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Diabetes in Pediatric  
ED Patients

Emergency medicine providers commonly will encounter children with type 1 and type 
2 diabetes. Unfortunately, the incidence of both is increasing, and the acute care provider 
must be able to recognize the subtle and dramatic presentations of both diseases. Early 
recognition and management of both the disease and its complications — diabetic keto-
acidosis, hyperglycemic hyperosmolar state, and cerebral edema — are critical to ensure an 
optimal outcome.

— Ann Dietrich, Editor, MD, FAAP, FACEP

Definition
Diabetes mellitus (DM) is a metabolic condition in which the body has elevated 

blood glucose levels that, if left untreated, can lead to significant damage to multiple 
organ systems, including the kidneys, eyes, heart, vasculature, skin, and brain. Two 
common forms of DM afflict children and adolescents. Type 1 DM (T1 DM) is the 
most common. However, because of the obesity epidemic, type 2 DM (T2 DM) is 
becoming increasingly more prevalent.1 

T1 DM stems from a lack of insulin production due to autoimmune destruction 
of the endocrine cells of the pancreas.2 Because of this lack of insulin production, the 
body goes into ketosis and hyperglycemia. If left untreated, this progresses to diabetic 
ketoacidosis (DKA). In contrast, in T2 DM, the body cannot use insulin properly 
because of insulin resistance. Regardless of the etiology, the inability of the body to use 
insulin leads to derangements in the metabolism of fats, carbohydrates, and proteins.3

Epidemiology
Both types of diabetes are increasing in the United States. T1 DM represents one 

of the most common chronic pediatric conditions in most western countries, account-
ing for approximately 90% pediatric cases of diabetes.3 In contrast, T1 DM accounts 
for only 5% to 10% of adults with diabetes.4 Between 2002 and 2012, the incidence of 
T1 DM increased by an estimated 1.8% annually in the United States.5 Furthermore, 
when analyzing the incidence among racial and ethnic groups, there are high relative 
increased rates of T1 and T2 DM in other groups vs. non-Hispanic whites.5

Etiology
T1 DM is a disease characterized by a relative insulin deficiency caused by beta 

cell destruction of the endocrine pancreas, also called islets of Langerhans. (See Figure 
1.) This destruction is a chronic autoimmune-mediated process. Once approximately 
90% of pancreatic beta cells are destroyed, patients exhibit clinical symptoms.3 The 
etiology of T1 DM is multifactorial — environmental factors, genetic predisposition, 
and the immune system all contribute to its development.6 Multiple genes lead to T1 
DM susceptibility. High-risk human leukocyte antigen (HLA) genotypes have been 
linked explicitly to 40% to 50% of the genetic risk for progression to T1 DM.2 There 
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EXECUTIVE SUMMARY
 z Type 1 diabetes mellitus (T1 DM) represents one of the 

most common chronic pediatric conditions in most western 
countries, account ing for approximately 90% of pediatric 
cases of diabetes.

 z The primary autoantibodies detected in patients with T1 DM 
are glutamic acid decarboxylase (GAD), insulinoma- 
asso ciated-2 (IA2) or tyrosine phosphatase-2, insulin (IAA), and 
zinc transporter-8 (ZnT8). One or more islet autoantibodies 
were present in more than 90% of indi viduals diagnosed with 
T1 DM.

 z Autoimmune thyroid disease and celiac disease are the 
autoimmune disorders most frequently associated with 
patients with T1 DM.

 z The etiology of type 2 DM (T2 DM) is multifactorial, with a 
strong hereditary component. There is a high correlation 
between obesity and the development of T2 DM. Children 
who are obese, particularly those with high weight, height, 
and waist circumference, are more prone to have insulin 
resistance.

 z The American Heart Association characterizes metabolic 
syndrome as including central or abdominal obesity, 
dyslipidemia, hyper tension, and glucose intolerance. 
Metabolic syndrome is a set of disease risk factors which are 
highly predictive of developing T2 DM.

 z The diagnosis of diabetic ketoacidosis is confirmed by the 
following: pH < 7.3 or bicarbonate < 15 mmol/L;  
glucose > 200 mg/dL (> 11 mmol/L); ketonemia 
(β-hydroxybutyrate > 3 mmol/L) and ketonuria (> 2+, 
moderate or large).

 z The diagnostic criteria for hyperglycemic hyperosmolar state 
include plasma glucose concentra tion > 600 mg/dL, serum 
carbon dioxide concentration > 15 mmol/L, small keto nuria, 
absent to low ketonemia, effective serum osmolality  
> 320 mOsm/kg, and an alteration in mental status resulting 
in combativeness, seizures, obtundation, or coma.

is an increased lifetime risk of develop-
ing T1 DM in close relatives of patients 
diagnosed with T1 DM. Having multiple 
family members with T1 DM enhances 
this risk.7

Regarding environmental factors, viruses 
are presumed to be the most common 
triggers, particularly enterovirus. Studies 
have found a clinically significant associa-
tion of enterovirus to T1 DM.2,6,8 Possible 
theories are that the virus directly kills the 
beta cells, or that it causes an exaggerated 
inflammatory response, leading to beta cell 
destruction by autoreactive T-cells.6 Other 
theories postulate that enterovirus triggers 
the first appearance of the autoantibody or 
speeds up the progression to clinical onset.7 
Congenital rubella also has been associated 
to T1 DM, but there are no data linking 
other viruses, such as influenza.3 These are 
merely associations, and a direct causal link 
has not been proven.

The primary autoantibodies detected in 
patients with T1 DM are glutamic acid 
decarboxylase (GAD), insulinoma-asso-
ciated-2 (IA2) or tyrosine phosphatase-2, 
insulin (IAA), and zinc transporter-8 
(ZnT8). One or more islet autoantibodies 
were present in more than 90% of indi-
viduals diagnosed with T1 DM.3,9,10 The 
latency period from when autoantibodies 
are first present to clinical symptoms can 
take weeks to decades. Ziegler et al found 
that the majority of children with multiple 
islet cell autoantibodies developed T1 
DM within 15 years.11 Of note, a small 

percentage of patients exhibit destruction 
of the beta cells without autoantibodies, 
which is referred to as T1B DM. These 
patients still have an insulin deficiency, but 
the pathogenesis is idiopathic and occurs 
mainly in Asian or African people.2,9 
Because the destruction of the beta cells 
is the cornerstone of T1 DM, it is not a 
reversible condition like T2 DM.

Like T1 DM, the etiology of T2 
DM also is multifactorial. There is a 
strong hereditary component, and newly 
diagnosed youth often have an identi-
fied first- or second-degree relative with 
diabetes, with a frequency of 74% to 
100%.12 Hormonal changes that occur 
during puberty also are contributory. 
Hyperinsulinemia develops a secondary 
increased insulin resistance. This insu-
lin resistance has been attributed to the 
increased secretion of growth hormone 
during puberty.13 Also, as previously 
highlighted, insulin sensitivity varies by 
race. African American children, from 
7 to 11 years of age, have been found 
to have higher insulin levels than age-
matched white children.13 There is a 
high correlation between obesity and the 
development of T2 DM. Children who 
are obese, particularly those with high 
weight, height, and waist circumference, 
are more prone to have insulin resistance.14 
Other environmental factors, including 
sedentary lifestyles that lead to obesity, 
have been associated with living in low-
income neighborhoods. Children who 

attend schools in higher socioeconomic 
status (SES) environments have more 
regular physical education classes than 
children who attend schools in lower SES 
neighborhoods. These same lower SES 
neighborhoods often have limited access to 
grocery stores that provide healthy, nutri-
tional food offerings.15 

Associated Illnesses
Because T1 DM is an autoimmune 

condition, it has been associated with 
other autoimmune diseases as well. 
Autoimmune thyroid disease and celiac 
disease are the most frequently associated 
autoimmune disorders in patients with 
T1 DM. Hypothyroidism occurs in about 
12% to 24% of females and 6% of males, 
whereas hyperthyroidism has a prevalence 
of 1% to 2% in all T1 DM patients.16 In 
T1 DM, patients with GAD and ZnT8 
autoantibodies were found to have an 
increased risk for autoimmune thyroid-
itis.9 Celiac disease has a prevalence of 8% 
in the T1 DM population, and patients 
often are screened for it when initially 
diagnosed.17 Autoimmune polyendocrine 
syndromes (APS) are a more rare affilia-
tion with T1 DM. APS represents a het-
erogenous group of diseases characterized 
by an insufficiency of multiple endocrine 
organs due to an immunologic destruc-
tive process. T1 DM is one of the diseases 
associated with the different types of 
APS, particularly type 2 APS.9,18 It is not 
uncommon when a patient is diagnosed 
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with DM to have regular screening for one 
of the aforementioned illnesses.

Metabolic syndrome is a set of disease 
risk factors that, when present, is highly 
predictive of developing T2 DM.19,20 The 
etiology of metabolic syndrome is insu-
lin resistance or hyperinsulinemia. The 
American Heart Association characterizes 
metabolic syndrome as including central 
or abdominal obesity, dyslipidemia, hyper-
tension, and glucose intolerance. Not only 
does metabolic syndrome increase the risk 
of developing T2 DM, the components 
also contribute to the morbidity of patients 
during disease progression.

Morbidity
When left untreated or poorly con-

trolled, diabetes — regardless of type — 
can lead to many complications, such as 
hypertension, dyslipidemia, retinopathy, 
nephropathy, neuropathy, and poor wound 
healing.4 Many of these complications arise 
later in life in T1 DM, but can manifest 
sooner with poor glycemic control.

Children with T1 DM are not only at 
increased risk for complications directly 
related to glucose metabolism and other 
autoimmune diseases as discussed earlier, 
but they also are found to have an increased 
prevalence of mental health disorders, 
such as anxiety, depression, and eating 
disorders.21,22 Unfortunately, these mental 

disorders have demonstrated a negative 
impact on glycemic control.22,23 Patients 
with T2 DM also have increased rates of 
depression and anxiety compared to the 
general population.24 Hence, this stresses 
the importance of screening for mental 
health comorbidities in addition to the 
complications that arise from glucose 
metabolism.

There are similar comorbidities associ-
ated with T2 DM, for which youth should 
be evaluated. Ten percent to 15% of youth 
have albuminuria at the time of diagnosis. 
The prevalence increases over the course 
of the illness, leading to the development 
of nephropathies. Twenty percent to 30% 
of youth have hypertension at the time of 
diagnosis, which, if left untreated, accounts 
for a great proportion of micro- and mac-
rovascular complications. Twenty percent 
to 45% of youth with T2 DM have hepatic 
steatosis, which can lead to the develop-
ment of nonalcoholic fatty liver disease and 
cirrhosis.25 A national sample of American 
youth recently diagnosed with T2 DM 
found that 80% had low high-density 
lipoprotein cholesterol and 10% had high 
triglycerides.26 This underscores the impor-
tance of screening for dyslipidemia. 

Mortality
Children with DM are more likely to 

die from hypoglycemia and DKA, which 

are largely preventable. In a Centers for 
Disease Control and Prevention (CDC) 
analysis of deaths caused by DM in youth 
aged 1 to 19 years, the death rate was 
approximately one per 1 million population 
during 2012 to 2014. This has decreased 
when compared to previous years. 
However, there were significant racial/
ethnic disparities; death rates among blacks 
were approximately twice as high as those 
of whites and hispanics.27 The CDC did 
not distinguish this mortality rate between 
T1 DM and T2 DM, but there is a higher 
incidence of T1 DM than T2 DM in this 
age group.

Pathophysiology
As previously mentioned, T1 DM 

results from the destruction of beta cells 
of the endocrine pancreas, whereas T2 
DM is characterized by insulin resistance. 
Regardless of etiology, insulin deficiency 
or resistance leads to an inability to use 
glucose. The body’s inability to metabolize 
glucose causes an increase in counter-
regulatory hormones, such as glucagon, 
catecholamines, growth hormone, and 
cortisol, as depicted in Figure 2.28 These 
counter-regulatory hormones lead to 
an increased catabolic state leading to 
increased glucose production by the liver 
and the kidneys, resulting in marked 
hyperglycemia and hyperosmolality.29 This 
hyperglycemia causes extracellular fluid and 
electrolyte shifts. Despite this surplus of 
glucose, the lack of insulin means the body 
cannot use the glucose, leading to “internal 
starvation.”30 

These counter-regulatory hormones also 
induce lipolysis leading to an increase in 
free fatty acids, which can be used as an 
energy source for many tissues except for 
the brain. Without insulin, the increase 
in lipolysis diverts elevated free fatty acids 
to ketogenesis in the liver. The primary 
ketones produced are acetoacetate and 
β-hydroxybutyrate.29-33 Spontaneous break-
down of acetoacetate to acetate in the lungs 
is responsible for the pathognomonic clini-
cal presentation of fruity breath in DKA. 
The brain uses these ketone bodies as a 
substrate for energy since it cannot use free 
fatty acids. However, the ketone bodies are 
acidic molecules, and because of significant 
overproduction, the body is unable to buf-
fer these weak acids, leading to ketoaci-
dosis. Normally at physiologic pH, these 
ketone bodies dissociate.31 Additionally, the 
lack of insulin leads to decreased clearance 
of ketone bodies, but the mechanism is not 

Figure 1. Diagram of the Pancreas and Islets  
of Langerhans

Image courtesy of: Blausen.com staff (2014). "Medical gallery of Blausen Medical 2014." WikiJournal 
of Medicine 1(2). doi:10.15347/wjm/2014.010. ISSN 2002-4436.

Pancreatic duct
PancreasGallbladder

Common bile
duct

Accessory
pancreatic duct

Duodenal papilla

Duodenum

Pancreatic acini
(with exocrine cells)

Pancreatic islet
(with endocrine cells)

Pancreatic duct

Pancreatic Tissue

http://www.ReliasMedia.com


40    Pediatric Emergency Medicine Reports / April 2020  ReliasMedia.com

known.32 The ratio of β-hydroxybutyrate to 
acetoacetate is typically 1:1 in physiologic 
ketosis that occurs during times of fasting 
and prolonged exercise, but it can be as 
high as 10:1 in DKA.31

Elevated ketoacidosis also causes 
osmotic diuresis and dehydration. The 
dehydration worsens, causing poor tissue 
perfusion, leading to lactic acidosis and 
renal dysfunction from prerenal acute kid-
ney injury, which further contributes to the 
patient’s acidosis. This metabolic acidosis 
induces respiratory compensation. Initially, 
the patient has rapid, shallow respirations, 
but in severe metabolic acidosis, this can 
progress to deep and labored respirations 
called Kussmaul respirations. Severe meta-
bolic acidosis or DKA can lead to coma 
and death if not treated. 

There are instances in which people 
intentionally want their body in ketosis. 
The ketogenic diet commonly is used to 
control epilepsy refractory to antiepileptic 
medications and, more recently, for weight 
loss. This differs from DKA because the 
degree of ketosis in these instances does 
not overwhelm the body, and the ketones 
still can be eliminated. The mechanism of 
how the ketosis becomes neurotoxic is not 
clear.30 

In T2 DM, patients are less likely to 
progress to DKA due to a relative insulin 
deficiency from insulin resistance vs. a 
complete deficiency as seen in T1 DM. 
As seen in Figure 3, genetics and lifestyle 
(increased sedentary behavior, excess energy 
intake) play a key role in the pathogenesis 
of T2 DM.33 This peripheral resistance 
leads to the pancreas producing increased 
insulin secretion. This sustained hyperin-
sulinemia can result in β-cell exhaustion 
and decreased ability to secrete insulin, 
ultimately leading to T2 DM.3 

Special Considerations
T1 and T2 DM are the most common 

types of DM seen in the pediatric popula-
tion. However, there are other types of DM 
in children and adolescents, such as mono-
genic diabetes and drug-induced diabetes. 

Monogenic Diabetes
T1 and T2 DM are both polygenic. 

However, there is another entity of diabetes 
called monogenic diabetes, which includes 
neonatal diabetes and a familial form of 
nonketotic DM formerly called maturity 
onset diabetes of the young (MODY).3 
The estimated monogenic DM popula-
tion prevalence is about 1.2%.1 Monogenic 

diabetes refers to the inheritance of a 
mutation or mutations in a single gene 
confirmed by molecular testing. 

Monogenic diabetes is now classified 
by its genetic subgroups. Hepatic nuclear 
factor (HNF)-1α MODY and HNF-4α 
MODY contribute to the majority of 
cases. The classic phenotype includes onset 
before age 25 years; nonketotic, noninsulin-
dependent diabetes; and an affected par-
ent.34 However, not all cases fit this classic 
phenotype. In the past, patients would 
be misdiagnosed with T1 and T2 DM. 
Suspicion should be raised particularly with 
patients with three or more generations 
affected.34 The importance in diagnosing 
monogenic diabetes is that certain genetic 
forms are managed differently and have 
a different clinical course. For instance, 
children with HNF-1α MODY and 
HNF-4α MODY respond better to sulfo-
nylureas than insulin.3,35 

Neonatal diabetes occurs within the 
first three months of life and its prevalence 
is 0.2%.1,3,34,35 There are two main types: 
transient and permanent. Transient resolves 

by 12 weeks of age but has a 50% relapse 
rate. Genetic testing should be done for all 
infants diagnosed with DM, particularly 
those younger than 6 months of age. The 
most common causes of neonatal DM 
respond to sulfonylureas, and early treat-
ment may improve the associated neuro-
cognitive defects.36

Drug-Induced Diabetes
Numerous medications can cause dia-

betes; however, the mechanisms by which 
this occurs vary. Medications such as glu-
cocorticoids and atypical antipsychotics can 
result in insulin resistance. Beta blockers 
decrease insulin secretion, and chemo-
therapeutic agents, such as tacrolimus and 
cyclosporine, can directly damage islet cells. 
Patients who require any such medications 
should be screened cautiously.37,38

Clinical Features
Case 1

A 13-year-old girl presents to the emergency 
department (ED) with complaints of thick, 
white vaginal discharge and itching. She 

Figure 2. Pathophysiology of Diabetic Ketoacidosis

Reprinted from Rosenbloom A. The management of diabetic ketoacidosis in children. Diabetes Ther 
2010;1:103-120.
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presented with similar symptoms two months 
ago and was diagnosed with vaginal candi-
diasis. During the exam, the mother mentions 
her concern that the patient has been more 
fatigued. She reports about a 20-pound unin-
tentional weight loss over the past few months. 
The mother is concerned about this weight 
loss because the patient is “already so skinny.” 
The patient has been eating more despite the 
weight loss. Her mother also has noticed that 
the patient has been using the restroom more 
frequently and always appears to be thirsty. 
On exam, the patient is awake and alert with 
normal mentation. Her mucous membranes 
are dry, and her eyes appear slightly sunken. 
On genital exam, patient has normal external 
female genitalia and thick, white discharge is 
seen in the vaginal vault. The remainder of her 
exam is unremarkable. Her vital signs show a 
heart rate of 120 beats per minute, respiratory 
rate of 18 breaths per minute, and blood pres-
sure of 114/82 mmHg. Her urinalysis shows 
large ketones and 3+ glucose.

Type 1 Diabetes Mellitus
There are multiple red flag symptoms for 

new-onset T1 DM in this case. Patients 
often present with a constellation of symp-
toms, including weight loss, polydipsia, 
polyuria, polyphagia, fatigue, and dehydra-
tion. Glucosuria occurs when the kidneys 
exceed their capacity to absorb glucose. 
Since glucose acts an osmotic diuretic, the 
glucosuria is accompanied by water loss. 
This water loss activates thirst and leads 
to polydipsia. The negative calorie balance 
from the glucosuria and tissue catabolism 
leads to polyphagia.33 Hyperglycemia from 
the uncontrolled DM can make patients 
susceptible to infections. In case 1, the 
patient had recurrent vaginal candidiasis. 
Consider the possibility of DM in recur-
rent cases and also in prepubertal girls 
with vaginal candidiasis.3 Additionally, the 
patient has ketonuria, which is associated 
more commonly with T1 DM, as seen in 
Table 1.

Case 2
A 6-year-old boy is emergently roomed in 

the resuscitation bay by the triage nurse because 
of altered mental status. His mother reports 
that he was diagnosed with influenza two 
days ago at another ED and was prescribed 
Tamiflu. The patient has been complaining of 
abdominal pain and vomiting. His mother 
reports that the patient has been acting more 
lethargic, and today she noticed that he was 
breathing oddly and decided to bring him in 
for further evaluation. On exam, the patient is 
intermittently opening his eyes but is not alert. 

He occasionally moans and at times will follow 
commands. He has deep and labored breathing 
and his breath smells sweet and fruity. His 
vital signs show a heart rate of 150 beats per 
minute, respiratory rate of 48 breaths per min-
ute, and blood pressure of 101/72 mmHg. His 
blood gas shows pH 7.01, pCO2 25, base deficit 
14, and glucose 642. 

Diabetic Ketoacidosis
This patient is presenting in severe 

DKA. He has a waxing and waning men-
tal status, Kussmaul respirations, fruity 
breath, tachycardia, and impressive acidosis. 
Younger children tend to present in severe 
DKA due to acute onset of severe insulin 
deficiency and the diagnosis not being 
considered in the early stages. Another 
pitfall to avoid is attributing the Kussmaul 
respirations to an asthma exacerbation or 
pneumonia. With Kussmaul respirations, 
patients will have clear breath sounds and 
often will not have concomitant upper 
respiratory infections. The severe metabolic 
acidosis leads to respiratory compensa-
tion with initially rapid, shallow breathing 
that progresses to the deep and labored 
breathing consistent with Kussmaul res-
pirations. Vomiting may be misattributed 
to the beginnings of acute gastroenteritis. 
Consider the diagnosis of DM in the dif-
ferential for patients presenting with vom-
iting and dehydration, especially without 
the presence of diarrhea. The abdominal 
pain associated with DKA can simulate 
an acute abdomen.35 This abdominal pain 

should resolve as the acidosis improves. If it 
does not, consider another etiology for the 
abdominal pain. The waxing and waning 
mental status is concerning for the devel-
opment of another complication called 
cerebral edema. Cerebral edema will be dis-
cussed in further detail later in this article.

Case 3
A 12-year-old female is brought to the ED 

by her grandparent with a chief complaint 
of a rash. The patient reports the rash is not 
pruritic, is not associated with the introduction 
of new foods or dyes, and it has persisted over 
the last year despite her use of over-the-counter 
hydrocortisone. On physical exam, the patient 
has a rash on the nape of her neck that is hyper-
pigmented and has a velvety appearance. She 
is notably hirsute and appears overweight, 
but the remainder of her exam is otherwise 
unremarkable. Her vital signs show heart 
rate of 96 beats per minute, respiratory rate of 
18 breaths per minute, and blood pressure of 
138/96 mmHg. Her fingerstick glucose is 227 
and her urinalysis reveals glucosuria.

Type 2 Diabetes Mellitus
T2 DM in childhood most often pres-

ents in the peripubertal age. At the time of 
diagnosis, most youth are obese, and have 
components of metabolic syndrome as 
evidenced in this vignette by hypertension. 
The symptoms of polyuria and polydipsia 
often are absent or very mild. Screening 
urinalysis typically reveals glucosuria with-
out ketonuria. Contrary to T1 DM, there 

Figure 3. Pathogenesis of Type 2 Diabetes Characterized 
by Impaired Insulin Secretion and Insulin Resistance 

IGT: impaired glucose tolerance 
Reprinted from Ozougwu O. The pathogenesis and pathophysiology of type 1 and type 2 diabetes 
mellitus. J Physiol Pathophysiol 2013;4:46-57.
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is usually no history of significant weight 
loss. Other characteristics commonly seen 
in patients with T2 DM are acanthosis 
nigricans and polycystic ovarian syndrome 
(PCOS). Acanthosis nigricans is a skin 
disease found on the lateral and posterior 
neck, axilla, and groin. It is most common 
in obese patients with insulin resistance, 
and up to 90% of children with T2 DM 
develop it over the course of their illness. 
PCOS also is associated with insulin 
resistance and obesity. PCOS is a disorder 
of hyperandrogenism and chronic anovu-
lation, and can result in menstrual cycle 
changes, increased facial and body hair, 
acne, cysts in the ovaries, and infertility.

Diagnosis
When patients present without distinct 

symptoms of severe hyperglycemia, the 
diagnosis of DM can be made based on 
the presence of one of the four methods, 
and must be confirmed by repeat testing 
on a different day:12,39

• fasting glucose level ≥ 126 mg/dL;
• two-hour post challenge glucose ≥ 200 

mg/dL;

• hemoglobin A1c (HbA1c) > 6.5%;
• minor symptoms (mild polyuria and 

polydipsia) and a random serum glucose  
≥ 200 mg/dL.

Once DM is determined, clinical fea-
tures and further testing can help deter-
mine the exact type. Table 2 shows how to 
further differentiate the different types of 
DM. The presence of autoantibodies can 
help distinguish between T1 DM and T2 
DM. Islet cell autoimmunity occurs with 
relative frequency in youth who phenotypi-
cally appear to have T2 DM; testing should 
be considered in these patients, since their 
presence indicates an earlier need for 
insulin. T1 DM can be confirmed with 
the presence of at least two autoantibod-
ies.40 Studies suggest that initial evaluation 
should start with testing for GAD and 
IA2 autoantibodies initially, since these 
often are seen in the initial diagnosis of T1 
DM. Within pancreatic beta cells, proin-
sulin is split apart to form one molecule 
of C-peptide and one molecule of insulin. 
When insulin is released from the beta cells 
into the blood, equal amounts of C-peptide 
also are released. Since C-peptide is 

produced at the same rate as insulin, it is 
useful as a marker of insulin production. 
C-peptide levels are elevated in patients 
with T2 DM and when present, can help 
delineate the type of diabetes and direct 
further treatment.

Diabetic Ketoacidosis
DKA is the most common complica-

tion of T1 DM; it occurs in about 25% to 
40% of children.41 Untreated T1 DM pro-
gresses to DKA. It occurs predominantly 
in patients with T1 DM but has been 
known to occur in patients with T2 DM 
as well. It is the most common cause of 
hospitalization and death in patients with 
diabetes.42 As detailed in the pathogenesis 
section, if the body is unable to use glucose, 
the resulting counterregulatory hormones 
stimulate further production of glucose and 
increase the production of ketone bodies. 
The production of the ketone bodies over-
whelms the body, causing an anion-gap 
metabolic acidosis or DKA. 

The diagnosis of DKA is confirmed by 
the following:43,44

• pH < 7.3 or bicarbonate < 15 mmol/L; 
• glucose > 200 mg/dL (> 11 mmol/L);
• ketonemia (β-hydroxybutyrate > 3 

mmol/L) and ketonuria (> 2+, moderate or 
large).

The severity of DKA is categorized by 
the severity of the acidosis:43,44

• Mild: pH < 7.3 or bicarbonate  
< 15 mmol/L;

• Moderate: pH < 7.2 or bicarbonate  
< 10 mmol/L;

• Severe: pH < 7.1 or bicarbonate  
< 5 mmol/L.

DKA is more likely to be present in the 
initial onset of T1 DM in younger children, 
children without a first-degree relative 
with T1 DM, children in a lower SES, and 
children in countries with a low prevalence 
of T1 DM.43,44 Patients not taking their 
insulin, insulin pump failure, and failure to 
follow sick day management account for 
nearly all cases of recurrent DKA.43 

Patients in DKA have an anion-gap 
acidosis due to the production of ketone 
bodies. Calculation of the anion gap is: 
Anion gap = Na – (Cl + HCO3). The 
normal range is 12 +/- 2 mmol/L. In 
DKA, the bicarbonate is replaced by 
β-hydroxybutyrate, causing the increased 
anion gap. In addition to an anion gap 
metabolic acidosis, there are other labo-
ratory abnormalities seen on the basic 
metabolic panel (BMP). The sodium 
will be falsely lowered because of the 

Table 1. Clinical Characteristics of Type 1 Diabetes, Type 2 
Diabetes, and Monogenic Diabetes in Children  
and Adolescents
Characteristic Type 1 Type 2 Monogenic
Genetics Polygenic Polygenic Monogenic

Age of onset 6 months to young 
adulthood

Usually pubertal (or 
later)

Often post 
pubertal except 
glucokinase and 
neonatal diabetes

Clinical presentation Most often acute, 
rapid

Variable; from slow 
(often insidious) to 
severe

Variable (may 
be incidental in 
glucokinase)

Autoimmunity Yes No No

Ketosis Common Uncommon
Common in 
neonatal diabetes, 
rare in other forms

Glycemia High Variable Variable

Obesity Population 
frequency Increased frequency Population 

frequency

Acanthosis nigricans No Yes No

Frequency (% of all 
diabetes in young 
people)

Usually 90%+ Most countries < 10% 
(Japan 60-80%) 1-2%

Parent with diabetes 2-4% 80% 90%

Adapted from International Diabetes Federation/International Society for Pediatric and 
Adolescent Diabetes. Global IDF/ISPAD Guideline for Diabetes in Childhood and Adolescence. 
2011. p12. Available at: https://cdn.ymaws.com/www.ispad.org/resource/resmgr/Docs/idf-ispad_
guidelines_2011_0.pdf.
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hyperglycemia. To calculate the true 
sodium level, use the following formula: 
corrected Na = measured Na + 2 [(plasma 
glucose – 100) / 100] mg/dL. The patient’s 
sodium should correct as the patient’s aci-
dosis is corrected. Phosphate, magnesium, 
and calcium are other elements excreted in 
excess in urine during the development of 
DKA.45 Additionally, if a complete blood 
cell count (CBC) is ordered, it not unusual 
that the white blood cell (WBC) count 
will be elevated in DKA because of a stress 
response.43

Hyperglycemic Hyperosmolar 
State

Hyperglycemic hyperosmolar state 
(HHS) is a potentially fatal hyperglycemic 
crisis that occurs as an acute complication 
of uncontrolled DM. Insulin deficiency 
and subsequent hyperglycemia leads to 
glycosuria, osmotic diuresis, and dehydra-
tion in both DKA and HHS.45 However, 
the clinical presentation of HHS differs 
from DKA. HHS tends to occur in obese 
patients and often is the first presentation 
of previously undiagnosed T2 DM. There 
is a subtle, gradual, and often unnoticed 
increase in polyuria and polydipsia, ulti-
mately associated with significant dehydra-
tion. The fluid loss in patients with HHS is 
estimated to be twice that of patients with 
DKA.46 The diagnostic criteria for HHS 
include plasma glucose concentration > 600 
mg/dL, serum carbon dioxide concentra-
tion > 15 mmol/L, small ketonuria, absent 
to low ketonemia, effective serum osmolal-
ity > 320 mOsm/kg, and an alteration in 
mental status resulting in combativeness, 
seizures, obtundation, or coma.43,47 The 
most common precipitating event is an 
underlying infectious illness that causes a 
higher metabolic stress/demand leading to 
profound dehydration.48 However, there 
are other potential triggers for HHS, which 

include silent myocardial infarction, cere-
brovascular accident, mesenteric ischemia, 
acute pancreatitis, and use of certain medi-
cations, such as steroids and calcium chan-
nel blockers.45 While the incidence rate of 
HHS is less than DKA, the mortality rate 
is much higher. The associated acidosis in 
DKA usually leads to a much earlier diag-
nosis; the insidious onset of HHS likely 
contributes to its more severe course.

Management
T1 DM is treated by providing exog-

enous insulin. Patients must monitor their 
blood glucose measurements closely and 
take insulin accordingly. The first steps in 
the treatment of T2 DM are lifestyle and 
behavior modification, targeting increased 
physical activity and healthy eating habits 
to promote optimal weight manage-
ment. Pharmacologic intervention often 
is required, and the first-line agent is met-
formin. The treatment goal in the pediatric 
population is to achieve a target hemo-
globin A1c level lower than 7.5% per the 
American Diabetes Association.40,49 DKA 
and HHS are conditions that are encoun-
tered frequently in the pediatric ED that 
require prompt identification and manage-
ment to prevent further complications. (See 
Figure 4.)

Diabetic Ketoacidosis
In severe cases of DKA, it is important 

to identify first if the patient can maintain 
his or her airway. Patients in DKA often 
are very tachypneic to maintain a respira-
tory alkalosis to compensate for their 
metabolic acidosis. Do not rush to intubate 
a patient in DKA. It can be difficult to 
maintain this same degree of respiratory 
alkalosis with mechanical ventilation. 
Additionally, there is concern that intuba-
tion could lead to a sudden increase in 
pCO2, causing cerebral spinal fluid pH 

to decrease and contribute to worsening 
cerebral edema.43 However, if the patient 
appears to be tiring out and unable to 
maintain this compensation, this is an indi-
cation to intubate the patient. Otherwise, 
avoid endotracheal intubation and consider 
noninvasive ventilation to support the 
patient.

Establish parenteral access, intravenous 
(IV) or intraosseous (IO), as soon as pos-
sible. Multiple access points are preferred 
because of the need for a continuous 
insulin infusion and IV fluids, which is 
discussed later in this article. Avoid placing 
central lines because of the increased risk 
for thrombosis.43 In addition to obtain-
ing parenteral access, order the following 
laboratory tests: blood gas, BMP, urinalysis 
(UA), and HbA1c. Consider a CBC, blood 
culture, or urine culture if there are any 
concerns for an infection, and a pregnancy 
test in pubertal females. While obtain-
ing access, it is important to obtain a full 
history from the caregiver to identify a 
potential underlying cause and perform a 
complete physical exam, particularly noting 
the patient’s mental status and hydration 
status. Calculating the patient’s Glasgow 
Coma Scale (GCS) score is recommended 
as an objective measure of the patient’s 
mental status. Vital signs, neurologic sta-
tus, and blood glucose levels all need to be 
monitored hourly. 

DKA treatment goals include rehydra-
tion, inhibition of the counter-regulatory 
hormones that increase the production 
of ketone bodies, reversal of electrolyte 
abnormalities, and, ultimately, correction of 
the anion gap metabolic acidosis.29,31 The 
reversal of the aforementioned treatment 
goals requires IV fluids and insulin. There 
are special considerations regarding these 
treatments in the pediatric population, as 
follows.

Fluids. The administration of fluids is 
vital in the initial resuscitation of patients 
in DKA. Fluid replacement should com-
mence prior to starting insulin. Common 
regimens advise giving an initial 10 mL/
kg to 20 mL/kg isotonic fluid bolus over 
one to two hours.50 Optimal volume and 
fluid administration rate are somewhat 
controversial and variable. One common 
option is to administer one to two times 
maintenance fluids after the initial bolus. 
Another option is to estimate the degree 
of dehydration and use this to calculate 
the fluid deficit. This fluid deficit, in addi-
tion to maintenance fluid requirements, is 
replaced over the next 24 to 48 hours.31,50 

Table 2. Classification of Pediatric Diabetes

Type 1 Diabetes Antibodies present (GADA, IA2A, ZnT8, IAA)

Type 2 Diabetes No antibodies
Insulin resistant (large waist)

MODY No antibodies
Insulin sensitive (normal waist)
Additional testing

Secondary Diabetes No antibodies
Insulin sensitive (normal waist)
Additional testing

MODY: maturity onset diabetes of the young; GADA: glutamic acid decarboxylase antibody;  
IA2A: insulinoma-associated-2 antibodies; ZnT8: zinc transporter-8; IAA: insulin autoantibody
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Once the patient’s blood glucose falls 
below 250 mg/dL, dextrose-containing 
IV fluids will need to be added to pre-
vent hypoglycemia. The two-bag system 
involves two bags of identical fluids with 
electrolytes except that one bag contains 
0% dextrose and the other bag contains 
10% dextrose. This allows customization 
of the dextrose concentration to meet 
the patient’s needs. Typically, once the 
blood glucose level is below 250, the total 
fluid rate is split equally across both bags, 
essentially making a 5% dextrose fluid. If 
the blood glucose continues to drop more 
than 100 mg/dL per hour, then the full 
calculated rate will be provided by the 10% 
dextrose bag only.31

Recommendations for fluid manage-
ment are based on retrospective data. The 
Pediatric Emergency Applied Research 
Network (PECARN) Fluid Therapies 
Under Investigation in DKA (FLUID) 
study is the first prospective, random-
ized controlled clinical trial investigating 
the impact of different fluid rehydration 
regimens on the neurological and cogni-
tive outcomes of children in DKA.50-52 
This study analyzed the effect of not only 
fluid infusion rate, but also the sodium 
content of fluids.51 All children received 
an initial 10 mL/kg bolus of 0.9% saline 
before being randomized to one of four 
treatment protocols. Ultimately, the study 
found that neither the infusion rate nor 
the sodium chloride content had an effect 
on the neurologic outcomes of children in 
DKA.53

Insulin. Insulin therapy should begin 
after fluid therapy is initiated. The insulin 
drip should be started at 0.1 units/kg/
hour. A bolus dose of insulin is not rec-
ommended. If the patient’s blood glucose 
drops below 250 mg/dL or if the glucose 
is decreasing by more than 100 mg/dL, 
do not decrease the insulin drip. Instead, 
start the dextrose-containing IV fluids 
as part of the two-bag method described 
previously. The insulin will inhibit the 
counter-regulatory hormones and halt the 
production of ketone bodies and restore 
normal cellular metabolism. Continue 
the insulin drip until there is resolution of 
DKA evidenced by the following: pH > 
7.3, bicarbonate > 15 mmol/L, or closure 
of the anion gap. The resolution of this 
acidosis often takes longer than the nor-
malization of the patient’s glucose.44

Electrolyte Management. Sodium, 
potassium, chloride, phosphorus, calcium, 
and magnesium are affected in DKA. 
Potassium may seem elevated despite a 
total body deficit.48 Potassium losses are 
through vomiting and osmotic diuresis. 
It important that potassium is added to 
the IV fluids to prevent hypokalemia. 
Potassium can be provided as a com-
bination of potassium chloride, potas-
sium phosphate, or potassium acetate 
at 40 mEq/L to 80 mEq/L.28,54 If the 
patient is hyperkalemic, do not add 
potassium to IV fluids until the patient 
urinates. Hypokalemia can develop with 
initiation of insulin. It is important to 
monitor potassium levels to prevent this. 

Phosphate and magnesium do not need 
replacement routinely in DKA. Consider 
phosphate repletion if the patient has 
unexplained weakness or decreased car-
diac function.31

Hyperglycemic Hyperosmolar State. 
As noted earlier, the first step in managing 
any hyperglycemic emergency is to secure 
the patient’s airway and ensure adequate 
oxygenation and ventilation. While secur-
ing IV access, serum electrolytes and 
arterial/venous blood gas, urinalysis, and 
HbA1c should be obtained. Additional 
laboratory tests, such as a CBC and blood 
and urine cultures, should be pursued if 
there is a suspected infection. It is impor-
tant to note that leukocytosis can result 
from either the underlying infection or 
elevated stress hormones. 

The primary goals in the management 
of HHS are to ensure adequate fluid 
resuscitation, administer insulin, correct 
electrolyte derangements, and identify and 
treat the underlying cause. The indicated 
initial fluid management is a 20 mL/kg 
bolus of isotonic saline (0.9% NaCL), 
which may be repeated until the patient’s 
perfusion and hemodynamic status have 
been restored. Once this occurs, the 
remaining fluid losses can be replaced with 
0.45% NaCL over the course of 24 to 48 
hours, while frequently measuring the 
serum sodium levels to ensure a gradual 
decline in the accompanying hypernatre-
mia. It also is recommended that urinary 
losses be replaced with 0.45% NaCL.43,46 
This differs from the recommended man-
agement of DKA. While there is a whole-
body depletion of plasma potassium, 
in hyperglycemic emergencies patients 
often will present with hyperkalemia that 
resolves quickly with fluid resuscitation 
and insulin administration. The serum 
glucose usually is higher in HHS than it 
is in DKA and declines notably with fluid 
resuscitation. Once the serum glucose is 
no longer decreasing at a rate of at least 
50 mg/dL per hour with fluids alone, a 
continuous infusion of insulin at 0.025 to 
0.05 U/kg/hour should be administered.43 
Patients with HHS have more significant 
deficits of potassium and phosphate than 
patients with DKA.43 Once the serum 
potassium level has fallen to a normal 
range, start replacement therapy. This can 
be done most effectively by administer-
ing a 50:50 mixture of either potassium 
chloride or potassium acetate and potas-
sium phosphate. By instituting phosphate 
replacement, one can avoid the potential 

Figure 4. Management of Type 2 Diabetes Mellitus  
by Blood Glucose 

*Blood glucose values < or > 130/180 refer to self-monitoring of plasma blood glucose values of  
90 mg/dL to 130 mg/dL fasting or preprandial and peak postprandial values of < 180 mg/dL. 
Reprinted from Rosenbloom A, Silverstein J, Amemiya S, et al. Type 2 Diabetes. Global IDF/ISPAD 
Guideline for Diabetes in Childhood and Adolescence. 2011;21-30. Available at: https://cdn.ymaws.
com/www.ispad.org/resource/resmgr/Docs/idf-ispad_guidelines_2011_0.pdf 
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complications of hypophosphatemia, 
which include muscle weakness, rhabdo-
myolysis, and hemolytic uremia.

Complications
Cerebral Edema

Cerebral edema is the most feared 
complication of T1 DM. Cerebral edema 
has varying severity and can be present 
subclinically.50,55 Symptomatic cerebral 
edema is considered the manifestation of 
the severe form that includes the follow-
ing: waxing and waning mental status, 
decorticate and decerebrate posturing, 
abnormal motor or verbal response to 
pain, and abnormal neurologic respiratory 
patterns.50,56 Typically, clinical cerebral 
edema occurs four to 12 hours after initial 
presentation, but it can be present prior 
to the initiation of therapy or as late as 24 
to 48 hours afterward.43,52 Symptomatic 
cerebral edema is a rare complication of 
DKA with an incidence of approximately 
1%, yet the mortality is disproportionately 
higher at 21% to 24%.41,43,57 

The pathogenesis of cerebral edema is 
not known. Generally, it was thought to 
be a consequence of inappropriate DKA 
treatment due to rapid osmotic changes 
and fluid shifts sustained when patients 
were given a large volume of IV fluids. 
However, the presence of cerebral edema 
prior to the start of therapy and despite 
the initiation of fluid protocols suggests 
an alternative mechanism.58,59 It has been 
hypothesized that vasogenic edema from 
destruction of the blood brain barrier 
also could lead to cerebral edema. The 
abnormal diffusion of fluid into the brain 
seen on magnetic resonance imaging sup-
ports this, but these studies were small.50 
Recent studies suggest that the develop-
ment of cerebral edema may be related 
to the initial severity of dehydration and 
acidosis, causing cerebral hypoperfusion 
and triggering injury and edema, similar to 
cytotoxic edema in ischemic stroke.50,59 It 
is likely that the development of cerebral 
edema is multifactorial.

There is an increased association with 
cerebral edema in patients presenting with 
severe acidosis, severe hypocapnia, higher 
blood urea nitrogen, lower initial bicar-
bonate, a new diagnosis of diabetes, and a 
slow increase in serum sodium concentra-
tion with treatment.50,57 Many of these 
factors are related to dehydration leading 
to decreased cerebral perfusion. Young age 
and treatment with bicarbonate also are 
risk factors for cerebral edema. Because 

of this, bicarbonate is not recommended 
in the treatment of DKA. It is theorized 
that young children’s brains may be more 
susceptible to the metabolic and vascular 
changes in DKA, increasing their risk 
for cerebral edema.50 Additionally, symp-
tomatic cerebral edema rarely occurs in 
patients older than 20 years of age.56

Since the pathogenesis is not well 
understood, focus on the quick identifica-
tion and treatment of clinical cerebral 
edema to reduce morbidity and mor-
tality. Once identified, patients should 
receive hyperosmolar therapy with either 
hypertonic saline (3% NaCl) 5 mL/kg 
to 10 mL/kg or mannitol 1 g/kg over 10 
minutes. Head imaging only should be 
obtained once the patient is stabilized and 
hyperosmolar therapy has been initiated. 
The imaging should be obtained to rule 
out other etiologies for the patient’s altered 
mental status.41,43 Conversely, about half 
of patients in DKA with or without neu-
rological symptoms can show narrowing 
of the lateral ventricles on head imaging 
hours after initiation of therapy substan-
tiating that subclinical cerebral edema 
occurs.41,60 If a patient is showing clini-
cal signs of cerebral edema, do not delay 
hyperosmolar treatment for head imaging.
Hypoglycemia

The International Hypoglycemia Study 
Group (IHSG) suggested three levels 
of hypoglycemia to address the issue of 
hypoglycemic risk. Clinical hypoglycemia 
alert is defined as a blood glucose less than 
70 mg/dL. Clinically important hypogly-
cemia is defined as blood glucose less than 
54 mg/dL. Severe hypoglycemia is defined 
as an event associated with severe cogni-
tive impairment requiring the assistance of 
another person to take corrective actions.61 
If left untreated, hypoglycemia can lead 
to death. The treatment of hypoglycemia 
depends on the patient’s mental status. If 
the patient is awake and conscious, have 
the patient ingest a concentrated and 
rapidly absorbed simple carbohydrate, 
such as juice. However, if the patient is 
unconscious, administer glucagon, or if 
the patient has IV access, give a dextrose 
bolus. It is imperative that a blood glucose 
level is repeated within 15 to 20 minutes 
to ensure the hypoglycemia has been 
corrected.

Hyperglycemic Hyperosmolar 
State

There are unique complications associ-
ated with HHS, such as rhabdomyolysis, 

which is encountered commonly. It is 
recommended that screening creatine 
kinase concentrations be monitored every 
two to three hours. There also have been 
documented cases of children with HHS 
who develop malignant hyperthermia. 
These patients can be treated with dan-
trolene; however, there is a high mortality 
rate despite treatment.46 Patients with 
central venous catheters are at an increased 
risk for developing venous thrombosis 
similar to in DKA. Heparin administra-
tion should be considered in patients with 
HHS who require central venous catheters 
and are immobile for more than 24 to 48 
hours.

Disposition
Patients who present with hypergly-

cemic emergencies, severe dehydration, 
and metabolic derangement should be 
admitted to the hospital in an intensive 
care unit (ICU) setting. The American 
Diabetes Association admission guidelines 
for DKA are a plasma glucose concentra-
tion greater than 250 mg/dL, a pH level 
below 7.30, a serum bicarbonate level of 
less than 15 mEq/L, and a moderate or 
greater level of ketones in the serum or 
urine.62 Resolution of DKA is defined 
as a blood glucose concentration of less 
than 200 mg/dL, a bicarbonate level of 
18 mEq/L or greater, and a venous pH 
level of greater than 7.3. Patients typi-
cally can be discharged to home once the 
DKA has resolved, they can tolerate oral 
intake, and they have been transitioned 
to subcutaneous insulin. Children with 
newly diagnosed DM who do not present 
in extremis do not need ICU monitoring. 
However, admission for multidisciplinary 
studies (endocrinology, nutrition) should 
be strongly considered.  

Summary
DM is one of the most common 

chronic diseases in children and adoles-
cents. The primary two forms of DM 
encountered in the ED are T1 DM and 
T2 DM. The majority of children will 
have T1 DM; however, the incidence 
of T2 DM is increasing. T1 DM is an 
autoimmune condition and is associated 
with other autoimmune conditions, such 
as thyroiditis and celiac disease. Contrarily, 
T2 DM is caused by insulin resistance 
and a failure of pancreatic compensatory 
mechanisms. 

In both disease conditions, the body 
cannot effectively metabolize glucose. 
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In the case of T1 DM, the pancreas no 
longer produces insulin due to autoim-
mune destruction of the beta cells of the 
endocrine pancreas. Patients with T1 DM 
require insulin as the mainstay of their 
treatment. However, insulin resistance 
is the primary dysfunction in T2 DM. 
Often, patients take oral medications such 
as metformin to treat their disease with 
severe cases, ultimately needing insulin 
similar to patients with T1 DM. 

Patients can have life-threatening 
complications in both conditions. DKA 
is associated mainly with T1 DM; how-
ever, a small percentage of patients with 
T2 DM can present in DKA. Providers 
should treat patients in DKA with IV flu-
ids for rehydration, a continuous infusion 
of insulin, and correction of any electrolyte 
abnormalities. A further deadly complica-
tion of DKA in the pediatric population 
is cerebral edema. While the incidence is 
quite rare, the mortality rate in this condi-
tion is disproportionately higher. Because 
of this, once a provider identifies cerebral 
edema, the patient must be treated quickly 
with either mannitol or hypertonic saline. 
HHS occurs less frequently than DKA 
but is associated with a higher mortality 
rate. These patients will require aggressive 
fluid resuscitation, since they often are 
profoundly dehydrated at presentation. 
Additional treatment strategies include 
repletion of electrolyte deficits and low 
dose continuous insulin administration.  

Endocrinology should be consulted 
for admission for all patients with DKA 
and HHS. Depending on severity, these 
patients often require admission to the 
intensive care unit. Additionally, patients 
newly diagnosed with DM often require 
admission for diabetic education. Patients 
with a known history of T1 DM or T2 
DM who simply present with hypergly-
cemia can be treated in the emergency 
department and discharged home with 
a sick day plan and proper outpatient 
follow-up. 
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CME/CE Questions
1.  In both type 1 and type 2 diabetes 

mellitus (DM), the inability to use 
insulin leads to issues in metabolizing 
which of the following?
a.  Fats
b.  Carbohydrates
c.  Proteins
d.  All of the above

2.  Which type of diabetes is attributed 
to the presence of autoantibodies?
a.  Type 1 DM
b.  Type 2 DM
c.  Diabetes insipidus
d.  Monogenic diabetes

3.  Which of the following is a clinical 
symptom specifically associated with 
diabetic ketoacidosis?
a.  Acanthosis nigricans
b.  Large waist
c.  Kussmaul respirations
d.  Weight

4.  A 10-year-old boy with a known 
history of poorly controlled type 1 
DM presents with persistent vomiting 
and abdominal pain. His labs show 
a pH of 7.15 and bicarbonate of 8. 
Which of the following is the most 
appropriate diagnosis?
a.  Mild diabetic ketoacidosis (DKA)
b.  Moderate DKA
c.  Severe DKA
d.  Hyperosmolar hyperglycemic state 

(HHS)
5.  A 15-year-old boy presents in severe 

DKA. On exam, he is moaning. 
When you pinch him he briefly 
opens his eyes and pulls his arm 
away from you. You suspect that he 
has symptomatic cerebral edema. 
The next best step in this patient’s 
management is to:
a.  administer a 1 unit/kg bolus of 

insulin.
b.  administer hypertonic saline.
c.  administer a 20 mL/kg bolus of 

normal saline pushed fast.
d.  order a head computed 

tomography.
6.  Which of the following is associated 

with an increased risk for cerebral 
edema?
a.  Age older than 20 years
b.  Low blood urea nitrogen
c.  Severe hypercapnia
d.  New diagnosis of type 1 DM

7.  Which of the following is true 
regarding the diagnosis and 
management of HHS and DKA?
a.  The serum bicarbonate usually is 

less than 18 in HHS.
b.  Malignant hyperthermia is a 

complication of HHS.
c.  Urinary losses should be replaced 

in patients with DKA.
d.  Ketonuria is common in HHS.

8.  Which of the following is the first-
line oral medication that should be 
administered in patients with newly 
diagnosed type 2 DM?
a.  Meglitinides
b.  Insulin
c.  Sulfonylureas
d.  Metformin
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Diabetes in Pediatric ED Patients

Pathophysiology of Diabetic Ketoacidosis

Reprinted from Rosenbloom A. The management of diabetic ketoacidosis in children. Diabetes Ther 
2010;1:103-120.

Pathogenesis of Type 2 Diabetes Characterized 
by Impaired Insulin Secretion and Insulin Resistance 

IGT: impaired glucose tolerance
Reprinted from Ozougwu O. The pathogenesis and pathophysiology of type 1 and type 2 diabetes 
mellitus. J Physiol Pathophysiol 2013;4:46-57.

GENES LIFESTYLE

IMPAIRED INSULIN 
SECRETION INSULIN RESISTANCE

IGT

TYPE 2 DIABETES

PROGRESSIVE 
HYPERGLYCEMIA

Diagram of the Pancreas and Islets of Langerhans

Image courtesy of: Blausen.com sta�  (2014). "Medical gallery of Blausen Medical 2014." WikiJournal 
of Medicine 1(2). doi:10.15347/wjm/2014.010. ISSN 2002-4436.
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Management of Type 2 Diabetes Mellitus by Blood 
Glucose 

*Blood glucose values < or > 130/180 refer to self-monitoring of plasma blood glucose values of 
90 mg/dL to 130 mg/dL fasting or preprandial and peak postprandial values of < 180 mg/dL.
Reprinted from Rosenbloom A, Silverstein J, Amemiya S, et al. Type 2 Diabetes. Global IDF/ISPAD 
Guideline for Diabetes in Childhood and Adolescence. 2011;21-30. Available at: https://cdn.ymaws.
com/www.ispad.org/resource/resmgr/Docs/idf-ispad_guidelines_2011_0.pdf 

Insulin, diet, and exercise; metformin

Mildly symptomatic without ketosis

Diet and exercise

Random glucose > 250 mg/dL 
with symptoms and ketosis or 
ketoacidosis

Asymptomatic

Attempt to wean o�  insulin

Metformin

Premeal glucose 90-130 mg/dL
Peak postprandial < 180 mg/dL

HbA1c > 7%
Blood glucose > 130/180*

Blood glucose < 130/180*
HbA1c < 7%Monthly review

3 Monthly HbA1c

DIAGNOSIS

Clinical Characteristics of Type 1 Diabetes, Type 2 
Diabetes, and Monogenic Diabetes in Children 
and Adolescents
Characteristic Type 1 Type 2 Monogenic
Genetics Polygenic Polygenic Monogenic

Age of onset 6 months to young 
adulthood

Usually pubertal (or 
later)

Often post 
pubertal except 
glucokinase and 
neonatal diabetes

Clinical presentation Most often acute, 
rapid

Variable; from slow 
(often insidious) to 
severe

Variable (may 
be incidental in 
glucokinase)

Autoimmunity Yes No No

Ketosis Common Uncommon
Common in 
neonatal diabetes, 
rare in other forms

Glycemia High Variable Variable

Obesity Population 
frequency Increased frequency Population 

frequency

Acanthosis nigricans No Yes No

Frequency (% of all 
diabetes in young 
people)

Usually 90%+ Most countries < 10% 
(Japan 60-80%) 1-2%

Parent with diabetes 2-4% 80% 90%

Adapted from International Diabetes Federation/International Society for Pediatric and 
Adolescent Diabetes. Global IDF/ISPAD Guideline for Diabetes in Childhood and Adolescence. 
2011. p12. Available at: https://cdn.ymaws.com/www.ispad.org/resource/resmgr/Docs/idf-ispad_
guidelines_2011_0.pdf.

Classi� cation of Pediatric Diabetes

Type 1 Diabetes Antibodies present (GADA, IA2A, ZnT8, IAA)

Type 2 Diabetes No antibodies
Insulin resistant (large waist)

MODY No antibodies
Insulin sensitive (normal waist)
Additional testing

Secondary Diabetes No antibodies
Insulin sensitive (normal waist)
Additional testing

MODY: maturity onset diabetes of the young; GADA: glutamic acid decarboxylase antibody; 
IA2A: insulinoma-associated-2 antibodies; ZnT8: zinc transporter-8; IAA: insulin autoantibody
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