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Spontaneous hypoglycemia: A narrative review

Abstract
Hypoglycemia is a common medical problem and is mostly iatrogenic in patients with diabetes 
mellitus. In contrast, spontaneous hypoglycemia is relatively uncommon and poses a significant 
diagnostic challenge. A definitive diagnosis can be made for spontaneous hypoglycemia by using a 
systematic approach. After confirming the presence of a hypoglycemic disorder, a detailed history 
should be taken which often suggests a specific underlying cause and can guide further testing. A 
complete hypoglycemic blood panel must be analyzed (Plasma glucose, insulin, C-peptide, 
proinsulin, Beta-hydroxybutyrate, sulphonylurea screen, insulin autoantibody) during a spontaneous 
event or after provoked by a fasting test/mixed meal challenge test, and patients must be categorized 
based on their clinical status (seemingly well and unwell). [J Assoc Clin Endocrinol Diabetol 
Bangladesh, July 2024;3(2): 58-64]
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.
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Table I: Causes of spontaneous hypoglycemia in 
adults10

Unwell individual
 √ Drugs, alcohol
 √ Sepsis, malaria
 √ Liver failure
 √ Renal failure
 √ Adrenal insufficiency
 √ Malignancy (nonislet tumor)

Seemingly well individual
 √ Insulinoma
 √ Noninsulinoma pancreatogenous hypoglycemia 

syndrome (NIPHS)
 √ Post gastric bypass hypoglycemia
 √ Autoimmune hypoglycemia
 √ Accidental, surreptitious, or malicious hypoglycemia
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TSH (µIU/L)            
FT3 (pmol/l)             
FT4 (pmol/l)            
S. Calcium (mg/dl)   
S. PTH (pg/ml)           
S. Phosphorus (mmol/l)
S. CPK (U/L)                    
Creatinine (mg/dl)            
Uric Acid (mg/dl)             
RA factor                    
HLA-B27                   
25-OH Vit-D (ng/ml)                                                        
S. Albumin (g/dl)

Initial evaluation

1.638
3.76
11.86
14.80
943
1.2
118
1.3
7.0

Negative
Negative

-
-
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.

Conflict of interest
The authors have no conflicts of interest to disclose.
Financial Disclosure 
The study did not receive any funding.
Copyright: ©2024. Rahman et al. Published by Journal of 
Association of Clinical Endocrinologist and Diabetologist of 
Bangladesh. This article is published under the Creative Commons 
CC BY-NC License (https://creativecommons.org/licenses/by-nc/ 
4.0/). This license permits use, distribution and reproduction in any 
medium, provided the original work is properly cited, and is not used 
for commercial purposes.
How to cite this article: Rahman MA, Islam MH, Khan MA, 
Fariduddin M. New insights in treatment of primary aldosteronism: A 
narrative review. J Assoc Clin Endocrinol Diabetol Bangladesh, 
2024; 3 (2): 58-64
Publication History
Received on: 09 January 2024
Accepted on: 05 June 2024
Published on: 1 July 2024

References
1. Whipple AO. The surgical therapy of hyperinsulinism. J Int Chir 

1938; 3:237–76.

2. Cryer PE. Hypoglycemia, functional brain failure, and brain 
death. J Clin Invest 2017; 117:868–70. DOI: 10.1172/JCI31669. 

3. Cryer PE. The prevention and correction of hypoglycemia. In: 
Jefferson L, Cherrington A, Goodman H, eds. Handbook of 
physiology; Section 7, the endocrine system. Volume II. The 
endocrine pancreas and regulation of metabolism. New York: 
Oxford University Press; 2001; 1057–92

4. Heller SR, Cryer PE. Hypoinsulinemia is not critical to glucose 
recovery from hypoglycemia in humans. Am J Physiol 1991; 261: 
E41-8. DOI: 10.1152/ajpendo.1991.261.1.E41. 

5. Service FJ. Hypoglycemic disorders. N Engl J Med 1995; 
332:1144–52. DOI: 10.1056/NEJM199504273321707. 

6. Melmed S, Koenig R, Rosen CJ, et al. Williams textbook of 
endocrinology. 14th edition. Elsevier; 2019.

7. Towler DA, Havlin CE, Craft S, Cryer P. Mechanism of awareness 
of hypoglycemia. Perception of neurogenic (predominantly 
cholinergic) rather than neuroglycopenic symptoms. Diabetes 
1993; 42:1791-8. DOI: 10.2337/diab.42.12.1791.

8. Cryer PE. Hypoglycemia, functional brain failure, and brain 
death. J Clin Invest 2007; 117:868–70. DOI: 10.1172/JCI31669. 

9. Service FJ. Endocrine causes of postprandial hypoglycemia. In: 
Andreani D, Marks V, Lefebvre PJ, eds. Serono Symposia. New 
York: Raven Press; 1987; 45–54

10. Cryer PE, Axelrod L, Grossman AB, Heller SR, Montori VM, 
Seaquist ER, et al. Evaluation and management of adult 
hypoglycemic disorders: An Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 2009;94(3):709–28. DOI: 
10.1210/jc.2008-1410. 

11. Marks V, Teale JD. Hypoglycemia: factitious and felonious. 
Endocrinol Metab Clin North Am 1999;28(3):579-601. DOI: 
10.1016/s0889-8529(05)70089-x.

12. Service FJ. Classification of hypoglycemic disorders. Endocrinol 
Metab Clin North Am 1999;28(3):501-17. DOI: 
10.1016/s0889-8529(05)70085-2.

13. Service FJ, McMahon MM, O’Brien PC, Ballard DJ. Functioning 
insulinoma—incidence, recurrence, and long-term survival of 
patients: a 60-year study. Mayo Clin Proc 1991; 66:711-9. DOI: 
10.1016/s0025-6196(12)62083-7. 

14. Yadav RS, Pokharel A, Gaire D, Shrestha S, Pokharel A, Pradhan 
S, et al. Multiple endocrine neoplasia type 1 with concomitant 
existence of malignant insulinoma: A rare finding. Case Rep 
Endocrinol 2021;2021:8842667. DOI: 10.1155/2021/8842667. 

15. Won JG, Tseng HS, Yang AH, Tang KT, Jap TS, Lee CH, et al. 
Clinical features and morphological characterization of 10 
patients with noninsulinoma pancreatogenous hypoglycaemia 
syndrome (NIPHS). Clin Endocrinol 2006;65(5):566-78. DOI: 
10.1111/j.1365-2265.2006.02629.x.

16. Dieterle MP, Husari A, Prozmann SN, Wiethoff H, Stenzinger A, 
Röhrich M, et al. Diffuse, Adult-Onset Nesidioblastosis/ 
Non-Insulinoma Pancreatogenous Hypoglycemia Syndrome 
(NIPHS): Review of the literature of a rare cause of 
hyperinsulinemic hypoglycemia. Biomedicines 2023;11(6):1732. 
DOI: 10.3390/biomedicines11061732. 

17. Hirata Y, Ishizu H, Ouchi N, Motomura S, Abe M, Hara Y, et al. 
Insulin autoimmunity in a case with spontaneous hypoglycemia. J 
Japan Diab Soc 1970; 13:312–20.

18. Chu JP, Zheng XW, Lu J, Zhong JY, Li JL, Xu M, et al. 
Insulin-induced autoimmune syndrome: A case report. 
Experimental and Therapeutic Medicine 2016;12(5):3359–62. 
DOI: 10.3892/etm.2016.3767.

19. Rizza RA, Haymond MW, Verdonk CA, Mandarino LJ, Miles JM, 
Service FJ, et al. Pathogenesis of hypoglycemia in insulinoma

 patients: Suppression of hepatic glucose production by insulin. 
Diabetes. 1981;30(5):377-81. DOI: 10.2337/diab.30.5.377. 

20. Service FJ, Natt N. The prolonged fast. J Clin Endocrinol Metab 
2000;85(11):3973-4. DOIi: 10.1210/jcem.85.11.6934.

21. Vezzosi D, Bennet A, Fauvel J, Caron P. Insulin, C-peptide and 
proinsulin for the biochemical diagnosis of hypoglycemia related 
to endogenous hyperinsulinism. Eur J Endocrinol 2007; 
157:75–83. DOI: 10.1530/EJE-07-0109.

22. Service FJ, O’Brien PC. Increasing serum B-hydroxybutyrate 
concentrations during the 72-hour fast: evidence against 
hyperinsulinemic hypoglycemia. J Clin Endocrinol Metab 2005; 
90:4555-8. DOI: 10.1210/jc.2005-0033.

23. Hogan MJ, Service FJ, Sharbrough FW, Gerich JE. Oral glucose 
tolerance test compared with a mixed meal in the diagnosis of 
reactive hypoglycemia. A caveat on stimulation. Mayo Clin Proc 
1983; 58:491-6.

24. Noone TC, Hosey J, Firat Z, Semelka RC. Imaging and 
localization of islet-cell tumors of the pancreas on CT and MRI. 
Best Pract Res Clin Endocrinol Metab 2005; 19:195–211. DOI: 
10.1016/j.beem.2004.11.013. 

25. McLean AM, Fairclough PD. Endoscopic ultrasound in the 
localization of pancreatic islet cell tumors. Best Pract Res Clin 
Endocrinol Metab 2005; 19: 177-93. DOI: 
10.1016/j.beem.2004.11.013. 

26. Wiesli P, Brändle M, Schmid C, Krähenbühl L, Furrer J, Keller U, 
et al. Selective arterial calcium stimulation and hepatic venous 
sampling in the evaluation of hyperinsulinemic hypoglycemia: 
potential and limitations. J Vasc Interv Radiol 
2004;15(11):1251-6. DOI: 
10.1097/01.RVI.0000140638.55375.1E. 

27. Sadowski SM, Neychev V, Cottle-Delisle C, Merkel R, Yang LA, 
Quezado MM, et al. Detection of insulinoma using 
(68)Gallium-DOTATATE PET/CT: a case report. Gland Surg 
2014;3(4):E1-5. DOI: 10.3978/j.issn.2227-684X.2014.10.02. 

28. Fischer KF, Lees JA, Newman JH. Hypoglycemia in hospitalized 
patients. Causes and outcomes. N Engl J Med 1986; 315:1245-50. 
DOI: 10.1056/NEJM198611133152002.

29. Fukuda I, Hizuka N, Ishikawa Y, Yasumoto K, Murakami Y, Sata 
A, et al. Clinical features of insulin-like growth factor-II 
producing non-islet-cell tumor hypoglycemia. Growth Horm IGF 
Res 2006;16(4):211-6. DOI: 10.1016/j.ghir.2006.05.003. 

30. Nauck MA, Reinecke M, Perren A, Frystyk J, Berishvili G, 
Zwimpfer C, et al. Hypoglycemia due to paraneoplastic secretion 
of insulin-like growth factor-I in a patient with metastasizing 
large-cell carcinoma of the lung. J Clin Endocrinol Metab 
2007;92(5):1600-5. DOI: 10.1210/jc.2006-2573.  

31. Vella A. Evaluation of postprandial symptoms of hypoglycemia in 
adults without diabetes. UpToDate online, Oct 2023.

32. Charles MA, Hofeldt F, Shackelford A, Waldeck N, Dodson LE Jr, 
Bunker D, et al. Comparison of oral glucose tolerance tests and 
mixed meals in patients with apparent idiopathic postabsorptive 
hypoglycemia: absence of hypoglycemia after meals. Diabetes 
1981;30(6):465-70.

33. Permutt MA. Postprandiol hypoglycemia. Diabetes 
1976;25(8):719-33. DOI: 10.2337/diab.25.8.719. 

34. Lev-Ran A, Anderson RW. The diagnosis of postprandial 
hypoglycemia. Diabetes 1981;30(12):996-9. DOI: 
10.2337/diab.30.12.996. 

35. Vella A. Hypoglycemia in adults without diabetes mellitus: 
Clinical manifestations, causes, and diagnosis. UpToDate online, 
2023.

60J Assoc Clin Endocrinol Diabetol Bangladesh July 2024;3(2)

Table-II: Interpretation of laboratory tests in spontaneous hypoglycemia10

Symptoms, 
signs, or both

No
Yes

Yes

Yes

Yes

Yes
Yes

Glucose 
(mg/dL)/
(mmol/L)

<55/3
<55

<55

<55

<55

<55
<55

Insulin 
(microU/mL)/

(pmol/L)
<3/20.8

>>3

≥3

≥3

>>3

<3
<3

C-peptide 
(nmol/L)/
(ng/mL)
<0.2/0.6

<0.2

≥0.2

≥0.2

>>0.2χ

<0.2
<0.2

Beta- 
hydroxybu-

tyrate 
(mmol/L)

>2.7
≤2.7

≤2.7

≤2.7

≤2.7

≤2.7
>2.7

Glucose increase 
after glucagon 

(mg/dL)/(mmol/L)
<25/1.4

>25

>25

>25

>25

>25
<25

Circulating oral 
hypoglycemic 

agent
No
No

No

Yes

No

No
No

Antibody to 
insulin

No
Neg (Pos)

Neg

Neg

Pos

Neg
Neg

Diagnostic 
interpretation

Normal
Exogenous 

insulin
Insulinoma, 

NIPHS, PGBH
Oral hypoglyce-

mic agent
Insulin 

autoimmune
IGFµ

Not insulin (or 
IGF)-mediated

Proinsulin 
(pmol/L)

<5
<5

≥5

≥5

>>5χ

<5
<5

IGF: insulin-like growth factor; Neg: negative; NIPHS: noninsulinoma pancreatogenous hypoglycemia syndrome; PGBH: post-gastric 
bypass hypoglycemia; Pos: positive, Neg: negative
χFree C-peptide and proinsulin concentrations are low
µIncreased pro-IGF-2, free IGF-2, IGF-2/IGF-1 ratio
Adapted from: Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and management of adult hypoglycemic disorders: An Endocrine 
Society Clinical Practice Guideline. J Clin Endocrinol Metab 2009; 94:709
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.

Conflict of interest
The authors have no conflicts of interest to disclose.
Financial Disclosure 
The study did not receive any funding.
Copyright: ©2024. Rahman et al. Published by Journal of 
Association of Clinical Endocrinologist and Diabetologist of 
Bangladesh. This article is published under the Creative Commons 
CC BY-NC License (https://creativecommons.org/licenses/by-nc/ 
4.0/). This license permits use, distribution and reproduction in any 
medium, provided the original work is properly cited, and is not used 
for commercial purposes.
How to cite this article: Rahman MA, Islam MH, Khan MA, 
Fariduddin M. New insights in treatment of primary aldosteronism: A 
narrative review. J Assoc Clin Endocrinol Diabetol Bangladesh, 
2024; 3 (2): 58-64
Publication History
Received on: 09 January 2024
Accepted on: 05 June 2024
Published on: 1 July 2024

References
1. Whipple AO. The surgical therapy of hyperinsulinism. J Int Chir 

1938; 3:237–76.

2. Cryer PE. Hypoglycemia, functional brain failure, and brain 
death. J Clin Invest 2017; 117:868–70. DOI: 10.1172/JCI31669. 

3. Cryer PE. The prevention and correction of hypoglycemia. In: 
Jefferson L, Cherrington A, Goodman H, eds. Handbook of 
physiology; Section 7, the endocrine system. Volume II. The 
endocrine pancreas and regulation of metabolism. New York: 
Oxford University Press; 2001; 1057–92

4. Heller SR, Cryer PE. Hypoinsulinemia is not critical to glucose 
recovery from hypoglycemia in humans. Am J Physiol 1991; 261: 
E41-8. DOI: 10.1152/ajpendo.1991.261.1.E41. 

5. Service FJ. Hypoglycemic disorders. N Engl J Med 1995; 
332:1144–52. DOI: 10.1056/NEJM199504273321707. 

6. Melmed S, Koenig R, Rosen CJ, et al. Williams textbook of 
endocrinology. 14th edition. Elsevier; 2019.

7. Towler DA, Havlin CE, Craft S, Cryer P. Mechanism of awareness 
of hypoglycemia. Perception of neurogenic (predominantly 
cholinergic) rather than neuroglycopenic symptoms. Diabetes 
1993; 42:1791-8. DOI: 10.2337/diab.42.12.1791.

8. Cryer PE. Hypoglycemia, functional brain failure, and brain 
death. J Clin Invest 2007; 117:868–70. DOI: 10.1172/JCI31669. 

9. Service FJ. Endocrine causes of postprandial hypoglycemia. In: 
Andreani D, Marks V, Lefebvre PJ, eds. Serono Symposia. New 
York: Raven Press; 1987; 45–54

10. Cryer PE, Axelrod L, Grossman AB, Heller SR, Montori VM, 
Seaquist ER, et al. Evaluation and management of adult 
hypoglycemic disorders: An Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 2009;94(3):709–28. DOI: 
10.1210/jc.2008-1410. 

11. Marks V, Teale JD. Hypoglycemia: factitious and felonious. 
Endocrinol Metab Clin North Am 1999;28(3):579-601. DOI: 
10.1016/s0889-8529(05)70089-x.

12. Service FJ. Classification of hypoglycemic disorders. Endocrinol 
Metab Clin North Am 1999;28(3):501-17. DOI: 
10.1016/s0889-8529(05)70085-2.

13. Service FJ, McMahon MM, O’Brien PC, Ballard DJ. Functioning 
insulinoma—incidence, recurrence, and long-term survival of 
patients: a 60-year study. Mayo Clin Proc 1991; 66:711-9. DOI: 
10.1016/s0025-6196(12)62083-7. 

14. Yadav RS, Pokharel A, Gaire D, Shrestha S, Pokharel A, Pradhan 
S, et al. Multiple endocrine neoplasia type 1 with concomitant 
existence of malignant insulinoma: A rare finding. Case Rep 
Endocrinol 2021;2021:8842667. DOI: 10.1155/2021/8842667. 

15. Won JG, Tseng HS, Yang AH, Tang KT, Jap TS, Lee CH, et al. 
Clinical features and morphological characterization of 10 
patients with noninsulinoma pancreatogenous hypoglycaemia 
syndrome (NIPHS). Clin Endocrinol 2006;65(5):566-78. DOI: 
10.1111/j.1365-2265.2006.02629.x.

16. Dieterle MP, Husari A, Prozmann SN, Wiethoff H, Stenzinger A, 
Röhrich M, et al. Diffuse, Adult-Onset Nesidioblastosis/ 
Non-Insulinoma Pancreatogenous Hypoglycemia Syndrome 
(NIPHS): Review of the literature of a rare cause of 
hyperinsulinemic hypoglycemia. Biomedicines 2023;11(6):1732. 
DOI: 10.3390/biomedicines11061732. 

17. Hirata Y, Ishizu H, Ouchi N, Motomura S, Abe M, Hara Y, et al. 
Insulin autoimmunity in a case with spontaneous hypoglycemia. J 
Japan Diab Soc 1970; 13:312–20.

18. Chu JP, Zheng XW, Lu J, Zhong JY, Li JL, Xu M, et al. 
Insulin-induced autoimmune syndrome: A case report. 
Experimental and Therapeutic Medicine 2016;12(5):3359–62. 
DOI: 10.3892/etm.2016.3767.

19. Rizza RA, Haymond MW, Verdonk CA, Mandarino LJ, Miles JM, 
Service FJ, et al. Pathogenesis of hypoglycemia in insulinoma

 patients: Suppression of hepatic glucose production by insulin. 
Diabetes. 1981;30(5):377-81. DOI: 10.2337/diab.30.5.377. 

20. Service FJ, Natt N. The prolonged fast. J Clin Endocrinol Metab 
2000;85(11):3973-4. DOIi: 10.1210/jcem.85.11.6934.

21. Vezzosi D, Bennet A, Fauvel J, Caron P. Insulin, C-peptide and 
proinsulin for the biochemical diagnosis of hypoglycemia related 
to endogenous hyperinsulinism. Eur J Endocrinol 2007; 
157:75–83. DOI: 10.1530/EJE-07-0109.

22. Service FJ, O’Brien PC. Increasing serum B-hydroxybutyrate 
concentrations during the 72-hour fast: evidence against 
hyperinsulinemic hypoglycemia. J Clin Endocrinol Metab 2005; 
90:4555-8. DOI: 10.1210/jc.2005-0033.

23. Hogan MJ, Service FJ, Sharbrough FW, Gerich JE. Oral glucose 
tolerance test compared with a mixed meal in the diagnosis of 
reactive hypoglycemia. A caveat on stimulation. Mayo Clin Proc 
1983; 58:491-6.

24. Noone TC, Hosey J, Firat Z, Semelka RC. Imaging and 
localization of islet-cell tumors of the pancreas on CT and MRI. 
Best Pract Res Clin Endocrinol Metab 2005; 19:195–211. DOI: 
10.1016/j.beem.2004.11.013. 

25. McLean AM, Fairclough PD. Endoscopic ultrasound in the 
localization of pancreatic islet cell tumors. Best Pract Res Clin 
Endocrinol Metab 2005; 19: 177-93. DOI: 
10.1016/j.beem.2004.11.013. 

26. Wiesli P, Brändle M, Schmid C, Krähenbühl L, Furrer J, Keller U, 
et al. Selective arterial calcium stimulation and hepatic venous 
sampling in the evaluation of hyperinsulinemic hypoglycemia: 
potential and limitations. J Vasc Interv Radiol 
2004;15(11):1251-6. DOI: 
10.1097/01.RVI.0000140638.55375.1E. 

27. Sadowski SM, Neychev V, Cottle-Delisle C, Merkel R, Yang LA, 
Quezado MM, et al. Detection of insulinoma using 
(68)Gallium-DOTATATE PET/CT: a case report. Gland Surg 
2014;3(4):E1-5. DOI: 10.3978/j.issn.2227-684X.2014.10.02. 

28. Fischer KF, Lees JA, Newman JH. Hypoglycemia in hospitalized 
patients. Causes and outcomes. N Engl J Med 1986; 315:1245-50. 
DOI: 10.1056/NEJM198611133152002.

29. Fukuda I, Hizuka N, Ishikawa Y, Yasumoto K, Murakami Y, Sata 
A, et al. Clinical features of insulin-like growth factor-II 
producing non-islet-cell tumor hypoglycemia. Growth Horm IGF 
Res 2006;16(4):211-6. DOI: 10.1016/j.ghir.2006.05.003. 

30. Nauck MA, Reinecke M, Perren A, Frystyk J, Berishvili G, 
Zwimpfer C, et al. Hypoglycemia due to paraneoplastic secretion 
of insulin-like growth factor-I in a patient with metastasizing 
large-cell carcinoma of the lung. J Clin Endocrinol Metab 
2007;92(5):1600-5. DOI: 10.1210/jc.2006-2573.  

31. Vella A. Evaluation of postprandial symptoms of hypoglycemia in 
adults without diabetes. UpToDate online, Oct 2023.

32. Charles MA, Hofeldt F, Shackelford A, Waldeck N, Dodson LE Jr, 
Bunker D, et al. Comparison of oral glucose tolerance tests and 
mixed meals in patients with apparent idiopathic postabsorptive 
hypoglycemia: absence of hypoglycemia after meals. Diabetes 
1981;30(6):465-70.

33. Permutt MA. Postprandiol hypoglycemia. Diabetes 
1976;25(8):719-33. DOI: 10.2337/diab.25.8.719. 

34. Lev-Ran A, Anderson RW. The diagnosis of postprandial 
hypoglycemia. Diabetes 1981;30(12):996-9. DOI: 
10.2337/diab.30.12.996. 

35. Vella A. Hypoglycemia in adults without diabetes mellitus: 
Clinical manifestations, causes, and diagnosis. UpToDate online, 
2023.

62J Assoc Clin Endocrinol Diabetol Bangladesh July 2024;3(2)

Figure-1: Flowchart for the evaluation of spontaneous hypoglycemia
SMBG- self-monitoring of blood glucose, EUS- endoscopic ultrasound, LFT- liver function tests, RFT- renal function tests
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.
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Introduction
Clinical hypoglycemia is the term used to describe a 
situation in which serum or plasma glucose levels drop 
to the point when symptoms and/or signs, such as 
impaired brain function, occur. The clinical 
manifestations of hypoglycemia are nonspecific. 
Besides, it is not uncommon to find very low blood 
glucose concentrations in asymptomatic people, 
especially young women and children. A measured low 
blood glucose can be artifactual. For these reasons, it is 
not possible to pinpoint a single plasma glucose 
concentration that can categorically define 
hypoglycemia, Therefore, hypoglycemia is confirmed by 
documentation of Whipple’s triad: symptoms, signs, or 
both that are indicative of hypoglycemia, and a low 
plasma glucose, and how those symptoms or signs go 
away when plasma glucose levels are raised.1 If 
Whipple's triad is not fulfilled, the patient could be 
subjected to needless testing, expenses, and other risks 
without any prospect of benefit.

Glucose homeostasis and counter-regulation
Under normal physiological conditions, our brain 

depends on the continuous supply of glucose for normal 
functioning.2 This is due to the brain's inability to 
produce glucose, effectively utilize other alternative 
fuels efficiently, or store glucose for longer than a few 
minutes supply in the form of glycogen. Because arterial 
plasma glucose concentration directly influences 
blood-to-brain glucose transport, this necessitates 
maintaining plasma glucose levels within the normal 
range. Normally, counterregulatory systems efficiently 
prevent hypoglycemia. Crucial physiological defenses 
include 1) a reduction in insulin release when glucose 
levels drop within the physiological range, 2) an 
increase in glucagon secretion, and 3) an increase in 
epinephrine secretion, the last two occurring when 
glucose levels drop slightly below the physiological 
range.3

Defense against persistent hypoglycemia involves the 
release of growth hormone (GH) and cortisol. Plasma 
glucose levels will continue to decline if these defenses 
are unable to stop the episode. The symptoms that cause 
the behavioral defense of food consumption usually start 
to show up at a plasma glucose level of about 55 mg/dl 
(3.0 mmol/liter). When plasma glucose reaches around 3 

mmol/L, there is almost no insulin secretion, C-peptide 
levels are below 0.6 ng/ml (0.2 nmol/liter), proinsulin 
levels are below 5.0 pmol/liter, and plasma insulin levels 
are below 3 U/ml (18 pmol/liter).4,5 Due to the ability to 
greatly increase endogenous glucose production, 
hypoglycemia typically comes from very low rates of 
glucose synthesis or low rates of glucose production 
relative to high rates of glucose use.6

Symptoms of hypoglycemia in a non-diabetic person
Hypoglycemia symptoms are classified as either 
neurogenic or autonomic (due to sympathetic 
stimulation induced by hypoglycemia) and 
neuroglycopenic (resulting from brain glucose 
deprivation).7 Awareness of hypoglycemia arises from 
the perception of neurogenic symptoms, which are 
predominantly sympathetic neural rather than 
adrenomedullary. Though most neurogenic symptoms, 
such as tremors, anxiety, and palpitation, are adrenergic, 
some symptoms, such as sweating and hunger, are 
cholinergic.8 The symptoms of neuroglycopenia include 
loss of consciousness, exhaustion, disorientation, 
seizures, and cognitive impairment. Neurological 
recovery occurs completely when the glucose level is 
raised; nevertheless, this is not always the case. If 
hypoglycemia is prolonged and profound, it can lead to 
brain death.2 Signs of hypoglycemia like sweating, 
pallor, tachycardia, and behavioral changes are often 
subtle. A diagnostic assessment for spontaneous 
hypoglycemia is necessary even in the event of a single 
neuroglycopenia episode.

Classification of spontaneous hypoglycemia
The traditional classification of hypoglycemia in persons 
without diabetes, postabsorptive (fasting) and 
postprandial (reactive) hypoglycemia, has been 
challenged.6 Individuals with insulinomas, who often 
experience hypoglycemia mostly while fasting, may 
experience postprandial hypoglycemia. Post-gastric 
bypass patients, who usually have postprandial 
hypoglycemia, may also suffer symptoms in a fasting 
state. Some conditions, like factitious hypoglycemia, are 
hard to classify into fasting or postprandial. Previously 
known as ‘reactive hypoglycemia’, postprandial 
symptoms lacking Whipple's triad signify a functional 
disease for which an oral glucose tolerance test is not 
recommended, and symptoms are not caused by 
hypoglycemia.9 It is more useful to determine whether 
the patient appears to be in good health or if they are 
dealing with a potentially relevant illness or therapy. 

This will help the clinician to categorize the patient 
more effectively. Regarding the latter, medication must 
be taken into consideration for any patient presenting 
with hypoglycemia.

Causes of spontaneous hypoglycemia 
The causes of hypoglycemia are outlined in Table I. 
Drugs are the most common cause of hypoglycemia.10 

Apart from insulin and insulin secretagogues, additional 
drugs that are considered offending include alcohol, 
antimalarials, quinolones, ACE inhibitors, indomethacin, 
lithium, and several more.10 Hypoglycemia frequently 
occurs in sepsis and other serious conditions like renal 
or liver failure and rarely in adrenal insufficiency.10 
Hypoglycemia caused by endogenous hyperinsulinism is 
rare.10 It can be accidental, surreptitious, or even 
malicious, which is very challenging to diagnose.11 
Those who have Roux-en-Y gastric bypass for obesity 
frequently experience hypoglycemia. Hypoglycemia can 
be caused by an antibody to insulin or insulin receptor, 
which is associated with a very high level of insulin.12 
The nonislet tumor that causes hypoglycemia is often 
clinically obvious.

Evaluation of spontaneous hypoglycemia
In healthy persons, a mean plasma glucose concentration 
of about 55 mg/dl (3.0 mmol/liter) is the threshold at 
which hypoglycemia symptoms appear.3 However, in 
individuals with recurrent hypoglycemia, the glycemic 
thresholds for hypoglycemic symptoms shift to lower 
plasma glucose concentrations. Lower plasma glucose 
concentrations occur after prolonged fasting in healthy 

individuals, particularly in women and children, with no 
accompanying symptoms or signs. This is because the 
brain can use alternate circulating fuels, specifically 
ketones.3 It is impossible to pinpoint a single plasma 
glucose level that definitively characterizes 
hypoglycemia due to all of these factors.
The diagnosis of a true hypoglycemic disorder requires 
the fulfilment of specific criteria known as Whipple's 
triad.
Whipple's triad comprises the following:
• Symptoms consistent with hypoglycemia 
• A low plasma glucose concentration is measured by 

a laboratory assay (not a glucose meter or 
continuous glucose monitor) when symptoms are 
present

• Resolution of symptoms after the plasma glucose 
level is raised

The evaluation is initially guided by the history 
(including any medication exposure), the physical 
examination, and an extensive review of the available 
laboratory results (Figure 1). These typically offer hints 
about the underlying cause of hypoglycemia or rule out 
hypoglycemia brought on by known drugs, serious 
diseases, hormone deficits, or nonislet cell tumors (Table 
1). Even though adrenocortical insufficiency is not 
usually found to be the cause of hypoglycemia in adults 
without additional clinical symptoms, testing 

adrenocortical function is a reasonable course of action.
When a person appears healthy, the differential 
diagnosis can be limited to two main conditions: 
endogenous hyperinsulinism and accidental, 
surreptitious, or even malicious hypoglycemia.6 A 
thorough evaluation of the former option ought to come 
before a methodical examination of the latter. Those 
who are aware of and have access to glucose-lowering 
drugs are more likely to experience surreptitious 
hypoglycemia.11 An administration of insulin or an 
insulin secretagogue might cause malicious 
hypoglycemia.11

Episodes of neuroglycopenia caused by endogenous 
hyperinsulinemic hypoglycemia, which typically occur 
during fasting but can sometimes occur after a meal, are 
the clinical hallmarks of insulinoma.9 It occurs around 
once per 250,000 patients per year.13 It may happen at 
any age, with a slight female predilection. Less than 
10% of individuals have multiple tumors, multiple 
endocrine neoplasia, type 1 (MEN-1) syndrome, or 
malignant insulinomas.14

The characteristic feature of noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS) is 
episodes of neuroglycopenia brought on by endogenous 
hyperinsulinemic hypoglycemia, which typically occurs 
after a meal but sometimes with fasting as well.15 Men 

are significantly more affected than women. The 
pancreatic abnormality is diffuse islet involvement with 
nesidioblastosis, which is characterized by islet 
hypertrophy and occasionally hyperplasia along with 
enlarged and hyperchromatic cell nuclei. Radiological 
localization procedures are typically negative. To 
diagnose islet hyperfunction, a positive selective arterial 
calcium stimulation test is necessary.16 The findings of 
the calcium stimulation test should guide partial 
pancreatectomy, which usually improves the condition.  
NIPHS is far less common than insulinomas.
People of Japanese or Korean origin are more 
susceptible to a rare condition called autoimmune 
hypoglycemia, which is caused by the development of 
antibodies to natural insulin.17 Those who have this 
condition frequently have a history of autoimmune 
diseases or have taken medications that include 
sulfhydryl. During the late postprandial phase, 
symptoms manifest as the insulin that was generated in 
response to the meal and then bound to the circulating 
antibody dissociates from the antibody inappropriately.18 
Extremely high insulin level during hypoglycemia is one 
indicator of the diagnosis. Hypoglycemia can range in 
severity from moderate, which can be managed with 
lifestyle modifications, to severe, for which there is no 
proven treatment other than intragastric glucose 
infusion. The finding of extremely high titer blood 
insulin antibodies typically leads to the diagnosis. 
When a caregiver observes a seemingly well patient 
exhibiting symptoms, the most efficient diagnostic 
approach is to collect plasma for the assessment of 
glucose, insulin, C-peptide, proinsulin, beta- 

hydroxybutyrate, and circulating oral hypoglycemic 
agents (ideally, all sulfonylureas and glinides that are 
currently available), and then use a 1.0 mg intravenous 
glucagon injection to treat the hypoglycemia while 
monitoring the plasma glucose response.5,10 This data 
will assist in distinguishing between endogenous (and 
exogenous) hyperinsulinism and other hypoglycemic 
causes (Table II). Insulin antibodies, which do not need 
to be found at the moment of hypoglycemia, can identify 
autoimmune hypoglycemia.
The inability of insulin secretion to decrease to 
extremely low levels when plasma glucose 
concentrations drop to hypoglycemic levels- is the 
primary pathophysiological characteristic of endogenous 
hyperinsulinism. Hypoglycemia is caused by low rates 
of glucose synthesis rather than high rates of glucose 
utilization.19 Therefore, it is not necessary for plasma 
insulin, C-peptide, and proinsulin concentrations to be 

high in comparison to normal euglycemic values; rather, 
they should only be abnormally high when fasting 
plasma glucose levels are low.6 When the fasting plasma 
glucose concentrations are less than 55 mg/dl (3.0 
mmol/liter), critical diagnostic findings include plasma 
insulin concentrations of at least 3 U/ml (18 pmol/liter), 
plasma C-peptide concentrations of at least 0.6 ng/ml 
(0.2 nmol/liter), the beta-hydroxybutyrate level is low (≤
2.7 mmol/L) and plasma proinsulin concentrations of at 
least 5.0 pmol/l (table II).6  These criteria presuppose the 
absence of other conditions, such as renal failure.
Even after a 72-hour fast, a patient with an insulinoma 
may occasionally not meet these criteria, and a few have 
plasma insulin levels below 3 U/ml (18 pmol/liter) 
during fasting hypoglycemia, but plasma C-peptide 
levels are usually 0.6 ng/ml (0.2 mmol/liter), or greater 
and plasma proinsulin levels are usually 5.0 pmol/liter or 
greater in the latter patients.20 In one study, for instance, 
all 32 patients with an insulinoma met the proinsulin and 
C-peptide requirements, while only 29 of the patients 
met the plasma insulin criterion.20 Biological evidence of 
insulin (or IGF) excess is provided by plasma 
beta-hydroxybutyrate levels of 2.7 mmol/liter or less and 
an increase in plasma glucose concentration of at least 
25 mg/dl (1.4 mmol/liter) following intravenous 
glucagon (glucagon challenge test), the latter of which 
indicates preserved hepatic glycogen stores.21 So, if 
endpoints are not met even after 72 hours fast, the 
Glucagon challenge test can provide additional clues for 
the diagnosis of endogenous insulin/IGF-mediated 
hypoglycemia.
In cases when a patient has a history of suggestive spells 
and Whipple's triad is unclear, it is desirable to simulate 
hypoglycemia-causing situations and obtain the required 
testing during a spontaneous hypoglycemic episode.6 It 
is possible to create hypoglycemia in patients who have 
a history of it when fasting by avoiding food, and it is 
possible to create hypoglycemia in patients who have a 
history of it after eating by providing them with a meal 
that is likely to cause a hypoglycemic episode.10 If these 
measures don't work, the patient with suspected fasting 
hypoglycemia should adhere to a longer, supervised fast. 
The objective is to hold off on breaking the fast until 
Whipple's triad is verified or the plasma glucose level 
falls to less than 55 mg/dl (3.0 mmol/liter). In less than 
72 hours, the majority of insulinoma patients meet these 
diagnostic requirements.22 In fact, in roughly two-thirds 
of affected patients, it happens in less than 24 hours, and 
in the great majority of cases, in less than 48 hours.22 
Doing a mixed-meal test is recommended when a 

patient's history suggests postprandial hypoglycemia. 
Follow-up should be provided for five hours after the 
meal, which should comprise the items the patient has 
determined are most likely to cause hypoglycemia. 
When assessing possible postprandial hypoglycemia, an 
oral glucose tolerance test should not be performed.23 
However, it's still uncertain how to interpret the 
mixed-meal test. Currently, the criteria created above 
while going through fasting test, are applied to the 
findings of a mixed-meal challenge test (Table II).5

If a patient has a history of Whipple's triad, abnormally 
elevated levels of plasma insulin, C-peptide, and 
proinsulin, no measurable levels of oral hypoglycemic 
medications during fasting hypoglycemia, and no 
circulating insulin antibodies, the patient most likely has 
an insulinoma.6 Nonetheless, accidental, surreptitious, or 
malicious hypoglycemias are challenging to diagnose. A 
high degree of clinical suspicion and an examination 
into potential offending agent sources, including a 
review of the patient's prescription regimen, provide the 
basis for these diagnoses. However, endogenous 
hyperinsulinemic hypoglycemia while fasting is not 
exclusively caused by insulinomas. Rather than an 
insulinoma, some individuals have a diffusely expanded 
islet cell mass. It's frequently called nesidioblastosis, 
even though the histological finding of islets budding 

from pancreatic ducts is not always present. Before 
attempting to localize or regionalize the tumor, there 
must be strong clinical and biochemical proof that an 
insulinoma is present.6 Most insulinomas are found 
using magnetic resonance imaging (MRI) and computed 
tomography; however, the success of any one method 
depends on the centre's knowledge and expertise with 
that particular technology. Negative imaging cannot, 
however, rule out the existence of an insulinoma 
because the diameter of these tumors is often less than 
1.0 cm. About 85% are detected by MRI, and 70–80% 
are using computed tomography.24 Although a sensitivity 
of 80% has been documented, somatostatin receptor 
scintigraphy is known to detect insulinomas in about 
half of affected patients. Endoscopic pancreatic 
ultrasonography, which has a sensitivity of over 90%, 
can be employed, despite being invasive.25 Preoperative 
localization of most insulinomas is achieved by a 
combination of noninvasive and specific invasive 
modalities, most notably endoscopic ultrasound. 
Selective pancreatic arterial calcium injections localize 
insulinomas with high sensitivity; the objective is 
defined as a larger than 2-fold increase in hepatic venous 
insulin levels over baseline (or maybe a greater than 
5-fold increase with modern specific insulin assays).26 

This invasive method can aid in the localization of an 
insulinoma when imaging results are ambiguous or 
negative. A calcium stimulation test is the recommended 
method for verifying noninsulinoma pancreatogenous 
hypoglycemia and post-Roux-en-Y gastric bypass 
hypoglycemia because conventional imaging is negative 
in these circumstances. 68 Ga-DOTATE PET/CT is 
frequently employed to localize insulinoma.27 

The most frequent causes of hypoglycemia in hospital 
settings include drugs and renal failure.28 Inappropriate 
use of insulin or insulin secretagogues is common, 
particularly when enteral or parenteral feeding is 
discontinued or when insulin sensitivity is increased 
(e.g., after stopping glucocorticoid medication).10 In 
critically unwell individuals, hypoglycemia is frequently 
caused by liver failure, infection, and adrenal 
insufficiency.
Patients with nonislet cell malignancies frequently 
experience hypoglycemia due to an excess of partially 
processed IGF-II;29 hypoglycemia related to an excess of 
IGF-I has also been documented.30 Clinically apparent 
large mesenchymal tumors are usually associated with 
hypoglycemia from nonislet cell tumors. Usually, these 
tumors secrete an excessive amount of pro-IGF-II.  
Pro-IGF-II to IGF-II ratios may be higher, although 
overall IGF-II levels may be normal. Low IGF-I levels 
and decreased GH production lead to an increase in the 
IGF-II to IGF-I ratio. When nonislet cell malignancies 
induce hypoglycemia, endogenous insulin secretion is 
adequately suppressed.10

Though the classification of hypoglycemia into fasting 
and postprandial groups is now abandoned for a new 
classification, postprandial hypoglycemia still draws 
much attention in clinical practice. Postprandial 
hypoglycemia is not a diagnosis in itself; rather, it 
defines the occurrence of hypoglycemia within four 
hours following a meal. Noninsulinoma 
pancreatogenous hypoglycemia syndrome (NIPHS), 
post-Roux-en-Y gastric bypass (RYGB) hypoglycemia, 
occult diabetes, and autoimmune hypoglycemia are 
among the disorders that mostly cause hypoglycemia in 
the postprandial period.31

The term ‘postprandial syndrome’ refers to a condition 
that is seen in patients who have postprandial symptoms 
that may indicate hypoglycemia but do not have 
concomitant biochemical evidence of hypoglycemia. 
This condition typically occurs after a high-carb meal is 
consumed, and symptoms resolve with dietary 
modification.32 Since low blood glucose is not thought to 
be the source of the symptoms, the term ‘reactive 
hypoglycemia,’ which was formerly used to characterize 
this illness, has been abandoned. Anxiety, weakness, 

tremors, perspiration, palpitations, and other symptoms 
following meals that suggested a rise in sympathetic 
activity were previously diagnosed as functional 
hypoglycemia or functional hyperinsulinism. But in fact, 
it is the body's overreaction to food rather than an 
illness. The diagnosis was made based on the patient's 
symptoms of hypoglycemia being reproduced and a 
blood glucose level of less than 50 mg/dL (2.8 mmol/L) 
during an oral glucose tolerance test (OGTT).33 
However, the test does not assist in identifying reactive 
hypoglycemia because many healthy, asymptomatic 
individuals have nadir blood glucose concentrations less 
than 50 mg/dL (2.8 mmol/L) following a four- to 
six-hour OGTT.34 Self-monitoring of blood glucose and 
mixed meal challenge tests are important for the 
evaluation of postprandial hypoglycemia. Distinguishing 
between true postprandial hypoglycemic illness and 
postprandial syndrome is crucial for patients exhibiting 
signs of hypoglycemia after meals. Continuous glucose 
monitoring devices should not be used to evaluate 
spontaneous hypoglycemia.35 Any low glucose reading 
on the glucometer should be confirmed by laboratory 
measurement.

Conclusion
The diagnosis of spontaneous hypoglycemia and its 
etiology is a challenge for the endocrinologists. 
Whipple’s triad must be fulfilled, and clinical 
classification of the patient (seemingly well and unwell) 
is important before embarking on the complicated 
diagnostic pathway.
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