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Case description
A 5.5-month-old intact male Maine Coon cat was pre-
sented to a tertiary referral hospital for the evaluation 
of refractory hypoglycemia. The cat was noted to have 
had occasional paroxysmal full-body tremors for 1 week 
prior to presentation. These had progressed in the prior 
week to generalized tonic–clonic seizures, prompting 
presentation to the primary care veterinarian, who 
noted persistent hypoglycemia of 2.2–2.5 mmol/l (refer-
ence interval 4.4–7.7). An adrenocorticotropic hormone 
(ACTH) stimulation test and pre- and postprandial bile 
acids had been within normal limits (Table 1).

On presentation, the patient’s physical examination 
was unremarkable. Body weight was 3.3 kg, with a 
body condition score of 4/9. Venous blood gas analysis 
showed a blood glucose of 1.7 mmol/l (ABL Flex Radio-
meter). A serum biochemistry profile and a complete 
blood cell count were unremarkable other than hypo-
glycemia. Feline leukemia virus antigen and feline 

immunodeficiency virus antibody serology were nega-
tive by ELISA. Thoracic radiographs and an abdominal 
ultrasound examination were performed by a board-
certified radiologist and resident, with no significant 
abnormalities noted.

To rule out hypothyroidism, portosystemic shunting, 
urea cycle disorders, hyposomatotropism or storage dis-
ease as causes of hypoglycemia, a thyroid panel, blood 
ammonia concentration and insulin-like growth factor 1 
(Diagnostic Center for Population and Animal Health, 
Michigan State University) concentration were assayed 
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Abstract
Case summary A 5.5 month-old intact male Maine Coon cat was presented to a referral hospital for a history 
of muscle fasciculations, lethargy and seizures associated with refractory hypoglycemia. Diagnostic testing for 
hypothyroidism, hyposomatotropism or hypoadrenocorticism, inborn errors of metabolism (ie, storage diseases 
and urea cycle disorders), infection or iatrogenic hypoglycemia were negative. An inappropriately high serum 
insulin level was noted in the face of marked hypoglycemia. The insulin:glucose ratio was 0.44 (<0.3) and the 
amended insulin:glucose ratio was 1268 (<30). Thoracic radiography and abdominal ultrasonography did not 
identify a cause for this elevated insulin level. Stabilization with a low, but adequate, blood glucose occurred with 
corticosteroid therapy, with further significant improvement with the addition of diazoxide. Peripheral neuropathy 
developed several months later, and concerns for quality of life led to humane euthanasia approximately 1 year after 
the initial diagnosis. Insulin levels remained high at the time of euthanasia. Necropsy found no gross lesions, though 
microscopic degeneration of the sciatic nerve and subjectively mildly increased size and number of pancreatic 
islets was noted. These findings were consistent with a diagnosis of congenital hyperinsulinism.
Relevance and novel information This is the first reported case of congenital hyperinsulinism in a cat and may parallel 
the diffuse form of hypoglycemic hyperinsulinism reported in humans and a single dog. It should be considered a 
differential diagnosis in kittens presenting for refractory hypoglycemia.
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(Table 1). These were considered unremarkable for a 
growing cat, with no evidence of a cause for hypoglyce-
mia. A urine metabolic profile was performed to screen 
for inborn errors of metabolism (PennGen Metabolic 
Laboratory, University of Pennsylvania) such as storage 
diseases, enzymopathies or other metabolic disorders. 
This showed changes consistent with young age, with no 
other abnormalities (Table 2). A serum insulin concentra-
tion (Animal Health Laboratory, Ontario Veterinary 
College) was requested (collected at the same time as the 
initially documented hypoglycemia); however, the test 
has a turnaround time of several days.

The cat was initially managed with intravenous (IV) 
fluids, antinausea therapy and antibiotics (ampicillin 
22 mg/kg IV q8h) in case of a septic process. Blood 
cultures were not attained. No seizures were noted. 
IV dextrose was administered, with an initial supple-
mentation of 5% at a maintenance fluid rate. A transient 
increase in blood glucose was noted up to 5.0 mmol/l, 
followed by a decrease to 3.5 mmol/l. Frequent small 
feedings were instituted, with a subsequent decrease in 
blood glucose to 2.9 mmol/l. The rate of fluid adminis-
tration was increased from maintenance requirements 
to 1.5 × maintenance requirements, with no change in 
blood glucose noted.

Owing to refractory hypoglycemia and concerns 
for hyperinsulinism, dexamethasone (Dexamethasone 
5; Vetoquinol) was administered IV at 0.1 mg/kg. This 
resulted in a marked increase in blood glucose to 
7.4 mmol/l, allowing tapering of IV dextrose completely 
over the next 12 h. Antibiotics were discontinued once 
the results of imaging and bloodwork showed no evi-
dence of infection.

Serum insulin levels were confirmed to be inappro-
priately elevated at 88 pmol/l, with a resultant increase 
in insulin:glucose ratio (IGR) and amended IGR (AIGR; 
Table 3). A diagnosis of hyperinsulinism of unknown 
cause was made. CT was recommended to examine 
for a potential insulinoma but was declined owing to 
cost concerns. As such, the cat was discharged with 
continued corticosteroid therapy (Prednisolone 5 mg 
tablets; Rafter Pharmaceuticals).

Initially, the cat did well clinically, with a normaliza-
tion of attitude and activity levels, and a resolution of 
fasciculation/seizure episodes. Prednisolone dose was 
tapered from 5 mg daily (~1.5 mg/kg) to 2.5 mg/day 
(~0.5 mg/kg). Growth of the kitten also reduced the dos-
age. Blood glucose measured at home with a handheld 
glucometer (Alpha-Trak) ranged from 2.5 to 3.7 mmol/l. 
Attempts to taper prednisolone to 1.25 mg led to a recur-
rence of muscle fasciculation within 48 h and a blood 
glucose reading of ‘LO’ (corresponding to <1.1 mmol/l), 
so the dose was increased to 2.5 mg q24h again.

Eight months later, the cat was noted to have devel-
oped an abnormal gait with a bilaterally partially plan-
tigrade stance in the pelvic limbs and mild proprioceptive 
ataxia. Blood glucose levels measured at home in this 
time period ranged from 1.7 mmol/l to 3.1 mmol/l; 
however, other clinical signs of hypoglycemia were 
not appreciated. Differential diagnoses for this change 
included a hypoglycemic neuropathy, steroid-induced 
myopathy/laxity or unrelated peripheral neuropathies. 
Neurologic signs partially improved without alteration 
of the therapy.

Three months later, neurologic signs recurred, with 
progression to paresis and difficulty rising. A neurologic 
examination performed at an emergency hospital 
was suggestive of peripheral neuropathy affecting 
the hindlimbs, with a L4–S1 spinal lesion not excluded. 
Patellar and withdrawal reflexes were weak but present. 

Table 1 Screening tests for causes of hypoglycemia

Test Result RI

Pre-ACTH cortisol (nmol/l) <28 –
Post-ACTH cortisol (nmol/l) 250 >55
Preprandial bile acids (µmol/l) 0 0–3
Postprandial bile acids (µmol/l) 0 0–7
Fasting ammonia (µmol/l) 40 <60
IGF-1 (somatomedin C) (nmol/l) 146 12–92
Total T4 (nmol/l) 38 13–55
Free T4 (pmol/l) 29.5 18–52
cTSH (ng/ml) 0.1 NA

RI = reference interval; ACTH = adrenocorticotropic hormone;  
IGF-1 = insulin-like growth factor 1; T4 = thyroxine; cTSH = canine 
thyroid stimulating hormone; NA = not available

Table 3 Results of serial insulin and glucose evaluation

Value Initial Final RI

Blood glucose (nmol/l) 1.7 2.1  
Serum insulin (pmol/l) 88 210  
IGR 0.44 0.80 <0.3
AIGR 1268 387 <30

RI = reference interval; IGR = insulin:glucose ratio; AIGR = amended 
IGR

Table 2 Results of a urine metabolic screen

Test Result

Amino acids Low, felinine present
Organic acids  
(hippurate/adipic acid)

Present

Carbohydrates Negative
Glucose Negative
Nitroprusside (cysteine) Negative
Ketones Negative
MPS spot test Slightly positive (age related)
MMA spot test Negative

MPS = mucopolysaccharide; MMA = methylmalonic acid
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Anal and tail tone were normal, as was the perineal 
reflex. An orthopedic examination was unremarkable. A 
serum biochemistry profile performed at this time was 
unremarkable other than a hypoglycemia of 2.2 mmol/L. 
Diazoxide therapy was initiated at a starting dose of 
5 mg/kg orally q12h (compounded oral solution).

Diazoxide therapy resulted in a rapid and marked 
improvement in blood glucose, with a home glucometer 
reading of 7.3 mmol/l recorded 8 h after the initial dose. 
Despite this improvement, the owners noted a marked 
decrease in appetite, with no voluntary oral intake of food 
for 12 h after a dose was administered. Upon skipping 
a dose, appetite consistently improved. As this loss of 
appetite occurred at the lowest end of the dose range, 
continued diazoxide therapy was not considered feasible.

Alternative options, including somatostatin analogs 
or subtotal pancreatectomy, were discussed, but they 
were declined owing to cost and quality of life concerns, 
and humane euthanasia was elected. A blood sample 
was collected at the time of euthanasia, and a blood 
glucose (radiometer) and serum insulin level test was 
repeated. These confirmed persistent hyperinsulinemic 
hypoglycemia (Table 2).

A postmortem examination was performed by a 
board-certified anatomic pathologist and resident. Gross 
examination showed no significant lesions, with no 
evidence of a pancreatic mass or other neoplasm. The 
pancreas was collected in its entirety and sectioned for 
histopathology.

In all sections of the pancreas, there was a subjective 
increase in the number and size of islets, with subtle 
variation in islet size. Rarely, the islets contained indi-
vidual cells which had abundant deeply eosinophilic, 
finely granular cytoplasm and large, irregular nuclei that 

were up to 1.5 times the size of adjacent nuclei (Figure 1). 
A small focus of ectopic pancreatic tissue was noted in 
the mesentery, comprised almost entirely of exocrine 
cells and some central hemorrhage.

Within the sciatic nerve there were rare large, clear 
vacuoles that formed linear chains along the length of 
individual axons consistent with dilated myelin sheaths. 
Occasionally, these vacuoles contained macrophages, 
consistent with digestion chambers. There was an equiv-
ocal increase in the amount of immature fibrous tissue 
within the endoneurium (Figure 2).

No other clinically significant lesions were noted on 
microscopic examination of other organs. No neoplastic 
cells were present in any tissue, and the pituitary gland 
was microscopically unremarkable.

Discussion
Hypoglycemia is commonly encountered in veterinary 
medicine and may lead to a variety of sequelae, includ-
ing lethargy, seizures, transient or chronic neurologic 
deficits and, potentially, death.1,2 Common causes of 
hypoglycemia described in veterinary medicine include 
sepsis, liver failure, neonatal hypoglycemia, insulin 
overdose, metabolic disorders or neoplasia, though a 
multitude of genetic, endocrine and other causes have 
been described.1,3,4

In this cat, sepsis, liver dysfunction and metabolic dis-
orders were excluded based on physical examination 
and diagnostic testing, though blood and urine cultures 
were not performed. The cat was considered to be too 
old and therapy-refractory for neonatal hypoglycemia, 
and the anamnesis and duration of clinical signs too long 
for iatrogenic accidental or malicious insulin overdose. 
Neoplasia was considered; however, non-insulinoma 

Figure 1 Representative sections of pancreas. (a) Throughout the pancreas, there was a subjective increase in the number 
and size of islets, with subtle variation in pancreatic islet size and shape (circled). (b) Rarely, the islets contained individual 
cells which had abundant deeply eosinophilic, finely granular cytoplasm and large, irregular nuclei up to 1.5 times the size of 
adjacent nuclei (arrow)
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tumors producing hypoglycemia are generally associ-
ated with lower serum insulin levels.5–7 While insu-
linoma could not be fully excluded based on ultrasound 
examination alone,8 non-insulinoma neoplasia was 
further de-prioritized based on the normal ultrasound 
examination.9 The necropsy findings of possible islet 
hyperplasia with no neoplastic beta cells ruled out 
insulinoma and was considered strongly suggestive of 
congenital hyperinsulinism.10–12

Peripheral neuropathy has been described as a conse-
quence of insulinoma and chronic hypoglycemia in 
humans, dogs and cats.10,13 It has been theorized that the 
neuropathy present in cases of insulinoma may result 
from metabolic derangements due to severe and pro-
longed hypoglycemia.14,15 The postmortem changes in 
the cat in our report are consistent with those previously 
described in hypoglycemic neuropathy.16

While the IGR and AIGR are traditionally thought of as 
tests for the presence of an insulinoma, in actuality they 
simply indicate an inappropriately high insulin level for a 
given blood glucose concentration.11,17,18 When measuring 
AIGR, if the blood glucose concentration is <30 mg/dl, 
the number 1 is used as the divisor to avoid negative 
values.19 Most authors have suggested that an AIGR >30 
is diagnostic of an insulin-secreting tumor.20

In the cat in our report, both IGR and AIGR were sig-
nificantly elevated, and the absolute insulin value was 
inappropriately high for a hypoglycemic animal. As 
such, regardless of the chosen method of interpretation, 
this cat demonstrated a hyperinsulinemic state.

Non-neoplastic causes of hyperinsulinemic hypogly-
cemia include nesidioblastosis, a non-neoplastic pro-
liferation of beta cells,21 and congenital hyperinsulinism, 
a metabolic defect in beta cell function resulting in consti-
tutive expression of insulin. There is significant overlap 

in the definitions of nesidioblastosis and hyperinsulin-
ism. Nesidioblastosis was initially used to describe both 
juvenile and adult-onset hyperinsulinism; however, it is 
considered outdated in reference to the congenital form, 
where the term ‘hyperinsulinism’ is currently preferred 
and should be used to refer to adult-onset disease.10,21,22 
The term ‘congenital hyperinsulinism’ may refer to both 
a state of increased non-neoplastic beta cell mass or 
constitutive production of insulin by non-neoplastic 
beta cells.23,24

Adult-onset nesidioblastosis has been described in a 
single cat.21 Juvenile-onset, congenital, non-neoplastic 
proliferation of beta cells has not been described in 
feline medicine. In humans, nesidioblastosis represents 
approximately 4% of cases of hyperinsulinemic hypo-
glycemia.22 It presents as a diffuse hypertrophy or 
hyperplasia of beta cells throughout the pancreas, and 
may represent a regenerative response secondary to 
previous pancreatic injury.21 The age of the cat and his-
tologic features on post-mortem examination in this 
case were inconsistent with nesidioblastosis.

Congenital hyperinsulinism in humans is a rare dis-
ease but is the most common cause of persistent and 
severe hypoglycemia in childhood.24 In humans, this con-
dition is often genetic and has been described in relation 
to mutations in the potassium ATP channel gene, or in 
genes regulating the metabolism of beta cells.24,25 This 
results in either dysfunctional potassium channels or 
alterations in the ATP:ADP ratio, both of which prevent 
potassium efflux. In 27–47% of humans, no genetic basis 
is found and the pathologic process is unknown.12

Both focal and diffuse forms of hyperinsulinism have 
been described, with the focal forms characterized by a 
clonal expansion of beta cells that most often express 
mutations of the potassium genes ABCCC8/KCNJ1; these 

Figure 2 Representative sections of the sciatic nerve. (a) There were rare, large, clear vacuoles forming linear chains along 
the length of individual axons (dilated myelin sheaths – arrow) in the sciatic nerves. (b) The dilated myelin sheaths in the sciatic 
nerve occasionally contained macrophages (digestion chambers)
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are often clinically more severe and drug resistant.25 In 
the diffuse form, nuclear enlargement of beta cells is 
seen, often fourfold vs normal beta cells.25 In this case 
some nuclear enlargement was noted, though only to 
1.5 times normal size. It is unclear if this represents the 
same process as described in humans, or simply normal 
variation.

In humans, a diagnosis of congenital hyperinsulin-
ism entails demonstration of persistent hypoglycemic 
hyperinsulinism, exclusion of other causes, genetic test-
ing and positron-emission tomography.23 In the only 
other reported veterinary case, congenital hyperinsulin-
ism was diagnosed in a 3-year-old Shiba Inu on the basis 
of persistent hypoglycemia, exclusion of other causes, 
and no findings on contrast CT,12 similar to the diag-
nostic process in this case; however, histopathology was 
not performed as the dog responded well to therapy.

While many cases of human hyperinsulinism may 
be controlled with medical or surgical management, 
between 26% and 48% of patients are left with neuro-
logic deficits, generally peripheral neuropathies, as a 
result of prolonged hypoglycemia even after control is 
attained.24,25 While the lesions in human hyperinsulin-
ism are generally found in the central nervous system, a 
similar outcome was noted in this feline case in the 
peripheral nerves; however, electromyography was not 
performed to confirm this electrophysiologically.

Conclusions
This report described a kitten with hypoglycemic hyper-
insulinism, potentially as a result of congenital hyper-
insulinism. Hyperinsulinism should be considered a 
rare differential diagnosis in kittens presenting with 
refractory hypoglycemia.

Conflict of interest The authors declared no potential 
conflicts of interest with respect to the research, authorship, 
and/or publication of this article.

Funding The authors received no financial support for the 
research, authorship, and/or publication of this article.

Ethical approval The work described in this manuscript 
involved the use of non-experimental (owned or unowned) 
animals. Established internationally recognized high standards 
(‘best practice’) of veterinary clinical care for the individual 
patient were always followed and/or this work involved 
the use of cadavers. Ethical approval from a committee was 
therefore not specifically required for publication in JFMS Open 
Reports. Although not required, where ethical approval was still 
obtained, it is stated in the manuscript.

Informed consent Informed consent (verbal or written) 
was obtained from the owner or legal custodian of all animal(s) 
described in this work (experimental or non-experimental 
animals, including cadavers) for all procedure(s) undertaken 

(prospective or retrospective studies). No animals or people 
are identifiable within this publication, and therefore additional 
informed consent for publication was not required.

ORCID iD Matthew Kornya  https://orcid.org/0000-
0002-5928-9262

References
 1 Idowu O and Heading K. Hypoglycemia in dogs: causes, 

management, and diagnosis. Can Vet J 2018; 59: 642–649.
 2 Behrend E, Holford A, Lathan P, et al. 2018 AAHA diabetes 

management guidelines for dogs and cats. J Am Anim Hosp 
Assoc 2018; 54. DOI: 10.5326/JAAHA-MS-6822.

 3 Greiner M, Wolf G and Hartmann K. A retrospective study 
of the clinical presentation of 140 dogs and 39 cats with 
bacteraemia. J Small Anim Pract 2008; 49: 378–383.

 4 Little SE. August’s consultations in feline internal medicine, 
volume 7. St Louis, MO: Saunders, 2016.

 5 Beaudry D, Knapp DW, Montgomery T, et al. Hypoglyce-
mia in four dogs with smooth muscle tumors. J Vet Intern 
Med 1995; 9: 415–418.

 6 Bellah JR and Ginn PE. Gastric leiomyosarcoma associated 
with hypoglycemia in a dog. J Am Anim Hosp Assoc 1996; 
32: 283–286.

 7 Guillen A, Ressel L, Finotello R, et al. Non-islet-cell tumour 
hypoglycaemia in a cat with hepatocellular carcinoma. 
JFMS Open Rep 2019; 5. DOI: 10.1177/2055116919856129.

 8 Cervone M, Harel M, Ségard-Weisse E, et al. Use of contrast-
enhanced ultrasonography for the detection of a feline 
insulinoma. JFMS Open Rep 2019; 5. DOI: 10.1177/205511-
6919876140.

 9 Gifford CH, Morris AP, Kenney KJ, et  al. Diagnosis of 
insulinoma in a Maine Coon cat. JFMS Open Rep 2020; 6. 
DOI: 10.1177/2055116919894782.

 10 Rosenfeld E, Ganguly A and De Leon DD. Congenital 
hyperinsulinism disorders: genetic and clinical character-
istics. Am J Med Genet C Semin Med Genet 2019; 181: 682–692.

 11 Palladino AA, Bennett MJ and Stanley CA. Hyperinsulin-
ism in infancy and childhood: when an insulin level is 
not always enough. Clin Chem 2008; 54: 256–263.

 12 Cook S, McKenna M, Glanemann B, et al. Suspected con-
genital hyperinsulinism in a Shiba Inu dog. J Vet Intern 
Med 2020; 34: 2086–2090.

 13 Kraje AC. Hypoglycemia and irreversible neurologic com-
plications in a cat with insulinoma. J Am Vet Med Assoc 
2003; 223: 812–814.

 14 Das A, Hochberg FH and McNelis S. A review of the ther-
apy of paraneoplastic neurologic syndromes. J Neurooncol 
1999; 41: 181–194.

 15 Heckmann JG, Dietrich W, Hohenberger W, et  al. Hypo-
glycemic sensorimotor polyneuropathy associated with 
insulinoma. Muscle Nerve 2000; 23: 1891–1894.

 16 Mohseni S. Hypoglycemic neuropathy. Acta Neuropathol 
2001; 102: 413–421.

 17 Madarame H, Kayanuma H, Shida T, et al. Retrospective 
study of canine insulinomas: eight cases (2005–2008). J Vet 
Med Sci 2009; 71: 905–911.

 18 Del Busto I, German AJ, Treggiari E, et  al. Incidence of 
postoperative complications and outcome of 48 dogs 

Downloaded From: https://bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 16 Dec 2024
Terms of Use: https://bioone.org/terms-of-use

https://orcid.org/0000-0002-5928-9262
https://orcid.org/0000-0002-5928-9262


6 Journal of Feline Medicine and Surgery Open Reports 

undergoing surgical management of insulinoma. J Vet 
Intern Med 2020; 34: 1135–1143.

 19 Thompson JC, Jones BR and Hickson PC. The amended 
insulin to glucose ratio and diagnosis of insulinoma in 
dogs. N Z Vet J 1995; 43: 240–243.

 20 Nelson R. Beta cell neoplasia: insulinoma. In: Feldman 
E and Nelson R (eds). Canine and feline endocrinology.  
St Louis, MO: Saunders, 2015, pp 349–377.

 21 Hambrook LE, Ciavarella AA, Nimmo JS, et  al. Hyper-
insulinaemic, hypoglycaemic syndrome due to acquired 
nesidioblastosis in a cat. JFMS Open Rep 2016; 2. DOI: 
10.1177/2055116916657846.

 22 Ramírez-González LR, Sotelo-Álvarez JA, Rojas-Rubio P, 
et al. Nesidioblastosis in the adult: a case report. Cir Cir 
2015; 83: 324–328.

 23 Stanley CA. Perspective on the genetics and diagnosis of 
congenital hyperinsulinism disorders. J Clin Endocrinol 
Metab 2016; 101: 815–826.

 24 Demirbilek H and Hussain K. Congenital hyperinsulin-
ism: diagnosis and treatment update. J Clin Res Pediatr 
Endocrinol 2017; 9: 69–87.

 25 Banerjee I, Salomon-Estebanez M, Shah P, et al. Therapies 
and outcomes of congenital hyperinsulinism-induced 
hypoglycaemia. Diabet Med 2019; 36: 9–21.

Downloaded From: https://bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 16 Dec 2024
Terms of Use: https://bioone.org/terms-of-use


