
Journal of the Endocrine Society, 2021, Vol. 5, No. 2, 1–6
doi:10.1210/jendso/bvaa185

Case Report

https://academic.oup.com/jes   1

ISSN 2472-1972

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and 
distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

© The Author(s) 2020. Published by Oxford University Press on behalf of the Endocrine Society.

Case Report

Calcium Stimulation Test for Insulinoma 
Localization in an End-stage Renal Disease 
Patient on Diazoxide
Stephanie  Kim,1,2 Miles  Conrad,3 Eunice  Chuang,1,2 Larry  Cai,3 
Umesh Masharani,2 and Elizabeth J. Murphy1,2

1Division of Endocrinology and Metabolism, Department of Medicine, Zuckerberg San Francisco General 
Hospital, San Francisco, CA 94110, USA; 2Division of Diabetes, Endocrinology and Metabolism, Department 
of Medicine, University of California, San Francisco, CA 94143, USA; and 3Department of Radiology and 
Biomedical Imaging, University of California, San Francisco, CA 94143, USA

ORCiD numbers: 0000-0003-3317-822X (S. Kim); 0000-0002-3269-804X (U. Masharani); 0000-0001-7687-2831 (E. J. Murphy).

Received: 27 August 2020; Editorial Decision: 20 November 2020; First Published Online: 27 November 2020; Corrected and 
Typeset: 21 December 2020. 

Abstract

Insulinomas are rare, and even rarer in patients with end-stage renal disease (ESRD). 
Clear criteria for the biochemical diagnosis of insulinomas in patients with renal failure 
have not been established, and hypoglycemia is often attributed to the renal disease 
itself, frequently leading to a delay in diagnosis. We describe a case of a patient who 
presented with asymptomatic recurrent hypoglycemia during hemodialysis. Disease 
progression and biochemical testing strongly suggested an insulinoma. Computed tom-
ography (CT) of the abdomen and pelvis, 111In-pentetreotide scintigraphy and endoscopic 
ultrasound did not localize a pancreatic tumor. A calcium stimulation test was performed 
while the patient was taking diazoxide due to severe hypoglycemia with fasting for a 
couple of hours without treatment. The test showed a marked increase in insulin after 
calcium infusion in the dorsal pancreatic artery, localizing the tumor to the body and 
tail of the gland. Exploratory surgery easily identified a tumor at the body of the pan-
creas and pathology confirmed an insulin-secreting pancreatic neuroendocrine tumor. 
On follow-up, there was resolution of the hypoglycemia. We review the challenges of 
diagnosing an insulinoma in ESRD and describe a successful intra-arterial calcium stimu-
lation test done in an ESRD patient while continuing diazoxide.

Key Words: insulinoma, diazoxide, calcium stimulation test, end stage renal disease

Insulinomas, while being the most common functioning 
islet cell tumors, are rare with an incidence of 4 per mil-
lion persons [1]. They are exceedingly rare in patients 
with end-stage renal disease (ESRD), reported in just 7 

patients, including 3 patients on hemodialysis and 1 pa-
tient on peritoneal dialysis [2–8]. Establishing the diagnosis 
of insulinoma is always challenging [9], and even more so 
in ESRD, where spontaneous hypoglycemia can be due to 
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other factors, including decreased renal gluconeogenesis, im-
paired insulin clearance, decreased hepatic gluconeogenesis 
from uremia, an abnormal counter-regulatory hormone 
response, and malnutrition [2]. Hypoglycemia in ESRD is 
often attributed to these other causes, leading to missed or 
delayed diagnosis in cases of an insulinoma.

Once diagnosed, insulinomas are often difficult to lo-
calize. Several strategies exist for localizing difficult-to-find 
tumors, including intra-arterial calcium administration to 
arteries supplying the pancreas to stimulate insulin secre-
tion from the tumor. Diazoxide, a potassium channel acti-
vator used to treat hyperinsulinemia, is usually discontinued 
during this testing so as not to suppress the insulin response 
to calcium. We report the first case of successful insulinoma 
localization from a calcium stimulation test performed in a 
patient with ESRD while continuing diazoxide.

Case Report

A 36-year-old man with ESRD due to systemic lupus ery-
thematosus (SLE) and hypertension, on hemodialysis for 
5 years, was referred to the San Francisco General Hospital 
Endocrine Clinic for recurrent hypoglycemia. During the 
previous 10 months, the patient was noted to have hypo-
glycemia on multiple occasions during hemodialysis with 
nonfasting serum blood glucoses (BG) ranging from 30 
to 40  mg/dL. He denied symptoms other than weakness 
during these episodes. A  cortisol level obtained during 1 
instance of hypoglycemia (BG 34 mg/dL) was 14.7 mg/dL, 
which, given the degree of hypoglycemia, suggested pos-
sible adrenal insufficiency. His medications were benazepril 
20 mg daily and cinacalcet 30 mg daily. He did have a his-
tory of prior prednisone use for many years for his SLE, but 
he had not been taking it for at least several months prior 
to presentation. There was no family history of endocrine 
disorders.

The patient was admitted to the hospital for a super-
vised fast. Physical examination was unremarkable. After 
4.5 hours of fasting he became confused, diaphoretic, and 
irritable. Blood glucose was 27 mg/dL. Symptoms resolved 
with treatment of the hypoglycemia, thus establishing 
Whipple’s triad. When BG was 27  mg/dL, other labs in-
cluded insulin 19.8 μU/mL (ref 3–25), C-peptide 7.6 ng/mL 
(ref 0.8–3.5), proinsulin 385.5 pmol/L (ref < 26.8), and beta-
hydroxybutyrate 0.07  mmol/L (ref  <  0.28). Sulfonylurea 
panel and insulin autoantibody were negative. These re-
sults are typically diagnostic of an insulinoma (criteria: 
BG < 55 mg/dL, insulin ≥ 3.0 μU/mL, C-peptide ≥ 0.6 ng/
mL, proinsulin  ≥  5 pmol/L, and beta-hydroxybutyrate 
levels ≤ 2.7 mmol/L) [9]. However, in ESRD, endogenous 
glucose production, from both the kidney and liver, is re-
duced, contributing to fasting hypoglycemia. While insulin 

secretion should be quickly suppressed with hypoglycemia, 
because of delayed insulin clearance in ESRD, insulin con-
centrations can remain elevated and further contribute to 
hypoglycemia. Unfortunately, no clear diagnostic criteria 
exist for appropriate insulin suppression in ESRD. For our 
patient, given his ESRD and possible mild adrenal insuffi-
ciency (discussed below), the diagnosis of an insulinoma 
remained uncertain.

During hospitalization the patient had a cosyntropin 
stimulation test that showed a precortisol level of 8.5 ug/
dL, with an adrenocorticotropic hormone (ACTH) level 
of 55 pg/mL (ref 7–69 pg/mL; Siemens Immulite Assay; 
Siemens, Malvern, PA) and a postcortisol level of 15.8 ug/
dL. This was deemed an insufficient response, especially in 
the setting of recurrent hypoglycemia. A  21-hydroxylase 
antibody test was negative and an abdominal computed 
tomography (CT) scan did not identify a pancreatic islet-
cell tumor. He was therefore discharged home on hydrocor-
tisone and diazoxide, with resolution of his hypoglycemic 
episodes. Repeat cosyntropin stimulation testing was per-
formed on him as an outpatient 8  months later, with a 
precortisol level of 16.1 ug/dL and a postcortisol level of 
20.3 ug/dL. It was presumed the patient had recovered 
from possible adrenal suppression from prior high-dose 
glucocorticoid use and hydrocortisone was subsequently 
discontinued. Further imaging with an octreotide scan and 
endoscopic ultrasound was performed and did not localize 
a pancreatic tumor. The patient refused referral for sur-
gical exploration and did not follow-up further with endo-
crinology for several years.

As a side note, subsequent repeat ACTH several years 
later, again with the Siemens Immulite assay, was 236 pg/
mL, with a corresponding cortisol of 16.8 ug/dL. This result 
was considered spurious given the cortisol and low clinical 
suspicion for adrenal insufficiency at the time. He had re-
mained off prednisone and hydrocortisone. Subsequently, 
after it was reported that the Siemens Immulite ACTH 
assay could cause erroneously elevated results [10], this 
was rechecked using the Roche Cobas ACTH assay (Roche 
Diagnostics, Mannheim, Germany). The ACTH was actu-
ally borderline low at 5.4 pg/mL (ref 7.2–63.3 pg/mL), with 
a corresponding cortisol of 12.7. This suggests the original 
ACTH readings had been erroneously high and the patient 
may have initially had some degree of mild adrenal dys-
function due to his prior glucocorticoid use, which resolved 
with time.

Two years after his initial evaluation, the patient 
re-presented to the endocrine clinic with worsening hypo-
glycemia and frequent emergency room visits for noc-
turnal hypoglycemia with loss of consciousness. He also 
had a 50-pound weight gain due to eating and drinking 
soda every 4 hours. He had self-increased his diazoxide to 
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150 mg at night with minimal improvement in symptoms. 
Repeat endoscopic ultrasound and CT abdomen pelvis did 
not reveal a pancreatic lesion.

To localize the insulinoma, an intra-arterial calcium 
stimulation test was performed. Due to a hypoglycemic 
episode to 30 mg/dL while fasting in preparation for a CT 
scan, it was deemed unsafe to discontinue diazoxide during 
the calcium stimulation test. The patient fasted for 12 
hours but took diazoxide 150 mg the night before and 50 
mg on the morning of the procedure. The gastroduodenal, 
proper hepatic, superior mesenteric, and dorsal pancreatic 
arteries were catheterized with calcium gluconate bolused 
into each artery. Blood samples from the right hepatic vein 
were obtained at baseline and at 30, 60, 90, 120, and 150 
seconds after injection. Notably, the majority of the blood 
supply to the body and tail of the pancreas was identified 
on angiography to originate from the dorsal pancreatic ar-
tery rather than branches from the splenic artery, as is more 
typically seen (Fig. 1). The results of the intra-arterial cal-
cium stimulation showed a step-up in insulin from a base-
line of 7.2 μU/L to a peak of 886.7 μU/L 90 seconds after 
injection of the dorsal pancreatic artery (Fig. 2). Injection 
in the other arteries showed no significant increase. The ca-
pillary BG decreased to 36 mg/dL with the surge in insulin. 
The patient reported tremors and diaphoresis and intra-
venous glucose (25 gm) was administered, with improve-
ment in his symptoms. He was monitored postprocedure 
and his BG remained low at 44 mg/dL 4 hours later, likely 
due to the very high insulin level from the stimulation test 

and slow insulin clearance due to his renal failure. He was 
given an additional 25 grams of intravenous glucose and 
food, and his BG rose to 118 mg/dL. He refused to remain 
in the hospital and left against medical advice.

The patient was referred to surgery for exploration and 
presumed resection of the distal pancreas. While awaiting 
surgery, whole body 68Gallium (68Ga)-DOTATATE (a 
radioconjugate with a high affinity to somatostatin receptor 
2 positron emission tomography (PET)/CT scan [11]) be-
came available under a research protocol. A  radiotracer 
avid lesion was seen at the level of the body of the pan-
creas measuring 1.6 × 1.4 cm with a standardized uptake 
value of 32.2 (Fig. 3). Surgical laparoscopic exploration re-
vealed an easily identifiable tumor situated directly over the 
body of the pancreas, and the patient underwent a distal 
pancreatectomy. Pathology showed a 1.9 × 1.2 × 1.2  cm 
well-differentiated tumor, with immunohistochemical 
staining positive for insulin, synaptophysin, chromogranin 
and a weak, patchy cytokeratin cocktail consistent with 
a low-grade insulin-secreting pancreatic neuroendocrine 
tumor. Postoperatively, the patient’s BG normalized with 
resolution of hypoglycemic symptoms and significant im-
provement in his quality of life. Notably, he lost 60 pounds 
5 months postoperatively.

Discussion

Spontaneous hypoglycemia in ESRD is multifactorial and 
may occur due to reduced renal gluconeogenesis, decreased 
insulin clearance, reduced hepatic glucogenesis, impaired 
counterregulatory hormone response, diminished caloric 
intake, and the use of high glucose-containing dialysate 
during hemodialysis or peritoneal dialysis [2]. Thus, the 
diagnosis of endogenous hyperinsulinemia in the presence 
of ESRD is difficult and may be delayed without estab-
lished criteria in this setting. Our patient had documented 
Whipple’s triad, though this can be seen in renal failure 
without the presence of an insulinoma. The clinical pro-
gression of his symptoms over several years with signifi-
cant weight gain increased our suspicion for insulinoma. 
He initially responded well to diazoxide but 2 years later, 
re-presented with symptomatic hypoglycemia despite more 
aggressive diazoxide treatment.

As is common with insulinomas, initial localizing 
studies were negative. In these cases, an intra-arterial cal-
cium stimulation test is reported to localize 88% to 100% 
of insulinomas to the correct region of the pancreas [11]. 
Understanding the arterial supply of the pancreas is im-
portant. Interestingly, in this case the patient displayed 
variable anatomy. His angiography showed no significant 
arterial supply to the pancreas from the splenic artery, 
which is normally the dominant blood supply to the body 

Figure 1. Visceral arteriogram demonstrates the tip of the catheter 
in the dorsal pancreatic artery (long white arrow). In this patient, the 
dorsal pancreatic artery is the dominant supply to the neck and body of 
the pancreas via the pancreatica magna artery (short white arrow) and 
transverse pancreatic artery (black arrow). Contrast is seen refluxing in 
the splenic artery (asterisk), which does not show significant supply to 
the pancreas.



4  Journal of the Endocrine Society, 2021, Vol. 5, No. 2

and tail of the pancreas. Rather, supply to this region ap-
peared to originate from the dorsal pancreatic artery, which 
was selectively catheterized and bolused with calcium 
gluconate, along with the gastroduodenal, proper hepatic, 
and superior mesenteric arteries.

In pancreatic β-cells, glucose enters the cell and gener-
ates adenosine triphosphate (ATP), which closes the potas-
sium ATP (KATP) channels. Cells are depolarized, voltage 
gated calcium channels open, and increased intracellular 
calcium leads to insulin release. Sulfonylureas bind to 
the KATP channels and also close them, thereby increasing 

insulin secretion. However, diazoxide opens the KATP chan-
nels, hyperpolarizing the cell, leading to the closure of 
voltage gated calcium channels, decreased intracellular cal-
cium, and inhibition of insulin secretion. Thus, diazoxide 
is especially useful in the management of hyperinsulinism 
from an insulinoma [12]. However, in a patient undergoing 
a calcium stimulation test, calcium enters the pancreatic 
beta cells primarily through the voltage-activated calcium 
channels closed by diazoxide. In the presence of diazoxide, 
it would therefore be expected that insulinoma cells would 
be unresponsive to the increase in extracellular calcium. 

Figure 3. Whole body 68Gallium (68Ga)-DOTATATE showing a radiotracer avid lesion at the level of the body of the pancreas measuring 1.6 × 1.4 cm, 
with a standardized uptake value (SUV) of 32.2 (red arrow).

Figure 2. Insulin in hepatic vein over time following arterial calcium gluconate stimulation.
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Accordingly, protocols for the calcium stimulation pro-
cedure dictate that diazoxide should be discontinued at the 
time of testing so as not to suppress insulin secretion.

For safety reasons, our patient was maintained on 
diazoxide, including on the morning of the test. This is the 
first report, to our knowledge, of a successful intra-arterial 
calcium stimulation test while continuing diazoxide treat-
ment. Our patient showed marked elevation in insulin after 
calcium infusion into the dorsal pancreatic artery, localizing 
the tumor to the body and tail of the gland, which corres-
ponded to the tumor location at surgery. A previous study 
reported a false-negative selective arterial calcium stimu-
lation in a patient maintained on diazoxide, and repeat 
testing in the same patient after diazoxide was discontinued 
and localized the insulinoma [13]. The reason for success 
with diazoxide in 1 patient but not the other is likely due 
to underlying differences in the tumors. It was first ob-
served over 30 years ago that there are striking differences 
in insulinoma responsiveness to diazoxide [14]. Different 
subtypes of insulinomas have been proposed with different 
postulated mechanisms responsible for dysregulated in-
sulin secretion [15]. Therefore, we hypothesize the tumor 
in our patient was relatively unresponsive to diazoxide. 
Patients with diazoxide-unresponsive tumors also tended 
to have relatively higher proinsulin concentrations, as was 
the case in our patient [14]. Unresponsiveness to diazoxide 
is further supported by the severe hypoglycemia requiring 
frequent eating despite treatment. All of these factors may 
have allowed for successful arterial calcium stimulation, 
though future studies will be needed to determine how best 
to identify patients who can have successful tumor localiza-
tion while still taking diazoxide.

Of note, had it been available earlier, 68Ga-DOTATATE 
PET/CT would also have revealed the tumor location, for-
going the need for calcium stimulation. 68Ga-DOTATATE 
PET/CT identifies most insulinomas with better accuracy 
than CT, magnetic resonance imaging (MRI), ultrasound, 
and octreotide scintigraphy [16]. Therefore, while selective 
arterial secretagogue injection remains more accurate for 
regionalizing insulinomas [17], it may be used much less 
frequently. 111In-DTPA-exendin-4 SPECT/CT, used for 
glucagon-like-peptide-1 receptor imaging, is also known 
to be a more sensitive modality for the localization of 
insulinomas compared with traditional imaging methods.

Our case highlights that in ESRD, there will be a sig-
nificant risk for prolonged postprocedure hypoglycemia 
given a delay in clearance of the very high circulating in-
sulin concentrations. In our patient, this hypoglycemia 
risk lasted at least 4 hours. Given he left against advice, 
we don’t know how much longer this may have lasted. 
Postprocedural-prolonged hypoglycemia in ESRD should 
be anticipated and patients should be monitored for many 

hours postprocedure. Consideration of overnight observa-
tion may be appropriate.

This case shows that while diazoxide is traditionally not 
used with an intra-arterial calcium stimulation test, it can 
be continued in some cases of severe hypoglycemia with 
successful results. Insulinoma in the setting of ESRD is rare 
and difficult to diagnosis, often leading to a delay in treat-
ment. It is important to note that clearance of insulin after 
the calcium stimulation may be slow and patients need to 
be closely monitored for a prolonged period postprocedure 
to ensure that glucose levels are stable.
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