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Introduction

Hyperosmolarhyperglycemicstate(HHS)
is a rare complication in children
and a life-threatening emergency that
presents with a significant increase in
blood sugar and hyperosmolarity with
or without low ketosis [1]. In fact, HHS
is a rare complication in children with
diabetes mellitus (DM) that shows itself
with a triad: hyperglycemia (typically
>600mg/dL), hyperosmolality (serum
osmolality >330mOsm/L), and mild
metabolic acidosis (pH >7.2).

This condition is not associated with
a good prognosis, as reports indicate
a mortality rate of 10–50% [2, 3].

As themostcommoncauseofglucose-
related metabolic disorders in childhood
is diabetic ketoacidosis (DKA) in type 1
diabetes (T1D), HHS is expected to be
more common inobese adultswith type 2
diabetes (T2D) [4]; however, evidence
suggests that the incidence of HHS has
recently increased significantly in chil-
dren. HHS is a challenging diagnosis
due to its low frequency compared to

Fig. 19 Chest
imaging of the
patient showed
bilateral consolida-
tion andground-
glass opacities

DKA, especially at a young age, and is
often confused with DKA [5].

Here, the case of a 9-year-old boy
with an initial diagnosis of HHS who
was brought to the emergency roomwith
weakness, lethargy, decreased level of
consciousness, and a serum glucose level
of 1600 is reported. The prevalence and
physiopathology of HHS in children was
further assessed.

Case presentation

The patient was a previously healthy
9-year-old boy who was brought to the
emergency department presenting with
weakness, lethargy, and decreased level
of consciousness.

At 1 week before admission, the child
became increasingly irritable, which was
followed by polyuria and polydipsia. At
2 days before admission, the patient had
a low-grade fever and frequent postpran-
dial vomiting. He mentioned morning
abdominal pain but no diarrhea. No his-
tory of glucose overdose or past neuro-
logical disease has been reported.
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At the time of admission to hospital,
the child weighed 20kg. He initially
appeared to be ill and confused. He
had moderate dehydration. His mucous
membranes were dry, and his skin tur-
gor was increased. He had postprandial
vomiting eight times in the morning
of admission to the hospital. His body
temperature was 37.6 °C and oxygen sat-
uration level (O2SAT)= 91.1%. Other
vital signs were stable (blood pres-
sure (BP): 100/60mmHg, heart rate
(HR): 90beats/min, respiratory rate
(RR): 22breaths/min). The remaining
examinations were generally not signifi-
cant.

Initial laboratory evaluation revealed:
arterial blood gas pH 7.22; partial
pressure of carbon dioxide (PCO2)
28.8mmHg; Bicarbonate (HCO3)
11.5mM. Complete blood count had
a white blood count of 23.6/μL, a hema-
tocrit of 51%, and a platelet count of
340,000/μL. Electrolytes were the fol-
lowing: sodium (Na): 143mM (cor-
rected Na using the formula: Cor-
rected Na=Measured Na+ 1.6 (glucose
(mg/dL)– 100)was 167mM); potassium:
5.3mM. Serum glucose: 1600mg/dL;
BUN: 30.7mg/dL; creatinine: 1.8mg/dL;
liverenzymeandcoagulationprofilewere
normal; urinalysis had 1+ glucose and
urinary acetone.

Based on the above findings, the pa-
tient was diagnosed with HHS following
type 1 diabetes. Therefore, the patient
was admitted to the pediatric intensive
careunit, and thenecessarymedicalmea-
sures were taken. Upon admission, the
patient underwent fluid therapy: half-
saline 1500cc with apotel 200g, intra-
venous as needed. This was followed by
serum normal saline 400cc IV and 50U
insulin regular+500ccnormal saline. In-
sulin therapy was continued for the pa-
tient in the form of 6 units of neutral
protamine hagedorn (NPH) insulin and
3 units of regular insulin in the morning
and 2 units per night.

Based on the patient’s chest com-
puted tomography (CT) scan findings
(. Fig. 1) and suspicion of coronavirus
disease 2019 (COVID-19) infection,
antibiotic therapy (Amp clindamycin
200mg QID+Amp ceftriaxone 700mg
BD) was also initiated. However, his

polymerase chain reaction (PCR) test
was negative. The patient responded
well to invasive fluid resuscitation and
gentle insulin administration. Finally,
the patient was discharged after 3 days
in good general condition without HHS-
related complications and was followed
up with insulin therapy.

Discussion and conclusion

HHS, characterized by amarked increase
in serum glucose concentration and sig-
nificant hyperosmolaritywithout ketosis,
has been historically rare in children. In
general, the classic presentation of HHS
is in obese children and adolescents with
type 2 diabetes. However, cases of HHS
in type 1 diabetes and non-obese adoles-
cents have recently been reported [6, 7].
These reports indicate that theprevalence
of this disorder is increasing [8]. There-
fore, in children, increased awareness of
the occurrence of HHS and differences
in management strategies between DKA
andHHS is needed to improve outcomes
in this life-threatening disorder.

These metabolic disorders are caused
by synergistic factors such as insulin de-
ficiency and elevated levels of regulatory
hormones (glucagon, catecholamines,
cortisol, and growth hormone), which
havemany causes; in children, one of the
most common causes of HHS can be in-
fections. Evidence shows that 50–60% of
HHS is associated with infectious causes
[9]. As Rafique et al. [10] noted in their
study, hyperglycemic emergencies such
as DKA and HHS are associated with se-
vere COVID-19 infection; thus, diabetic
patients suffering from COVID-19 need
high doses of insulin to control blood
glucose. Chan et al. [11] showed in
their study that diabetic patients were at
significant risk of developing DKA/HHS
combined with COVID-19 and signifi-
cant mortality. Due to the importance
of the COVID-19 pandemic, the patient
underwent a PCR test for COVID-19
infection, which was negative.

In fact, severe hyperglycemia is asso-
ciated with a severe inflammatory con-
dition involving an increase in proin-
flammatory cytokines (tumor necrosis
factor-α, interleukin (IL) β, IL6, and IL8)
and reactive oxygen species with insulin
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Abstract
Hyperosmolar hyperglycemic state (HHS) is
a rare complication in children and a life-
threatening emergency that presents with
a significant increase in blood sugar and
hyperosmolarity with or without low ketosis.
This study reports the case of a 9-year-old
boy with severe HHS due to type 1 diabetes.
The patient’s initial serum glucose level
was 1600; however, he was discharged in
a stable condition. The patient presented
many of the known complications of HHS,
including decreased level of consciousness,
hypovolemic shock, acute kidney injury,
and very high serum glucose levels. The
patient responded well to invasive fluid
resuscitation and insulin administration,
was discharged in good general condition
without HHS-related complications, and
was followed up with insulin therapy. As the
prevalence of HHS in children is increasing,
it is necessary for physicians to be aware
of the unusual manifestations in children,
especially children with type 1 diabetes, and
to have the ability to diagnose and manage
HHS and differentiate it from diabetic
ketoacidosis.

secretion. Hyperglycemia also increases
oxidative stress markers such as mem-
brane lipid peroxidation [12]. Evidence
also suggests that infections are caused
by other causes such as cerebrovascular
accidents, medications, peritoneal dialy-
sis, burns and dehydration, certain med-
ications, lack of treatment, undiagnosed
diabetes mellitus, and substance abuse
[13–15]. Some reports suggest that HHS
mortality may be higher in children than
in adults. In fact, patients with HHS
are vulnerable to a number of serious
complications, includingcerebral edema,
thrombosis,malignanthyperthermia, re-
nal failure, pancreatitis, and severe elec-
trolyte imbalance. Obese children are
also at higher risk since accurate estima-
tion of dehydration can be challenging
and can lead to dehydration [6, 16]. This
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study reported a severe case of HHS fol-
lowing a respiratory infection in a child
with good outcomes. This particular pa-
tient had many of the known complica-
tionsofHHS, includingdecreased levelof
consciousness, hypovolemic shock, acute
kidney injury, and very high serum glu-
cose levels. Finally, thepatient responded
well to invasive fluid resuscitation and in-
sulin administration, andwas discharged
in good general condition without HHS-
related complications and was followed
up with insulin therapy. As the preva-
lence of HHS in children and adolescents
is increasing, it is necessary for physi-
cians to be aware of the unusual mani-
festations in children, especially children
with type 2 diabetes, and to have the abil-
ity to diagnose and manage HHS, as well
as differentiate it from DKA.
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Lesetipp

Hilde Löfqvist: Hormonthe-
rapie in denWechseljahren
Alles zu Fakten und Mythen

Es gibt viele
Informationen
über Wechsel-
jahre und Hor-
montherapie,
doch kann es
oft schwierig
sein, Fakten
von allgemei-
nenMeinungen

undMythenzuunterscheiden. In die-
sem Buch erfahren Sie, welche Emp-
fehlungen zu Hormonbehandlungen
es gibt und was Sie tun können, um
Wechseljahresprobleme in den Griff
zu bekommen. Die Autorin schreibt
in leicht verständlicher Formundver-
bindet gesicherte wissenschaftliche
Erkenntnisse mit ihrer fast 40-jähri-
gen praktischen Berufserfahrung.

4 Vermittelt notwendige und wichtige
Grundlagen, um Veränderungen in den

Wechseljahren zu verstehen

4 Stellt Vor- und Nachteile einer
Hormontherapie dar

4 Mit illustrierenden Fallbeispielen aus

der Praxis der Autorin

Autorin
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Cevita Care, Gyn Stockholm, St. Görans
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