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Abstract

Purpose of Review Children and adolescents with acute hyperglycemia and diabetes mellitus frequently have acute, potentially
life-threatening presentations which require high-acuity care in an inpatient and often intensive care setting. This review discusses
the evaluation and care of hyperglycemia and diabetes mellitus in hospitalized children in both critical and non-critical care
settings, highlighting important differences in their care relative to adults.

Recent Findings Diabetic ketoacidosis remains highly prevalent at diagnosis among children with type 1 diabetes, and
hyperglycemic hyperosmolar state is increasingly prevalent among children with type 2 diabetes. Recent clinical trials
have investigated the potential benefits of various types of intravenous fluids and their rates of administration as well as
the risks and benefits of intensive glucose control in critically ill children. The Endocrine Society has developed
guidelines focused on managing hyperglycemic hyperosmolar state, outlining important aspects of care shown to de-
crease morbidity and mortality. In the non-critical illness setting, intensive therapy on newly diagnosed diabetes is
increasingly recommended at the outset.

Summary With the increasing incidence of diabetes mellitus in children and adolescents, recent studies addressing acute diabetes
emergencies help inform best practices for care of hospitalized children with hyperglycemia and diabetes.

Keywords Pediatric diabetes - Inpatient - Hyperglycemia - New-onset diabetes - Diabetic ketoacidosis - Hyperglycemic
hyperosmolar state

Introduction Type 1 diabetes results from autoimmune destruction of

the insulin-producing beta cells with progressive
The prevalence of diabetes in the pediatric population  insulinopenia and hyperglycemia, while type 2 diabetes
continues to increase in the USA and worldwide [1-3].  is most commonly caused by a combination of genetic
predisposition, obesity, and progression from insulin re-
sistance to beta cell failure and relative insulinopenia.
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Diabetes and Hyperglycemia in the Critical
Care Setting

Diabetic Ketoacidosis

Definition Diabetic ketoacidosis (DKA) is one of the most
common complications of type 1 diabetes. It is defined as
hyperglycemia (blood glucose >200 mg/dL) with a serum
pH < 7.3 and/or serum bicarbonate level <15 mmol/L [5].
The blood glucose level is nearly universally elevated at pre-
sentation in children with new-onset diabetes, while those
with pre-existing diabetes may be euglycemic or even hypo-
glycemic if insulin was administered by the child or family
prior to hospital arrival.

Incidence In the USA, approximately 30% of children with
new-onset type 1 diabetes will present in DKA, a statistic
which has remained largely unchanged over the last decade
[6]. Globally, the incidence of DKA at initial diagnosis of
diabetes varies from 15 to 80%, with higher incidence rates
reported in areas with less available medical resources and
lower overall incidence of diabetes [7, 8].

Risk Factors Among children, risk factors for DKA at initial
diagnosis include very young age and non-private or no insur-
ance coverage [9, 10]. Children under age 4 years may have a
delayed diagnosis due to their limited ability to express vari-
ous symptoms, difficulty of caregivers in detecting polyuria in
children not yet toilet trained, and the assumption that behav-
ior changes such as excessive drinking, irritability, and poor
appetite may simply be part of age-appropriate developmental
changes.

In children with an established diagnosis of diabetes,
particularly adolescents, missed doses of insulin are the
major risk factor for developing recurring episodes of
DKA. Contrary to earlier studies suggesting insulin pump
use increases the risk of DKA, more recent evidence ar-
gues that this risk may actually be lower in children using
insulin pump therapy compared with those utilizing sub-
cutaneous injections [11]. It is critical that children and
their families be aware of this risk with insulin omission,
while simultaneously addressing any contributory mental
health or psychosocial factors.

Specific Considerations for Children with DKA There are sev-
eral important considerations in management of DKA in chil-
dren. In younger pre-verbal children, it is difficult to obtain
specific symptoms such as headaches, limiting the ability to
detect complications. Children also have higher basal meta-
bolic rates and a large surface area relative to total body mass
compared with adults. Consequently, greater precision is
needed in supplementing fluids and electrolytes. Finally,
younger children may not have fully developed cerebral and
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other autoregulatory mechanisms, leading to greater risk of
cerebral edema [12].

Initial Assessment and Intervention DKA should be managed
in an inpatient unit with an experienced pediatrician and nurs-
ing staff. The unit should have clear written guidelines for
DKA management, as well as access to a laboratory capable
of frequent and rapid biochemical evaluation. Management in
an intensive care unit is recommended for children with signs
of severe DKA such as altered consciousness and circulatory
compromise. Initial evaluation should include assessment of
airway, breathing, circulatory status, and level of conscious-
ness per Pediatric Advanced Life Support (PALS) guidelines.
Ongoing monitoring of children with DKA should include
hourly monitoring of vital signs, fluid intake/output, capillary
blood glucose, and neurological status. Electrolytes, urea, he-
matocrit, blood glucose, and blood gases should be measured
every 2-4 h [13, 14].

Intravenous Fluid Management Current guidelines for DKA
management recommend initial resuscitation with isotonic
fluid boluses of 10-20 mL/kg. There are no recommendations
favoring any specific intravenous fluid solution or rate of fluid
administration for subsequent hydration. A randomized clini-
cal trial by Kupperman and colleagues compared the use of
0.45% to 0.9% normal saline in children treated for DKA and
found no significant difference in the rate of mental status
decline or rate of clinically apparent brain injury among pa-
tients treated with the various fluid regimens. There was also
no significant difference in neurocognitive function after re-
covery from DKA [15¢]. Other studies have similarly found
no difference in neurological impairment between children on
isotonic versus more hypotonic fluids [16]. It has been sug-
gested that administering isotonic fluids at 2-2.5 times above
maintenance requirements may result in decreased rates of
morbidity and mortality from cerebral edema [17]. However,
isotonic fluid administration has also been reported to be as-
sociated with the development of hyperchloremic acidosis,
which may result in longer duration of hospitalization [18],
although this association has not been corroborated by other
studies [19]. At the present time, the recommendation is there-
fore to continue subsequent hydration with isotonic solutions,
or at least a solution with tonicity > 0.45% normal saline, with
the fluid rate calculated to rehydrate evenly over 2448 h.

Insulin Administration While intravenous fluids improve hy-
perglycemia by improving the glomerular filtration rate, insu-
lin administration is required for normalization of blood glu-
cose levels and resolution of ketoacidosis. Current guidelines
recommend the use of regular insulin infused intravenously at
arate of 0.1 U/kg/h [13, 14]. There is data to suggest that low-
dose insulin infusion (0.05 units/kg/h) may be equally effec-
tive in achieving normoglycemia and resolution of
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ketoacidosis [20, 21]. Insulin bolus has not been shown to be
necessary in improving blood glucose levels or ketoacidosis
[22, 23]. Subcutaneous insulin regimens have been shown to
be effective in managing DKA, although this method may
result in longer time to resolution of acidosis [24, 25].

Cerebral Edema Cerebral edema is the main cause of morbid-
ity and mortality, accounting for 60-90% of all deaths in chil-
dren with DKA. The incidence of clinically apparent cerebral
edema in the USA is 0.5-0.9%, with a mortality rate of 21—
24%. Cerebral edema may also be clinically asymptomatic
and only evident radiographically [14, 26]. Signs and symp-
toms of cerebral edema include headache, gradual decline in
level of consciousness, hypertension, and bradycardia.
Cerebral edema is often initially clinically noted 4—12 h after
treatment of DKA is initiated but may occur at any time during
an episode of DKA [13, 14].

The pathophysiology of cerebral edema is not completely
understood. Rapid fluid administration causing abrupt chang-
es in serum osmolality has been a proposed mechanism [13].
More recent data suggests that vasogenic edema, rather than
osmotic cell swelling, may play a role [26]. Risk factors asso-
ciated with development of cerebral edema include more se-
vere hypocapnia, higher serum urea nitrogen at presentation of
DKA, smaller increases in serum sodium concentration during
therapy, and treatment with bicarbonate [27]. Although a more
recent study did not find an association between the rate of
fluid administration and increased risk of cerebral edema
[28¢], this point remains an important debate among clinicians
caring for these children.

Cerebral edema should be treated as soon as it is suspected.
The rate of fluid administration should be reduced by one-
third. Mannitol should be administered at a dose of 0.25—
1 g/kg over 20 min. Hypertonic (3%) saline is an alternative
to mannitol and can be given at a dose of 5-10 mL/kg over
30 min [13]. Use of hypertonic saline has increased in recent
years, although some reports suggest an increase in mortality
when compared with mannitol alone [29]. Intubation may be
necessary for patients with impending respiratory failure, al-
though intubation with hyperventilation has been shown to be
associated with poor outcome [30].

Hyperglycemic Hyperosmolar State

Definition Hyperglycemic hyperosmolar state (HHS) is de-
fined as blood glucose > 600 mg/dL with serum osmolality
> 330 mOsm/kg and the absence of significant ketosis and
acidosis (serum bicarbonate > 15 mEq/L and/or urine ketone
concentration < 15 mg/dL [14].

Incidence HHS was historically recognized as an entity largely
confined to adults with diabetes, although it is becoming more
prevalent in pediatric patients. Between 1997 and 2009, the

population rate for HHS hospitalizations in children increased
by 52.4% [31].

Risk Factors The main risk factor for HHS is obesity and type 2
diabetes. Children treated with atypical antipsychotics have
also been reported to be at increased risk of developing HHS
[32].

Specific Considerations for Children with HHS Unlike adults,
pediatric patients may present with no identifiable precipitat-
ing factor [33]. Children with HHS also have a greater degree
of dehydration than those in DKA, although the signs and
symptoms of dehydration may be less clinically evident
[34¢+]. Some children may present with a mixed picture of
DKA and HSS, making management more challenging [35].
The potential complications of HHS are also distinct from
those in DKA and include increased risk of thromboembo-
lism, rhabdomyolysis, and a malignant hyperthermia-like syn-
drome [34e°].

Initial Assessment and Intervention The gradual nature of
the worsening polyuria and polydipsia in HSS can be
subtle, resulting in more severe dehydration and electro-
lyte imbalances due to delayed presentation [14]. HHS in
children is most commonly reported in the adolescent
population. Due to the severe degree of dehydration and
profound hyperglycemia, adolescents often present with
altered mental status and irritability, and may initially be
suspected of being under the influence of illicit drugs or
alcohol. The initial degree of glucose elevation may be
extreme and difficult to accurately measure in capillary
venous samples, delaying the diagnosis further even once
they are in the acute care setting.

Intravenous Fluid Management Given the severe degree of
dehydration in patients with HHS, aggressive fluid re-
placement, rather than insulin administration, is the cor-
nerstone of therapy. Patients with HHS who receive early
and more aggressive fluid resuscitation have been shown
to have better rates of survival [36]. Multiple fluid boluses
should be administered, with fluid deficit of 12—-15% of
body weight assumed for subsequent fluid replacement
calculations. Clinicians should be aware that these adoles-
cents may require as much as 10—15 L of IV fluids in the
first 24 h to prevent renal failure and intravascular fluid
depletion, particularly as the hyperglycemia begins to im-
prove. Isotonic fluids are recommended initially despite
the possibility of raising serum sodium concentration, as
they are more effective in maintaining intravascular vol-
ume. Subsequently, 0.45-0.75% normal saline solution
should be given to replace fluid deficit over the subse-
quent 48—72 h. Urinary fluid losses should be replaced
with 0.45% normal saline [14, 34e°].
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Insulin Administration Unlike in DKA, early insulin adminis-
tration is not necessary in HHS as there is minimal ketosis.
Premature administration of insulin may result in circulatory
compromise by decreasing serum glucose levels, which con-
tribute to maintaining intravascular volume. Insulin therapy
should be considered once serum glucose levels are decreas-
ing by less than 50 mg/dL/h with intravenous fluids alone and
after aggressive fluid hydration has been provided. If acidosis
and ketosis are present, insulin administration can be started
earlier. Current guidelines recommend starting insulin infu-
sion at a dose of 0.025 to 0.05 units/kg/h, with the goal of
decreasing serum glucose concentrations by no more than 50
to 75 mg/dL/h [14, 34e°].

Correction of Electrolyte Imbalances Children with HHS can
have more significant depletion of total body potassium, phos-
phate, and magnesium than that seen in DKA. Potassium re-
placement should be started at a rate of 40 mEq/L as soon as
potassium levels are normal in patients with adequate renal
function. Increased rates may be needed after insulin therapy
is initiated. Phosphorous replacement should be administered
with a 50:50 mixture of potassium phosphate and either po-
tassium chloride or potassium acetate [14]. Magnesium re-
placement should be considered in patients with hypocalcemia
and hypomagnesemia at a recommended dose of 25—
50 mg/kg/dose for 3 to 4 doses every 4 to 6 h (maximum dose
of 2 g/h) [34ee].

Evaluation for Additional Comorbidities HHS in children pre-
disposes to a high risk of dural venous sinus thrombosis, so a
low threshold should be used for obtaining neuroimaging in a
child with excessive irritability or somnolence. The high risk
of thrombosis should preclude placement of central venous
catheters unless absolutely clinically necessary. There is no
data to support the use of prophylactic low-dose heparin in
children with HHS [14]. Serum measurement of CPK levels
and urinalysis is recommended given the increased risk of
rhabdomyolysis [34¢¢]. A malignant hyperthermia-like syn-
drome has also been reported. Children with fever and increas-
ing creatine kinase levels should accordingly be treated
promptly with dantrolene [37]. Hypovolemic shock and acute
renal failure in HHS must be treated aggressively to mitigate
the high risk of multi-system organ failure and death [34ee].
Table 1 summarizes the main diagnostic test results and
initial therapeutic consideration in pediatric DKA and HHS.

Hyperglycemia During Critical Illiness

Stress hyperglycemia is a well-described entity in both inpa-
tient and outpatient settings, and critical illness can predispose
to hyperglycemia even among children without a diagnosis of
diabetes mellitus [38]. Hyperglycemia in acutely ill children in
pediatric intensive care, particularly at increasingly higher
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glucose levels, has been associated with increased length of
stay and increased mortality [39—41]. In light of this associa-
tion, a number of trials have been conducted to assess the
potential benefits of tight glycemic management in critically
ill children and have found conflicting results. Vlasselaers and
colleagues conducted a prospective, randomized controlled
study of 700 critically ill infants and children, the majority
of whom underwent cardiac surgery for congenital heart dis-
ease, to assess the effect of intensive glucose management on
clinical outcomes [42]. The intensive glucose management
groups achieved mean glucose levels of 94 mg/dL in infants
under age 1 year and 113 mg/dL in children over age 1 year,
while the conventionally treated glucose management groups
achieved mean glucose levels of 128 mg/dL in infants and
158 mg/dL in children. The authors of the study reported
significantly lower rates of mortality, decreased length of stay,
and greater attenuation of inflammatory responses in the in-
tensively treated arm compared with the conventionally treat-
ed arm.

Additional prospective studies of intensive glycemic man-
agement in pediatric critical illness, summarized in Table 2,
have failed to show similar benefits while universally noting
significantly higher rates of severe hypoglycemia in the inten-
sive glucose control groups [43—45]. Based on the available
data, including a recent meta-analysis by Chen et al. [46],
current clinical practice should advocate for modest rather
than intensive glycemic management in critically ill children.

Diabetes and Hyperglycemia
in the Non-critical Care Setting

New-Onset Diabetes

Diagnosis Most children with new-onset type 1 diabetes will
present with the classical symptoms of polyuria, polydipsia,
and weight loss, frequently in a state of DKA. Children with
new-onset type 2 diabetes, unlike adults, often rapidly deteri-
orate from a state of obesity and insulin resistance to frank
symptomatic hyperglycemia. Given the rapid rise in obesity
among children and adolescents in the USA, the presence of
obesity and acanthosis nigricans are inadequate to differenti-
ate between a diagnosis of type 1 and type 2 diabetes. In fact,
5-10% of children and adolescents diagnosed with either type
1 or type 2 diabetes based on phenotypic characteristics may
be misclassified and potentially improperly treated [47, 48].
Therefore, all children newly diagnosed with diabetes mellitus
should have testing for serum autoantibody markers of type 1
diabetes.

Management of the Hospitalized Child with Newly Diagnosed
Type 1 Diabetes Perhaps the biggest limitation in inpatient
diabetes management among children with diabetes is the lack
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Table 1  Pediatric diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS): laboratory findings and initial treatment considerations
DKA HHS
Mild Moderate Severe

Plasma glucose (mg/dL) >200 >200 >200 > 600

Venous pH 7.2-7.3 7.1-72 <7.1 >7.25

Serum bicarbonate 10-15 5-10 <5 >15

(mmol/L)

Serum ketones Positive Positive Positive Absent/small

Urine ketones Positive Positive Positive Absent/small

Effective serum Variable Variable Variable >320

osmolality (mOsm/kg)
Initial management
considerations

IV insulin infusion or
subcutaneous insulin

1V insulin infusion and IV
fluid hydration

IV insulin infusion and IV
fluid hydration

Aggressive IV fluid hydration,
delay insulin therapy

of adequate guidelines to direct care, particularly if the child is
not in DKA at initial presentation. The American Diabetes
Association (ADA) Position statement on Diabetes in
Children and Adolescents [49] notes that “children are not just
little adults”, and yet most guidelines and recommendations
are based on a combination of adult guidelines and expert
opinion.

There are potential challenges to managing new-onset dia-
betes in children in the inpatient setting. Our institution carries
insulin pens on formulary and allows patients to use their own
non-formulary insulin pens; however, not all institutions do
so. Consequently, patients may undergo diabetes education
with devices other than the specific ones they will ultimately
utilize after discharge. Additionally, insulin delivery in a hos-
pital setting may be cumbersome and require multiple person-
nel to be involved (i.e., two-nurse medication check, physi-
cian entry of insulin order, pharmacy confirmation, and deliv-
ery of insulin pen), delaying the time to insulin administration
at mealtimes. Importantly, a hospital admission increases the
cost of care relative to in-office management. Despite these

limitations, at our institution, we routinely hospitalize all chil-
dren with newly diagnosed insulin-dependent diabetes due to
our observation that the inpatient environment provides con-
tinuous observation by the clinical staff, increased opportunity
for education throughout the day, and access to medical, nurs-
ing, nutrition, and social work services simultaneously.

The primary goal of inpatient management of new-onset
diabetes in children is providing education for the patient (if
developmentally appropriate), parents, and other caregivers.
Diabetes education should be provided by trained profes-
sionals such as a diabetes educator, although frequently edu-
cation is delivered by less experienced bedside nurses
[49, 68]. In addition to diabetes self-management education,
medical nutrition therapy and psychological support should be
provided at diagnosis [50]. The ADA recommends that
DSMES (diabetes self-management education and support)
curriculum including the American Association of Diabetes
Educators AADE7 Self Care Behaviors (healthy eating, phys-
ical activity, medication, preventing/detecting/treating acute
and chronic complications, monitoring blood glucose levels,

Table 2  Trials of intensive versus conventional glucose management in pediatric critical care

Study

Study subjects (n) and
diagnoses

Glucose targets (mg/
dL)

Mean glucose achieved
(mg/dL)

Results

Vlasselears D et al.
[41]

Agus MS et al. 2012
[42]

Macrae D et al. 2014
[43]

Agus MS et al. 2017
(44]

700 (75% cardiac
surgery)

980 (all post-cardiac
bypass)

1369 (60% cardiac
surgery, 40% other)

713 (52% respiratory,
15% cardiovascular,
7-10% trauma)

Int 50-80 (infants),
70-100 (children)
Conv <214 (all)

Int 80-110

Int 72-126
Conv<216

Int 80-110
Conv 50-180

Int 93 (infants), 113
(children)

Conv 128 infants, 158
children

Int 112

Conv 121

Int 107
Conv 114

Int 109
Conv 123

Decreased ICU length of stay and
decreased mortality in
intensive group

No difference in LOS, mortality,
infections

No difference in LOS or mortality
post-cardiac surgery; shorter
LOS for non-cardiac surgery
patients

No difference in LOS or
mortality, higher rates of
infection in intensive group

Conv conventional, /nt intensive, LOS length of stay, n number of study participants
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problem solving, and healthy coping with psychosocial issues
and concerns) be delivered to patients and/or care partners.
While these guidelines are not pediatric specific, as no set
curriculum has been established for pediatrics, they have
translated into a basis for diabetes education in all populations
[51]. All education should be individualized, developmentally
appropriate, and culturally sensitive. Prior to discharge, the
patient (if appropriate) and caregivers must demonstrate abil-
ity to check blood glucose levels, count carbohydrates, and
administer insulin [49]. Importantly, a plan must be created for
school re-entry with diabetes.

In light of the long-term benefits of intensive insulin ther-
apy demonstrated by the DCCT (Diabetes Control and
Complications Trial) [52¢¢], there has been a significant rise
in the use of more intensive multi-dose insulin (MDI) regi-
mens compared with older regimens using once or twice daily
insulin therapy. A multi-center trial from Germany and
Austria found that the rate of children treated with MDI ther-
apy increased from 61% in 1995 to 78.1% in 2003 [53]. In the
USA, it is now considered standard of care to start all children
on MDI regimens as a variety of long-acting basal insulins and
rapid-acting insulin analogs are FDA approved above 1 year
of age. It is recommended to utilize long-acting basal and
rapid-acting insulin analogs versus NPH, regular human, and
pre-mixed insulins in order to best mimic physiologic insulin
release and minimize hypoglycemia [54].

To determine insulin dosing for MDI, it is recommended to
start with a weight-based dose ranging from 0.5 to 1 unit/kg/
day. Increased insulin requirements are frequently needed for
pubertal children, illness, and immediately following an epi-
sode of ketoacidosis. The average starting insulin dose for the
pre-pubertal child is 0.5 units/kg/day with 50% of the daily
dose allotted for basal insulin and 50% insulin for meals. To
determine the insulin doses given for mealtime coverage (car-
bohydrate ratio) and correction of hyperglycemia (correction
factor), the total daily insulin dose is divided into fixed nu-
meric values of 500 and 1800, respectively [54]. In contrast to
historically modest targets, contemporary recommendations
advocate for tight glucose targets in children with type 1 dia-
betes (T1DM) based on studies demonstrating the ability to
accomplish this goal without excessive and severe hypogly-
cemia (largely due to improved technology including use of
continuous glucose monitors and insulin pumps). Blood glu-
cose targets for children with TIDM should be set at 90—
130 mg/dL prior to meals and 90—-150 mg/dL prior to bedtime,
with an overall Hbalc goal of < 7.5% and in some cases < 7%
[50].

Management of the Hospitalized Child with Newly Diagnosed
Type 2 Diabetes The ADA recommends that metformin ther-
apy be initiated for all newly diagnosed children with type 2
diabetes (T2DM), with the addition of insulin therapy in those
with significant hyperglycemia and if the hemoglobin alc is
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greater than 8.5% [50]. Children with T2DM treated with
metformin monotherapy have been shown to have a high rate
of early treatment failure [55 «]. Unlike in adults with T2DM,
there are no additional oral agents FDA approved for pediatric
use. We therefore advocate for a more aggressive approach
involving early insulin therapy in this population. Glucagon-
like peptide 1 (GLP-1) agonists, only very recently approved
for pediatric use in type 2 diabetes, now provide an additional
pharmacologic option in this population.

In our institution, all children with newly diagnosed T2DM
requiring initiation of insulin therapy are admitted for educa-
tion and assessment of insulin requirements. Insulin therapy
for children with T2DM can involve both basal and bolus
insulin therapy, with both often required during the initial
hospital stay. Children with T2DM are often obese and puber-
tal; both conditions render them more insulin resistant.
Therefore, they may require up to 2 units/kg/day of insulin,
and this calculation should be done initially based on 90% of
ideal body weight.

The newly diagnosed child with T2DM similarly requires
comprehensive diabetes education with a large emphasis on
nutrition, weight management, and physical activity. Children
with T2DM should be screened for complications and comor-
bidities at diagnosis including hypertension, retinopathy, ne-
phropathy, neuropathy, non-alcoholic fatty liver disease
(NAFLD), polycystic ovarian syndrome (PCOS), and dyslip-
idemia [50]. Since most hospitalized adolescents with newly
diagnosed T2DM will require insulin therapy, self-monitoring
of blood glucose (SMBG) recommendations are similar to
children with TIDM.

Special Considerations for Insulin Dosing in Children The
International Society for Pediatric and Adolescent Diabetes
(ISPAD) 2018 Clinical Practice Consensus Guidelines recom-
mend that insulin be delivered pre-meal whenever possible. In
the pediatric population, there are circumstances in which it is
appropriate to dose post-meal or split prandial doses to 50%
pre-meal and 50% post-meal. For example, infants and tod-
dlers are not reliable in completing a meal and are unable to
verbalize hypoglycemia symptoms. Additionally, particularly
after initial diagnosis and during the adjustment period, chil-
dren may become defiant and upset and refuse to eat after
receiving an injection of insulin at mealtime, predisposing
them to risk of hypoglycemia if insulin has been dosed pre-
prandially without adequate carbohydrate consumption.
Interestingly, a study by Phelan et al. found that with educa-
tion regarding barriers, structured meal times, and limiting
snacking, even young children were able to receive insulin
pre-meals. In this study, even with large inaccuracies in the
mealtime dose, hypoglycemia typically did not occur imme-
diately [56]. In our institution, we teach pre-meal dosing for
all children whenever possible but recognize that in those
under age 5 years, post meal dosing may be needed. In the
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latter case, we typically recommend that the mealtime dose be
given no more than 20 min following initiation of the meal.

Care of Children with Diabetes Requiring
Surgery

The ISPAD recommends refining diabetes management prior
to surgery to improve surgical outcomes and decrease the risk
for post-operative infection. The ISPAD recommends blood
glucose levels be maintained between 90 and 200 mg/dL in-
traoperatively and 140-200 mg/dL in the post-surgical setting
[57]. It is recommended that children be the first case per-
formed, if possible, to minimize the length the child is NPO.
Regardless of the duration of the procedure, an IV should be
placed in order to treat hypoglycemia intra- or post-operative-
ly. If the patient’s blood glucose level is > 250 mg/dL, urine or
blood ketones should be measured. During the procedure,
blood glucose levels should be checked every 30 min. For
children who utilize a continuous glucose monitoring system
(CGMS), there have been no RCTs performed to determine
the safety of the system during surgical procedures [57]. In our
institution, children have, on occasion, worn CGMSs for
minor/short procedures (e.g., endoscopy, colonoscopy).
Nonetheless, hourly fingerstick blood glucose monitoring re-
mains the standard of care during surgery, with adjustment of
dextrose or insulin delivery based on fingerstick blood glu-
cose values given the lack of consensus on use of sensor data
during surgery.

It is imperative that insulin therapy not be discontinued due
to risk of ketosis. Basal insulin should be given as scheduled
the night prior, although a dose adjustment might be needed.
For children who wear insulin pumps, if the medical team is
comfortable managing the insulin pump, it can be worn for
procedures that are less than 2 h in length [57]. Similar to
adults, children on metformin should have their renal function
assessed at admission and hydration status monitored given
the increased risk of lactic acidosis [58]. Metformin adminis-
tration should be held just prior to surgical procedures and
contrast-requiring imaging studies and not restarted until
48 h post-procedure and when normal renal function has been
confirmed [57].

Use of Insulin Pumps and Continuous Glucose
Monitoring Systems in Inpatient Settings

In the pediatric population, there are no formal recommenda-
tions for the use of CGMS in the hospital setting [59]. In our
institution, hospitalized children continue to wear their CGMS
device, although insulin dosing is still based on fingerstick
glucose measurements using the hospital point of care blood
glucose meter.

For patients with pre-existing diabetes wearing an insulin
pump, the ADA and AACE (American Association of
Clinical Endocrinologists) recommend continuing insulin
pumps if the patient/care partner is physically and mentally
capable of managing the insulin pump and if there is a hospital
policy in place regarding safe insulin pump use [60]. All in-
sulin pumps should be removed prior to MRI, CT, or X-ray
[61-63]. In the event that the imaging study duration is greater
than 2 h, a subcutaneous insulin bolus may be given for an
elevated glucose level.

Management of Medication-Induced
Hyperglycemia in Hospitalized Children

The most common cause of medication-induced hyperglyce-
mia in hospitalized children is synthetic steroid therapy for
rheumatologic conditions, malignancies, or post solid organ
transplantation [64]. Once or twice daily administration of the
synthetic steroids prednisone or prednisolone has been shown
to result in a pattern of hyperglycemia predominantly mani-
festing in the early afternoon and late evening and not over-
night [65, 66]. While there are no randomized prospective
trials in pediatrics comparing prandial, basal, or combined
basal-bolus insulin therapy for steroid-induced hyperglyce-
mia, the lack of overnight hyperglycemia in this population
suggests that prandial insulin dosing may be more physiologic
and predispose to less risk of overnight hypoglycemia. In
adult studies, there appears to be no significant difference
between various basal insulin regimens, when used, in terms
of glucose management or risk of hypoglycemia [67]. Future
studies are needed to elucidate the potential risks and benefits
of insulin therapy in this population of children.

Conclusion

Children and adolescents with diabetes mellitus and hypergly-
cemia will frequently require in-hospital management, both at
initial diagnosis of diabetes and for subsequent care.
Understanding the various aspects of diabetes and hypergly-
cemia which are unique to the pediatric population is critical
in undertaking the most appropriate approach to diagnosis and
management. As in all areas of pediatric care, additional ran-
domized clinical trials are needed to better address the aspects
of care which to date have largely been informed from trials in
adults.
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