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【 CASE REPORT 】
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Abstract:
The selective arterial calcium stimulation test (SACST) is one of the most useful localization tests for insu-

linoma but can cause false-positive and/or unexpected multi arterial positive results that hamper clinical deci-

sions. There are also several adverse effects, such as nausea and hypoglycemia, at the conventional dose

(0.025 mEq/kg) of calcium injection. We herein report five consecutive insulinoma cases in which low-dose

(0.005-0.007 mEq/kg) calcium injection for SACST led to successful insulinoma localization. No adverse ef-

fects of SACST were observed. In conclusion, a low-dose SACST can be a favorable option as an insulinoma

localization test in terms of accuracy and safety.
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Introduction

Insulinoma is a pancreatic neuroendocrine neoplasm that

causes hypoglycemia due to insulin oversecretion (1, 2). Lo-

calization of insulinoma is critical for curative sur-

gery (3, 4). Selective arterial secretagogue injection tests, es-

pecially the selective arterial calcium stimulation test

(SACST), are the most useful localization tests for insuli-

noma (4-6). Although the calcium dose for the SACST has

been conventionally set at 0.025 mEq/kg, it is often adjusted

empirically by physicians. However, the SACST has been

reported to have some clinical difficulties in localizing insu-

linoma, with reports of false positives and/or unexpected

multiarterial positive results, and may also cause adverse re-

actions, such as nausea (7), hypoglycemia (7, 8), and hyper-

calcemia (9) due to the high calcium dose of 0.025 mEq/kg.

Accordingly, lower doses of calcium injection for the

SACST have been proposed (8, 10). In fact, 0.0025 mEq/kg

and 0.0065 mEq/kg calcium injections for the SACST were

reported to have sensitivities of 91% and 75%, respectively,

and a specificity of 84% (10). In another study, the sensitivi-

ties of 0.025 mEq/kg and 0.00625 mEq/kg calcium injec-

tions were 86% and 71%, respectively (8). However, these

results, which were obtained in a small number of cases,

have varied, and the effectiveness and safety of these low-

dose SACST protocols have not been fully examined. In ad-

dition, the usefulness of SACST in cases with multiple tu-
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Table　1.　Clinical Characteristics of the Cases.

Case No. 1 2 3 4 5

Age (years) 36 27 51 43 61

Sex Female Female Male Female Male

Height (cm) 159 160 171 155 155

Body weight (kg) 55.0 49.2 64.7 46.5 93.4

Body mass index (kg/m2) 21.8 19.2 22.1 19.4 38.9

Hereditary mutations No No No No MEN1

Image modalities used for pre-SACST 

evaluation

CECT, 

EUS

MRI, 

EUS

EUS CECT, 

DOTATOC-

PET/CT

CECT, MRI

Pancreatic tumors on pre-SACST 

evaluation

Solitary Solitary Solitary Multiple Multiple

Tumor localization by pre-SACST 

evaluation

Head Body, 

Tail

Distal 

pancreas

Body, Tail Neck, Body, 

Tail

Corrected serum calciuma (mg/dL) 8.5 8.4 8.9 9.0 6.8

eGFR (mL/min/1.73 m2) 139.7 77.4 68.0 65.8 75.1

Injected calcium doses 

for the SACST (mEq/kg) 0.007 0.005 0.005 0.005 0.005

IST localization after the SACST Head Body, 

Tail

Body, Tail Head, Body, 

Tail

Body, Tail

Hypoglycemia related with SACST No No No No No

Adverse events related with SACST No No No No No

ameasured within a week before the SACST.

For cases with serum albumin level <4.0 g/dL, the corrected serum calcium level was calculated by the formula, serum 

calcium+[4.0 -serum albumin (g/dL)].

MEN: multiple endocrine neoplasia, SACST: selective arterial calcium stimulation test, CECT: contrast-enhanced com-

puted tomography, EUS: endoscopic ultrasonography, MRI: magnetic resonance imaging, DOTATOC: 68Ga-labeled 

1,4,7,10-tetraazacyclododecane-N,N',N,”N”-tetraacetic acid-D-Phe1-Tyr3-octreotide, PET: positron emission tomogra-

phy, eGFR: estimated glomerular filtration rate, IST: insulin-secreting tumor

mors and the adequacy of low-dose calcium injection re-

mains unclear.

We herein report five consecutive insulinoma cases that

underwent a low-dose SACST at 0.005-0.007 mEq/kg.

Patients and Methods

We conducted a retrospective single-center study at Kyoto

University Hospital between January 2008 and September

2018. This study was conducted in accordance with the

Declaration of Helsinki and was approved by the ethics

committee of Kyoto University Hospital (local identifier:

R1789).

We used a slow continuous intravenous infusion of nor-

mal saline (1-2 mL/min) during the procedure. We rapidly

infused 8.5% calcium gluconate, followed by flushing with

5-mL normal saline. In this study, a low-dose SACST was

defined as a calcium dose of <0.010 mEq/kg. The actual

calcium dose for the SACSTs among the subjects ranged

from 0.005 to 0.007 mEq/kg. As previously reported (4, 5),

a positive SACST result was defined as a more than 2-fold

increase in the serum insulin level from baseline within 120

seconds after calcium infusion. Positive responses in the

gastroduodenal artery (GDA) and superior mesenteric artery

(SMA) were taken to indicate the presence of an insulin-

secreting tumor in the head and body of the pancreas,

whereas a positive response in the splenic artery (SPA) was

taken to indicate a tumor in the body and tail of the pan-

creas (11); however, anatomical variations among the cases

were considered, based on arteriography.

Surgical localization and postoperative recovery from hy-

poglycemia were used as the gold standard for successful

localization of insulin-secreting tumors. The criteria for

cured insulinoma were the disappearance of hypoglycemia

and hypoglycemic symptoms, confirmation of negative re-

sults in a post-operative fasting test, and improved hyperin-

sulinemia during the oral glucose tolerance test. Through a

chart review, we identified eight adult insulinoma patients

who underwent SACST in our hospital, including five con-

secutive patients who underwent a low-dose SACST for lo-

calizing insulinoma (Table 1, 2).

Statistical analyses by the Mann-Whitney U test were per-

formed using the JMP software program, version 14.0.1

(SAS Institute, Cary, USA). P-values <0.05 were considered

statistically significant. The data were presented as the me-

dian [interquartile range (IQR)].

Case Reports

Case 1

A 36-year-old woman with recurring episodes of loss of

consciousness was admitted to our hospital. Her serum glu-
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Figure　1.　Images of the pancreatic tumors of the present cases. Upper panel: (a) Case 1. Contrast-
enhanced computed tomography (CECT) of the abdomen showed a tumor in the head of the pan-
creas (arrow). (b) Case 2. Magnetic resonance imaging (MRI) of the abdomen demonstrated a tumor 
in the body and tail of the pancreas (arrow). (c) Case 3. EUS revealed a tumor in the distal pancreas 
(arrow). (d) Case 4. CT of the abdomen showed tumors in the body and tail of the pancreas (arrows). 
(e) Case 5. MRI of the abdomen revealed tumors in the body and tail of the pancreas (arrows). Lower 
panel: immunohistochemical images of insulin staining (×100).
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Table　2.　the Frequencies of False-positive, False-negative, and Adverse Effects in 
Conventional and Low-dose SACST.

Reference
Ca injection 

(mEq/kg)
False-positive False-negative Adverse effects

Present study 0.025 0/3(0%) 0/3(0%) 1/3(33%)

0.005-0.007 0/5(0%) 0/5(0%) 0/5(0%)

10 0.0025 3/19(16%) 1/11(9%) No data**

0.00625 2/8(25%) No data**

8 0.025 0/2*(0%) 0/2*(0%) 1/3(33%)

0.00625 1/5(20%) 0/5(0%) 0/5(0%)

14 0.025 1/13(8%) 1/13(8%) 1/13(8%)

6 0.025 2/45(4%) 5/45(11%) No data

19 0.02-0.025 6/11(55%) 0/6(0%) No data

11 0.025 No data 3/25(12%) 0/25(0%)#

Total Conventional dose 9/74(12%) 9/94(10%) 3/44(7%)

Low-dose (<0.010) 4/29(14%) 3/29(10%) 0/10(0%)

* Patients who have not undergone surgery after SACST are excluded.

** The flushing and tingling related to SACST has occurred, but the frequency has not reported.
# No adverse effects have occurred aside from the mild and transient sensation of warmth in the epigas-

trium during SACST.

The number of each report corresponds to the reference number. SACST: selective arterial calcium 

stimulation test, Ca: calcium

cose level was 40 mg/dL, and her serum insulin level was

9.2 μU/mL. Abdominal computed tomography (CT) demon-

strated a 10-mm tumor in the head of the pancreas (Fig. 1a).

The SACST was performed using an injected calcium dose

of 0.007 mEq/kg, resulting in a significant selective increase

in insulin in the SMA and GDA (Fig. 2a). There were no

adverse effects associated with the test. The mass in the

head of the pancreas was enucleated, following the patho-

logical confirmation of an insulinoma (Fig. 1a). No hypo-

glycemia has occurred since the surgery.
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Figure 2. Results of selective arterial calcium stimulation test (SACST) test of the present cases. (a) 
The results for the superior mesenteric artery (SMA) and gastroduodenal artery (GDA) are positive 
in Case 1. (b) The result for the proximal splenic artery (SPAp) is positive in Case 2. (c) A positive 
response is observed in the SPAp in Case 3. (d) Positive responses are observed in the GDA and SPAp 
in Case 4. (e) Positive responses are observed in the SPAp and in the distal portion of the SPA (SPAd) 
in Case 5.
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Case 2

A 27-year-old woman was diagnosed with insulinoma

(Fig. 1b), and her presentation was detailed in a previous re-

port (9). The SACST was performed using an injected cal-

cium dose of 0.005 mEq/kg and showed a significant in-

crease in the insulin level in the proximal part of the SPA

(SPAp) (Fig. 2b). There were no adverse effects associated

with the test. Distal pancreatectomy was performed and re-

vealed an insulinoma in the tail of the pancreas on a patho-

logical examination. No hypoglycemia has occurred since

the surgery.

Case 3

A 51-year-old woman presented with mood swings. On a

laboratory examination, she was found to have hyperinsu-

linemic hypoglycemia, with plasma glucose at 30 mg/dL,

serum insulin at 3.5 μU/mL, and serum C-peptide at 2.3 ng/

mL. Although CT failed to demonstrate any pancreatic tu-

mor, endoscopic ultrasonography identified an 11-mm tumor

in the distal pancreas (Fig. 1c). The SACST was performed

using an injected calcium dose of 0.005 mEq/kg and re-

sulted in a significant increase in the insulin level in the

SPAp. There were no adverse effects associated with the

test. Distal pancreatectomy was performed and revealed a

tumor with positive staining for insulin on a pathological ex-

amination. No hypoglycemia has occurred since the surgery.

Case 4

A 43-year-old woman presented with recurring hypogly-

cemia with tremors and sweating. A fasting test for approxi-

mately 8 hours revealed hyperinsulinemic hypoglycemia,

with a plasma glucose level of 37 mg/dL, serum insulin

level of 24.5 μU/mL, and serum C-peptide leve of 0.45 ng/

mL. She had no family history of hypoglycemia, multiple

endocrine neoplasia type 1 (MEN1), or MEN1-related disor-

ders. Subsequent genomic DNA polymerase chain reaction

testing revealed no pathogenic mutations in the whole exon

of the MEN1 gene. Abdominal CT demonstrated three tu-

mors in the body and tail of the pancreas (Fig. 1d). 68Ga-

labeled 1,4,7,10-tetraazacyclododecane-N,N',N,''N''-tetraace-

tic acid-D-Phe1-Tyr3-octreotide positron emission tomogra-

phy/CT demonstrated a significant accumulation in two of

the three tumors but revealed no other tumors in the head of

the pancreas. The SACST was performed using an injected

calcium dose of 0.005 mEq/kg and revealed more than a

two-fold increase in the insulin level in the GDA and SPAp

(Fig. 2d). There were no adverse effects associated with the

test.

The SACST suggested insulin-secreting tumors not only

in the body and tail of the pancreas but also in the head of

the pancreas. After carefully considering the risks and bene-

fits of total pancreatectomy, distal pancreatectomy was per-

formed based on the patient’s strong request. Histopathology

revealed that all three tumors were insulin-positive (Fig. 1d).

Furthermore, many small tumors were grossly observed in

the entirely resected pancreas, suggesting the possibility of

residual tumors in the head of the pancreas. After the sur-

gery, the hyperinsulinemic hypoglycemia persisted, and CT

revealed a residual tumor (Fig. 1d).

Case 5

A 61-year-old man was diagnosed with MEN1 based on

the presence of primary hyperparathyroidism and

prolactinoma in addition to an MEN1 mutation. Abdominal

magnetic resonance imaging demonstrated a tumor in the

pancreatic neck and five tumors in the body and tail of the

pancreas (Fig. 1e). Thereafter, he developed hypoglycemia.

A fasting test revealed hyperinsulinemic hypoglycemia, with

a plasma glucose level of 39 mg/dL, serum insulin level of
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Figure 3. The comparison of the increase in the insulin levels 
in the venous samples between positive and negative arterial 
stimulations. The increase in the insulin levels in the positive 
arterial stimulations (n=7) is significantly higher than that in 
the negative arterial stimulations (n=16) and was compatible 
with the findings of the pathological examinations.
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8 μU/mL, and serum C-peptide level of 2.36 ng/mL. The

SACST was performed using an injected calcium dose of

0.005 mEq/kg and showed a significant increase in the insu-

lin levels in the SPAp and the distal part of the SPA

(Fig. 2e). There were no adverse effects associated with the

test. Distal pancreatectomy was performed, and a pathologi-

cal examination revealed that four of the five tumors were

insulin-positive (Fig. 1e). No hypoglycemia has occurred

since the surgery.

The comparison between positive and negative arte-

rial stimulations in the SACST

In the analysis of all the arterial stimulations in the 5

cases above, venous sampling in the positive and negative

arterial stimulations showed 2.25-43.7-(median 4.67, IQR

24.93) and 1.00-1.92-(median 1.18, IQR 0.30) fold in-

creases, respectively, in the serum insulin levels from the

baseline (p<0.01). In the positive arterial stimulations of 4

of the cases, the maximum rate of increase in the serum in-

sulin level was observed within 60 seconds after injection;

only 1 case (Case 3) showed a maximum rate at 120 sec-

onds (Fig. 2). Furthermore, in the analysis of the results that

were confirmed pathologically (Fig. 3), the venous sampling

in the positive and negative arterial stimulations showed

2.25-43.7-(median 5.14, IQR 32.17) and 1.01-1.92-(median

1.23, IQR 0.29) fold increases, respectively, in the serum in-

sulin levels from baseline (p<0.01).

Discussion

Surgical resection is the only curative treatment for insuli-

noma. To determine the precise area of resection in the pan-

creas, accurate preoperative tumor localization is essen-

tial (4, 12, 13). Compared with other localization tools, the

SACST has been reported to be one of the most sensitive

diagnostic procedures for localizing insulinoma (14-16).

However, the SACST is associated with several adverse ef-

fects, including nausea, hypotension, and hypoglycemia, in

some cases, especially after a conventional dose of calcium

injection (0.025 mEq/kg). Hypoglycemia during the SACST

has been reported to occur in about 2% of cases (14); there-

fore, the calcium dose for the SACST has often been ad-

justed empirically by physicians (7, 8). Furthermore, the

clinical risk of repeated calcium injections had been a con-

cern, especially in cases with obesity and renal impairment,

which can be affected by MEN1 (17, 18). Although empiri-

cal adjustments of the injected calcium dose have been per-

formed based on body weight and the renal function, even

in the conventional protocol (11), a low-dose SACST (i.e.,

injected calcium dose of 0.00625 mEq/kg) has recently been

proposed to avoid adverse effects (8).

In the conventional-dose SACST, a risk of false positive

results remains a potential issue, and the frequency of such

results is not negligible (6, 14, 19). The frequency of multi-

ple positive arteries in conventional SACST has been 31%

to 53% in previous reports (6, 14). To our knowledge, the

frequencies of false-positive results among previous reports

has been 0-55%, although this frequency depends in part on

the skill of each physician and institute (Table 2). One of

the main reasons for false-positive results is a high fre-

quency of complicated vascular anastomoses around the

pancreas (19). More than 90% of the vascular anastomoses

between the head and tail of the pancreas can be involved in

the flow of calcium from the infused artery into the pan-

creas. Furthermore, repeated calcium injections can lead to

an increased flow back into other areas and increase the cal-

cium stimulation even in normal arterial territories (19). In

this context, reducing the dosage of injected calcium can

theoretically reduce the risk of false positive results.

As previously reported, compared with the conventional

dose, the low-dose SACST had comparable effectiveness but

without adverse effects (8). However, the usefulness of the

SACST at lower doses has not been examined, and the opti-

mal low dose has not been set, with such discussions made

in only a few reports (8, 10). In our low-dose SACST cases,

no adverse events, including hypoglycemia, were observed

after the low-dose SACST. As previously suggested, the

low-dose SACST may reduce the incidence of adverse ef-

fects, including hypoglycemia, during the procedure (8).

Furthermore, no false-positive results were recorded among

the five cases managed with the low-dose SACST.

For the SACST at lower doses, there remain some con-

cerns as to whether or not low-dose calcium can sufficiently

stimulate extracellular and intracellular calcium concentra-

tions, which is required for insulin secretion from insuli-

noma cells (20). In fact, an insulinoma case that required a

higher dose of calcium injection for a positive response in

the SACST was previously reported (21). Therefore, the

lowest dose of calcium injection that can be used for the
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SACST remains to be established by further studies; how-

ever, false-negative results in the low-dose SACST were not

observed in at four of the five present cases, suggesting that

the dose used here was reasonable.

In addition, the effectiveness and clinical details of the

SACST for cases with multiple tumors should be described.

In our case series, all five cases showed apparent hyperinsu-

linemic hypoglycemia, with an almost normal renal function

(Table 1). Furthermore, all cases except for case 4 showed a

complete recovery from hypoglycemia after surgery, and the

insulinomas localized by the low-dose SACST were demon-

strated pathologically. Only one case (case 4) had an un-

identified residual insulin-secreting tumor in the head of the

pancreas. In the two patients who had multiple insulin-

secreting tumors, multiple positive arteries were observed in

the SACST; one case was diagnosed as MEN1, and the

other had no MEN1-related disorders or family history of

MEN1-related diseases. The increase in the serum insulin

levels from baseline in the venous samples for the positive

and negative arterial stimulations suggested a sufficient lo-

calization capacity of the low-dose SACST (0.005-0.007

mEq/kg). While which patients are optimal candidates of

low-dose SACST is difficult to determine based solely on

the present findings, patients with one or more tumors iden-

tified by non-invasive imaging, obesity, and/or MEN1 might

be potential subjects, as shown in this case series and based

on the suggestions of previous reports (9, 22).

Finally, 4 of our 5 cases achieved the maximum rates of

increase in the serum insulin level within 60 seconds after

low-dose calcium injection. In the conventional-dose

SACST, the timing of the evaluation for insulinoma localiza-

tion has varied among reports, although a recent report rec-

ommended performing an evaluation within 120 seconds

rather than within 60 seconds (23). The optimal timing of

the evaluation for insulinoma localization by the low-dose

SACST should be further evaluated.

Several limitations associated with the present study war-

rant mention. This is a single-center consecutive case series

report comprising only five insulinoma cases. Nevertheless,

our report may provide an opportunity to revise the calcium

dose for the SACST with the goal of reducing adverse

events without altering the diagnosis ability. The results sug-

gest that 0.005 mEq/kg may be an adequate dose for cal-

cium injection for the low-dose SACST, as a lower-dose (<

0.005 mEq/kg) SACST might show less sensitivity than a

conventional-dose test (Table 2). In order to establish the

usefulness of low-dose calcium injection as the first choice

for the SACST protocol, and to set the lowest adequate dose

of calcium injection for a low-dose SACST, further large-

scale studies, including a randomized controlled or a cross-

over study that compares conventional- (0.025 mEq/kg) and

low-dose (especially 0.005 mEq/kg) SACSTs, are warranted.

However, these might be challenging to perform because of

the rarity of insulinoma cases. In addition, a further study is

required for patients with insulinoma who lack hyperinsu-

linemic hypoglycemia, as all five cases in our report had hy-

perinsulinemic hypoglycemia.

In summary, the low-dose SACST (0.005-0.007 mEq/kg)

demonstrated adequate localization performance without ad-

verse effects in our consecutive insulinoma cases. Our re-

sults suggest that the low-dose SACST can be a useful

choice for the localization of insulinoma and can avoid the

adverse effects associated with excessive calcium load dur-

ing the procedure.
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