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CASE REPORT WITH REVIEW OF LITERATURE

Ventricular fibrillation triggered by recurrent
hypoglycemia in a patient with insulinoma associated
with MEN1: case report and review of literature
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Abstract. This report describes the case of a 44-year-old woman without structural heart disease who developed ventricular
fibrillation (VF) during preoperative management of multiple pancreatic neuroendocrine tumors (NETSs) associated with multiple
endocrine neoplasia type 1. She had an insulinoma in the uncinate process and a non-functioning NET in the pancreatic tail.
Immediately after intravenous glucose administration for recurrent hypoglycemia, VF occurred. An electrocardiogram obtained
immediately before VF onset showed repolarization abnormalities with marked QTc prolongation, terminal T-wave bulging,
and U waves. Laboratory testing revealed concomitant mild hypokalemia. No coronary artery disease was detected. The
severe repolarization abnormalities improved after resection of the insulinoma. The presumed mechanism was that mild
hypokalemia and recurrent hypoglycemia, together with hypoglycemia-induced epinephrine surge and extracellular-to-
intracellular potassium shift, synergistically prolonged the action potential duration and induced early afterdepolarizations,
which progressed from torsades de pointes to VF. This case highlights that unstable glycemic control in insulinoma can
precipitate life-threatening arrhythmias, even in the absence of structural heart disease. Particularly when surgery is delayed,
maintaining serum potassium as 4.5-5.0 mmol/L and preventing recurrent hypoglycemia are crucially important. Early

recognition and intervention might help reduce arrhythmic risk in such patients.
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Introduction

Insulin-induced hypoglycemia can trigger lethal
arrhythmias, including sustained ventricular tachycardia
and ventricular fibrillation (VF), leading to sudden car-
diac death [1, 2]. This arrhythmogenic risk has been pro-
posed as one contributor to the excess mortality which has
been observed with intensive glycemic control in type 2
diabetes. However, most reported events have occurred
in patients with diabetes who also have structural heart
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disease or some other cardiometabolic comorbidity [3-5].
By contrast, reports of insulin-triggered hypoglycemia
provoking VF in individuals without diabetes are exceed-
ingly rare.

Herein, we report a case of VF in a 44-year-old woman
with no prior structural heart disease. She was diagnosed
with multiple pancreatic neuroendocrine tumors (NETs)
associated with multiple endocrine neoplasia type 1
(MENI1): an insulinoma in the uncinate process and a
nonfunctioning tumor in the tail of the pancreas. During
the waiting period for pancreaticoduodenectomy, VF
occurred, triggered by a relapse of hypoglycemia that had
improved initially. No other identifiable cause of VF was
found except for mild hypokalemia (serum potassium
3.3 mmol/L) and a prolonged QTc interval, suggesting
that a relative catecholamine excess caused by recurrent
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hypoglycemia played a key role.

Findings from this case suggest that relapse of hypo-
glycemia, transitioning from an asymptomatic phase to a
symptomatic state accompanied by excessive epinephrine
secretion, can induce life-threatening arrhythmia even in
the absence of structural heart disease, underscoring the
importance of strict serum potassium control to 4.5-5.0
mmol/L in patients with insulinoma.

Case Presentation

A 44-year-old woman presented with impaired con-
sciousness. She had noticed gradual weight gain during
the preceding six months and had experienced transient
episodes of early morning loss of consciousness starting
three months prior. She experienced no noticeable hypo-
glycemic symptom such as sweating, palpitations, or
tremors before admission. She was brought to the emer-
gency department in a comatose state, where laboratory
testing revealed severe hypoglycemia, with a blood glu-
cose level of 19 mg/dL. Despite the hypoglycemia, serum
immunoreactive insulin (IRI) was 6.3 pU/mL; also,
C-peptide (CPR) was 1.53 ng/mL. Both findings raised
suspicion of insulinoma and prompted hospitalization for
additional evaluation. She had no relevant family history.

On admission, physical examination was unremarkable.
Blood tests revealed secondary hyperparathyroidism, pre-
sumably caused by vitamin D deficiency, whereas serum
calcium levels remained within the normal range. Iron
deficiency anemia was also observed, but the absence of
symptoms of gastroesophageal reflux or melena led to a
gynecological diagnosis of uterine polyp bleeding as the
underlying cause (Table 1). Contrast-enhanced CT revealed
a 26-mm hyperenhancing mass in the uncinate process of
the pancreas during the arterial phase (yellow arrowhead,
Fig. 1a). In addition to the lesion in the uncinate process
detected on CT, non-contrast MRI revealed a 13-mm

Fig.1 Imaging features of pancreatic tumors

Table 1 Blood test results at the time of admission

Biochemistry Hematology

TP 6.4 g/dL WBC 4,600/uL

Alb 3.5 g/dL Hb 9.4 g/dL

T.Bil 0.2 mg/dL MCV 83.7 fL

AST 21 U/L Plt 26.9 *10%/uL

ALT 23 U/L

BUN 9.7 mg/dL Glucose metabolism

Cre 0.68 mg/dL FPG 82 mg/dL

eGFR  73.8 mL/min/1.73 m?> IRI 10.2 pU/mL

Na 138 mmol/L CPR 2.4 ng/mL

K 4.5 mmol/L HOMA-IR 2.1

Cl 105 mmol/L HOMA-B 193.3

cCa 8.1 mg/dL HbAlc 4.4%

1P 1.6 mg/dL

Mg 2.0 mg/dL Endocrinology

CRP 0.14 mg/dL ACTH 24.91 pg/mL
Cortisol 7.1 png/dL
Intact PTH 101 pg/mL
25(0OH)D 7.7 ng/mL

Abbreviations: TP, total protein; Alb, albumin; T.Bil, total bilirubin;
AST, aspartate aminotransferase; ALT, alanine aminotransferase;
BUN, blood urea nitrogen; Cre, creatinine; eGFR, estimated
glomerular filtration rate; Na, sodium; K, potassium; Cl, chloride;
cCa, corrected calcium; IP, inorganic phosphate; Mg, magnesium;
CRP, C-reactive protein; WBC, white blood cell count; Hb,
hemoglobin; MCV, mean corpuscular volume; Plt, platelet count;
FPG, fasting plasma glucose; IRI, immunoreactive insulin; CPR,
C-peptide immunoreactivity; HOMA-IR, homeostasis model
assessment of insulin resistance; HOMA-B, homeostasis model
assessment of B-cell function; HbAlc, hemoglobin Alc; ACTH,
adrenocorticotropic hormone; Cortisol, serum cortisol; Intact PTH,
intact parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D

hyperintense mass in the pancreatic tail on T1-weighted
imaging, suggesting either an accessory spleen or a
tumor of the pancreatic tail (yellow arrowhead, Fig. 1b).

a. A 26-mm hyperenhancing mass was observed in the uncinate process of the pancreas during the early contrast phase (yellow

arrowhead).

b. A 13-mm hyperintense mass on T2-weighted imaging was identified in the pancreatic tail (yellow arrowhead).
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Fig.2 Results of the selective arterial calcium injection (SACI) test
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During the SACI testing, calcium injection into the superior mesenteric artery caused an increase in immunoreactive insulin (IRI)
concentrations 30 s to 90 s after injection, although no such increase was observed with injections into other arteries.
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Fig.3 Clinical course of glycemic management

For localization of the insulinoma, the selective arterial
calcium injection (SACI) test showed an increase in
immunoreactive insulin (IRI) concentrations 30 s—90 s
after calcium injection into the superior mesenteric artery,
with no response observed from other arteries (Fig. 2).
Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) was performed for both the uncinate process
and tail lesions of the pancreas. Then they were diagnosed
histologically as NETs. Immunohistochemical analysis
revealed both tumors as positive for CD56, chromo-
granin A, and synaptophysin. The patient exhibited no
symptoms of diarrhea. Upper gastrointestinal endoscopy
revealed no evidence of peptic ulcers. Based on these find-
ings, the lesion in the uncinate process was diagnosed as
an insulinoma, whereas the lesion in the pancreatic tail
was diagnosed as a nonfunctioning NET.

Management of hypoglycemia included diazoxide, which
was limited to 200 mg/day because of severe nausea. Con-
tinuous intravenous glucose infusion, oral dexamethasone
(0.5-1.0 mg/day), and long-acting somatostatin analog

lanreotide (120 mg every 4 weeks, subcutaneously) were
administered. Following lanreotide initiation, hypo-
glycemic episodes decreased in frequency. Glucose infu-
sion was discontinued (Fig. 3).

Given the presence of multiple pancreatic NETs,
MENI was suspected. However, cervical ultrasound and
pituitary MRI showed no evidence of parathyroid or pitu-
itary tumors. Genetic testing for MEN1 was performed to
guide surgical management of the pancreatic tail lesion.
With stable glycemic control achieved by administration
of dexamethasone and lanreotide, the patient was dis-
charged on hospital day 30.

On day 24 after initiating lanreotide, the patient pre-
sented to the emergency department because of frequent
episodes of undetectable glucose levels by the continu-
ous glucose monitoring system, which did not improve
with oral carbohydrate intake. Her blood glucose level
on arrival was 48 mg/dL, prompting urgent hospitaliza-
tion. A 7% glucose infusion was started. However,
shortly thereafter, she developed sudden-onset impaired
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Fig. 4 12-lead ECG before onset of ventricular fibrillation on

hospital day 40

a. Representative ECG tracing showing VF at the time of
loss of consciousness.

b. 12-lead ECG before onset of VF.

c. Terminal T-wave bulging and U wave on the ECG
before VF onset: terminal T-wave bulging (black arrow-
heads) and U wave (white arrowheads).

consciousness attributable to VF (Fig. 4a). Return of
spontaneous circulation was achieved after 4 min of car-
diopulmonary resuscitation, including one defibrillation.
Echocardiography revealed severely reduced left ventric-
ular ejection fraction (LVEF) of approximately 10%,
accompanied by global hypokinesis.

To aid in identifying the cause of VF, laboratory data
obtained immediately before the event revealed mild hypo-
kalemia and hypophosphatemia (Table 2). Electrocardio-
gram (ECG) showed marked QT interval prolongation
(QTc 0.580/0.560 s, Fig. 4b, Table 3) together with repo-
larization abnormalities, including terminal T-wave bulging
and U waves (Fig. 4c). Coronary angiography showed no

Table 2 Blood test results at the time of VF onset

Biochemistry

Alb 4.0 g/dL
AST 56 U/L
ALT 88 U/L
LDH 247 U/L
CPK 72 U/L
BUN 12.1 mg/dL
Cre 0.78 mg/dL
Na 141 mmol/L
K 3.3 mmol/L
Cl 106 mmol/L
Ca 9.1 mg/dL
1P 1.8 mg/dL
Mg 1.9 mg/dL
CRP 0.09 mg/dL
Hematology

WBC 5,200 /uL
Hb 12.0 g/dL
Coagulation system

D-dimer 2.1 pg/mL

Abbreviations: Alb, albumin; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CPK,
creatine phosphokinase; BUN, blood urea nitrogen; Cre, creatinine;
Na, sodium; K, potassium; Cl, chloride; Ca, calcium; IP, inorganic
phosphate; Mg, magnesium; CRP, C-reactive protein; WBC, white
blood cell count; Hb, hemoglobin; D-dimer, cross-linked fibrin
degradation product

Table 3 QTc interval, blood glucose, and serum potassium levels
throughout the clinical course
Date QTc (s) FPG (mg/dL) sK (mmol/L)
-16 0.508/0.489 19 39
0 0.470/0.447 82 4.5
40 0.580/0.560 48 33
105 * 0.415/0.405 106 4.9

QTc were derived using Bazett’s formula (QTc = QT/VRR) or
Fridericia’s formula (QTc = QT/RR"1/3), as appropriate.
Abbreviations: Date, hospitalization days based on the transfer date
to our hospital; QTc, corrected QT interval; FPG, fasting plasma
glucose; sK, serum potassium; *, after insulinoma removal

coronary artery disease. Mechanical circulatory support
with veno-arterial extracorporeal membrane oxygenation
and intra-aortic balloon pump was administered for three
days, after which gradual recovery of LVEF was observed.

Subsequently, a pathogenic variant of the MENI gene
(c.1096G>T, p.Glu366*) was identified. The patient under-
went robotic pancreatoduodenectomy. According to the
Clinical Practice Guidelines for Gastroenteropancreatic
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Fig. 5

Histopathological findings of the insulinoma in pancreatic uncinate process

a. Hematoxylin and eosin staining (x200) reveals NET typical morphology. Tumor cells with round nuclei with salt and pepper
chromatin and eosinophilic granular cytoplasm are proliferating in a trabecular pattern.

b. Synaptophysin staining (x200).

c. Direct Fast Scarlet staining revealed amyloid deposition in the tumor stroma, which is characteristic of insulinoma (x200).

d. Insulin staining (x200).

Neuroendocrine Neoplasm 2019 [6], the non-functioning
lesion at the tail was not resected. In the surgical speci-
men, the tumor in the uncinate process of the pancreas
was revealed as a solid nodule of 25 x 24 x 16 mm. His-
tological assessment and immunohistochemistry of
synaptophysin and insulin confirmed the tumor as insuli-
noma. The tumor was graded as G2 based on Ki-67 label-
ing index of 3%. Immunohistochemistry of somatostatin
receptor 2 was also positive (not shown) (Fig. 5). In addi-
tion, a discontinuous 5 x 3 mm grade 1 NET, which was
undetectable from preoperative imaging, was identified
adjacent to the main lesion. Following resection of the
insulinoma, the patient’s hypoglycemic symptoms resolved.
No recurrence of QT prolongation has been observed.

Discussion

In this case, a patient with multiple pancreatic NETS,
an insulinoma in the uncinate process, and a nonfunction-
ing NET in the pancreatic tail arising in the context of

MENI1 developed VF immediately after glucose adminis-
tration for recurrent, refractory hypoglycemia during the
preoperative waiting period. Laboratory testing, echocar-
diography, and coronary angiography revealed no evidence
of structural heart disease. However, mild hypokalemia
and hypoglycemia were present. The ECG showed
marked QT prolongation, terminal T-wave bulging, and
U waves: findings strongly suggestive of severe myocar-
dial repolarization abnormalities. Importantly, these
severe repolarization abnormalities were observed only
immediately before VF onset. They were absent after
resection of the insulinoma. Taken together, these find-
ings indicate that the principal mechanism underlying
VF in this patient was reversible, severe myocardial
repolarization abnormality (Graphical Abstract).

Reports of diagnostic insulin tolerance tests in humans
describe a decline in blood glucose accompanied by a
decrease in serum potassium of approximately 0.7
mmol/L before and after insulin administration, together
with QTc prolongation, a rise in heart rate, and increased



6 Doi et al.

43 y.o.
Female

Recurrent hypoglycemia

Catecholamine
shower

Glucose infusion

+m\\_>

Mild hypokalemia

Cardiac repolarization
abnormalities

Accessory

Graphical Abstract

/\‘ Terminal T bulging
U wave (EAD)

O\
TdP VF

)

QT (APD)
prolongation

EUS-FNA

P Multiple NETs MEN1 diagnosis

&

Postponed insulinoma resection

Abbreviations: PHPT, primary hyperparathyroidism; VF, ventricular fibrillation; APD, action potential duration;

EAD, early afterdepolarization; TdP, torsades de pointes; EUS-FNA, endoscopic ultrasound-guided fine-needle

aspiration; NET, neuroendocrine tumor

plasma epinephrine concentration [2]. Similar phenom-
ena have also been reported from experimentation with
insulin-induced hypoglycemia in rats, in which lethal
arrhythmias such as ventricular tachycardia and third-
degree atrioventricular block, as well as death, were doc-
umented [1].

Hypokalemia is known to impair various cardiac ion
channels, including the human ether-a-go-go-related gene
(hERGQG) potassium channel, initially causing prolonged
action potential duration (APD) and subsequently lead-
ing to early afterdepolarizations (EADs) as the condition
worsens. These cellular abnormalities manifest on the
ECG as QT prolongation, terminal T-wave bulging, and
U waves [7-12]. With regard to hypoglycemia, in vitro
experiments demonstrated that reduced extracellular glu-
cose directly impairs hERG channel function per se, pro-
viding a mechanistic link to QT prolongation [13].
Furthermore, excess epinephrine has been shown to aggra-
vate this substrate. In fact, in the setting of pre-existing
QT prolongation, B-adrenergic stimulation enhances
L-type calcium channel activity, thereby triggering EADs
and amplifying repolarization abnormalities [14-16].

Immediately before the onset of VF in this case, the
patient’s blood glucose concentration was 48 mg/dL. Her
serum potassium concentration was 3.3 mmol/L. Although
each abnormality was only mild when considered indi-

vidually, their coexistence is known to provoke QT pro-
longation [17]. Moreover, terminal T-wave bulging and
U waves were observed exclusively on the ECG
recorded immediately before VF onset, suggesting that
EADs had occurred at that time [14]. Several reports
have described that coexistence of QT prolongation and
EADs amplifies repolarization abnormalities [18, 19].
Therefore, in this case, the combination of mild hypo-
glycemia, mild hypokalemia, and clinically suspected
excess epinephrine secretion induced by recurrent hypo-
glycemia likely acted synergistically to produce severe
QT prolongation (QTc 0.580/0.560 s). Critically, studies
of diagnostic insulin tolerance tests in humans have
reported reduction in serum potassium of approximately
0.7 mmol/L because of a transcellular shift following
insulin administration [2]. This finding suggests that
intravenous glucose infusion before VF onset might have
lowered the serum potassium concentration further below
3.3 mmol/L, likely resulting in moderate or greater
hypokalemia. Such aggravation of hypokalemia would
have simultaneously worsened both the prolonged APD
and facilitated EADs, ultimately promoting the transition
from torsades de pointes to VF through these compound-
ing repolarization abnormalities [11].

On the ECG recorded at the referring hospital 16 days
before admission to our institution, QT prolongation
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(QTe 0.508/0.489 s) was noted, but no life-threatening
arrhythmia occurred. At that time, severe hypoglycemia
with a blood glucose concentration of 19 mg/dL likely
induced QT prolongation through hERG potassium chan-
nel dysfunction [13]. However, because hypokalemia
was absent and because no terminal T-wave bulging or U
wave was observed, epinephrine-induced EADs were
less likely to have developed (Supplementary Fig. la).
Consequently, the repolarization abnormality did not
progress to a severe degree.

In this case, biochemical evidence of epinephrine
excess was not obtained immediately before VF onset.
With insulinoma, however, repeated episodes of hypo-
glycemia can engender hypoglycemia unawareness,
characterized by impaired epinephrine response [20].
Hypoglycemia unawareness is reversible. In fact, several
days of therapeutic intervention to avoid hypoglycemia
can restore counter-regulatory epinephrine secretion [21].
Tolerance to diazoxide in this patient was markedly poor
because of nausea. Moreover, glycemic control was diffi-
cult, necessitating combined use of dexamethasone and
lanreotide. After lanreotide administration, hypoglycemia
was prevented for approximately three weeks, during
which hypoglycemia unawareness was likely ameliorated.
However, hypoglycemia recurrence happened once the
effect of lanreotide had worn off, before the next sched-
uled dose. This clinical course, transitioning from hypo-
glycemia unawareness to symptomatic hypoglycemia,
suggests that recurrent hypoglycemia immediately before
VF was sufficient to provoke epinephrine excess [21].
Furthermore, the terminal T-wave bulging and U waves,
which were findings suggestive of EADs, were observed
only on the hospital day 40 ECG (Supplementary
Fig. la—d). The T wave bulging and U waves are most
likely attributable to epinephrine excess, given that QT
prolongation could already be induced under conditions
of mild hypoglycemia and mild hypokalemia [14].

Thirumalai et al. reported a case of VF in a 33-year-
old woman with insulinoma, in whom LVEF improved
after tumor resection. In that case, it remained unclear
whether serum potassium levels or QT prolongation were
present at the time of VF, but because the LVEF persisted
in the 20% range and an implantable cardioverter-
defibrillator was subsequently placed, the authors con-
cluded that an underlying dilated cardiomyopathy was
present [22]. By contrast, the VF in our case occurred in
the absence of structural heart disease. After insulinoma
resection, the reversible acquired long QT syndrome
resolved. Therefore, rather than by any structural cardiac
disorder, we consider that VF in our patient was trig-
gered by severe myocardial repolarization abnormality, as
described above, induced by recurrent hypoglycemia in
combination with hypokalemia that worsened from mild

to moderate severity following glucose infusion.

Early surgical resection of insulinoma is the most
effective intervention for preventing VF associated with
insulinoma-induced hypoglycemia. In the case described
herein, VF occurred during the preoperative waiting
period, which extended to three months. The delay was
largely attributable to the need for MENT1 genetic testing
to ascertain whether the non-functioning pancreatic NET
in the tail, as diagnosed by imaging and pathology,
should be resected at the time of insulinoma surgery [23].
Primary hyperparathyroidism (PHPT), which develops
before other NETs in over 95% of patients with MENT1,
has been reported to manifest in more than 85% of indi-
viduals by the age of 25 [24]. By contrast, cases similar
to that described herein have also been reported, in
which patients with MEN1 develop multiple pancreatic
NETs in their 40s without evidence of PHPT [25]. Con-
sequently, the process of evaluating whether MENI1
genetic testing was warranted based solely on the presence
of multiple pancreatic NETs, in the absence of PHPT,
also contributed to the delay in surgical intervention.

A target serum potassium level of 4.5-5.0 mmol/L is
recommended for patients with QT prolongation syn-
drome [26]. Additionally, an animal study using a rat
model of hypoglycemia-induced arrhythmia demonstrated
that potassium supplementation significantly reduced the
incidence of lethal arrhythmic events [1]. In the context
of insulin-induced hypoglycemia, management of lethal
arrhythmia risk might be more straightforward in diabetic
patients with underlying structural heart disease because
the irreversible characteristics of their cardiac condition
often promote consistent awareness and adherence to
serum potassium control [27]. By contrast, as the present
case illustrates, patients with insulinoma might exhibit
reversible QT prolongation depending on the quality of
glycemic control, which can fluctuate over time. This
variation might obscure recognition of the importance of
potassium management in such patients. As particularly
suggested by the present case, a clinical scenario in which
therapeutic interventions for hypoglycemia initially suc-
ceed but subsequently fail, leading eventually to recurrent
hypoglycemia, should be recognized as a condition not
of asymptomatic hypoglycemia but as one accompanied
by excessive epinephrine secretion, which can exacer-
bate QT prolongation further. Lanreotide for insulinoma
is typically administered subcutaneously every 4 weeks,
yet this interval may prove insufficient in some patients
[28]. When therapeutic efficacy wanes beyond the third
week—as observed in our case—trestoration of hypo-
glycemic awareness may paradoxically heighten arrhyth-
mia risk through enhanced counter-regulatory epinephrine
responses. Close inpatient glucose monitoring following
each administration is therefore essential.
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Our case highlights several important clinical consid-
erations for insulinoma patients with prolonged surgical
waiting periods or difficulty in achieving stable glycemic
control: (1) serum potassium levels must be maintained
at 4.5-5.0 mmol/L, (2) recurrent hypoglycemia must be
prevented to mitigate risks of life-threatening arrhyth-
mias, and (3) when lanreotide is administered, careful
monitoring for recurrent hypoglycemia beyond the third
week of treatment is warranted due to potential attenua-
tion of therapeutic effect.
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