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INTRODUCTION

Hypoglycemia is the medical condition in which the blood glucose is abnormally low, and has
many symptoms (Table 1). The reason for these symptoms involve excessive glucose
utilization, inadequate production, excessive insulin levels, deficient counterregulatory
hormones, and abnormal target tissue responses. Frequently, as in sepsis, multiple factors
contribute. Glucose levels below normal are typically responsible for signs or symptoms of
neuroglycopenia. Whipple’s triad is comprised of a serum glucose less than 50 mg/dL,
symptoms of neuroglycopenia, and relief of symptoms by administration of food or glucose [ 1 ].
Preferably, the episode should be documented during spontaneous development of symptoms,
but dynamic testing during observed fasting may be necessary. In most circumstances,
hypoglycemia represents a serious condition and its cause must be identified and treated in
order to avoid serious neurologic complications.

Table 1. Classification of symptoms of hypoglycemia
ADRENERGIC NEUROGLYCOPENIC
Diaphoresis Hunger Tingling Tremulousness
Palpitations Anxiety

Visual changes Confusion Unusual behavior
Weakness Warmth Lethargy Dizziness
Seizures Coma

A venous plasma glucose obtained in an adult after an overnight fast that is below 50 mg/dL
suggests the diagnosis of hypoglycemia (Table 2). Whole blood values are approximately 10%
below plasma values, and capillary samples can be 30-40 mg/dL lower than plasma values after
either ingestion of a meal or glucose infusion [ 2 ]. In addition, alterations in the peripheral
circulation may lead to pseudohypoglycemia [ 3 ]. These discrepancies can indicate a
hypoglycemic state when in fact arterial values are in the normal range. Vigorous physical
activity in a healthy patient can produce glucose levels in the range of 30-50 mg/dL [ 4 ]. For
these reasons, blood glucose levels for determination of hypoglycemia should be obtained after
an overnight fast to assure accuracy in measurement.
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Table 2. Classification of hypoglycemic disorders
Healthy patient Ill patient
Drug-induced Tumors Islet Cell Non-islet cell
Nesidioblastosis Factitious hypoglycemia
Malnutrition Autoimmune-induced
Miscellaneous Pregnancy Exercise Reactive
hypoglycemia

Drug-induced Sepsis, Trauma and Burns
Cardiac Failure Renal Disease Liver Disease
Hormone Deficiencies TPN with insulin
therapy 

Status post removal of a pheochromocytoma

Low glucose values can very rarely also be due to errors in sample handling. If not immediately
processed, samples should be collected in tubes with glycolytic inhibitors, as glycolysis by red
and white blood cells may result in a 10-20-mg/dL drop in blood glucose level per hour at room
temperature. Samples with excessive amounts of cells, such as those obtained from patients
with polycythemia vera or leukemia, may also reveal an artificially low glucose level even with
glycolytic inhibitors [ 5 ][ 6 ]. Hypertriglyceridemia may reduce plasma glucose levels as much
as 15% below the actual value.

NORMAL GLUCOSE HOMEOSTASIS

To understand hypoglycemia, one must first understand normal glucose homeostasis. Plasma
glucose levels vary over a relatively narrow range (55-165 mg/dL) during the course of 24 hours
despite wide fluctuations in supply and consumption. Impaired glucose control may have
detrimental effects at either end of the spectrum. Hyperglycemia has been demonstrated to be a
direct etiologic factor in vascular occlusive disease and even mild elevations in postprandial
glucose, as seen in patients with impaired glucose tolerance, results in a significant increase in
cardiovascular risk [ 7 ]. Hypoglycemia results in cognitive dysfunction, as glucose is the solitary
source of energy for the brain except in prolonged fasting [ 8 ]. The brain during such fasting
can utilize the elevated levels of ketone bodies present in the fasting state. In the non-fasting
state they are limited. The brain has no capacity to store or produce glucose and therefore
relies on plasma levels to function. In the hypoglycemic state, uptake across the blood-brain
barrier becomes the rate-limiting step.

As plasma glucose levels fall, there is a typical progression of physiologic responses and
symptoms [ 9 ]. A drop of 20 mg/dL to approximately 72 mg/dL reduces brain uptake and
pancreatic insulin secretion and initiates release of counterregulatory hormones. This typically
restores normoglycemia and avoids further reduction in plasma glucose concentration.
Adrenergic symptoms appear at levels of 60 mg/dL (Table 1), and these usually motivate a
person to eat in order to avoid a further decrement in blood glucose. When the glucose level
drops below 55 mg/dL, neuroglycopenic signs and symptoms ensue, with
electroencephalographic changes [ 10 ] (Table 1). Decreases below 40 mg/dL produce
somnolence and behavioral aberrations such as belligerence, and prolonged levels below 30
mg/dL lead to coma, seizures, permanent neurologic deficits and death. Severe hypoglycemia
can also trigger arrhythmia, myocardial infarction and stroke in patients with underlying
cardiovascular disease [ 11 ][ 12 ].
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Most young healthy patients can maintain blood glucose levels in the hypoglycemic range for up
to 8 hours without any permanent neurologic damage [ 13 ] and patients with insulinoma have
been documented to have normal cognitive function with chronic hypoglycemia and blood
glucose levels as low as 24 mg/dL [ 14 ]. This experience of hypoglycemia unawareness also
occurs in diabetic patients that have had recurrent episodes of hypoglycemia and results in a
greater degree of hypoglycemia required to initiate counterregulatory hormone release and
trigger the typical autonomic and neuroglycopenic symptoms and signs. A diminished sensitivity
to beta-adrenergic stimulation in peripheral tissues [ 15 ] is responsible, as is increased
transport of glucose across the blood-brain barrier [ 16 ]. In poorly controlled diabetics, the
opposite can happen, with higher than usual glucose levels causing signs and symptoms of
hypoglycemia [ 17 ]. Other factors, such as age, gender, body fat, medications such as beta
blockers that block the adrenergic response to hypoglycemia and co-existent medical conditions
are also known to decrease the signs and symptoms of hypoglycemia [ 18 ][ 19 ][ 20 ][ 21 ][ 22 ].

In the post-absorptive state, occurring during the period of overnight fasting, glucose levels are
maintained at approximately 90 mg/dL. For this to happen, glucose utilization must be equal to
glucose release. Although without major effect in the short-run, glucose removal slightly
exceeds release, so that by 24 hours of fasting, there is a 10-20% decrease in measurable
levels. By 72 hours, these may be as low as 50 mg/dL in a normal individual [ 23 ]. Most of the
glucose removed by tissues in the post-absorptive state is determined by tissue requirements
and glucose transport activities of specific tissues, and insulin plays more of an accommodating
role. The counterregulatory hormones such as cortisol, glucagon, growth hormone and
epinephrine act to temper tissue sensitivity to insulin.

Glucose release into the circulation by glycogenolysis or gluconeogenesis is more closely
regulated than glucose consumption. Only the liver and kidney produce significant amounts of
free glucose for release, although many tissues contain the necessary enzymes for these
processes. The liver is responsible for the vast majority (80-85%) [ 24 ], and half of glucose
released is due to glycogenolysis [ 25 ]. By 48 hours of fasting, when glycogen stores in the liver
are diminishing, gluconeogenesis takes over and is responsible for 80% of glucose production,
nearing 100% at 72 hours [ 26 ][ 27 ]. The kidneys are capable only of gluconeogenesis, as they
have no appreciable glycogen stores [ 28 ].

In order to prevent hypoglycemia, counterregulatory processes produce insulin suppression and
counterregulatory hormone stimulation. With exogenous insulin administration, decreased blood
glucose levels suppress endogenous insulin secretion and cause elevated glucagon,
epinephrine, growth hormone and cortisol levels. Stimulation of the autonomic nervous system
causes elevated levels of norepinephrine and pancreatic polypeptide [ 29 ]. Glucagon and
epinephrine are the principal counterregulatory hormones [ 30 ]. Glucagon acts by stimulating
glycogenolysis and gluconeogenesis, thus increasing hepatic glucose release [ 31 ]. Type 1
diabetics and pancreatectomized patients are much more likely to develop severe hypoglycemia
[ 32 ]. Epinephrine and norepinephrine stimulate hepatic glycogenolysis, renal gluconeogenesis,
augment lipolysis, and inhibit insulin release and insulin-stimulated glucose uptake [ 33 ][ 34 ].
Growth hormone and cortisol suppress insulin-mediated glucose uptake and augment glucose
release [ 35 ][ 36 ].
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NON-TUMOR HYPGLYCEMIC DISORDERS

The best system of classification is based on clinical characteristics. Healthy patients will usually
have different etiologies than those who are ill. Hospitalized patients often have risks associated
with iatrogenic factors. Drug-induced hypoglycemia can be seen in both populations, although in
healthy patients this is most commonly due to an accidental ingestion (sulfonylureas) or
deliberate injection (insulin), the latter seen in cases of factitious hypoglycemia. In seriously ill
patients, drug-induced hypoglycemia is most often an idiosyncratic reaction to an appropriately
prescribed drug. Insulinomas are more likely to be encountered in healthy patients.
Asymptomatic or symptomatic hypoglycemia may be caused by leukemia, severe hemolysis,
glycogen-storage disease with adaptation, status post operations for morbid obesity, rarely after
resection of pheochromocytoma or minimally functioning insulinomas.

Drug-induced (Table 2)

Overdoses of insulin, both intentional and unintentional, and drug-induced hepatic failure or
dysfunction are the most common causes or hypoglycemia. Insulin, sulfonylureas and alcohol
account for over 70% of cases in one large series [ 37 ]. The mechanism by which insulin and
sulfonylurea overdoses cause hypoglycemia is obvious. Alcohol can result in plasma glucose
levels as low as 5 mg/dL in the otherwise healthy patient during an overnight fast [ 38 ], with
mortality rates of 10% in adults [ 39 ]. Alcohol-induced hypoglycemia is seen in glycogen-
depleted states, whether the fast has occurred before or after alcohol ingestion. Alcohol inhibits
gluconeogenesis by impairing counterregulatory hormone responses [ 40 ], by reducing uptake
of gluconeogenic precursors [ 41 ], and by inhibiting oxidation of lactate and glutamate in the
liver and kidney [ 42 ]. Plasma insulin levels are appropriately low, however, counterregulatory
mechanisms to restore euglycemia are inadequate, and glucose ingestion or infusion is
necessary [ 43 ].

Of the remaining cases of drug-induced hypoglycemia, propanolol [ 44 ], sulfonamides [ 45 ] and
salicylates [ 46 ] are most common. Non-selective beta-blockers, including propanolol, inhibit
hepatic and renal release of glucose, augment sensitivity of peripheral tissues to insulin, and
more importantly, obscure the signs and symptoms of hypoglycemia [ 47 ][ 48 ]. The exact
mechanism why salicylates cause hypoglycemia is unclear, but may involve inhibition of hepatic
release of glucose and stimulation of insulin secretion [ 49 ]. Sulfonamides may also increase
insulin release in a similar manner to sulfonylureas. With the increasing use of pentamidine in
AIDS patients, its unusual mechanism bears mention. This agent is cytotoxic to beta islet-cells
and the release of stored insulin from dying cells causes hypoglycemia, usually followed by a
permanent state of diabetes [ 50 ].

Many other medications have been reported to cause hypoglycemia, usually in association with
insulin or sulfonylureas, and these are listed in Table 3. In evaluating the hypoglycemic diabetic
patient, one should recognize all the factors that may have precipitated the event, including
dietary habits, dosage errors, other medications, age, physical activity, and comorbid conditions.
In non-diabetic patients, one of the initial investigations should involve medication evaluation
with actual observation of the patients medications.
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Table 3. Drugs that have been reported to induce hypoglycemia
Acetaminophen Acetazolamide
Acetohexamide Acetylsalicylic acid Aluminum
hydroxide Bishydoroxycoumarin Chloroquine
Chlorpromazine Chlorpropamide Cimetidine
Diphenhydramine Disopyramide Doxepin
Glimepiride Glipizide Glyburide Haloperidol
Imipramine Lidocaine

Lithium Metoprolol Nadolol Oxytetracycline
Pentamidine Pindolol Propoxyphine
Propranolol Quinine Ranitidine Sulfadiazine
Sulfamethoxazole Sulfisoxazole Terbutaline
Tolazamide Tolbutamide Trimethoprim-
sulfamethoxazole Warfarin

Sepsis, Trauma and Burns

The physiologic responses seen with trauma and significant infection cause a hypermetabolic
state with increased resting energy expenditure, catabolism of protein and fats with negative
nitrogen balance and high glucose turnover [ 51 ][ 52 ]. Stimulation of secretion of stress
hormones, which also happen to be counterregulatory hormones include glucagon, epinephrine,
growth hormone and cortisol, sympathetic activation and release of cytokines and other
molecules cause increased glucose utilization by non-insulin-sensitive tissues [ 53 ][ 54 ]. This in
turn increases anaerobic glycolysis. Hypoglycemia can result when the liver and kidney are
unable to compensate for this increased utilization, but rarely occurs without infection as a
catayst [ 55 ]. In the early stages of infection, hyperglycemia is mediated primarily by glucagon
and is due to high glucose turnover and a relative excess of production compared to utilization [ 
56 ]. In later stages with impaired tissue oxygenation and anaerobic glycolysis prevailing,
glucose utilization exceeds release due to failure of hepatic gluconeogenesis [ 57 ][ 58 ].

Cardiac failure

Hypoglycemia due to cardiac failure, although rarely seen in adults, is more prevalent in the
pediatric population [ 59 ]. This may be related to a relative paucity of gluconeogenic precursors
in affected patients with insufficient adipose and muscle tissue. The most accepted theory
explaining the relationship between heart failure and hypoglycemia involves the Pasteur effect,
where inadequate oxygen supply leads to an increase in anaerobic glycolysis. This causes a
lower level of NAD, which is essential for several steps in gluconeogenesis [ 60 ]. Other factors
include diminished delivery of gluconeogenic precursors secondary to low cardiac output,
increased glucose utilization for anaerobic glycolysis and higher energy requirements.

Liver disease

While the liver is essential for glucose homeostasis, hypoglycemia will not occur unless at least
80% of the liver is destroyed or removed. [ 61 ]. The destruction must be extensive or there
must be widespread injury. There is not any correlation between liver function tests and
hypoglycemia. [ 62 ]. In most instances, due to the interruption of gluconeogenesis, the
hypoglycemia of liver disease manifests as fasting hypoglycemia.

Renal disease
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Hypoglycemia is one of the most serious sequelae from renal failure, as it may lead to death or
severe complications in an already ill patient. Up to 50% of hospitalized patients with
hypoglycemia have renal failure [ 63 ]. The hypoglycemia may be secondary to decreased
clearance of oral hypoglycemic medications or insulin, or may be spontaneous. There may be
underlying chronic malnutrition and decreased renal gluconeogenesis. Uremic hypoglycemia
generally presents with neuroglycopenic symptoms and the patients may have gradual onset of
drowsiness and confusion or may present with a neurologic event such as coma or stroke. The
hypoglycemia may be either transient or intractable [ 64 ].

Counterregulatory hormone deficiencies

Although theoretically, deficiencies in any of the hormones that normally maintain euglycemia
may cause hypoglycemia, this is unusual in the absence of diabetes mellitus. Deficiencies of
these hormones are rare, and when one does occur, the other counterregulatory hormones
usually compensate for the one that is lacking.

Glucagon deficiency can occur with long-standing diabetes, after pancreatectomy, and with
chronic pancreatitis. These patients can develop severe and prolonged episodes of
hypoglycemia related to insulin administration [ 65 ]. Hypoglycemia associated with a primary
glucagon deficiency is rare, with few case reports in the literature.

In patients following bilateral adrenalectomy or removal of a pheochromocytoma and those with
long-standing diabetes or autonomic neuropathy, insulin-induced hypoglycemia can be
associated with an impaired catecholamine response [ 66 ].

The evaluation of the ill patient or a patient following resection of a pheochromocytoma with
altered mental function should include an immediate blood glucose evaluation and an
investigation for iatrogenic etiologies, including known adverse effects of prescribed medications
and possible medication administration errors (one patient receiving another patient’s
hypoglycemic agents, or inadvertent or excessive addition of insulin to nutrition formulations).

The evaluation of the healthy patient should document the presence of symptoms and exclude
factitious hypoglycemia due to insulin injection or sulfonylurea ingestion. Whereas symptoms
associated with genuine causes of hypoglycemia are relatively predictable and consistent,
symptoms associated with factitious hypoglycemia occur erratically and independent of food
ingestion.

Symptoms of hypoglycemia fall into two categories, adrenergic (neurogenic or autonomic) and
neuroglycopenic (Table 1) [ 67 ]. A work-up for tumor-associated hypoglycemia should be
initiated once hyperinsulinemic hypoglycemia is confirmed.

TUMOR-INDUCED HYPOGLYCEMIA

Nesidioblastosis
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Laidlaw coined the term “nesidioblastosis” in 1937 [ 68 ], and since then the terms endocrine
cell dysplasia, islet cell hyperplasia, islet cell hypertrophy, microadenomatosis and islet
hypertrophy have been used to describe this condition [ 69 ]. This is the most commonly
reported cause of neonatal hyperinsulinemia. In adults, however, it accounts for only 0.5 – 7%
of all cases hyperinsulinemic hypoglycemia [ 70 ], and some authors even dispute the
diagnosis. The entity is thought to be due to proliferation of abnormal beta cells throughout the
pancreas, and in neonates is associated with genetic mutations, which appear to be absent in
adults with the disease [ 71 ]. Preoperative differentiation from insulinoma may be quite difficult.
Conventional radiographic tests are not diagnostic, as small (<1cm) insulinomas may be
missed, but negative studies may suggest nesidioblastosis as the diagnosis. Suspicion is even
higher when transgastric ultrasound (EUS) fails to identify a discrete lesion consistent with an
insulinoma. Intra-arterial calcium stimulation with hepatic vein insulin sampling tests can be
highly suggestive (in absence of MEN) when insulin levels rise with injection in all sites. Control
of hypoglycemia preoperatively or after a failed operation can be accomplished with diazoxide,
however, adverse side effects such as fluid retention, hypotension, hypertrichosis and bone
marrow suppression may make this therapy unacceptable to some patients. Other options for
medical therapy include somatostatin analogs [ 72 ], glucocorticoids, and calcium channel
blockers. The latter have been used successfully without significant adverse effects [ 73 ]. The
extent of pancreatic resection is controversial. In a review of all reported cases in the literature,
Witteles et al [ 74 ] found that some authors recommend distal pancreatectomy only, while
others chose a near-total resection. Although most patients had resolution of their hypoglycemia
after near-total pancreatectomy, up to 40% became insulin-dependent diabetics either
immediately or at adolescence, and a significant number also developed exocrine insufficiency.
Resection of 60-80% of pancreatic parenchyma resulted in only a 50% cure rate, but an
additional 19% were normoglycemic with medication, with only an 8% incidence of insulin-
dependent diabetes [ 75 ].

Non-islet cell tumors

Since the first reported case of hypoglycemia due to a non-islet cell tumor in 1930, many
different types of tumors have been causally linked to hypoglycemia, the most common in the
western hemisphere being of mesenchymal origin [ 76 ], but primary hepatic tumors are the
most common etiologies in other countries [ 77 ]. Location of mesenchymal tumors is nearly
equally distributed between intrathoracic, retroperitoneal and intraabdominal sites. These
tumors tend to be large, indolent and malignant [ 78 ]. In general, insulin and C-peptide levels
are suppressed, a possible exception seen with small cell cancer of the cervix, which may
demonstrate ectopic insulin production [ 79 ]. Improvement or resolution of the hypoglycemia
may occur after surgical debulking, which supports the theory of increased glucose utilization as
an etiology in these patients [ 80 ][ 81 ]. In most instances, however, it is excessive production
of IGF-like molecules by the tumor that leads to suppression of glucose production and
reduction in counterregulatory hormone secretion as well as increased glucose utilization [ 82 ][ 
83 ][ 84 ][ 85 ].

Insulinomas
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Incidence

Although rare in the overall population, with an incidence of only 4 per 1 million person-years [ 
86 ], insulinoma is the most common cause of hyperinsulinemic hypoglycemia in the adult
population. Nesidioblastosis, as mentioned above, is another rare cause. Insulinomas must be
strongly considered in the hypoglycemic patient, particularly one that is young and otherwise
healthy. The median age at diagnosis is 47 years, with a slight female predominance (59%).
Only 6% of all insulinomas are malignant, and 8% are associated with multiple endocrine
neoplasia type I (MEN-1) [ 87 ][ 88 ]. These tumors are usually single, except when associated
with MEN-1. In the latter patients, multiple tumors are the rule (about 85%) instead of the
exception. Most patients with insulinomas are amenable to surgical cure [ 89 ].

History

The major landmarks in the history of insulinomas span over a century (Figure 1). Paul
Langerhans first described pancreatic islet cells in 1869 while he was a medical student under
Virchow [ 90 ], which was followed 33 years later by Nichols’ discovery of islet cell tumors [ 91 ].
Banting and Best discovered insulin in 1922 [ 92 ] and were eventually awarded the Nobel
Prize, followed the same year by the recognition of hyperinsulinism as a clinical entity [ 93 ].
William J. Mayo attempted the first surgical resection in a patient with an insulinoma in 1926;
however this malignant islet cell tumor proved to be unresectable [ 94 ]. Whipple’s classic triad
of hypoglycemic symptoms, low serum glucose and relief of symptoms with glucose
administration, previously mentioned, was described in 1935 [ 95 ].

Figure 1. Historical Landmarks of isnulinomas

Biochemistry of Insulin

The genetic material responsible for insulin production is located on chromosome 11, and it is
synthesized as a polypeptide chain called proinsulin by beta cells of the pancreas [ 96 ].
Enzymatic cleavage produces equimolar amounts of C-peptide and the active molecule insulin,
however the relative abundance of C-peptide is higher due to a longer half-life (11-14 minutes
vs. 4-6 minutes for insulin) and a slower elimination. Whereas the liver rapidly degrades insulin,
C-peptide is excreted by the kidneys [ 97 ]. C-peptide is not found in commercially prepared
injectable insulin; therefore undetectable levels of C-peptide indicate an exogenous source and
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thus a patient with factitious hypoglycemia. Proinsulin accounts for only 25% of total insulin in
serum from normal patients, but is higher in >85% of patients with insulinomas [ 98 ].

Diagnosis

Symptoms of insulinoma are the same as those seen with any cause of hypoglycemia, and may
progress to loss of consciousness, coma and even permanent neurological damage. The
neurological findings are typically global, but some patients may manifest focal symptoms
including seizures or those resembling a cerebrovascular accident [ 99 ]. Although specific
symptomatology may vary between patients, individual patients will usually have little variation
between episodes. Patients or their family members usually describe symptoms upon wakening
or several hours after a meal. Active patients may become symptomatic during exercise, and
observant ones will learn to adapt by eating frequent small meals to avoid the onset of
symptoms.

Due to the numerous etiologies of hypoglycemic symptoms, insulinoma patients frequently have
long delays in diagnosis, with a mean duration of 15 to 36 months of symptoms before the
diagnosis is considered [ 100 ][ 101 ].

The definitive diagnosis of hyperinsulinemic hypoglycemia requires that several criteria be met.
When appropriate diagnostic tests are performed, the diagnosis is seldom uncertain. The
patient must first be observed to have appropriate symptoms with documented blood glucose
levels of 40 mg/dL (2.2 mM) or lower. Concomitant insulin levels at or above 6 mU/mL (43
pmol/L) with elevated C-peptide levels of at least 2 nmol/L are necessary, with absence of
sulfonylurea in the plasma. If these criteria are met, the diagnosis is made; however if borderline
values are encountered, further testing will be necessary.

A history of neuroglycopenic symptoms or confirmed low plasma glucose warrants further work-
up. Relying on patient glucometer use during symptoms is flawed for multiple reasons. The test
is difficult for the patient to perform while symptomatic, and it is inaccurate in the lower
(hypoglycemic) range of values.

Diagnostic Tests

Patients who meet the above criteria are given the diagnosis of insulinoma. One method of
achieving this is by performing a “minifast” as described by Fajans and Vinik [ 102 ]. Patients
are observed for symptoms during a morning visit to the physician’s office, having fasted since 6
PM the previous evening. Blood glucose, insulin, C-peptide and sulfonylurea levels are checked
in the office. The high success rate of this test is based on the fact that about 75% of patients
will develop symptoms within 18 hours of beginning a fast [ 103 ].

The 72-hour fast

The 72-hour fast with testing for blood glucose and insulin is the most reliable diagnostic test.
The patient is observed in a hospital setting under a standardized protocol for signs and
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symptoms of hypoglycemia [ 104 ][ 105 ][ 106 ]. Some argue that the fast can be terminated at
48 hours, as it rarely requires the full 72 hours. Forty-three percent of patients will become
hypoglycemic and symptomatic in 12 hours, 67% within 24 hours, 95% by 48 hours and 100%
within 72 hours [ 107 ]. Patients are hydrated without calories and participate in daily exercise.
Blood is drawn every 6 hours for plasma glucose, C-peptide and insulin levels, and at 1 to 2
hour intervals when glucose levels fall to 60 mg/dL. The fast is concluded when glucose falls to
40 mg/dL and the patient demonstrates signs or symptoms of hypoglycemia. Hypoglycemia
alone is insufficient for diagnosis, as some young healthy women may have plasma glucose
levels < 40 mg/dL and will not have symptoms and therefore do not have a hypoglycemic
disorder. Beta hydroxybutyrate (BHB) levels should be checked on such patients and 1 mg
glucagon injected intravenously with subsequent blood glucose monitoring in 10, 20 and 30
minutes. A diminished beta hydroxybutyrate level and/or a vigorous plasma glucose response to
intravenous glucagon suggest hypoglycemia due to insulin or an insulin-like factor [ 108 ][ 109 ].
It should be noted that there are reports of low insulin levels in hypoglycemic patients with
surgically confirmed tumors [ 110 ]. In addition, if severe symptoms occur before the onset of
hypoglycemia, the fast must be terminated. BHB levels and the plasma glucose response to
glucagon are useful in providing additional support of the diagnosis in this situation. Insulin is
lipolytic, antiketogenic and glycogenic. For this reason, when plasma glucose is below 50
mg/dL, a concomitant BHB level of 2.7 mmol/L or less or an elevation in glucose of 25 mg/dL or
more in response to glucagon facilitates the diagnosis of insulinoma [ 111 ].

Plasma sulfonylurea levels will distinguish between the insulinoma and sulfonylurea-induced
hypoglycemia. All (beta-cell polypeptides) levels will be reduced in non-insulin or insulin-like
mediated hypoglycemia.

[ 112 ]

Supplementary tests

When results of the 72-hour fast are indeterminate, additional tests can be performed to support
or refute the diagnosis of insulinoma. These include the C-peptide suppression test and the
Tolbutamide tolerance test. During the former, exogenous beef or pork insulin infusion
suppresses the release of insulin from normal pancreas but not from insulinomas. Measurement
of C-peptide will reveal elevated levels upon completion of the test within 2 hours [ 113 ].
Tolbutamide is a secretagogue that elicits an exaggerated release of insulin from insulinomas
when compared to normal beta islet cells. A plasma glucose level of <47 mg/dL or a plasma
insulin level by radioimmunoassay of 20 mU/mL during the first 3 hours after administration is
highly suggestive of an insulinoma [ 114 ][ 115 ].

Localization studies

One thing is certain in the controversial area of localization: the ideal localizing test does not yet
exist. This test would be inexpensive, non-invasive, 100% accurate, widely available and easy
to perform. If such a test existed, the question of localization would be an easy one. However, in
lieu of this, recommendations about whether localization tests should be used and, if so, which
tests are widely variable. Two things that are agreed upon are that, firstly, the biochemical
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diagnosis must be assured before embarking on potentially time consuming and expensive
tests, and secondly,, the focus should be on the pancreas, as extrapancreatic insulinomas are
exceedingly rare. The decision to perform any type of preoperative localization is controversial.
Some authors avoid preoperative testing [ 116 ][ 117 ] while others justify it with reports of
10-27% of tumors being undetectable intraoperatively [ 118 ][ 119 ]. Preoperative localization of
tumors also enables laparoscopic removal in some patients. Most would agree that localization
studies should be done prior to reoperation [ 120 ].

Ultrasound

Transabdominal ultrasound, although inexpensive, readily available and non-invasive is
extremely operator dependent and difficult to perform in obese patients. Success is reported
over a wide range, from 9-67%, for tumor localization [ 121 ][ 122 ]. Endoscopic ultrasound
(EUS), although somewhat invasive, has been used extensively for localization of islet cell
tumors. Success rates are variable with 57-93% of tumors localized in the hands of experienced
endoscopists [ 123 ][ 124 ][ 125 ]. It, has become the preferred preoperative localization study in
many medical centers including ours. It is, however, an invasive test requiring heavy sedation,
not without significant risk and lacks wide scale availability with adequate experience.

Intraoperative ultrasound (IOUS) is perhaps the greatest advancement in the localization of
pancreatic islet cell tumors over the past two decades. It is labor intensive and operator
dependent, but it can usually successfully localize even small tumors; it can also demonstrate
relevant anatomy to avoid the pitfalls of pancreatic surgery including ductal injury during
enucleation [ 126 ]. Reports in the literature quote a sensitivity of 86-100% in experienced
hands [ 127 ][ 128 ][ 129 ], and suggest that increasing use of IOUS will minimize the need for
extensive preoperative localization in initial operations. The routine use of IOUS can also
change intraoperative management, including identification of non-palpable lesions and
resection instead of enucleation for malignant features seen on IOUS [ 130 ]. IOUS is especially
useful for tumors in the head of the pancreas, where palpation of small tumors is limited due to
the thickness of the gland [ 131 ]. IOUS, unfortunately, often fails to identify small insulinomas
on the tail of the pancreas near the hilum of the spleen.

Selective arterial calcium stimulation

Selective arterial calcium stimulation with hepatic venous sampling (Imamura-Doppman test) is
performed on the basis that secretion of insulin from insulinomas is stimulated by a rise in
serum calcium [ 132 ]. Its use has classically been described for patients with established
hyperinsulinemia (or hyperproinsulinemia) without adequate localization of the lesion on routine
preoperative tests. However, with the increasing use of IOUS, its application may be limited to
reoperative cases. The procedure is initiated by performing subselective angiography of the
splenic, superior mesenteric and gastroduodenal arteries, with a venous catheter in the right
hepatic vein. Calcium gluconate (dosage) is then injected as a bolus into each individual branch
and venous samples are drawn. Venous samples are taken prior to injection and at 30 second
intervals for 150 seconds after injection. Insulin, glucose and calcium measurements are made
on each sample. A step-up in insulin concentration signals successful regionalization of the
tumor. This procedure is invasive and expensive, and has reported success rates ranging from
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91-94% [ 133 ][ 134 ].

Trans-hepatic portal venous sampling

Trans-hepatic portal venous sampling (TPVS) involves obtaining samples from the superior
mesenteric, portal and splenic veins for measurement of insulin levels. This test has been
reported to be 55-100% accurate in regionalizing the tumor [ 135 ][ 136 ], however
regionalization is all that it is capable of. It is expensive, invasive and technically difficult to
perform, and for these reasons is not routinely used in most centers including ours. Its use has
been reported for differentiation between nesidioblastosis and insulinoma, but it has generally
been replaced by the Imamura-Doppman test.

Arteriography was formerly the “gold standard.” Its sensitivity was about 60%, but was touted by
some to be upwards of 90% [ 137 ][ 138 ]. Recent studies suggest a sensitivity ranging from 29
to 50% [ 139 ][ 140 ][ 141 ]. This may be attributed to less frequent utilization and radiographers
that are less experienced in interpreting the distinctive blush produced by these well-
vascularized tumors. It is also invasive, expensive, and identifies the largest and thus easiest to
find tumors. It has some value in patients with persistant problems after a failed exploration. It
may also be useful when difficulties with imaging via intraoperative ultrasound or palpation are
anticipated, or as the step preceding intraarterial calcium stimulation to distinguish discrete
insulinoma from nesidioblastosis. We rarely use this test today.

Other studies

Other modalities include MRI, with 40-100% sensitivity [ 142 ][ 143 ][ 144 ], octreotide scanning [
145 ], and intraoperative gamma probe. Computed tomography (CT) has made dramatic
advances in the quality of abdominal imaging over the past decade with the advent of the spiral
scanner. It has the advantage of being non-invasive, relatively inexpensive, readily available
and interpretable by the surgeon. However, its utility in localization of small insulinomas remains
limited, with a sensitivity ranging from 17-33% [ 146 ][ 147 ][ 148 ][ 149 ]. Perhaps the most
compelling argument for CT scanning prior to operative resection is for identifying large tumors
or hepatic metastases so that appropriate preoperative planning can be done.

Surgical Management

Patients with a confirmed diagnosis of insulinoma, with or without successful preoperative
localization are candidates for surgical exploration. Patients are either admitted the night prior to
surgery or on the morning of surgery and are administered intravenous glucose solution while
they are NPO. Some surgeons remove glucose from IV fluids a few hours before surgery to
avoid confusion during intraoperative glucose monitoring, but this is not our practice. We
continue glucose infusion and monitor blood sugars, as hyperglycemia can be managed with
removal of glucose or insulin, and is less detrimental in the short term than hypoglycemia.
Glucose levels usually rise within minutes of resection of the tumor, but may take 60 minutes or
longer especially in very thin patients. Once the abdomen is opened, the liver should be
assessed for metastatic disease using inspection, palpation (if open procedure) and/or IOUS.
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Pancreatic mobilization is performed using standard surgical techniques and thorough palpation
performed, which will identify 42-88% of all tumors [ 150 ][ 151 ][ 152 ][ 153 ]. IOUS, with or
without a radiologist depending upon the surgeon’s experience in performing and interpreting
ultrasound is able to identify nearly all tumors as well as their relationship to relevant anatomic
structures. Enucleation is the procedure of choice, with dissection performed in a plane between
the normal pancreatic parenchyma and the pseudocapsule composed of compressed tumor
cells. Approximating the edges of the pancreatic capsule if easily done closes the remaining
defect, otherwise the defect is left open with a drain placed in proximity. Formal pancreatic
resection should be performed if there is any suspicion of malignancy, including hard
consistency, puckering of the surrounding tissue, nodal or hepatic metastasis or proximal ductal
dilatation. In cases where resection is necessary, the spleen should be preserved when
appropriate and feasible, and the duct ligated when visible. The cut edge of the pancreas is
closed with staples or sutures and a drain is left in place. Pancreaticoduodenectomy is rarely
necessary for benign insulinoma [ 154 ]. It, however, can be completed by experienced
surgeons with low morbidity and mortality [ 155 ].

Success of surgical treatment is reported at 77-100% in the literature [ 156 ][ 157 ][ 158 ][ 159 ]
with higher success rates recently with the increasing use of IOUS, as previously mentioned.

When no tumor is found during the initial operation, reoperative surgery is necessary and more
challenging. Blind distal pancreatectomy is no longer advocated as most of the tumors that fit
into this category are located in the head or uncinate process of the pancreas and not the distal
portion [ 160 ][ 161 ]. Completion pancreatectomy can have serious consequences including
mortality and situations, such as blind distal pancreatectomy, that might mandate this should be
avoided. One large series reports a 33% incidence of iatrogenic diabetes mellitus following
reoperative surgery [ 162 ]. These patients should be referred to an experienced endocrine or
pancreatic surgeon, and the diagnosis reconfirmed. Although we do not advocate extensive
localization studies prior to initial operation for patients with insulinomas, we do recommend
them for reoperative patients, as postoperative scarring in the pancreatic bed and position or
size of the tumor often makes palpation of tumor or tumors abnormalities more challenging.
Some authors advocate medical therapy such as Diazoxide until localization is successful,
however, IOUS has improved success rates significantly in reoperative insulinoma surgery [ 163
].

Perioperative complications do occur, and fall into the realm of both non-pancreatic
complications and those that are directly related to tumor resection. Non-pancreatic causes
include myocardial infarction or other dysrhythmias, stroke, and other medical morbidities
related to general anesthesia, as well as surgical etiologies such as wound complications, bowel
injury, bleeding and intraabdominal infection. Pancreatic complications include abscess,
pseudocyst and fistula formation that occur in 16-43% of these patients [ 164 ][ 165 ]. The
incidence of pancreatic complications is expected to decrease with the increasing use of IOUS
for identification of tumors and relevant anatomy, including relationship to the pancreatic ductal
system [ 166 ][ 167 ]. Overall postoperative morbidity and mortality rates are 14 and 0%
respectively in most large series [ 168 ].

Postoperative management centers on management of hyperglycemia and anticipation of

                            page 13 / 25

diabetesbiblio33.htm#footnote-150
diabetesbiblio33.htm#footnote-151
diabetesbiblio33.htm#footnote-152
diabetesbiblio33.htm#footnote-153
diabetesbiblio33.htm#footnote-154
diabetesbiblio33.htm#footnote-155
diabetesbiblio33.htm#footnote-156
diabetesbiblio33.htm#footnote-157
diabetesbiblio33.htm#footnote-158
diabetesbiblio33.htm#footnote-159
diabetesbiblio33.htm#footnote-160
diabetesbiblio33.htm#footnote-161
diabetesbiblio33.htm#footnote-162
diabetesbiblio33.htm#footnote-163
diabetesbiblio33.htm#footnote-164
diabetesbiblio33.htm#footnote-165
diabetesbiblio33.htm#footnote-166
diabetesbiblio33.htm#footnote-167
diabetesbiblio33.htm#footnote-168


 

potential complications. Glucose levels will increase rapidly within hours of tumor resection and
may surpass levels of 200 mg/dL, depending on the extent of pancreatic resection. Patients
should be administered glucose-free fluids, and may require small amounts of intermittent
insulin. Regular (TID) glucose monitoring with a glucometer is continued until morning fasting
levels are in the normal range. Somatostatin use is debated, but is most commonly used only if
drain output is high in pancreatic amylase. The drain is removed when output is minimal and the
patient is tolerating a low fat diet. Splenectomized patients should receive trivalent vaccine,
preferably preoperatively for hemophilus influenza B, meningococcus and pneumococcus.

Multiple Endocrine Neoplasia

This subset of patients, as noted previously, differs from those with sporadic disease in a few
features. Although benign disease still prevails in MEN patients, it is almost always multicentric,
and disease recurrence is virtually guaranteed if all tumors are not resected. There is limited
advantage of preoperative localization other than to rule out metastatic or invasive tumors and
possible coexisting adrenal tumors, as routine distal pancreatectomy with enucleation of lesions
in the head identified by IOUS is the recommended procedure to avoid incomplete treatment [ 
169 ][ 170 ].

Malignant Insulinomas

Malignant tumors comprise only 5-10% of all insulinomas [ 171 ], but present a difficult situation.
These patients present with the same symptoms as patients with benign disease. Malignancy is
defined only by local invasion into surrounding tissue or the presence of metastatic disease.
Cytologic changes and DNA analysis are not particularly helpful in distinguishing benign from
malignant cells [ 172 ]. The primary tumors tend to be single and can be quite large (>6cm) as
compared to most benign tumors, which are usually smaller (<2cm) [ 173 ]. Some studies have
demonstrated higher serum proinsulin levels in patients with malignant lesions [ 174 ], however
this has been shown in patients with benign lesions as well [ 175 ][ 176 ]. There are reports in
the literature that suggest an allelic loss of chromosome 3p25 as a potential molecular marker to
differentiate benign from malignant insulinoma [ 177 ]. Median disease-free survival following
curative resection is 5 years, and about 65% of patients recur, with a median interval to
recurrence of 2.8 years. Median survival after disease recurrence is only 19 months. Unlike the
more virulent ductal adenocarcinoma, aggressive attempts of palliative resection should be
pursued, as survival can be extended to a median of 4 years [ 178 ]. Ten-year survival rates of
up to 29% have been reported with aggressive therapy [ 179 ]. Ninety-six percent of patients will
achieve symptomatic improvement with a mean duration of 22 months following resection [ 180
].

The best recognized treatment of liver metastases is resection, which provides extremely
effective palliation when at least 90% of the tumor perioperative bulk can be removed [ 181 ].
This likely leads to prolonged survival as well, and low mortality rates (< 3%) [ 182 ][ 183 ].

Some patients, however, will not be candidates for resection based on extent and multifocal
disease, alternatives have been explored, including the use of radiofrequency thermal ablation
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of hepatic neuroendocrine metastases, including insulinomas. Our experience in 34 patients
with 234 tumors over a period of 5 years has demonstrated substantial success, with symptoms
ameliorated in 95%, significant or complete control of symptoms in 80% for a mean period of
over 10 months. In addition, 41% of patients had no progression of disease during the follow-up
period. Morbidity and mortality is low with this laparoscopic procedure (5% and 0% respectively)
and patients had a mean hospital stay of 1.1 days [ 184 ].

Medical Management

Patients who are not candidates for resection, because of either bulky malignant or metastatic
disease have a few options for management. Dietary modifications can be successful in mild
cases, with intake of frequent meals and snacks, taking care to avoid prolonged periods of
fasting. High-sugar products should be readily available for when symptoms develop. In the
case of functional metastases (many are non-functional), refractory hypoglycemia may require
treatment with Diazoxide or continuous infusion of glucose via implantable pumps.

Adriamycin and streptozocin provide regression of disease in about 70% of patients, with a
remission from symptoms for eighteen months [ 185 ]. Toxic side effects limit their usefulness,
however, as often the effects are worse than the hypoglycemia.

Diazoxide, known for its hyperglycemic side effects when used as an antihypertensive, is useful
in patients with unresectable disease, those who have undergone unsuccessful operations, or
those who are not operative candidates for other reasons, such as medical comorbidities. This
drug suppresses insulin secretion by both a direct action on beta cells as well as the
extrapancreatic effect of enhanced glycogenolysis [ 186 ]. The administered oral dose is
200-600 mg daily. Half of patients will have good control of hypoglycemia [ 187 ], but the same
percentage will develop adverse side effects such as edema, weight gain and hirsutism. More
than 10% will also have significant nausea. Some authors recommend a trial of diazoxide
therapy prior to surgical exploration when localization tests fail to identify the tumor [ 188 ].

Calcium channel blockers have been used successfully, especially in patients with
nesidioblastosis [ 189 ], but somatostatin analogues (octreotide) have been shown to provide
only temporary or at best modest relief of symptoms [ 190 ]. Angiographic embolization is
reported [ 191 ][ 192 ] but has limited applications due to the rich blood supply that is
characteristic of these lesions.

SUMMARY

There are many diverse causes of hypoglycemia, and medications, comorbidities and factitious
causes should be investigated. Of all the potentially curable causes, insulinoma may be the
most important diagnosis to make in the otherwise healthy patient. Most insulinomas are solitary
and benign, but when present in patients with MEN1 multiple tumors are usually present.
Hypoglycemia and endogenous hyperinsulinemia are diagnostic, but preoperatively may
sometime require extensive testing to confirm the diagnosis. Localization of these tumors, is
improving. Preoperative transabdominal ultrasound or CT may be sufficient prior to an initial
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operation for insulinoma, the former to localize the tumor and the later to identify potentially
malignant or metastatic tumors. Reoperative cases may require extensive localizing tests to
avoid further operative failure or the significant morbidity associated with completion
pancreatectomy. Intraoperative ultrasound has so far proven to be unrivaled for localization of
insulinoma as well as delineating anatomy, thus improving the success rate and possibly
decreasing the already low postoperative complication rate for resection of these tumors.
Excision of benign insulinomas leads to long-term cure.
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