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AN EVIDENCE-BASED APPROACH TO PEDIATRIC EMERGENCY MEDICINE ▲ EBMEDICINE.NET

Guidelines For The
ED Management Of
Pediatric Diabetic
Ketoacidosis (DKA)
An adolescent girl is brought to your ED by her mother for another episode of dia-
betic ketoacidosis (DKA). This 14-year-old has had diabetes since 7 years of age and 
has had multiple episodes of DKA over the past 3 or 4 years. The mother describes 
her as increasingly rebellious and “tired of having diabetes.” She frequently goes to 
the mall with her friends and eats “junk.” She has become inconsistent with checking 
her glucose levels and sometimes “forgets” to take her insulin. She now complains of 
abdominal pain. She is Kussmaul breathing with fast and deep breaths. Her bedside 
glucose check registers “high” on the monitor. She has ketones on a dip urinalysis. 
As the nurse prepares to place an intravenous (IV) catheter, you begin to consider the 
issues involved in treating a child who is experiencing DKA. What are the greatest 
pitfalls in treatment? What about electrolytes, such as potassium? When is sodium 
bicarbonate indicated? Should bolus insulin be given prior to starting a continuous 
drip? Which children are at risk for cerebral edema?

ON January 11, 1922, astounded physicians watched blood sugar fall 
following the first human injection of insulin. Leonard Thompson, a 

65-pound, 14-year-old boy, received 15 cc of an impure, thick, brown muck 
extracted from bovine pancreas. Until that day, the diagnosis of diabetes had 
been a death sentence with a very short life expectancy. Since 1922, we have 
come a long way. Protamine zinc insulin was introduced in the 1930s. The 
United States Food and Drug Administration approved insulin for human 
use in 1939.1 Neutral protamine Hagedorn (NPH) insulin was introduced 
in the 1940s. NPH offered the advantage of prolonged insulin activity, so 
that early morning hyperglycemia could be blunted with an injection in the 
evening. The Lente series was introduced in the 1960s, and the 1970s brought 
the purification of insulin.2 In the 1980s human insulin generated through 
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recombinant DNA technology appeared. More recently, in-
sulin pumps have become available. Yet despite the many 
advances in diabetes care that have occurred over the last 
8 decades, children still die from complications associated 
with DKA.
 In this issue of Pediatric Emergency Medicine PRACTICE, 
an organized approach to the diagnosis, evaluation, and 
management of children with DKA will be presented.

Abbreviations Used in this Article
ACTH — Adrenocorticotropic hormone
BUN — Serum blood, urea, nitrogen
CT — Computed tomography or computed tomographic
DKA — Diabetic ketoacidosis
ED — Emergency department
HLA — Human leukocyte antigen
MRI  — Magnetic resonance imaging
NPH — Neutral protamine Hagedorn

Critical Appraisal Of The Literature

Consensus Documents
There are abundant consensus documents regarding 
pediatric DKA available in the literature,3-6 and these can 
provide much helpful evidence and expert opinion regard-
ing the treatment of pediatric DKA. Because of the work 
done to develop consensus documents such as these, the 
management of DKA is one of the most widely agreed 
upon and standardized in pediatrics. Still, the agreement 
is not universal. Physicians from multiple specialties, in-
cluding general pediatricians, pediatric endocrinologists, 
emergency physicians, pediatric emergency physicians, 
and pediatric intensivists, all manage children with DKA. 
There is some evidence that their management practices 
vary to a degree based on their training and experience.7

Cerebral Edema
Since DKA-associated cerebral edema has a low incidence, 
occurring in about 1% of all episodes of DKA, study of this 
relatively rare complication is problematic. Most stud-
ies, therefore, are retrospective case-control studies, small 
case series, or case reports. I was unable to identify any 
prospective, randomized controlled studies of the treat-
ment for DKA-associated cerebral edema. The main focus 
of the available studies is identifying potential risk factors 
for cerebral edema in children with DKA.8,9

 One well-designed study was a multicenter case-
control study involving 61 children with DKA-associated 
cerebral edema and, for each of these cases, 6 control chil-
dren who had DKA without developing cerebral edema.8 
There were 3 risk factors for cerebral edema identified: 
a higher serum blood, urea, nitrogen (BUN) on initial 
presentation, more severe hypocapnia on initial presenta-
tion, and the administration of sodium bicarbonate. If the 
patient had a low rate of increase of serum sodium during 
the treatment, there was a somewhat higher risk of cere-
bral edema in this study. More interesting, perhaps, were 
the factors not associated with an increased risk of cerebral 
edema. Neither the initial serum glucose concentration, 

nor the rates of fluid, sodium, or insulin administration 
were associated with the development of cerebral edema 
in this study. This evidence flies in the face of the tradi-
tional teaching that overzealous fluid administration is a 
key factor in the development of cerebral edema in young 
children with DKA. 
 Another case-control study included 24 patients with 
cerebral edema associated with DKA who were matched 
with 69 episodes of uncomplicated DKA.10 The analysis 
provided a bedside evaluation protocol that was then ap-
plied to 17 children who subsequently developed symp-
tomatic cerebral edema. The protocol allowed a better 
than 90% sensitivity and 96% specificity of cerebral edema 
resulting in timely intervention. The study points out that 
initial head CT scans were often normal. 
 One small study investigated the mechanism of cere-
bral edema in children with DKA.11 This study by Glaser 
et al suggests that the mechanism of cerebral edema is 
vasogenic and not oncotic. The researchers evaluated the 
neuroimaging of 14 children during treatment of their 
DKA with magnetic resonance imaging (MRI) using both 
perfusion- and diffusion-weighted MRI techniques. They 
found that perfusion MRI studies had significantly shorter 
mean transit times, indicating increased cerebral blood 
flow. The authors note that the observed changes may 
reflect differences in the hemodynamic states between the 
dehydrated DKA patient and the resuscitated DKA pa-
tient. The authors also note that patients with greater de-
hydration and more profound hypocapnia had increased 
risk of symptomatic cerebral edema. They concluded that 
cerebral hypoperfusion before treatment may play an 
important role in the development of cerebral edema.

Infection as a Cause of DKA in Children
One retrospective study, published in 2001, reinforced the 
concept that leukocytosis does not correlate well with the 
presence of a bacterial infection. In this study, 12.9% of 247 
admissions of children 21 years of age or younger were 
found to have a bacterial infection associated with DKA.12 
The results of this study challenge the statement that 
“infections are the most frequent cause of DKA” found in 
many texts.

Epidemiology, Etiology, And Pathophysiology

Epidemiology and Etiology
“Type 1” and “Type 2” Diabetes in Children
Type 1 diabetes is the most common type of diabetes seen 
in children today. The primary metabolic derangement 
in type 1 diabetes is an absolute insulin deficiency. These 
patients will have a life-long dependence on insulin injec-
tions. The overall incidence of insulin-dependent diabetes 
is about 15 cases per 100,000 people per year (about 50,000 
are diagnosed with type 1 diabetes each year). An estimat-
ed 3 children of every 1000 will develop insulin-dependent 
diabetes by the age of 20. Type 1 diabetes is primarily a 
disease of Caucasians. The worldwide incidence is highest 
in Finland and Sardinia and lowest in the Asian and black 
populations. Type 1 diabetes is more frequently diagnosed 
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in the winter months (the reason for this is not known.) 
Interestingly, twins affected by type 1 diabetes are often 
discordant in the development of the disease.13 About 95% 
of cases of type 1 diabetes are the result of a genetic defect 
of the immune system, exacerbated by environmental 
factors.13 The autoimmune destruction of the beta cells of 
the pancreas results in the inability to produce insulin. In-
heritance of type 1 diabetes is carried in genes of the major 
histocompatibility complex, the human leukocyte antigen 
(HLA) system. Eventually, this research may lead to a 
vaccine using the insulin B chain 8-24 peptides to actually 
prevent type 1 diabetes.13 It is currently thought that islet 
cells damaged by a virus produce a membrane antigen 
that may stimulate a response by T killer cells of the im-
mune system in the genetically susceptible patient. The T 
killer cells misidentify the beta cell as foreign and destroy 
it. As the beta cells in the pancreas are destroyed, the 
remaining beta cells must increase their metabolism, and 
thus the turnover of membrane antigen, in order to keep 
up with insulin demands. More membrane antigen means 
that more T killer cells are activated, hence more islet cell 
destruction. This sets up a vicious cycle that ends in the 
destruction of the entire beta cell mass and the symptoms 
of clinical diabetes. This chronic destructive process in-
volves humoral and cellular components that are detect-
able in the peripheral blood months, or even years, before 
the onset of clinical diabetes. Throughout this long “pre-
diabetic” period, metabolic changes, including decrease in 
insulin secretion with altered glucose tolerance, develop at 
variable rates, leading to full-blown diabetes. Early recog-
nition of diabetes and adequate supplemental insulin may 
reverse this process and prevent the immune response.13 
This preservation and possible recovery of the beta cell 
mass is thought to be the basis of the “honeymoon period” 
seen after insulin is started in the patient with new-onset 
type 1 diabetes. Early identification and adequate treat-
ment with insulin may initiate, sustain, and even extend 
this partial remission. 
 Type 2 diabetes is a heterogeneous glucose disorder, 
found most often in adults over 40 years of age and associ-
ated with a family history of diabetes. Type 2 diabetes was 
originally considered a disease only affecting adults. In the 
late 1970s, type 2 diabetes was recognized as a disease of 
the pediatric age group.4,14 It has since turned into an “epi-
demic,” with a 10-fold increase during the 1990s alone. 
The problem is not limited to North America; it has also 
been reported in children from Europe, Asia, Africa, and 
Australia.15-25 In fact, type 2 diabetes is usually character-
ized by a resistance to the patient’s own insulin that may 
or may not be coupled with a defect in insulin secretion 
of varying severity. These defects lead to increase in liver 
production of glucose and subsequent fasting hypergly-
cemia. As emergency physicians, we are seeing increasing 
numbers of older school-aged children, adolescents, and 
young adults with type 2 diabetes.4,14 
 The major risk factor for type 2 diabetes appears to 
be obesity, which has become an epidemic in the United 
States for all ethnic subtypes.26 Obesity is associated with 

insulin resistance, which worsens diabetes in any case. If 
the type 2 diabetic loses weight and adheres to a strict diet, 
often no medication at all is required. Since the majority 
of these patients do have some insulin secretion, diabetic 
ketoacidosis is uncommon in the type 2 diabetic, but it 
can occur. The type 2 diabetic patient is often considered 
to require insulin for control, but not to be “insulin-de-
pendent.” Prolonged high blood sugars will also reduce 
the effect of insulin (ie, insulin resistance) and decrease 
the secretion of insulin.27 When the pancreas quits making 
insulin, then the type 2 diabetic needs insulin as much as 
the type 1 diabetic.28 Given the heterogeneity of the clinical 
presentation of type 2 diabetes in children, classification of 
patients into type 1 and type 2 cannot always be reliably 
made.29

DKA-associated Cerebral Edema
Diabetic ketoacidosis is the most common cause of dia-
betes-related death in childhood. Despite the plethora of 
guidelines and protocols, all covering meticulous details 
of fluid and electrolyte replacement and insulin therapy, 
the mortality associated with diabetic emergencies has 
remained unchanged for the last 10 years. Cerebral edema 
associated with DKA is the most common cause of these 
diabetic-related deaths in young patients.11 Cerebral 
edema is found in about 1% of patients who present with 
DKA, but is responsible for about 30% of deaths due to 
diabetic complications in children.30-33 It is almost always 
a disease of children. In the largest reported series to date, 
over 95% of cases occurred in patients under 20 years of 
age, and one third of cases occurred in children younger 
than 5 years of age.30 As many as one fourth of the children 
who develop DKA-associated cerebral edema will die 
from this complication.

“The terms ‘insulin 
dependent,’ ‘non-insulin 

dependent,’ ‘juvenile onset,’ 
and ‘adult onset’ are no 
longer used to describe 

patients with diabetes.”

Pathophysiology
Normal Glucose Physiology
Maintenance of blood glucose homeostasis is of para-
mount importance to human survival. The brain requires 
75% of the glucose circulating in the blood. If for no other 
reason, the needs of the brain for this oxidizable glucose 
require the human body to closely regulate the level of 
glucose in the blood. Both elevated and reduced levels 
of blood glucose trigger hormonal responses to restore 
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glucose homeostasis. Low blood glucose triggers release of 
glucagons from pancreatic alpha cells. High blood glucose 
triggers release of insulin from pancreatic beta cells. Ad-
ditional signals, adrenocorticotropic hormone (ATCH) 
and growth hormone released from the pituitary, increase 
blood glucose levels by inhibition of glucose uptake by 
extrahepatic tissues. (Figure 1) Glucocorticoids also act to 
increase blood glucose levels by inhibition of glucose up-
take. Cortisol is secreted by the adrenal cortex in response 
to the increased ACTH levels. The adrenal medullary hor-
mone, epinephrine, stimulates the production of glucose 
by activation of glycogenolysis in response to stress. The 
term “diabetes” refers to a group of diseases consisting of 
different errors or faults in metabolic processes that cul-
minate in a high sugar. The implications, treatment, and 
short-term complications seen with these various diseases 
can be quite different, yet all are designated “diabetes.” 
The terms “insulin dependent,” “non-insulin dependent,” 
“juvenile onset,” and “adult onset” are no longer used to 
describe patients with diabetes.

Diabetic Ketoacidosis 
The basic underlying mechanism of DKA is a reduction in 
the net effective action of circulating insulin, coupled with 
a concomitant elevation of counterregulatory hormones, 
such as glucagon, catecholamines, cortisol, and growth 
hormone. Insulin is the most significant hormone of blood 
glucose regulation. Insulin increases the ability of the cell 
to take in glucose and stimulates manufacture of glycogen. 
Increased hepatic glucose production is the major cause of 
the hyperglycemia seen in diabetes. Decreased peripheral 
uptake of glucose further increases the serum glucose. 
Blood glucose levels will rise above the renal threshold for 
glucose reabsorption, so an osmotic diuresis occurs. The 
counterregulatory hormones (cortisol, catecholamines, and 
growth hormones) are increased by the stress of the ill-
ness, including both the profound dehydration caused by 
the osmotic diuresis and the acidosis caused by fatty acid 
oxidation. In the absence of insulin, glucagon becomes 
the primary driving hormone for hepatic carbohydrate 
metabolism. Glucagon stimulates release of glucose from 
the liver by gluconeogenesis and glycogenolysis. Liver 
glycogen stores are broken down into sugar and released 
into the bloodstream. Deficiency of insulin and concomi-
tant increases in glucagon will enhance the liver produc-
tion of glucose by breakdown of fat and protein. The 
fatty acid oxidation leads to ketone body formation and 
inhibits the conversion of acetyl coenzyme A (CoA), by 
acetyl CoA carboxylase, to malonyl CoA, which is the first 
intermediate in the lipogenesis pathway. This inhibition 
means that fatty acids are unable to enter the citric acid 
cycle and move instead into the mitochondria, where they 
are oxidized and further ketone bodies — acetoacetate and 
beta-hydroxybutyrate — are formed.34 At the same time, 
peripheral uptake of glucose is impaired by both lack of 
insulin and excess of glucagon, so the excess glucose accu-
mulates in the blood stream. Insulin deficiency alone, or in 
combination with the insulin counterregulatory hormone 
increases, will increase protein breakdown, providing 
amino acids for increased gluconeogenesis. 
 Diabetic ketoacidosis can be caused by either an abso-
lute or relative deficiency of insulin and is exacerbated by 
the concomitant increase in the insulin counterregulatory 
hormones: glucagon, epinephrine, cortisol, and growth 
hormone. Not surprisingly, the classic triad of DKA is 

Figure 1. Overall Regulation Of Blood 
Glucose And The Impact Of Type 1 
Diabetes.*

*The solid lines indicate positive effects. Dashed lines indicate nega-
tive or inhibitory effects. The large gray X’s indicate the derangements 
caused by type 1 diabetes.

Table 1. Severity Grading For Diabetic Ketoacidosis.*

Mild Moderate Severe

Venous pH 7.25–7.30 7.00–7.24 <7.00

Serum bicarbonate (mEq/L) 15-18 10-14 <10

Alteration in sensoria or mental obtundation Alert Alert/drowsy Stupor/coma

*Adapted from American Diabetes Association. Hyperglycemic Crises in Patients with Diabetes Mellitus. Diabetes Care 2002;25:S100-S108.

Note: An alternative grading scheme has been advocated by the European Society for Paediatric Endocrinology and the Lawson Wilkins Pediatric En-
docrine Society. They suggest that mild DKA is defined by a venous pH <7.30 and a bicarbonate concentration <15 mmol/L; moderate DKA is defined 
by a venous pH <7.2 and a bicarbonate concentration <10 mmol/L; and severe DKA is defined by pH <7.1 and a bicarbonate <5 mmol/L. Adapted from 
Dunger DB, Sperling MA, Acerini CL, et al. See Reference 3.
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Differential Diagnosis

Condition Features Differentiating
Condition from DKA

Starvation ketosis Serum bicarbonate level ≥18 
mmol/L

Chronic renal failure Hyperchloremia

Paraldehyde ingestion Characteristic strong odor on 
the breath

Ethylene glycol ingestion Crystals in the urine

Salicylate ingestion Elevated serum salicylate level

Prehospital Care

Prehospital care of the child with diabetes and suspected 
DKA is limited to starting an intravenous (IV) line, check-
ing or confirming a home glucose check, and initiating 
a judicious fluid bolus of normal saline (10 mL/kg is 
probably reasonable). Obtaining a high fingerstick glucose 
on a young child with altered mental status and clinical 
dehydration may allow the ED staff to begin considering 
DKA as the probable cause of the child’s acute illness.

ED Evaluation 

History 
The most common association found with diabetic 
ketoacidosis is, of course, the prior history of diabetes. 
Unfortunately, as many as 20-30% of cases of diabetic 
ketoacidosis may be the initial presentation of previously 
undiagnosed diabetes. The patient with DKA may have 
fatigue, malaise, thirst, and polyuria. The patient may note 
weight loss, if there is a long onset prior to frank DKA. 
As the patient becomes more ill, they will begin to vomit 
and may complain of abdominal pain. When diabetic 
ketoacidosis occurs as the initial presentation in the newly 
diagnosed diabetic, the symptoms are often gradual in 
onset, with progressive dehydration and slowly develop-
ing ketosis. The onset of symptoms may be more rapid in 
children with established diabetes.

Risk Factors for DKA
Sex
There is no difference in DKA rates between the sexes at 
diagnosis and during early childhood. During adoles-
cence, females with diabetes are twice as likely to develop 
DKA as males with diabetes.

Age
Preschool-aged children are at the greatest risk of present-
ing with diabetic ketoacidosis. The use of insulin pumps 
and continuous subcutaneous insulin infusion hold great 
promise in decreasing this risk.

Inadequate Insulin Use
Failure to take insulin is the most common cause of recur-
rent DKA, particularly in adolescents. The patient may 
also run out of insulin, have a calibration error in the 

hyperglycemia, ketosis, and acidosis. As untreated DKA 
worsens, the counterregulatory hormones further shift 
metabolism toward hyperglycemia, acidosis, and ketosis. 
Although DKA was formerly thought to occur only in type 
1 diabetics, up to 25% of pediatric patients presenting with 
type 2 diabetes may have DKA at the time of diagnosis.35

 Diabetic ketoacidosis is defined by hyperglycemia, 
ketosis, and acidosis. Obviously, these features occur along 
a continuum. There is no universal agreement as to the 
exact definition of DKA, nor is there exact agreement as to 
how to grade the severity of DKA. (Table 1) Some patients 
(eg, pregnant adolescents) may present with only mild 
hyperglycemia and marked ketoacidosis.36-38  
 Insulin inhibits the lipolytic action of cortisol and 
growth hormone. A deficiency of insulin will increase the 
circulating levels of fatty acids. These fatty acids are me-
tabolized by alternative metabolic pathways. The break-
down products of the alternative metabolic pathways 
cause the characteristic acetone byproducts and a resultant 
metabolic acidosis. The acidosis of diabetic ketoacidosis 
is mostly due to the ketoacids, although excess fatty acids 
and lactic acid from poor tissue perfusion also play a role. 
These increased ketoacids include acetone, beta-hydroxy-
butyric acid, and acetoacetic acid, although the major 
derangement in DKA is an increased level of beta-hy-
droxybutyric acid, rather than acetone or acetoacetate (on 
the order of 10:1). 
 Abdominal pain may be a prominent complaint in 
children experiencing DKA. The abdominal pain may be 
severe enough to mimic an acute “surgical abdomen.”39 
The exact cause of the abdominal pain associated with 
DKA is not known. One theory involves prostaglandins. 
Prostaglandins I2 and E2, which are generated in adipose 
tissue, are increased during DKA.40 These prostaglandins 
decrease peripheral vascular resistance and may cause 
tachycardia, hypotension, nausea, vomiting, and abdomi-
nal pain. The same symptoms occur when PGI2 is infused 
over several hours into normal humans. 
 Physiologic stress may precipitate DKA. Several cy-
tokines involved in stress responses, such as IL1, IL6, and 
TNF-alpha, antagonize the effects of insulin. Therefore, 
it is not surprising that many causes of stress and/or the 
systemic inflammatory responses can precipitate DKA in 
patients who are lacking insulin. 
 The kidney plays an important role in the develop-
ment of DKA. The normal renal threshold for glucose re-
absorption is greater than 240 mg/dL.41 When this thresh-
old is exceeded, glucose spills into the urine (along with 
obligatory fluid). When the patient is well hydrated and 
normal kidney function is maintained, the serum glucose 
level is maintained at about 240 mg/dL by spillage into 
the urine. The osmotic diuresis results in significant vol-
ume depletion, unless the patient drinks copious amounts 
of fluids. When hypovolemia occurs, the glomerular filtra-
tion rate falls and the hyperglycemia is exacerbated. The 
diuresis also leads to significant urinary losses of potas-
sium, sodium, phosphate, chloride, and magnesium ions.
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injection device, use the wrong concentration or type of in-
sulin, or inadvertently inject an inadequate dose of insulin. 
A change of diet or exercise may also mean that the insulin 
administered is inadequate.

Eating Disorders
In adolescents with type 1 diabetes, psychological prob-
lems complicated by eating disorders may be a contribut-
ing factor in as many as 20% of recurrent ketoacidosis 
cases. Factors that decrease compliance in adolescents 
include fear of weight gain with improved metabolic 
control, fear of hypoglycemia, rebellion, and the stress of 
chronic disease.5

Stress Due to Coexistent Illnesses or Infections
Pneumonia and urinary infections are common coexistent 
illnesses associated with DKA in adults.42-44 Trauma, febrile 
illnesses, or even psychological turmoil may elevate the 
counterregulatory hormones (glucagon, epinephrine, 
growth hormone, and cortisol) and precipitate DKA. In a 
study of 247 admissions for pediatric DKA, bacterial infec-
tions were only identified in 8 cases (3.2%).12 

Poor Sick Day Management
Difficulty in regulating blood sugar during episodes of 
vomiting, decreased activity, and other illnesses may 
precipitate DKA. 

Physical Examination
The physical signs of DKA can be quite variable. (Table 
2) Uniformly, the patient with DKA will be dehydrated. 
Typical signs include reduced skin elasticity (poor skin 
turgor), dry mucous membranes, hypotension, Kussmaul 
respiration, and tachycardia from the volume deficits. 
The typical deficit in body water in one series was 7-10%. 
Other literature has quoted up to 15% in infants.45 Pro-
tracted vomiting may markedly increase the water loss. 
Some water loss may also occur due to the compensatory 
hyperventilation from the metabolic acidosis. The respira-
tory rate may be normal or somewhat rapid. If the patient 
is carefully examined, the rapid, deep breathing typical of 
Kussmaul respirations is often found. If Kussmaul respira-
tions are present, serum CO2 is likely to be <10. A fruity 
odor to the breath is often cited as due to the acetone and 
ketone bodies associated with DKA.46

 Lethargy is common, and some patients experiencing 

DKA will present in a coma. Mental status changes may 
occur in DKA — these may be the result of DKA or may 
be due to an underlying process that caused the patient to 
develop DKA. If a mental status change is present, it is im-
portant to consider cerebral edema as the potential cause. 
(Table 3)
 
Diagnostic Studies 
The laboratory diagnosis and management of DKA is 
straightforward. (Table 1 on page 4) The tests of great-
est utility include blood glucose measurement, serum 
bicarbonate, serum potassium, a venous blood gas, and 
measurement of ketones in the blood or urine.

Serum Glucose
Although laboratory measurement of serum glucose is 
customary and confirmatory, most ongoing management 
of DKA can be done with bedside glucose testing. In the 
vast majority of cases of DKA, the glucose value will be 
≥250 mg/dL. Relative normoglycemia may be seen in 
patients who were given or took insulin before being seen 
in the ED, those who were starving or had reduced food 
intake, and those who have impaired gluconeogenesis 
from liver failure.

Electrolytes
Electrolyte abnormalities are very common and should 
be expected in cases of DKA. The massive diuresis may 
contribute significantly to the electrolyte abnormalities 
seen in DKA. Free water, sodium, potassium, magnesium, 
and phosphate electrolytes are excreted into the urine 
along with the glucose. Ketoacids act as nonresorbable 
ions in the kidney and are excreted as potassium and so-
dium salts. Because urine contains about 70-80 mEq/L of 
cations, most of which are sodium and potassium, massive 
total body deficiencies in sodium and potassium may re-
sult. (Clinical Pathway) Despite this urinary potassium loss 
and total body deficits of potassium, children may have 
an elevated potassium value in the initial set of laboratory 
tests, because of a shift of intracellular potassium into the 
serum. 

Table 2. Signs And Symptoms Commonly 
Associated With Diabetic Ketoacidosis.

• Polyuria
• Polydipsia
• Polyphagia
• Weight loss
• Fatigue and weakness 
• Abdominal pain
• Nausea and vomiting
• Hyperventilation

Cost-Effective Strategies: 
Pediatric DKA

The most important cost-effective strategy is to initiate 
proper therapy promptly, coordinate care with the inpatient 
physicians who will care for the patient, and return the 
child to their baseline physiology through a deliberate plan. 
Prolonged hospitalization, increased risk of complications, 
and undue burden on the patient and family may arise if a 
treatment plan is not developed and followed carefully by 
everyone involved in the care of the child with DKA. ▲
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Complete Blood Count
In a study of adult patients with DKA, an elevated band 
count was associated with bacterial infections.47 In a simi-
lar study of children, of the total white blood cell count, 
the differential, and the presence of leukocytosis, none 
were associated with bacterial infections.12 In this study, 
leukocytosis was common regardless of the absence of 
infection, the presence of a presumed viral infection, or the 
presence of a bacterial infection. It has been proposed that 
this leukocytosis is proportional to the blood ketone body 
concentration.5

Blood Gas Analysis
A venous gas should be sent early in the evaluation of the 
patient believed to have DKA.48,49 This will help determine 
the severity of the DKA. (Table 1 on page 4) A venous 
blood gas is typically preferred over an arterial blood gas 
in children. For the majority of children in DKA, there is 
no need to assess the arterial PaO2 — an arterial puncture 
is painful and can be technically difficult, the pH measure-
ment from a venous blood gas is an accurate measure of 
the child’s acid-base status, and a venous blood gas can 
easily be obtained along with other blood laboratory tests 
at the time of intravenous catheter placement.

BUN and Creatinine 
The patient will often have some elevation of the BUN due 
to dehydration. The clinician should carefully consider the 
possibility of chronic renal failure. The patient with both 
diabetes and renal failure may be quite difficult to man-
age. Fluid losses may be smaller than when the patient 
has normal renal function, and fluid replacement must 

be much more conservative. Therapeutic emphasis will 
switch to insulin, careful monitoring of potassium, and 
consideration of dialysis.

Urinalysis and Urine Culture
A dipstick urinalysis is useful for identifying ketonuria. 
However, according to the American Diabetes Association 
guidelines, a serum measurement of beta-hydroxybutyrate 
is the preferred method of measuring ketones in children 
with suspected or confirmed DKA.5 The reason given in 
support of this recommendation is that the nitroprusside 
method for measuring ketones in the urine only measures 
acetoacetic acid and acetone, not beta-hydroxybutyrate, 
the dominant acid in DKA. Because beta-hydroxybutyrate 
is converted to acetoacetic acid during successful treat-
ment of DKA, acetoacetic acid levels rise, which may lead 
to confusion as to whether the acidosis is improving or 
worsening. A urine culture may be ordered for children 
with DKA. The indications for ordering a urine culture 
have not been directly studied. It certainly seems rea-
sonable to order a urine culture on children who would 
otherwise meet the indications for ordering a urine culture 
in children without DKA. In a study specifically examin-
ing 247 pediatric admissions for DKA and infections, 8 
children had bacterial infections, and only 3 (1.2%) had 
urinary tract infections.12

Ketones
Serum ketone testing may not correlate with the degree 
of ketoacidosis. Beta-hydroxybutyric acid is the major 

Continued on page 9

Table 3. Bedside Evaluation For DKA-Associated Cerebral Edema.*

Evaluation and treatment for cerebral edema are necessary if a patient has 2 major criteria, or 1 major criteria plus 2 minor crite-
ria, or ANY diagnostic criteria.†

Major criteria
Altered mentation/fluctuating level of consciousness
Bradycardia‡

Age-inappropriate incontinence

Minor criteria
Vomiting
Headache
Lethargy or not easily aroused
Diastolic hypertension (determined by age- and gender-based norms)
Age <5 years

Diagnostic criteria
Abnormal motor or verbal response to pain
Decorticate or decerebrate posture
Cranial nerve palsy (particularly III, IV, and VI)
Abnormal respiratory pattern

*Adapted from Glaser N, Barnett P, McCaslin I, et al and from Muir AB, Quisling RG, Yang MC, et al. See Reference 8 and Reference 10.
†Signs that occur before the initiation of treatment suggest an alternative diagnosis to DKA-associated cerebral edema. 
‡Sustained heart rate deceleration (decline of more than 20 bpm) not attributable to improved intravascular volume or sleep state. This must be of 
sudden onset and persistent (recorded over at least 15 minutes).
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This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending  
upon a patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright ©2006 EB Practice, LLC. 1-800-249-5770. No part of this publication may be reproduced in any for-
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Clinical Pathway: Management Of Pediatric
Patients (<20 years) With DKA* Or HHS†
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only a few children in any center.35 There are no random-
ized studies of this disease in children. An article in the 
2005 Pediatric Clinics of North America by Glaser et al sum-
marizes the state of research for this rare condition.51 
 Coma is the most common presentation in pediatric 
patients. Adult patients with hyperosmolar hyperglycemic 
syndrome often present with neurologic abnormalities that 
are rarely seen in the patient with diabetic ketoacidosis.52 
These abnormalities include seizures, transient hemipare-
sis, movement disorders, and other focal neurologic find-
ings. Seizures are seen in up to 25% of patients and can be 
either generalized or focal.53,54 
 In contrast to DKA, where complications are infre-
quent and the mortality rate is usually less than 1%, HHS 
is associated with a high frequency of complications and 
a high mortality rate.51 Since the only literature describing 
HHS is limited in size, epidemiologic data are likewise 
limited. One pediatric study reported a mortality rate 
of 14% (1 of 7 children).55 This is a lethal disease, and 
mortality rates as high as 12% to 46% have been recorded 
in adults.56-58 Subclinical rhabdomyolysis, possibly owing 
to shrinkage of muscle cells and impaired glucose use, is 
a common finding in patients with HHS, and to a lesser 
degree with DKA, but secondary acute renal failure is 
extremely rare. Many patients do not develop myoglobin-
uria; thus, monitoring serum creatinine phosphokinase 
levels is the most sensitive way to screen for this poten-
tially serious complication. In at least 1 series, rhabdomy-
olysis was seen in 50% of children with HHS.59 A malig-
nant, hyperthermia-like syndrome with hyperpyrexia and 

ketoacid produced in DKA. It does not react with the 
nitroprusside, so urine or blood testing for ketones may be 
negative or only slightly positive. Sepsis, accumulation of 
lactate, and poor tissue perfusion prevent the formation of 
acetoacetate, which does react with nitroprusside.
 During treatment of DKA, beta-hydroxybutyric 
acid will be converted to acetoacetic acid. The resultant 
increase in acetoacetic acid may make the serum or urine 
testing for ketones more positive, despite clinical improve-
ment and an increasing pH and decreasing anion gap.

Treatment

Successful treatment of DKA includes correction of the de-
hydration and hyperglycemia, resolution and anticipation 
of electrolyte abnormalities, identification of precipitating 
and comorbid illnesses, and frequent patient monitoring. 
The clinician should be aware of the types of insulin avail-
able. (Table 4) Regular insulin is used in the ED to treat 
DKA. The use of sodium bicarbonate is controversial.50

 The specific treatment goals of the patient with DKA 
are to improve tissue perfusion, correct dehydration, 
decrease the serum glucose, reverse acidosis, and correct 
electrolyte disturbances. (Clinical Pathway)

Special Circumstances 

Hyperglycemic Hyperosmolar Syndrome
There are so few cases of hyperosmolar nonketotic coma in 
children and adolescents that all studies are case reports of 

Continued from page 7

Table 4. Comparison Of Insulin Types.*

Insulin Onset of Action Peak Action Duration of Action

Humalog
Insulin lispro

10 minutes 1 hour 4 hours

Regular 30 minutes 2-5 hours 8 hours

NPH 90 minutes 4-12 hours 22-24 hours

Lente 2.5 hours 6-16 hours 24 hours

Ultralente 4 hours 8-18 hours 30 hours

70/30                                                blend
70% NPH, 30% regular 

30 minutes 2-12 hours 24 hours

50/50                                                blend
50% regular, 50% NPH

30 minutes 2-6 hours 24 hours

Insulin                                             glargine
Lantus

1.5 hours Flat 24 hours

Insulin Aspart Within 15 minutes 1-3 hours 3-5 hours

*Table derived from data furnished by Eli Lilly and Novo Nordisk pharmaceuticals in their product information. Supplemental information from Endotext.
com. See Reference 76.

Note: The standard insulin concentration in the United States is U-100 insulin. There are several insulins not charted above. Buffered insulins from Eli 
Lilly and Novo Nordisk and special U-400 insulin from Hoechst of Germany are designed for use in insulin pumps. U-40 insulin is available in some for-
eign countries, and users need to be aware of the different volume needed to achieve the same dose. The duration of action and time of onset of these 
insulin concentrations do not differ from those above.

Note: Glargine insulin must not be mixed in the same syringe as any other insulin or solution, because this will alter the pH of the insulin and affect 
absorption rates. The flat biological activity of glargine insulin is due to its absorption kinetics and not due to different pharmacodynamic activity.
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rhabdomyolysis has been described in several children 
with HHS.35,60 The cause of this is not yet known.
 Because HHS is so infrequent in children, the optimal 
approach to treatment has yet to be determined. Some 
authors have suggested that it may be appropriate to de-
lay insulin administration until fluid resuscitation is well 
underway, since the glucose will decrease markedly with 
rehydration alone. Patients who have HHS, by definition, 
are not ketotic; hence, insulin is not needed for resolution 
of the ketosis. This delay in treatment with insulin will 
therefore result in a more gradual decline in serum glucose 
and serum osmolality. The patient with HHS always needs 
admission to the intensive care unit or a special diabetic 
unit that has the same capacity to monitor vital signs, 
laboratory data, neurological status, and blood glucose on 
an hourly basis.

Controversies/Cutting Edge

Insulin Pumps 
The continuous infusion of insulin via a pump has been 
available for at least 20 years, but has come into more 
common use for young children only relatively recently.61-

68 Children and families are carefully selected for this treat-
ment modality. Families who have difficulty with glycemic 
control for whatever reason are typically not selected for 
implantation of an insulin pump. Unless the pump mal-
functions, it is unusual to see a child or adolescent who 
has an insulin pump present to the ED in DKA.

Islet Cell Transplants and Gene Therapy 
Islet cell transplants69-71 are still quite rare. Transplanting 
islet cells has the potential to actually cure diabetes. It is 
unclear if this procedure will become more common in 
the future and to what extent children who receive these 
transplants will be immunocompromised following the 
transplant. Gene therapy is experimental, but offers an-
other potential cure for diabetes.72 

Inhaled Insulin 
The United States Food and Drug Administration has very 
recently approved inhaled insulin for human use.73 This 
insulin delivery method has been studied in and approved 
for adults.74 Pediatric use of inhaled insulin awaits future 
studies. 

Hypertonic Saline to Treat Cerebral Edema
A small case series has examined the utility of 3% (hyper-
tonic) saline for treating DKA-associated cerebral edema.75 
Whether this treatment will replace traditional therapy 
with mannitol requires further study.

Disposition

In general, children with DKA are admitted to a pediatric 
intensive care unit. Obviously, critically ill children should 
be admitted or transferred to a pediatric intensive care 
unit. Alternative management plans depend on the avail-
able resources, institutional experience, and family dy-
namics. Some large pediatric centers have a sufficient vol-
ume of children with diabetes admitted to their hospital 
to support a “diabetes ward.” Children with milder cases 
of DKA can be successfully managed on these wards. In 
other instances, such as remote hospitals, a pediatric ward, 
the ED, or the adult intensive care unit may be an accept-
able admission location, depending on the experience and 
preference of the local health care providers. Finally, with 
very experienced families in which a child with known 
diabetes has a very mild case of DKA, management in 
the ED followed by close management at home may be 
appropriate.3 

“Just a hundred years ago, 
the onset of DKA heralded the 

end of a child’s life.”
Summary

Just a hundred years ago, the onset of DKA heralded the 
end of a child’s life. Throughout the twentieth century, 
tremendous advances were made in the care of children 
with diabetes, including DKA. Now, DKA has become a 
common and recurrent problem for children with diabetes. 
Physicians caring for children in an ED are likely to see 
several children a year with DKA. 
 Fortunately, our collective experience and that of our 
colleagues in endocrinology has led to a better under-
standing of how DKA develops and how complications 
arise. Perhaps the biggest change in recent years has been 
the suggestion that DKA-associated cerebral edema is not 

Key Points For Pediatric DKA 
• DKA should be considered in the differential diagnosis 

of children with otherwise unexplained altered mental 
status.

• The most common cause of DKA in adolescents is poor 
compliance with their diet or insulin regimen.

• Children with DKA may have elevated serum potassium 
on the initial set of ED laboratory tests, but they actually 
have a total body depletion of potassium. 

• Children with DKA are dehydrated. ▲
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caused by excessive fluid administration. The concept 
of “idiogenic osmoles” is finally being questioned with 
reasonable methodology. 
 The care of children with DKA has become standard-
ized to a significant extent. With relatively little fanfare, 
without advocating the use of new pharmaceutical agents, 
and with reasonable evidence, well-respected organiza-
tions, such as the American Diabetes Association, have 
developed guidelines for the management of children ex-
periencing DKA. Although not perfect and certainly open 
to future modifications, the Clinical Pathway provided in 
this issue of Pediatric Emergency Medicine PRACTICE, based 
on recommendations from the American Diabetes Associa-
tion, offers very practical advice for the practicing clinician 
who cares for children in the ED. ▲
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Physician CME Questions

33. Which of the following best differentiates starvation 
ketosis from DKA?
a. A history of obesity
b. The absence of leukocytosis
c. A serum bicarbonate of 20 mmol/L
d. Crystals in the urine
e. Hyperchloremia

34. Which of the following is true regarding the recom-
mended treatment of DKA (according to the Ameri-
can Diabetes Association Clinical Pathway in this 
issue of Pediatric Emergency Medicine PRACTICE)?
a.  Intravenous potassium should be provided in a 

rapid bolus push.
b.  Intravenous potassium is only indicated if hypo-

volemic shock is present.
c.  Intravenous potassium should immediately 

begin whenever a continuous infusion of insulin 
is begun. 

d.  Intravenous insulin is not indicated for children 
with DKA.

e.  Intravenous potassium should not be admin-
istered until the serum potassium falls below 5 
mEq/L.
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35. Which of the following is true regarding the body of 
literature pertinent to pediatric DKA diagnosis and 
treatment?
a.  The majority of studies are randomized, con-

trolled trials.
b.  There are no relevant consensus practice guide-

lines relevant to pediatric DKA.
c.  Most studies of DKA have both adult and pediat-

ric study subjects included in them.
d.  The best study to date regarding risk factors for 

DKA-associated cerebral edema is a multicenter 
case-control study.

e.  Overzealous fluid administration has been prov-
en to be the cause of DKA-associated cerebral 
edema.

36. Leukocytosis identified in a child with DKA indi-
cates that a bacterial infection must be present.
a.  True
b.  False

37. Hyperglycemic hyperosmolar syndrome is more 
common in children than adults.
a.  True
b.  False

38. As described in this issue of Pediatric Emergency 
Medicine PRACTICE, which of the following is a spe-
cific treatment goal regarding the ED treatment of 
children with DKA?
a.  Improve tissue perfusion
b.  Avoid pediatric intensive care unit admission
c.  Identify children with acute appendicitis
d.  Initiate behavior modification for noncompliant 

adolescents
e.  Identify children appropriate for insulin pumps

39. Which of the follow is true regarding islet cell trans-
plants for children with type 1 diabetes mellitus?
a.  This treatment is currently uncommon.
b.  Initial trials failed, and the children involved 

died.
c.  Islet cell transplants take place through insulin 

pumps.
d.  Human trials of islet cell transplants have not yet 

occurred.
e.  Islet cell transplants are only appropriate for 

children with type 2 diabetes.

40. Children with DKA are dehydrated.
a.  True
b.  False

41. For a child with DKA, the initial serum potassium 
measurement may be low, normal, or high. 
a.  True
b.  False

42. Which of the following best differentiates ethylene 
glycol poisoning from DKA?
a.  Crystals in the urine
b.  Fever
c.  A distinct fruity odor on the breath
d.  A salty taste to the skin
e.  Evidence of retinal hemorrhages

43. Which of the following is true regarding the recom-
mended treatment of DKA (according to the Ameri-
can Diabetes Association Clinical Pathway in this 
issue of Pediatric Emergency Medicine PRACTICE)?
a.  The starting dose of a continuous intravenous 

infusion of insulin is 0.1 units/kg/h.
b.  NPH insulin is the preferred type of insulin for 

the treatment of pediatric DKA.
c.  Due to the risk of cerebral edema, sodium 

bicarbonate is not indicated for the treatment of 
pediatric DKA.

d.  A child in hypovolemic shock from DKA should 
receive no more than 10 mL/kg per hour of nor-
mal saline.

e.  Sodium bicarbonate is only indicated for children 
with a venous blood gas pH ≥7.0.

44. Abdominal pain in a child with DKA suggests a 
surgical etiology.
a.  True
b.  False

45. As presented in this issue of Pediatric Emergency 
Medicine PRACTICE, according to the American Dia-
betes Association, which of the following is sugges-
tive of moderate DKA?
a.  Coma
b.  A venous pH of 7.10
c.  A serum bicarbonate of 16 mEq/L
d.  Fever
e.  An elevated peripheral white blood cell count

46. Which of the following best describes the character-
istic odor on the breath of some children with DKA?
a.  Sweaty feet
b.  Dew drop on a rose petal
c.  Like stool
d. Fruity 
e.  Like blue cheese dressing

47. Which of the following characteristics best describe 
Kussmaul respirations?
a.  Slow and deep
b.  Rapid and deep
c.  Slow and shallow
d.  Rapid and shallow

Physician CME questions conclude on back page 
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48. Which of the following is true regarding initial ED 
glucose testing for children with DKA?
a.  In the vast majority of cases, the glucose value is 

≥250 mg/dL.
b.  Hypoglycemia is very common.
c.  In most cases, the glucose value is between 200 

and 250 mg/dL.
d.  A glucose value of ≥250 is life-threatening.
e.  A glucose level is not measured in the ED. A 

dextrose level is measured, instead.


