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Summary
BACKGROUND: Important causes of endogenous hyperinsulinaemic hypoglycaemia (EHH) in adult patients are insulinoma and adult nesidioblastosis. Data on main symptoms in EHH are scarce and controversial. We analysed
main symptoms of patients with EHH in the framework of
two prospective studies investigating glucagon-like peptide-1 receptor imaging.
METHODS: Patients were referred from secondary European endocrine centres and endocrinologists. Inclusion
criteria were biochemically proven EHH (glucose <2.5
mmol/l in the presence of inadequate insulin and C-peptide levels) with neurological hypoglycaemic symptoms.
Demographic characteristics and aetiologies of the patients with EHH were retrieved. Main symptoms were categorised into neurological, sympathicoadrenal (sweating,
tremor, palpitation, hunger, shivering and pallor) and nonspecific other symptoms (nonspecific asthenia, weight
gain, gastrointestinal symptoms and headaches). Neurological symptoms were subdivided into moderately impaired consciousness (confusion, dizziness, somnolence
and delirium), visual, speech and sensorimotor impairment, severely impaired consciousness (loss of consciousness and apathy), attention deficit, seizures and
personality changes. Biochemical assessment and duration of EHH at the end of a fasting test were recorded.
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RESULTS: Fifty-four patients with full documentation were
included in the analysis (74% female; mean age 54 years,
range 22–84). Median duration from onset of symptoms
to diagnosis of EHH was 12 months (range 0–120). Fifty
(92.6%) patients had neurological symptoms, including
moderately impaired consciousness (46.3%), visual,
speech and sensorimotor function impairment (44.4%),
severely impaired consciousness (37%), attention deficit
(31.5%), seizures (16.7%) and personality change (13%).
Sympathicoadrenal symptoms were present in 33 (61.1%)
patients. Nonspecific other symptoms occurred in 36
(66.7%) patients. 43 patients (79.6%) suffered from symptoms of at least two different categories.
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CONCLUSIONS: Clinical symptoms of EHH are characterised by a wide variety of mainly different neurological
symptoms (“neurological chameleon”). EHH should be
considered as a differential diagnosis in many neurological
disorders.
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Introduction
Endogenous hyperinsulinaemic hypoglycaemia (EHH) is
defined as inappropriate endogenous insulin secretion
leading to hypoglycaemia and associated symptoms. Biochemically, EHH is characterised by low glucose concentrations in the presence of inappropriately increased C-peptide and insulin levels. Importantly, the administration of
exogenous insulin secretagogues has to be excluded (negative sulfonylurea screening). Causes of EHH in adults include insulinoma – sporadic benign or in association with
multiple endocrine neoplasia type 1 (MEN-1) – and adult
nesidioblastosis. Insulinomas are well-differentiated, generally benign, neuroendocrine tumours derived from the
pancreatic beta cells, whereas nesidioblastosis is characterised by beta-cell hypertrophy and hyperplasia, with enlarged and hyperchromatic nuclei and a lobulated islet pattern [1]. The incidence of insulinoma is estimated to be
four cases per one million person-years [2], but there are
no formal epidemiological studies analysing the incidence
of nesidioblastosis. This pathology is considerably rarer [1,
3] outside the setting of gastric bypass.
In order to proceed to biochemical confirmation of EHH
by means of a standardised fasting test, Whipple’s triad has
to be fulfilled, namely, symptoms consistent with hypoglycaemia, documented low plasma glucose levels and improvement of symptoms after ingestion of carbohydrates
[4]. However, hypoglycaemic symptoms vary considerably. This is reflected by a wide range of reported intervals
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between the first hypoglycaemic symptoms and final diagnosis. Previous studies documented a time interval from
initial symptoms until diagnosis ranging from 20 days to
180 months [5, 6]. There is some evidence that neuroglycopenic symptoms in particular may be of clinical diagnostic value [5–7]; however, in the literature, sympathicoadrenal symptoms are also identified as important indicators
of EHH [6]. An additional controversial issue is the biochemical cut-offs that confirm, at the end of the fasting
test, the diagnosis of EHH [8]. In particular, a glucose level
<2.5 mmol/l has been suggested to be a reliable cut-off to
end the fasting test. However, Wiesli et al. [7] showed that
terminating the fasting test at a glucose level <2.5 mmol/l
does not allow confirmation or exclusion of an insulinoma.
In contrast, neuroglycopenic symptoms are the prerequisite
criterion to end the fasting test before 72 hours.

The symptoms of all included patients were analysed and
categorised into three classes. The classification was based
on the Textbook of Clinical Neurology (3rd edition) chapter 38 [11] and slightly adapted according to the reported
symptoms. The first category included neurological symptoms and was subdivided in moderately impaired consciousness (confusion, dizziness, somnolence and delirium) visual, speech and sensorimotor impairment, severely
impaired consciousness (loss of consciousness and apathy), attention deficit, seizures and personality changes.
The second category contained sympathicoadrenal symptoms, namely sweating, tremor, palpitations, hunger, shivering and pallor, and the third category included unspecific
other symptoms, such nonspecific asthenia, weight gain,
gastrointestinal symptoms and headaches.

In summary, the current literature suggests that clinical
symptoms, which lead to the investigation and documentation of EHH, are essentially neurological in nature and/or
of sympathicoadrenal origin. However, they vary considerably and are ill defined, which may lead to a wide range
of disease durations until the diagnosis is formally established. We, therefore, aimed at retrospectively analyse the
main clinical symptoms, the time interval between first
symptoms and final diagnosis, and the characteristics of
the biochemical investigation (duration of fasting test; glucose, C-peptide and insulin levels at the end of the fasting
test) in patients with EHH. This analysis was in the framework of two prospective studies investigating a new molecular imaging technique using glucagon-like peptide-1
(GLP-1) receptor imaging.

Statistical analysis
This was an observational study. Therefore, mainly descriptive statistics were applied. Data are presented as
mean ± standard deviation or median, where applicable.
Absolute numbers and percentages are given. The duration
of symptoms was compared between patients with and
without sympathicoadrenal symptoms using unpaired ttests.

Methods
All endocrinologists with patients with EHH, who had
referred patients from European endocrine centres for
prospective studies investigating GLP-1 receptor imaging
to the University Hospital of Basel between 2008 and 2011
[9] and 2014 and 2017 [10], were asked to report the main
symptoms and duration of symptoms that led to the investigation of EHH. In addition, they were to document details of the biochemical assessment of EHH (duration of
fasting test; plasma glucose, insulin and C-peptide levels
at the end of the fasting test). These data were prospectively collected and retrospectively analysed. Inclusion criteria for both prospective studies [9, 10] were positive
Whipple’s triad and biochemically proven EHH (criteria
for end of fasting test: glucose level <2.5 mmol/l and neuroglycopenic symptoms) (fig. 1). Exclusion criteria included concomitant medications that influence glucose levels
and evidence for a malignant insulinoma on conventional
imaging. The local ethics committee approved both studies
and participants gave written consent ([9] NCT 00937079,
[10] NCT02127541). Following the GLP-1-receptor imaging study, the patients were treated locally and the clinical
(absence of hypoglycaemic episodes) and histological outcomes were documented [9, 10]. A total of 84 patients
were included in these two prospective studies [9, 10]. For
the current analysis, 30 patients were excluded, 8 because
of malignant insulinoma and 22 because of insufficient or
unreliable documentation of main clinical symptoms. The
remaining 54 patients were included in the analysis (15 patients from the first and 39 patients from the second study).
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Results
Fifty-four patients referred from secondary European endocrine centres and endocrinologists, with full documentation of EHH and its main symptoms, from Switzerland,
UK, Germany, France, Romania, Spain and Belgium were
included in the analysis. The clinical characteristics are
summarised in table 1.
The main symptoms are documented in table 2. Briefly, 50
(92.6%) of 54 patients presented with nonspecific neurological symptoms and more than half of these patients suffered from two or more neurological symptoms (table 2).
Main sympathicoadrenal symptoms are also summarised
in table 2. They were documented in 33 (61.1%) of all patients. Twenty-nine patients (54%) presented with two or
more sympathicoadrenal symptoms.
Nonspecific other symptoms occurred in 36 (66.7%) of 54
patients and are summarised in table 2 as well.
Figure 1: Study recruitment.
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Importantly, 43 (79.6%) patients presented with symptoms
of at least two categories (table 3).

this analysis did not result in significantly different interval
between first symptoms and final diagnosis (p = 0.9).

The duration of the interval between onset of symptoms
and diagnosis of EHH, was reliably documented in 35 patients (figs 2A and 2B), and showed a median of 12 months
(interquartile range [IQR] 6–36; range 0–120). More than
50% were diagnosed within the first year after onset of
symptoms and in two patients (5.7%) the time interval was
more than 5 years. (fig. 2). We analysed the time to diagnosis in patients with and without sympathicoadrenal symptoms. Due to the small sample size of patients with the interval from disease onset to diagnosis reliably documented,

Detailed data on the fasting test was available in 49 patients (90.7%). In the other five (9.3%) patients, blood
samples were drawn during a symptomatic episode in the
emergency room. Fasting tests lasted 23.7 ± 18 hours,
mean ± standard deviation SD, (range 2–72 hours). In over
70% of the tests, there were pathological findings within the first 24 hours. After 48 hours, the test was stopped
with a diagnostic result in 97% of the patients (figs 3A
and 3B). At the end of the fasting test, plasma glucose, insulin and C-peptide concentrations were 2.0 ± 0.4 mmol/l,
22.5 ± 42.2 mU/l (156.3 ± 293.1 pmol/l) and 985.1 ± 587.7
pmol/l, respectively. Interestingly, although recommended
by current guidelines [12], proinsulin and beta-hydroxybutyrate concentrations were measured in only 8 and 12 patients, respectively, at the end of the fasting test. Similarly,
the glucagon test was rarely performed.

Table 1: Clinical characteristics of the patients with endogenous hyperinsulinaemic hypoglycaemia (EHH).
Number of patients, number (%)

54 (100%)

Age in years, median (range)

54 (22–84)

Gender

Discussion

Female, number (%)

40 (74%)

Male, number (%)

14 (26%)

The major findings of this study can be summarised as follows:

Single benign insulinoma, number (%)

37 (68.5%)

Multiple insulinomas, number (%)

3 (5.6%)

Nesidioblastosis, number (%)

5 (9.3%)

1. The clinical symptoms of EHH are characterised by a
wide variety of neurological symptoms, followed by
sympathicoadrenal and nonspecific other symptoms;

Histological report not available*, number

9 (16.7%)

Pathological findings in histopathological report

(%)
Confirmed MEN-1, number (%)

3 (5.6%)

MEN-1 = multiple endocrine neoplasia * No surgery due to lack of unambiguous localisation (n = 3), no histopathological lesion was found
in the surgical specimen despite biochemically proven EHH (n = 2), or
patients refused surgery despite clear localisation (n = 4)

Figure 2A: Interval between onset of symptoms and diagnosis:
distribution of the time to diagnosis. On the y-axis the number of
patients which had been diagnosed at a given time (x-axis).

Table 2: Overview of main symptoms in 54 patients with confirmed endogenous hyperinsulinaemic hypoglycaemia.
Symptoms

Number

%

50

92.6

Moderately impaired consciousness

25

46.3

Visual, speech and sensorimotor function impairment

24

44.4

Severely impaired consciousness

20

37

Disturbance of attention

17

31.5

Seizures

9

16.7

Personality changes

7

13

33

61.1

Overall neurological symptoms

Overall sympathicoadrenal symptoms
Sweating

27

50

Tremor

11

20.4

Palpitations

7

13

Hunger

5

9.3

Shivering

2

3.7

36

66.7

Asthenia

30

61.1

Weight gain

21

38.9

Gastrointestinal symptoms

7

13

Headaches

4

7.4

Various symptoms

Figure 2B: Interval between onset of symptoms and diagnosis:
cumulative share of the patients diagnosed with EHH in the course
of time.

Table 3: Combination of symptoms at the time of diagnosis in 54 patients with endogenous hyperinsulinaemic hypoglycaemia.
Number

%

Symptom complex of at least two different
categories

43

79.6

Only neurological symptoms

8

14.8

Only sympathicoadrenal symptoms

2

3.7

Only various nonspecific symptoms

1

1.9
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most of the patients suffered from a combination of
symptoms.
2. The relatively long median time interval between first
symptoms and final diagnosis is possibly related to the
wide variety of symptoms.
3. Biochemical documentation of EHH (fasting test) was
achieved in nearly all patients after 48 hours.
The demographic findings in the current study (mean age,
female preponderance) are consistent with the literature
[2, 5, 6, 13]. In addition, an underlying genetic context –
MEN-1 – was diagnosed in 5.6% of the patients in the current study, in keeping with the literature [2, 6]. Based on
these observations, the current patient cohort can be considered as representative for EHH.
Over 90% of all patients presented with neurological
symptoms, which suggests that EHH is a differential diagnosis in a wide variety of neurological disorders. Importantly, over 40% of the patients presented with severe neurological symptoms (severely impaired consciousness and
seizures), either in combination or alone. Although the detailed analysis of the main neurological symptoms of EHH
is new, there are data in the literature indicating that symptoms in EHH are frequently neurological in nature [5, 6,
13], consistent with our findings.

Figure 3A: 72-hour fasting test: distribution of the time until the
end of fasting. On the y-Axis the number of patients which had
been diagnosed at a given time (x-axis).

Figure 3B: 72-hour fasting test: cumulative share of the patients
diagnosed with during the fasting test.

Sympathicoadrenal symptoms were reported in >60% of
the patients, the most prevalent symptom of this category
being sweating. The comprehensive analysis of symptoms
in this category in patients with EHH is novel. However,
previous data revealed a higher prevalence of sympathicoadrenal symptoms [6]. This is an intriguing finding
and the underlying explanation remains to be established.
A possible reason may be a more prevalent hypoglycaemia
unawareness [14] in our cohort. However, in this case we
would expect a longer duration from initial symptoms until
diagnosis than reported in the literature. The latter cannot
be confirmed by our data.
Nonspecific other symptoms were recorded in about twothirds of the patients, of which nonspecific asthenia was
the most frequently mentioned (61.1%), followed by
weight gain (38.9%). Previous reports included only
weight gain as a nonspecific finding in EHH. The prevalence of weight gain in the literature corroborate our findings [6].
A remarkable finding in our survey was a rather long interval between disease onset and the time of diagnosis, with
a median duration of 12 months (range 0–120), in keeping
with previous reports [5, 6]. This is possibly because the
clinical symptoms in EHH are nonspecific.
All the patients fulfilled Whipple's triad. In five patients,
EHH was documented during a symptomatic episode in
the emergency room. The remaining patients underwent a
fasting test, as described before [15]. In more than 70% of
the patients, the fasting test was diagnostic within the first
24 hours. There was only one patient, who was asymptomatic after 48 hours, but after 72 hours in this case also
clear biochemical evidence for EHH was found. A previous report published by Dizon et al. [6] suggests that biochemical documentation of EHH after 24 hours of fasting
is found in 84% of cases, slightly higher than in the current
study. However, the levels of glucose, insulin and C-peptide at the end of the fasting test are consistent with previous findings [15]. Interestingly, the biochemical work-up
differed considerably across the different endocrine centres and endocrinologists. Only measurements of plasma
glucose, insulin and C-peptide concentrations and sulfonylurea screening were performed everywhere, whereas
proinsulin and beta-hydroxybutyrate levels – as recommended by current guidelines [12] – were inconsistently
assessed. Similarly, the glucagon test at the end of the fasting test was rarely performed, indicating that the work-up
of EHH does not rely on current guidelines and rather depends on local experience and availability of laboratory
measurements.
A strength of the current findings is the quite large cohort,
considering the low incidence of EHH. In addition, the patients were prospectively recruited in the context of two
prospective imaging studies with previously defined inclusion criteria [9, 10]. However, there are several limitations: (1) the main clinical symptoms were retrospectively analysed and susceptible to bias like all retrospective
studies; (2) the fasting tests were performed in the respective referral centres including laboratory analysis and have,
therefore, to be interpreted with caution; (3) nonspecific
symptoms such as weakness and weight gain are much
more frequent in the general population without EHH and
related to a broad spectrum of differential diagnosis. The
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only difference is that these unspecific symptoms occurred
in combination with the Whipple’s triad and the biochemical documentation of an EHH. A positive fasting test, however, is a very sensitive and specific tool for detecting EHH
and for its differential diagnosis (most frequently insulinoma) [16].
In conclusion, these data indicate that a wide variety of primarily neurological symptoms (“neurological chameleon”)
followed by sympathicoadrenal symptoms are characteristic for EHH. Therefore, general practitioners and neurologists should consider EHH as a differential diagnosis
in many neurological disorders. In view of the recent improvements of the available systems for continuous glucose monitoring in the context of anti-diabetic therapy,
these tools should be generously used to confirm significant hypoglycaemic episodes when EHH is suspected [17,
18].
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