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Abstract

Hyperinsulinemic hypoglycemia is the most common cause of persistent hypoglycemia in children
and adults. The diagnosis of hyperinsulinemic hypoglycemia relies on the evaluation of the
biochemical profile at the time of hypoglycemia, however, contrary to common perception,
plasma insulin is not always elevated. Thus, the diagnosis must often be based on the examination
of other physiologic manifestations of excessive insulin secretion, such as suppression of
glycogenolysis, lipolysis and ketogenesis, which can be inferred by the finding of a glycemic
response to glucagon, and the suppression of plasma free fatty acids and beta-hydroxybutyrate
concentrations during hypoglycemia.
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Introduction

Hyperinsulinemic hypoglycemia is the most frequent cause of persistent hypoglycemia in
children and adults. In adults, hyperinsulinemic hypoglycemia is most commonly an
acquired problem due to an insulin-secreting tumor; while in children, with only rare
exceptions, it represents a congenital disorder (1). The development of a radioimmunoassay
for insulin by Yalow and Berson in 1960 (2) made it possible to demonstrate the role of
endogenous insulin in hypoglycemic disorders. However, as discussed below, simply
measuring plasma insulin concentrations is often not enough to establish the diagnosis of
hyperinsulinemic hypoglycemia.

Methods

A literature search of PubMed (http://www.nchi.nlm.nih.gov/pubmed) was performed for
studies published up to April 2013. Keywords used included insulin, C-peptide, proinsulin,
insulin assay, insulinoma, hyperinsulinemic hypoglycemia, congenital hyperinsulinism.
Additional articles known to the authors or cited by others were also included.
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Establishing the Diagnosis of Hyperinsulinemic Hypoglycemia

Insulin secretion by pancreatic 3-cells is tightly regulated by an array of stimulatory and
inhibitory factors, of which glucose plays the leading role. The plasma glucose threshold
concentration for insulin release is determined by the activity of 3-cell glucokinase and is
precisely maintained at approximately 5 mmol/L in humans (3). This tight control of insulin
secretion in relationship to glucose concentration results in plasma glucose concentrations in
normal individuals that remain remarkably stable in the range of 3.9-7.1 mmol/L (70-128
mg/dL) during normal daily cycles of feeding and overnight fasting.

In hyperinsulinemic hypoglycemia this tight control of insulin secretion by glucose is lost.
To define whether hypoglycemia is insulin-mediated, it is necessary to establish that 3-cell
insulin secretion is not appropriately turned off as glucose levels decrease; however, because
it is not possible to measure insulin secretion in vivo directly, reliance is ordinarily placed
on measurements of plasma insulin concentrations in samples of venous blood at the time of
hypoglycemia. However, it is important to note that peripheral plasma insulin concentrations
can be affected by the kinetics of insulin distribution and degradation. Following secretion,
insulin is distributed into both intra and extravascular spaces and thus, the volume of
distribution is several times larger than plasma volume. A large fraction (~50%) of insulin
secreted by the pancreas is cleared by the liver at first passage. The rate of insulin
degradation is approximately 2 percent per minute (4). Therefore, the insulin concentration
measured in peripheral plasma may be up to 90% lower than the initial peak plasma
concentration within less than 30 minutes (5). C-peptide, secreted in a 1:1 molar ratio with
insulin, is cleared primarily by the kidney and has a lower metabolic clearance rate (4.4 mL/
min) than insulin and therefore a longer half-life in circulation (20-30 min vs. 3-5 min) (6,
7). Thus, peripheral C-peptide concentration reflects portal insulin secretion more accurately
than the peripheral plasma insulin concentration. Normally, the molar ratio of insulin to C-
peptide should be less than 1 in peripheral circulation; a higher ratio of insulin to C-peptide
indicates the likelihood of exogenous insulin administration (8).

Measurement of plasma insulin concentration: pitfalls

When first developed, more than 40 years ago (2), the insulin assay was mainly used in
studies aimed at understanding the physiology and pathophysiology of insulin regulation.
These studies involved small numbers of subjects and, therefore, reproducibility and
standardization were not priorities. Later, in an attempt to limit the large variation in
reported values from different laboratories, the World Health Organization provided purified
preparations of porcine insulin that could be used as external standards (9). The
development of recombinant DNA technology in the 1980s (10) made available large
quantities of purified human insulin and led to further improvements in the performance of
the assay. Subsequent improvements have included the development of monoclonal
antibodies for use in immunoassays (11) and of guidelines standards for assay performance
(12), which have allowed for better reproducibility, sensitivity and specificity. Nevertheless,
a complete reference system in conformance with International Organization for
Standardization requirements is yet to be established for insulin (13).
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The main clinical application of plasma insulin assay is for the diagnosis of
hyperinsulinemic hypoglycemia. However, despite the improved performance of the assay,
interference by the presence of anti-insulin antibodies (14) and of hemolysis decreases the
utility of the assay for this purpose. Hemolysis of the sample, a particular problem in
children in whom blood drawing is difficult, can result in a dose- and time-dependent
decrease in immunoreactive insulin (15) due to the release of insulin degrading enzyme from
red blood cells. To avoid the effects of hemolysis it has been recommended to analyze the
samples promptly after sampling and to discard any samples with a concentration of free
hemoglobin equal or above 125 mg/dL (16). In this instance, C-peptide measurements,
which are not affected by hemolysis (17), may be useful to rule out analytical interference
with the assay.

Insulin concentration in hyperinsulinemic hypoglycemia

It has been long recognized that absolute hyperinsulinemia can not always be documented in
cases of hyperinsulinemic hypoglycemia (5, 18); i.e., that hyperinsulinemia is not always
manifested in hyperinsulinism. Normally, plasma insulin concentrations should be
suppressed at a time of hypoglycemia to below the limits of assay detection. Thus, any
detectable level of insulin at the time of hypoglycemia can be considered abnormal and
should be regarded as evidence of inappropriate insulin secretion (19, 20). In a series of
children with congenital hyperinsulinism, plasma insulin concentrations at the time of
hypoglycemia overlapped with those of children with hypoglycemia not due to
hyperinsulinism. In many of the hyperinsulinism cases, plasma insulin concentrations were
within the “normal range” for the assay (Figure 1). In individuals with hyperinsulinemic
hypoglycemia due to an insulinoma, a plasma insulin concentration of = 3uU/mL (20.8
pmol/L) at the time of hypoglycemia (above the limit of assay detection) had a sensitivity
and specificity of 93% and 95%, respectively (21). Thus, it is clear that an undetectable
plasma insulin concentration does not exclude the diagnosis of hyperinsulinemic
hypoglycemia. The sensitivity is higher, at 100%, for C-peptide concentrations = 0.6 ng/mL
(0.2 nmol/L), but the specificity is only 60% (21). With the introduction of more specific
insulin assays which do not detected proinsulin, it is recommended to also measure
proinsulin concentrations in individuals with suspected insulinomas as tumor cells secrete
more proinsulin than normal B-cells (19). Different thresholds for proinsulin concentrations
at the time of hypoglycemia have been recommended for the diagnosis of insulinomas
(22-24). The sensitivity of a plasma proinsulin concentrations = 5 pmol/L is low at 60%, but
the specificity is 100 % (21). Very different results were reported in another study using
different cut-offs (25) and including a smaller sample size. Overall, there is some agreement
that when blood glucose is < 2 mmol/L, a proinsulin concentration > 5 pmol/L is highly
suggestive of an insulinoma. There are no data regarding proinsulin levels in children with
congenital hyperinsulinemic hypoglycemia.

Variables derived from simultaneous measurements of plasma glucose, insulin, C-peptide
and proinsulin have also been used in the diagnosis of hyperinsulinism hypoglycemia. The
utility of an amended insulin to glucose ratio in the diagnosis of insulinoma was evaluated in
a retrospective study of 114 individuals with suspected hypoglycemia (26). The amended
insulin (in pmol/L) to glucose (in mmol/L) ratio is calculated after subtracting 1.7 mmol/L
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from the glucose concentration. In this study, the sensitivity and specificity for the amended
insulin to glucose ratio [> 53.6 (pmol/L)/(mmol/L)] at the end of a prolonged fast were both
98% (26). The difficulty in utilizing this ratio for the diagnosis is that, frequently, insulin
may be undetectable and therefore the ratio can not be calculated. One of the reasons why
these investigators were able to use this measure was that the insulin assay used in the study
was not specific and detected not only insulin but also proinsulin. In the same study, the
amended C-peptide to glucose ratio [>0.61 (nmol/L)(mmol/L)] had a sensitivity of 95% and
a specificity of 94% to diagnose insulinoma. A proinsulin (in pmol/L) to insulin (in mIU/L)
ratio of > 7.8 at the end of a diagnostic fast (plasma glucose 2.5-3.3 mmol/L) was reported
to have a low sensitivity of 47% but a specificity of 95% (25).

Other markers of increased insulin action in hyperinsulinemic hypoglycemia

Because of the difficulties in diagnosing hyperinsulinemic hypoglycemia by measuring
insulin concentration at the time of hypoglycemia, the diagnosis must often be based on the
examination of other physiologic manifestations of excessive insulin secretion, such as
suppression of glycogenolysis, lipolysis and ketogenesis, which can be inferred by the
finding of a glycemic response to glucagon, and the suppression of plasma free fatty acids
and beta-hydroxybutyrate concentrations during hypoglycemia (Table 1) (27, 28). In the
series of children discussed above, those with congenital hyperinsulinism and those with
hypoglycemia not due to hyperinsulinism could best be differentiated by using both plasma
insulin and plasma beta-hydroxybutyrate concentrations (Figure 2). The sensitivity and
specificity of a plasma beta-hydroxybutyrate concentration of < 2.7 mmol/L in the diagnosis
of insulinoma is 100% (21). The availability of point-of-care devices to measure beta-
hydroxybutyrate at the bedside facilitates the diagnostic process, especially in children, by
providing a rapid and reliable indicator of insulin action during diagnostic fasting tests. The
plasma concentrations of free fatty acids are also suppressed at the time of hypoglycemia in
hyperinsulinemic hypoglycemia; however, in most institutions, these results are not
promptly available to make the diagnosis.

Evaluation of the glycemic response to injection of glucagon at the end of the fast or during
a spontaneous hypoglycemic event provides a rapid, reliable measure of increased insulin
action and is very helpful in establishing the diagnosis of hyperinsulinemic hypoglycemia.
An increase in plasma glucose concentration of greater than 30 mg/dL (1.7 mmol/L) in
response to administration of glucagon (1 mg intravenously or intramuscularly) indicates
inappropriate conservation of liver glycogen during hypoglycemia and indicates suppression
of liver glycogenolysis by excessive insulin action (18). The utility of the glucagon
stimulation test at the end of a fast in establishing the diagnosis of congenital
hyperinsulinism was demonstrated in a study of 14 children with congenital
hyperinsulinism, 11 children with ketotic hypoglycemia, and 14 children with normal
endocrine and metabolic response to fasting that served as controls (18). The mean plasma
glucose concentration at the end of the fast was 30.5 + 2.5 mg/dL (1.7 £ 0.1 mmol/L) in the
children with hyperinsulinism, 35.7 + 1.6 mg/dL (2.0 + 0.1 mmol/L) in the children with
ketotic hypoglycemia, and 65.5 + 3.7 mg/dL (3.6 + 0.2 mmol/L) in the normal control
children. In response to administration of glucagon (0.5-1 mg) the mean change in plasma
glucose for the three groups was: 71.5 £ 8.5 mg/dL (4.0 £ 0.5 mmol/L) in the children with
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hyperinsulinism, 8.1 £ 2.4 mg/dL (0.4 + 0.1 mmol/L) in the children with ketotic
hypoglycemia, and 32 £ 6.2 mg/dL (1.8 £ 0.3 mmol/L) in the controls. The plasma glucose
change was less than 30 mg/dL (1.7 mmol/L) in 13 out of the 14 ketotic hypoglycemia and
control children in whom plasma glucose was less than 40 mg/dL (2.2 mmol/L) at the end of
the fast, while 10 out of the 11 children with hyperinsulinism had a glycemic response to
glucagon greater than 30 mg/dL (1.7 mmol/L). Thus, in this small series, a response of
greater than 30 mg/dL (1.7 mmol/L) was diagnostic of hyperinsulinism with a sensitivity of
91% and a specificity of 93% (18). In adult individuals, a plasma glucose response to
glucagon greater than 25 mg/dL (1.4 mmol/L) at the time of hypoglycemia has a sensitivity
of 91% and a specificity of 95% in the diagnosis of insulinoma (21).

Disorders that may mimic hyperinsulinemic hypoglycemia

Summary

The most difficult form of hypoglycemia to distinguish from endogenous hyperinsulinemic
hypoglycemia is hypoglycemia induced by exogenous administration of insulin or of drugs
that stimulate insulin secretion, such as sulfonylureas. It is particularly important to
recognize cases with surreptitious administration of medications, either by the patient
(Munchausen syndrome) or, especially in children, by another individual (Munchausen by
proxy). Occasionally, these cases can be recognized by the finding of unusually elevated
plasma concentrations of insulin at a time of hypoglycemia (>100-200 uU/mL). Suppressed
concentrations of C-peptide at a time of hypoglycemia can provide a clue to the possibility
of exogenous insulin administration. In contrast, administration of sulfonylureas will
stimulate release of both insulin and C-peptide. Specific tests may be required to detect
various sulfonylurea and other insulin secretogogues in plasma or urine.

It is also important to recognize that conditions in which activation of insulin signaling is
independent of insulin should be considered in cases of hypoglycemia with undetectable
plasma concentrations of insulin but evidence of increased insulin actions. These include
individuals with activating mutations in AKT2 (29) and those with activating insulin
receptor antibodies (30). Hypoglycemia has also been reported in patients with auto-
antibodies that bind to and alter the pharmacokinetics of insulin (31, 32); in these cases,
depending on the insulin assay employed, measurement of plasma insulin concentrations
may be altered to produce either falsely lowered or falsely elevated values.

In summary, assays of plasma insulin concentrations are the mainstay for the diagnosis of
hyperinsulinemic hypoglycemia. However, the diagnosis does not rely solely on the
demonstration of elevated plasma insulin or C-peptide levels at the time of hypoglycemia.
Rather, it relies heavily on the evidence of inappropriate increased insulin action provided
by measurements of free fatty acids, beta-hydroxybutyrate, and glycemic response to
glucagon. Used in combination with assays of plasma insulin concentrations, these
measurements greatly enhance the accuracy of diagnosing hyperinsulinemic hypoglycemia.
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Figure 1.
Plasma insulin concentration in relationship to plasma glucose concentration in children

with congenital hyperinsulinism and control children.
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Figure 2.
Plasma insulin concentration in relationship to plasma beta-hydroxybutyrate in children with

congenital hyperinsulinism and control children.
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Table 1

Diagnostic Criteria for Hyperinsulinemic Hypoglycemia

Parameter

Value detected when plasma glucose < 50 mg/dL

Plasma insulin

> 2 pu/mL (13.9 pmol/L)

Plasma C-peptide

> 0.2 mmol/L (0.07 nmol/L)

Plasma free fatty acids

< 0.5 mmol/L

Plasma beta-hydroxybutyrate

< 0.6 mmol/L

Glycemic response to glucagon

= 30 mg/dL (1.7 mmol/L)
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