
in insulin levels of hepatic venous samples,
after injection to a feeding artery, was re-
garded as a positive response. A positive
value into the splenic artery localized the tu-
mor to the tail of the pancreas, into the mes-
enteric artery and gastroduodenal artery lo-
calized the tumor to the head and body.'""
Our patient disclosed a three-to over five-fold
rise of insulin level in both superior mesen-
teric (second zero: 52.87 ulU/mL and at 30
second post-calcium stimulation: 238.71
ulU/mL) and gastroduodenal arteries (0 sec:
109.8 ulU/mL, 30 sec post-calcium stimula-
tion: 278.7 ulU/mL) implying the head and
the body of the pancreas as the location of
the tumor, (Fig. 2 & 3).
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Fig. 2. Insulin levels during intraarterial cal-
cium stimulation of superior mesenteric artery

Insulin gradients in splenic artery failed to
rise after calcium stimulation (0 sec: 108.88—
140.30 ulU/mL, 30 seconds post—calcium
stimulation: 94.82-138.84 ulU/mL) indicat-
ing that pancreatic tail location of tumor to be
unlikely. The results of her intra-arterial cal-
cium stimulation test are detailed in Fig. 4.
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Fig. 3. Insulin levels during intra-arterial cal-
cium stimulation of gastroduodenal artery
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Fig. 4. Results of insulin level pre- and post- in-
tra-arterial calcium stimulation test showing 3
to more than 5-fold elevation of insulin at the
region of superior mesenteric artery (MSA) and
gastroduodenal artery (GDA), implying tumors at
the head and body regions of the pancreas. No insu-
lin elevation was noted. SMA-superior mesenteric
artery: GDA-gastroduodenal artery: SPL-splenic
artery: RHV-right hepatic vein.LHV-left hepatic
veinat the splenic artery (SPL)

E. Intraoperative ultrasound: The patient
underwent exploratory laparotomy with in-
traoperative ultrasound revealing masses at
the head (measuring 2.5%x2.2 c¢cm) and at the
body (measuring 1.0x0.5 cm), Fig. 5.
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Fig. 5. Intraoperative ultrasound showing 2 solid nodules at the head and body of the pan-

creas

Enucleation of the masses was done; serial
monitoring of her blood glucose and serum
insulin levels are detailed in Fig. 6.
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Fig. 6. Pre-, intra, and post-operative plasma
insulin and glucose excursions. Note the nor-
malization of both levels after enucleation

F. Histopathologic findings: Histologic sec-
tion showed round to polyhedral cells which
were pleomorphic with hyperchromatic nu-
clei with prominent nucleoli and irregular
chromatin distribution and abundant eosino-
philic granular to clear-out cytoplasm. Histopa-
thology with chromogranin and synaptophysin
staining revealed a pancreatic neuroendocrine
tumor with blood vessel invasion (Fig. 7).
K1-67 cells, staining showed less than 2%
which signifies less aggressive behavior of
the tumor.

G. Postoperative course: Postopera-
tively, her blood glucose was maintained at
80-120 mg/dL with normal serum insulin
levels and no recurrence of hypoglyce-
mia. The possibility of MEN was consid-
ered, in the light of multiple pancreatic in-
sulinoma. Serum prolactin and calcium
levels were normal.
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Fig. 7. Histological section of insulinoma showed round to polyhedral cells which are pleo-
morphic with hyperchromatic nuclei and prominent nucleoli with irregular chromatin distri-
bution and abundant eosinophilic granular to cleared-out cytoplasm

Discussion

Considering the relatively poor and disap-
pointing results obtained from conventional
imaging, more invasive modalities have been
attempted; angiography has been used many
years. Insulinoma being hypervascular, ap-
pears as a “tumor blush” with contrast injec-
tion. The reported sensitivities are up to
72.2% at best, with use of digital subtraction
angiography, but reach 100% when com-
bined with intra-arterial calcium stimulation
test.® In vitro studies showed that a high ex-
tracellular calcium concentration invokes a
rapid elevation of intracellular calcium con-
centration and an almost instantaneous in-
crease in insulin release in insulinoma cells,
regardless of glucose level, a finding not seen
in normal pancreatic B cell lines. We then re-
ported the very first selective intra-arterial
calcium stimulation with hepatic venous
sampling in the Philippines for localization of
multiple pancreatic insulinomas. In situations
where non-invasive imaging techniques
failed to localize the tumor, additional at-
tempts are recommended to identify a reli-

able localization tool to facilitate surgical re-
section is recommended. An exhaustive pre-
operative localization procedure may not be
generally indicated because of the favorable
outcome achieved by an experienced surgeon
when a policy of careful bimanual palpation
and intraoperative ultrasound is adopted. On
the other hand, failure to resect a tumor be-
cause of an inability to localize it before sur-
gery occurs in up to 10% of patients.'"'* A
safe, sensitive preoperative localization pro-
cedure may facilitate a focused pancreatic
exploration by an experienced surgeon. In
addition, an accurate preoperative localiza-
tion technique greatly improves patient con-
fidence and allows for an informed discus-
sion about the possible nature and the likely
extent of surgery.'?

Intra-arterial calcium stimulation with he-
patic venous sampling for insulin gradients to
localize the pancreatic insulinoma was first
reported by Doppman et al in 1991. The sen-
sitivity of the technique was 94% in the latest
report on 35 patients with insulinoma."® This
is the most sensitive preoperative localization
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method for insulinoma and has replaced por-
tal vein sampling because of its simplicity,
high sensitivity and relative non-invasiveness.

Our patient showed a three-to over five-
fold increase in insulin levels in both superior
mesenteric and gastroduodenal arteries, 30 sec-
onds post calcium stimulation, implying the
pancreatic head and body location of the tu-
mors.

During exploratory laparotomy, intraop-
erative ultrasound showed two masses, each
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