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Summary

Insulin autoimmune syndrome (IAS) is a rare cause of non-islet cell hypoglycaemia. Treatment of this condition is complex
and typically involves long-term use of glucocorticoids. Immunotherapy may provide an alternative in the management
of this autoimmune condition through the suppression of antibodies production by B-lymphocyte depletion. We present
a case of a 62-year-old male, with refractory hypoglycaemia initially presenting with hypoglycaemic seizure during an
admission for acute psychosis. Biochemical testing revealed hypoglycaemia with an inappropriately elevated insulin

and C-peptide level and no evidence of exogenous use of insulin or sulphonylurea. Polyethylene glycol precipitation
demonstrated persistently elevated free insulin levels. This was accompanied by markedly elevated anti-insulin antibody
(IA) titres. Imaging included CT with contrast, MRI, pancreatic endoscopic ultrasound and Ga 68-DOTATATE position
emission tomography (DOTATATE PET) scan did not reveal islet cell aetiology for hyperinsulinaemia. Maintenance

of euglycaemia was dependent on oral steroids and dextrose infusion. Complete resolution of hypoglycaemia and
dependence on glucose and steroids was only achieved following treatment with plasma exchange and rituximab.

Learning points:

e Insulin autoimmune syndrome (IAS) should be considered in patients with recurrent hyperinsulinaemic
hypoglycaemia in whom exogenous insulin administration and islet cell pathologies have been excluded.

e Biochemical techniques play an essential role in establishing high insulin concentration, insulin antibody titres,
and eliminating biochemical interference. High insulin antibody concentration can lead to inappropriately elevated
serum insulin levels leading to hypoglycaemia.

e Plasma exchange and B-lymphocyte depletion with rituximab and immunosuppression with high dose
glucocorticoids are effective in reducing serum insulin levels and hypoglycaemia in insulin autoimmune
syndrome (IAS).

e Based on our observation, the reduction in serum insulin level may be a better indicator of treatment
efficacy compared to anti-insulin antibody (IA) titre as it demonstrated greater correlation to the frequency of
hypoglycaemia and to hypoglycaemia resolution.
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Background

Hypoglycaemia is infrequently encountered in non-
diabetic individuals. At the time of presentation,
reversible and secondary causes of hypoglycaemia such
as starvation, medication misadministration, hepatic
decompensation, and use of insulin or oral hypoglycaemic
agents should be excluded. Once reversible causes have
been ruled out, endogenous causes of hyperinsulinaemia
are sought.

Anti-insulin antibody (IA)-mediated hypoglycaemia
or insulin autoimmune syndrome (IAS) is a rare cause of
non-islet cell hypoglycaemia (1). It is postulated that IAs
bind to endogenous insulin, and enhance the plasma half-
life, leading to hyperinsulinaemia. Insulin would later
dissociate from the autoantibody in a disorganised pattern
and provoke hypoglycaemia (2, 3). In contrast, anti-insulin
receptor antibody acts synergistically with insulin and
causes hypoglycaemia through direct activation of the
insulin receptor (2). As the clinical presentation of either
mechanism is hypoglycaemia, biochemical techniques are
necessary to ascertain the underlying pathophysiology.
Consequently, adjunctive approaches have been
used to measure IA concentration. Most commonly
used techniques
polyethylene glycol (PEG) of macro-analytes, heterophilic
antibody interference, dilution studies, confirmation by
an alternative platform and the gold standard gel filtration
chromatography (GFC) (4). GFC can demonstrate the
presence of macroinsulin, which correlates well with IA
by illustrating an insulin peak in the immunoglobulin
mass area.

Previously, the treatment of IAS has been limited
to the use of long-term glucocorticoids. Advances in
immunology have facilitated exploration of other
treatment options, including plasmapheresis, which has
been effectively used in a number of cases (5).
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A novel approach to IAS
management

ID: 21-0040; July 2021
DOI: 10.1530/EDM-21-0040

Case presentation

A 62-year-old male mechanic wasbrought to the emergency
department by his brother, who was concerned about
behavioural change over a few months. He was reported
to have fixed ideation regarding the loss of penile function
and had been self-medicating with an alternate daily dose
of sildenafil 100 mg and tadalafil 20 mg. There was no prior
psychiatric history and his past medical history includes
erectile dysfunction, gastro-oesophageal reflux, and
chronic obstructive airway disease. He occasionally felt
hot and cold at night and reported a 'funny feeling' during
sleep. Collateral history from his brother revealed frequent
episodes of hand tremors that were often associated with
hunger. There were no clinical features suggestive of
adrenal insufficiency.

Clinical examination on arrival was unremarkable
and there were no signs of hypoglycaemia. His BMI was
23.5 kg/m2. The patient was admitted to the Psychiatric
Unit for further management of a possible delusional
disorder and was commenced on regular antipsychotics,
paliperidone and valproate. On day 14 of admission, he
had a generalised tonic-clonic seizure. Point of care blood
glucose reading was 0.7 mmol/L, which was confirmed on
a venous sample.

Investigations

The hormone profile recorded demonstrated an
inappropriately elevated level of C-peptide and insulin.
Counter-regulatory hormones including, cortisol and
growth hormone, had risen appropriately (Table 1).
Sulphonylurea screening was negative.

Endoscopic ultrasound of the pancreas revealed no
lesions suggestive of insulinoma or nesidioblastosis. CT
scan of the chest, abdomen, and pelvis as well as a dedicated
MRI of the pancreas were unremarkable. Ga-68 DOTATATE

Table 1 Insulin, C-peptide, and Pituitary hormones levels.

Day 1 (7:55 h) Day 1(23:00 h) Day 1 (23:45 h) Day 2 (6:00 h) Reference interval
Glucose (mmol/L) 1.8 1.2 7.5 3.0-6.0
Insulin (mU/L) 272.9 250.9 167.5 1.9-23.0
C-peptide (nmol/L) 2.59 2.58 2.48 2.64 0.26-1.39
Cortisol (nmol/L) 257 438 185-625 (a.m.)
FSH (1U/L) 4.0 2.2-16.0
LH (IU/L) 1.6 2.0-11.0
Growth hormone (mU/L) 2.2 36.9 0-3.0
IGF-1 (nmol/L) 26.2 9.8-27.8
Testosterone (LCMS) (nmol/L) 18 10.0-25.0
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PET scan did not detect any focal lesions suggestive
of insulinoma.

Flow cytometry and bone marrow aspiration and
biopsy results were normal. CSF analysis was performed
to investigate autoimmune encephalitis as the cause of
his altered mental state. Anti-glutamic acid decarboxylase
(GAD), N-methyl-D-aspartate (NMDA) receptor, and
voltage-gated K channel-complex (VGKC) antibodies were
not detected.

Serum insulin was measured using an automated
'sandwich' chemiluminescent immunoassay (Beckman
Coulter UniCel DxI 800). The Access Ultrasensitive
Insulin assay did not interfere with C-peptide (up to a
concentration of 20000 pmol/L) and to an extremely
minimal extent, with proinsulin (minute reduction,
that is, —0.26% when 4000 pmol/L of proinsulin is
added to a calibrator which has a value of 70 pmol/L).
Serum [A titre was measured by immunoprecipitation
of I125-(Al4)-monoiodinated insulin and anti-
human IgG with protein-A and protein-G Sepharose.
The amount of radioactivity was proportional to the
concentration of IA.

Exogenous insulin administration was excluded due
to markedly elevated levels of both insulin and C-peptide
levels. Insulin assay interference was investigated with
serial dilution, use of alternative platforms (Siemens and
Roche), immunoprecipitation with PEG and heterophile
antibodies. While the free insulin concentration decreased
following PEG treatment (Table 2), it remained abnormally
elevated above the reference range.

We hypothesised, that the patient’s recurrent
hypoglycaemia was secondary to IAS due to the
persistently elevated serum IA levels while biochemical
and radiologic investigations did not reveal evidence of
islet cell pathology.

Table 2 Clinical and biochemical response to PLEX and rituximab.
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Treatment

Severe hypoglycaemia with seizure was treated according
to protocol with 50mL of intravenous 50% dextrose and
intramuscular 1 mg glucagon. However, hypoglycaemia
persisted despite further treatment with 60mg oral
glucose, resulting in commencement of an infusion of 5%
dextrose (Fig. 1). Five hours following the seizure, he was
asymptomatic, but point of care capillary glucose was only
2.5 mmol/L; this was confirmed with venous blood glucose
level (Table 1 and Fig. 1).

For 2 weeks following the first seizure the patient
remained glucose-infusion dependent despite concurrent
daily oral intake of up to 12 Mega joules including
225-240 g carbohydrate and 100 mg protein daily.
Prednisolone 10 mg BD was commenced to reduce
overnight intravenous glucose requirements.

Following the demonstration of elevated IA titres, four
sessions of plasma exchange (PLEX) and two infusions
of rituximab were administered, in consultation with
Immunology department. Biochemical analysis before and
after each PLEX showed a reduction in serum insulin levels
following each session (Fig. 2 and Table 2). Furthermore,
CD19 and CD20 count were undetectable following
rituximab infusion.

Prednisolone dose was temporarily increased to 50 mg
daily to facilitate rapid de-escalation of dextrose infusion.
Intravenous dextrose was ceased following the second
rituximab infusion, as no further hypoglycaemic events
were recorded (Fig. 3). Prednisolone was also rapidly down
titrated to 20 mg/d within 10 days after the first rituximab
infusion. Hypoglycaemia was deemed resolved by the
absence of hypoglycaemic events for a week after complete
cessation of intravenous glucose. The patient’s care was
transitioned to the Psychiatry Unit with a plan for ongoing
blood glucose monitoring and weekly steroid tapering.

25% Dextrose

Anti-insulin

Date PLEX Rituximab infusion Prednisolone Insulin (mU/L) Insulin post-PEG (mU/L) antibody (U/mL)
13/09/19 (8:17 h) 2828.8 86.8 >17
20/09/19 (13:40 h) 1st 40 mL/h 10 mg BD 297.2 90.4

24/09/19 (10:00 h) 2nd 40 mL/h 10 mg BD 2322 4 138.3

24/09/19 (13:45 h) 40 mL/h 256.7 95.8

01/10/19 25 mL/h

02/10/19 3rd 25 mL/h

04/10/19 700 mg 25mlL/h 50 mg Daily >17
07/10/19 0-20 mL/h 35 mg Daily

08/10/19 Ceased

11/10/19 (7:00 h)  4th 25 mg Nocte 89.3 25.3 >17
14/10/19 700 mg 20 mg Nocte

https://edm.bioscientifica.com/


https://doi.org/10.1530/EDM-21-0040
https://edm.bioscientifica.com/

Endocrinology, R K Dharmaputra and
Diabetes & Metabolism
CASE REPORTS

others
BSL (mmol/L)
10.8 {14 11.2
12 9.9 910~ 10.1
10
8
6
4
2
0
O O O N O O O O O O N © O O O W wuw O wun 1 O n O
O O M g N N MO O N NN A MmN O F o o o A
O N O O 4 &N MO d N o & & 1 O O NN O O —
498 INNNS S 9900909899 9o ddd
oG 0§ o9 o g of 0§ o o o 05 0§ 0§ o o oG 0§ 0§ o o« o 0§ of
N wn wnwmwmwmwmwwuwowuwwuwuwuwuwuwuwuwuwuwwwuw
L B T B I B R I B B R I B I T B B B B B B B |
Figure 1

Glycaemic trend following onset of seizure demonstrating hypoglycaemia
despite dextrose infusion 15 August 2019 to 16 August 2019.

Outcome and follow-up

Serum IA level remained elevated despite significant
reduction in serum insulin and the resolution of
hypoglycaemia. The patient’s capillary blood glucose was
monitored four times daily for a month and there were no
further episodes of hypoglycaemia. Following discharge, he
was seen at the Endocrinology Outpatient Clinic. Despite
ongoing delusions, he denied any further consumption
of PDE Inhibitors. Over 3 months after immunotherapy,
prednisolone was gradually ceased with no further
hypoglycaemia or seizures. Despite the resolution of
hypoglycaemia, he has recently been diagnosed with early
onset dementia.

Discussion

Due to its rarity, there are currently no guidelines or
consensus on how to best manage patients with IAS. At the
time of writing this case report, there were no publications
comparing the effectiveness of various treatment
modalities for IAS.

In this case, the diagnosis of IAS was made after multiple
investigations including Ga-68 DOTATATE PET scan and
endoscopic ultrasound of the pancreas failed to demonstrate
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Figure 2

Glycaemic trend following 4th session of PLEX on 11 October 2019
(dextrose infusion ceased, prednisolone 25 mg nocte).
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Figure 3

Glycaemic trend following 4th cycle of PLEX and 2nd rituximab infusion
(dextrose infusion ceased, prednisolone 20 mg nocte).

evidence of islet cell aetiology for hypoglycaemia. This
diagnosis was further supported by the elevated IA titres
associated with hyperinsulinaemic hypoglycaemia and
significant clinical response to immunotherapy. We found
no evidence of haematological malignancy or other
autoimmune conditions. In the absence of underlying
malignancy, the cause of autoantibody production may be
either medication-related or idiopathic in nature. Sildenafil,
a sulphur-containing medication, is a possible causative
agent; however, thereis currently no commercial laboratories
offering serum sildenafil level analysis in Australia.
Hypoglycaemia has previously been described in
association with the consumption of non-prescription
illegal erectile dysfunction pills containing a combination
ofsildenafiland glibenclamidein China (6). Hypoglycaemia
inthese settings were thought to occur due tounintentional
ingestion of sulfonylurea rather than an autoimmune
reaction. Our patient had no history of overseas travel and
obtained his medications within Australia. Furthermore,
sulphonylurea screen, using high-performance liquid
chromatography with UV/VIS detection, was negative.
The assay detects glipizide, gliclazide, glibenclamide,
chlorpropamide, tolbutamide, and tolazamide. Sulphur-
containing medications, including sildenafil, have
historically been implicated in autoantibody production
(1). Itis argued that the sulphur molecule may enhance the
immunogenicity of insulin by reducing sulphydryl bonds
connecting insulin chains (7). However, no previous case
of IAS has been reported in relation to sildenafil usage.
Hypoglycaemia in the context of IAS occurs where
there is an imbalance between insulin supply and demand.
IA fragments bind to insulin resulting in prolonged plasma
half-life which is evidenced by the reversed insulin to
C-peptideratioof >1 (2, 3, 8). The unpredictable dissociation
of insulin molecules irrespective of blood glucose
concentrations will then lead to recurrent hypoglycaemic
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events. Recurrent mild hypoglycaemic attacks maybe
missed, both because of non-specific symptoms such as
tremor, hunger and diaphoresis and also due to reduced
hypoglycaemia awareness over time. This may explain why
hypoglycaemia was not recognised earlier in our case.

Conversely, persistent hyperglycaemia due to type B
insulin resistance syndrome (IRS) has also been described
in individuals with IA . Type B IRS typically results from
the blocking of insulin receptor by anti-insulin receptor
antibody. However, individuals with IA may also develop
insulin resistance where IA binds to insulin molecules
preventing receptor binding. Immunotherapy has been
demonstrated to be effective in managing both IAS and
type B IRS (9).

Advances in immunotherapy have aided the
management of autoantibody related conditions,
including IAS. Chen et al. reported a case of IA mediated
hypoglycaemia secondary to a low-grade B-Cell non-
Hodgkin lymphoma (5). This was managed with plasma
exchange, rituximab, and glucocorticoids which resulted in
reduced frequency of hypoglycaemia and a 30% reduction
in IA titre 6 weeks following therapy. However, the patient
continued to experience mild hypoglycaemia despite low
Gl diet and acarbose in the 2-year follow up period.

In our patient, treatment of IAS with rituximab, an
anti-CD20 MAB-induced disease remission. However, even
though our patient rapidly had all circulating CD20 B-cells
depleted, there was no correlation between the reduction
of IA titres and disease remission. The persistently elevated
IA level may be attributed to the immunoglobulin
variability and assay interference as the antibody may be
either IgG with a variable ratio of kappa to lambda light
chains or IgA antibody; furthermore, the antibodies can
also be monoclonal or polyclonal (2).

In addition, the efficacy of rituximab in treating
IAS could be underpinned by mechanisms other than
downregulation of humoral immunity by CD20 depletion.
The rituximab in ANCA-associated vasculitis (RAVE) study
compared rituximab infusion in patients with aggressive
ANCA vasculitis with standard therapy and demonstrated
'not inferiority'. ANCA vasculitis is driven by humoral
immunity, but no correlation was found between ANCA
titres and disease remission. However, a rise in T regulatory
cell count was shown in patients treated with rituximab
that was associated with disease remission (10). The rise
in T regulatory cells in response to rituximab has also
been reported in animal models of rheumatoid arthritis
and autoimmune diabetes. T regulatory cell upregulation
may therefore have played a role in our patient’s clinical
response to rituximab.
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In conclusion, immunotherapy with plasma exchange
in conjunction with rituximab infusion can be an
effective treatment for insulin autoimmune syndrome
(TIAS). Furthermore, serum insulin level, in this case, was
a better prognostic marker than IA titre. This is because
antibody binding affinity pattern, and therefore, the
effect of antibody titre on insulin concentration can be
unpredictable due to variable immunoglobulins. Although
not measured in this study, the number of rituximab-
induced T regulatory cells may also be a better marker for
remission of IAS than IA titre.

Patient’s perspective

Psychiatric involvement in this case provided a unique and detailed insight
into this patient's perspective in relation to his diagnosis. The patient
understood that he was admitted to the hospital due to 'excessive use
of erectile dysfunction pills'. He often felt frustrated by the frequency of
blood glucose monitoring performed and associated sleep interruption,
although this was ameliorated with the introduction of continuous glucose
monitoring. He stated that he felt depressed because 'nothing works out for
him;" however, he appreciated the need to remain in hospital due to frequent
hypoglycaemia. During his hospital stay, he developed significant fear of
hypoglycaemia and became agitated when his meals did not arrive on time.
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