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Abstract

Diazoxide is a commonly used first-line medication for the treatment of hyperinsulinism. Hyperglycemia may occur with diazoxide use.
However, hyperglycemic hyperosmolar state (HHS) secondary to diazoxide is an exceedingly rare but potentially life-threatening adverse
effect. We present a case of a 2-year-old with Kabuki syndrome and hyperinsulinism on diazoxide. She presented with 4 days of fever,
respiratory symptoms, and lethargy. She was influenza B positive. Initial workup indicated HHS, with an elevated serum glucose
(47.1 mmol/L [847.8 mg/dL]; reference range 3.9-6.0 mmol/L; 70-108 mg/dL), serum osmolality (357 mmol/kg H,O; reference 282-
300 mmol/kg H,0) but absent urine ketones and no metabolic acidosis (venous pH 7.34). Her course was complicated by an acute kidney
injury. Management in the hospital included discontinuation of diazoxide and intravenous fluid resuscitation, following which hyperglycemia
and hyperosmolarity resolved. No insulin therapy was required. She remained normoglycemic without diazoxide for 2 weeks but
subsequently required restarting of diazoxide for hypoglycemia. This case highlights the need for early recognition and prompt
management of diazoxide-related HHS to reduce negative outcomes. We present the first case report of a child with Kabuki syndrome and

hyperinsulinism with diazoxide-induced HHS.
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Introduction

Hyperinsulinism, the most common cause of persistent hypo-
glycemia in children, is characterized by low serum glucose
and inadequate ketone production due to dysregulated insulin
secretion. Recurrent and profound hypoglycemia in children
with hyperinsulinism can result in neurological sequelae,
including neurodevelopmental delay and epilepsy (1).
Hyperinsulinism is a known feature of Kabuki syndrome, a
rare inherited disorder characterized by typical facial features,
skeletal anomalies, intellectual disability, and growth
deficiency. Kabuki syndrome possibly accounts for up to
1% of patients diagnosed with congenital hyperinsulinism
(2, 3).

Diazoxide is a first-line pharmacotherapy in the manage-
ment of pediatric hyperinsulinism. Adverse effects include
hypertrichosis, sodium and water retention, pulmonary
hypertension, neutropenia, thrombocytopenia, hyperurice-
mia, and potentially necrotizing enterocolitis (1, 4). Given
its effect on increasing glucose levels, diabetes ketoacidosis
(DKA) and hyperglycemic hyperosmolar state (HHS) are po-
tential risks of diazoxide. However, diazoxide-induced HHS
is exceedingly rare in children. To our knowledge, only 4 prior
case reports exist in the literature (5-8).

We describe the diagnostic evaluation and management of a
2-year-old with hyperinsulinism and Kabuki syndrome who
presented with HHS and compare this to previously reported
cases.

Case Presentation

We present the case of a 2-year-old with Kabuki syndrome di-
agnosed at 45 days of life through whole exome sequencing.
Her medical history included hyperinsulinism, atrial and ven-
tricular septal defects, gastro-jejunal tube-dependent feeding,
solitary ectopic kidney, vesicoureteral reflux with recurrent
urinary tract infections, and chronic hypernatremia, likely sec-
ondary to chronic kidney disease. She was diagnosed as a neo-
nate with presumed transient hyperinsulinism due to multiple
risk factors (prematurity, gestational diabetes, and macroso-
mia) and hypoglycemia requiring a high glucose infusion
rate (14.5 mg/kg/min). Confirmatory laboratory testing was
not collected at the time. She was temporarily managed with
diazoxide, which was discontinued prior to discharge from
the hospital early in life due to resolution of the hypoglycemia.
Subsequently, at 12 months of age, she had biochemical-
confirmed hyperinsulinism while fasting secondary to gastro-
jejunal tube intussusception, with a critical sample demonstrat-
ing hypoglycemia (serum glucose 2.6 mmol/L [46.8 mg/dL]
[reference range 3.9-6.0 mmol/L; 70-108 mg/dL]) with inappro-
priate insulin secretion (insulin 13 pmol/L [1.87 mIU/L] [refer-
ence range 9-297 pmol/L; 1.23-42.77 mIU/L]). She required
persistent diazoxide at a low dose (3.75 mg/kg/day) until presen-
tation to the hospital. Notably, her hyperinsulinism responded
well to conventional treatment and did not require additional
therapy required for children with dysregulated insulin secretion
from gastric-jejunal tube feeds. She presented to the emergency
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department with 1 day of lethargy and 4 days of fever, cough,
rhinorrhea, and post-tussive emesis in the context of sick con-
tacts. No home glucose monitoring was completed for 2 days be-
fore presentation, although notably previous self-reported
capillary blood glucose indicated no dysglycemia.

On examination, she was irritable, toxic, and dehydrated. She
had tachycardia (heart rate 141 beats/min), fever (38.0 °C),
tachypnea (29 breaths/minute), and hypoxia requiring 2 L/min
low-flow oxygen. She had no hypotension, altered mental status,
or focal neurologic symptoms.

Diagnostic Assessment

Biochemistry on presentation noted significant hyperglycemia
(serum glucose 39.3 mmol/L [707.4 mg/d]), with confirmation
on repeat sample (serum glucose 47.1 mmol/L [847.8 mg/dL]).
Subsequent investigations demonstrated hyperosmolarity
(corrected serum sodium 166 mmol/L [reference range
135-145 mmol/L], serum osmolality 357 mmol/kg H,O [refer-
ence range 282-300 mmol/kg H,O]), without ketosis (urine ke-
tones negative) or metabolic acidosis (venous blood gas: pH
7.34, bicarbonate 39 mmol/L). She had an acute-on-chronic
kidney injury (creatinine 92 umol/L [1.04 mg/dL]; baseline
60-74 umol/L [0.68-0.84 mg/dL]; reference range 16-35 umol/L
[0.18-0.4 mg/dL]) without significant electrolyte derangements
(potassium 3.4 mmol/L [reference range 3.5-5.0 mmol/L],
phosphate 1.33 mmol/L [reference range 1.46-2.29 mmol/L]).
Normal serum creatine kinase (193 U/L) (reference range
60-305 U/L) did not suggest rhabdomyolysis. Hemoglobin
Alc (HbAlc) was 5.0% (31 mmol/mol), with no prior HbAlc
available for comparison.

Treatment

Diazoxide was held and HHS was managed with intensive
fluid resuscitation and frequent biochemistry monitoring.
She received 20 mL/kg normal saline (NS) bolus followed by
40 mL/hour (1.5 times maintenance rate) of hypotonic fluids
(0.2NS with DSW and 0.45NS with 10 KCl). No insulin infu-
sion was required. Following 36 hours of treatment, her acute
kidney injury and HHS resolved with serum glucose
5.0 mmol/L (90 mg/dL), corrected serum sodium 149 mmol/L
(baseline 140-149 mmol/L), and creatinine 72 umol/L. Feeds
were advanced to her home regimen without further hypergly-
cemia, while chronic hypernatremia was managed with
additional free water.

Additionally, her infectious disease workup was positive on
nasopharyngeal swab for influenza B. Her urine and blood
cultures were negative. She received 7 days of ceftriaxone
for presumed concurrent bacterial pneumonia. Her respira-
tory status improved without oxygen requirements at
discharge.

Outcome and Follow-up

As she maintained normoglycemia in the hospital on home
feeds, diazoxide was not restarted. She passed a 6-hour fast
off diazoxide and was discharged with outpatient endocrin-
ology follow-up. However, 2 weeks post-discharge, she devel-
oped recurrent hypoglycemia (lowest capillary glucose
2.1 mmol/L [37.8 mg/dL]), and diazoxide was reinitiated at
3.75 mg/kg/day. To monitor for recurrent HHS, the parents
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were instructed to ensure home capillary blood glucose mon-
itoring at least twice daily pre- and after resuming feeds. She
has since remained normoglycemic.

Discussion

We present a rare case of a patient with Kabuki syndrome and
persistent hyperinsulinism, presenting with diazoxide-
induced HHS in the context of influenza B infection.

HHS is a manifestation of severe hyperglycemia and hyperos-
molarity. Diagnostic criteria for HHS in children includes serum
glucose >33.3 mmol/L (> 600mg/dL), serum osmolality
> 320 mOsm/kg H,O without significant acidosis (venous pH
> 7.25 or bicarbonate >15 mmol/L), or ketosis (B-hydroxybuty-
rate < 1.5 mmol/L. or urine ketones negative to small) (9).
Pediatric HHS has a high mortality rate between 20% and
60% (10). HHS complications in children include severe electro-
lyte disturbances (hypokalemia, hypophosphatemia, hypocalce-
mia), rhabdomyolysis and secondary acute kidney injury,
malignant hyperthermia, ventricular arrhythmias, thrombosis,
worsening mental status, and death (9, 10). While patients
with HHS experience significant intravascular depletion and hy-
perosmolar state, translocational hyponatremia/normonatremia
may be present due to the dilutional effects and extracellular fluid
shifts from profound hyperglycemia. Failure to appreciate the se-
verity of the hyperosmolar state and free water deficit and calcu-
late corrected sodium may lead to inappropriate management,
including choice of fluids (11).

Pediatric incidence of HHS in patients with type 2 diabetes
is reportedly 2% (9). In contrast, diazoxide-induced HHS is
even more rare in children. There have been 4 prior cases de-
scribed in the literature (Table 1). One case involved a pre-
sumed mixed HHS/DKA presentation (7). Another involved
Cornelia De Lange syndrome and suggested furosemide use
may have contributed to HHS (8). Our case is the first re-
ported case of diazoxide-induced HHS in a child with
Kabuki syndrome.

Although home capillary glucose monitoring was not per-
formed in our patient in the preceding days before hospitaliza-
tion, her presentation was more likely an acute process given
her normal HbAlc during admission and prior normogly-
cemia over the past year on stable low-dose diazoxide
(3.75 mg/kg/day).

Multiple potential mechanisms may explain her HHS. First,
diazoxide acts on the B-cell sulfonylurea receptor-1 subunit of
outward-rectifying K-ATP channel, causing membrane hyper-
polarization and inhibition of calcium-dependent insulin se-
cretion (12). However, a secondary “hit” may have
contributed to her presentation. Specifically, infection-related
upregulation of proinflammatory cytokines and counterregu-
latory hormones, including cortisol, catecholamines, and glu-
cagon, stimulate glycogenolysis and gluconeogenesis,
promoting increased hepatic glucose output, peripheral insu-
lin resistance, and ultimately hyperglycemia (13). Coupled
with diazoxide-related relative insulin deficiency, these mech-
anisms may have resulted in HHS. Three of 4 prior case re-
ports noted similar presentations of diazoxide-induced HHS
in the context of infection (5, 7, 8). While other medications
(eg, glucocorticoids, atypical antipsychotics, calcineurin in-
hibitors, and thiazide diuretics) could promote hyperglycemia
(14), this patient was importantly not taking other predispos-
ing medications. Additionally, although case reports describe
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an association of diabetes with Kabuki syndrome in adult-
hood (15), to our knowledge, no prior literature describes
this association in children or the association of Kabuki syn-
drome and HHS in children or adults. Lastly, her history of
chronic hypernatremia, which may be multifactorial in the
context of chronic renal disease as well as potential chronic
volume contraction, may have exacerbated her clinical
presentation.

In conclusion, we present a rare side effect of
diazoxide-induced HHS and the first report in a child with
Kabuki syndrome. Although such adverse effects are uncom-
mon, given the high morbidity and mortality attributed to
HHS, we advocate for providers to have a low threshold for
diagnostic evaluation of HHS in children on diazoxide with
significant hyperglycemia and/or clinical or biochemical fea-
tures suggestive of HHS. This is especially prudent in children
with concurrent infections. Rapid diagnosis and targeted
management of HHS through aggressive fluid resuscitation
and gradual normalization of hyperglycemia and hyperosmo-
larity are critical to ensure favorable outcomes in these

children.

Learning Points

e HHS is a rare but potential adverse effect of diazoxide, in-
cluding in those with Kabuki syndrome.

e Early recognition and management of HHS in patients on
diazoxide, especially with concurrent infections, may re-
duce significant morbidity and mortality associated with
HHS.

¢ Distinguishing HHS from DKA is important given differ-
ences in management; HHS requires more aggressive re-
hydration with insulin initiation only once a stable
decline of glucose is achieved.

¢ To ensure early detection, children on diazoxide should
have regular glucose monitoring, and families should be
advised to monitor for hyperglycemia symptoms, espe-
cially during illness.
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