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 Abstract 
 
Diabetic ketoacidosis is a common, serious acute complication in 
children with diabetes mellitus. Diabetic ketoacidosis can accompany 
new-onset type 1 diabetes mellitus or it can occur with established 
type 1 diabetes mellitus during the increased demands of an acute 
illness or with decreased insulin delivery due to omitted doses or 
insulin pump failure. Additionally, diabetic ketoacidosis episodes 
in children with type 2 diabetes mellitus are being reported with 
greater frequency. Although the diagnosis is usually straightforward 
in a known diabetes patient with expected findings, a fair proportion 
of patients with new-onset diabetes present in diabetic ketoacido-
sis. The initial management of children with diabetic ketoacidosis 
frequently occurs in an emergency department. Physicians must be 
aware that diabetic ketoacidosis  is an important consideration in the 
differential diagnosis of pediatric metabolic acidosis. This review will 
acquaint emergency medicine clinicians with the pathophysiology, 
treatment, and potential complications of this disorder. 
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 Definition Of Diabetic Ketoacidosis 

DKA is defined as hyperglycemia (serum glucose 
concentration > 200 mg/dL), with metabolic acido-
sis (venous pH < 7.3 or serum bicarbonate [HCO3] 
concentration < 15 mEq/L), and ketonemia or ke-
tonuria.3 The severity of DKA is determined by the 
degree of acidosis.4 (See Table 1.)

 Critical Appraisal Of The Literature 

A 12-year review of PubMed entries using the key 
word pediatric diabetic ketoacidosis revealed scant 
medical literature comparing the efficacy of various 
protocols for managing DKA. Most protocols are 
time honored and are intuitively based on well-
defined pathophysiologic considerations. They share 
the aims of carefully restoring metabolic homeo-
stasis through rehydration, replacing electrolyte 
and mineral deficits, insulin replacement to reverse 
ketogenesis, and diligent clinical monitoring.4 
 Since the most serious complication of DKA—
cerebral edema—is uncommon, studies describing 
risk factors have been retrospective multicenter case 
series6 and case reports.7,8

 Epidemiology, Etiology, And Pathogenesis 

Diabetes mellitus is the most common metabolic/
endocrine disorder of childhood.4 The mechanism of 
acquired insulinopenia is incompletely understood, 
although evidence points to an autoimmune de-
struction of pancreatic islet beta cells in genetically 
predisposed individuals.9 
 The prevalence of pediatric type 1 diabetes 
mellitus (insulin-dependent diabetes mellitus) is 
estimated at 2 in 1000 school-aged children.5 New 
cases most commonly occur in autumn and winter. 
It is thought that symptoms of newly recognized 
type 1 diabetes mellitus manifest when the insulin-
secreting reserve diminishes to < 20% of normal. 
Symptoms include polyuria, polydipsia, weight loss, 
and fatigue.4 The duration of prediagnosis symp-
toms varies but is usually 1 to 2 weeks.4 
 Typically, DKA manifests when > 90% of pancre-
atic islet beta cells have been destroyed. The overall 
risk of DKA in children with established type 1 dia-
betes mellitus is estimated to range between 1 and 
10 per 100 person-years.2,5

 Case Presentation 
 
A 7-year-old girl presents to the ED with low-grade 
fever, vomiting, and abdominal pain. A review of systems 
reveals a 2-week history of increasing polyuria and poly-
dipsia with a 2-pound weight loss. Vomitus is not bloody 
or bilious, and she has no headache. The family history 
is pertinent for a first cousin with type 1 diabetes. On 
physical exam, she is somewhat lethargic, but alerts fully 
and is oriented. Her GCS score is 14. There is no evidence 
of trauma. Vital signs include a heart rate of 122 beats/
min, a respiratory rate of 32 breaths/min, and a blood 
pressure of 113/63 mm Hg. The oral mucosa is dry, and 
capillary refill time is 3 seconds. Pulses are equal and full. 
Lungs are clear to auscultation, and the cardiac exam is 
unremarkable. Her abdomen is soft and slightly tender in 
the epigastric area, and there is no guarding or rebound 
tenderness. There is no focal neurologic deficit. IV access 
is obtained; a point-of-care (bedside) glucose measurement 
is 625 mg/dL. Subsequent lab results obtained on presen-
tation show the serum HCO3 is 12 mg/dL and venous pH 
is 7.22. Urinalysis shows large glucose and ketones. As 
you begin considering the differential diagnosis for this 
child, you ask yourself: What questions are most pertinent 
to ask the parents in determining the etiology? What lab 
tests should be initially obtained? What is the top initial 
priority in management? What parameters are most 
important to follow in this patient’s clinical course? What 
complications can occur during management? 

 Introduction 

Diabetic ketoacidosis (DKA) is the most common 
acute complication requiring hospitalization of chil-
dren with type 1 diabetes mellitus.1-3 DKA is poten-
tially fatal, accounting for 70% of diabetes-related 
deaths in children < 10 years of age.3,4 Most DKA 
fatalities are caused by cerebral edema.3-5 
 Successful emergency department (ED) manage-
ment of DKA requires timely intervention, meticu-
lous monitoring, and protocol-based hour-by-hour 
therapy adjustment aimed at ensuring tissue per-
fusion, correcting fluid and electrolyte depletion, 
arresting ketogenesis, and restoring normal cellular 
utilization and metabolism of glucose. To suc-
cessfully manage the crucial initial phase of DKA, 
emergency clinicians must thoroughly understand 
the pathophysiology of DKA and the appropriate 
therapeutics and monitoring requirements of this 
complex disorder as well as maintain a keen aware-
ness of potential complications as therapy proceeds. 
The purpose of this review is to discuss the patho-
genesis, evaluation, and management of pediatric 
DKA in the outpatient setting. 

Table 1. Definition Of Diabetic Ketoacidosis 
Severity

Severity pH HCO3

Mild ≥ 7.2 to < 7.3 > 10 mEq/L to ≤ 15 mEq/L

Moderate ≥ 7.1 to < 7.2 > 5 mEq/L to ≤ 10 mEq/L 

Severe < 7.1 ≤ 5 mEq/L
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ting of insulin resistance, the liver inappropriately 
releases glucose into the blood. 
 Acute hyperglycemic emergencies in children 
with type 2 diabetes mellitus include DKA and the 
hyperglycemic hyperosmolar state. DKA is report-
edly present at the time of diagnosis of type 2 diabe-
tes mellitus in as many as 10% to 25% of children19 
and has been labeled “ketosis-prone type 2 diabe-
tes mellitus.”20 It is usually due to relative insulin 
deficiency in a patient with severe insulin resistance 
and longstanding hyperglycemia that is exacerbated 
by a sudden increased demand for insulin during an 
intercurrent illness. The hyperglycemic hyperosmo-
lar state is characterized by severe dehydration and 
hyperosmolarity, and it has a high risk of serious 
complications, including coma and death. In con-
trast to DKA, in the hyperglycemic hyperosmolar 
state, there is often sufficient insulin effect to prevent 
marked lipolysis and inhibit ketogenesis. 

 Pathophysiology 

Type 1 diabetes mellitus is a disease caused by de-
struction of beta cells, leading to insulin deficiency 
that results in abnormalities of carbohydrate, fat, and 
protein metabolism. DKA is a complication caused 
by either a relative or absolute deficiency of insulin. 
With progressive beta cell failure, lack of insulin 
and increased levels of counterregulatory hormones 
(especially glucagon) result in unregulated hepatic 
glucose production and decreased glucose utilization 
in insulin-dependent tissues (muscle and adipose 
tissue). DKA is characterized by increased secretion of 
the counterregulatory hormones glucagon, epineph-
rine, norepinephrine, cortisol, and growth hormone. 
This hormonal milieu causes a catabolic state, with 
increased mobilization of long-chain fatty acids from 
adipose stores, augmented hepatic gluconeogenesis, 
and increased oxidation of fatty acids, producing 
large quantities of acetoacetic and beta-hydroxybutyr-
ic acids. As shown in Figure 1 (page 4), this cascade 
results in hyperglycemia and ketoacidosis. 
 Whereas the most common cause of DKA in 
patients with newly diagnosed diabetes is a de-
layed diagnosis, the most common cause of DKA in 
patients with known diabetes mellitus is a lack of 
insulin due to missed injections or (in patients who 
use an insulin pump) failure of insulin delivery, 
often due to causes such as insulin pump failure, 
prolonged pump disconnection without appropriate 
monitoring, and inappropriate reduction of insulin 
dosing or discontinuation of insulin administration 
during an illness with reduced oral intake. In older 
children and adolescents who self-manage their 
diabetes regimen and do not receive adequate adult 
supervision, DKA commonly results from missed 
insulin doses. With patient education and careful su-
pervision by parents or other responsible adults and 

Newly Diagnosed Insulin-Dependent 
Diabetes Mellitus
In the United States, approximately one-quarter of 
children with newly diagnosed insulin-dependent 
diabetes mellitus present with DKA.10,11 This is more 
common in younger children and is frequently the 
result of a delay in diagnosis.12-14 In a study of chil-
dren with new-onset diabetes mellitus, 23% present-
ed with DKA; specifically, 36% of children < 5 years 
of age presented with DKA at the initial diagnosis, 
compared with only 16% of adolescents.12 The rates 
of DKA at presentation are even higher in develop-
ing countries. 
 The symptoms of ill infants and toddlers with 
undiagnosed DKA are commonly misinterpreted 
as respiratory disorders, and they are often treated 
with beta agonist bronchodilators and steroids, 
which can exacerbate diabetes mellitus metabolic 
derangements. As a result, symptom duration may 
be prolonged, leading to more severe dehydration 
and acidosis and increasing the risk of neurologic 
compromise. A Canadian study documented that 
DKA at the time of diabetes mellitus presentation 
was significantly more common in children < 3 years 
of age, and 39% had had at least 1 prior healthcare 
visit (ie, missed diagnosis) during the week prior to 
the diabetes mellitus diagnosis.14

Established Insulin-Dependent Diabetes 
Mellitus
In children with established type 1 diabetes mellitus, 
the risk of recurrent DKA is 1% to 10% per patient 
per year.4 Increased risk of DKA is associated with 
the following conditions:15-17

• Poor metabolic control (reflected in higher     
HgbA1c levels) 

• Prior DKA
• Factors of age and gender (adolescent females 

have the highest risk)
• Psychiatric disorders, including eating disorders
• Unstable family circumstances
• Poor compliance with insulin regimen
• Limited access to medical services and/or lack 

of healthcare insurance
• Insulin pump utilization18

Insulin-Resistant Diabetes Mellitus 
The pediatric incidence of insulin-resistant (type 2) 
diabetes mellitus is rising, as it is associated with 
epidemic rates of obesity. Some centers report that 
type 2 diabetes mellitus accounts for 50% of all 
newly diagnosed diabetes mellitus cases in patients 
aged 10 to 21 years.19 This disorder typically pres-
ents in obese pubertal children of minority ethnic 
background. In contrast to type 1 diabetes mellitus, 
type 2 disease is primarily due to insulin resistance. 
Normally, insulin suppresses glycogenolysis and 
gluconeogenesis in the liver; however, in the set-
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ditions to consider in the differential diagnosis of 
diabetic ketoacidosis include the following:
• Metabolic acidosis (using the MUDPILES mne-

monic: methanol intoxication, uremia, DKA, 
paraldehyde intoxication, isoniazid toxicity, 
iron intoxication, lactic acidosis, ethylene glycol 
intoxication, salicylate intoxication)

• Asthma/respiratory insufficiency with respira-
tory acidosis

• Meningitis or pneumonia with sepsis
• Acute abdomen/appendicitis
• Gastroenteritis with dehydration
• Hyperglycemic hyperosmolar state

 The diagnosis is usually straightforward in a 
patient with known diabetes who presents with 
dehydration, metabolic acidosis, and ketonuria.

 Prehospital Care 

Prehospital care of suspected pediatric DKA is 
limited to thorough assessment of airway, breathing, 
and circulation, obtaining intravenous (IV) access, 
performing a bedside glucose measurement, and 
administering a conservative fluid bolus of nor-
mal saline (NS) at a volume of 10 mL/kg. Insulin 
should not be administered. Expedited transport to 
a hospital ED with frequent assessment of vital signs 
and neurologic status is essential. In the patient 
with signs of respiratory insufficiency, securing the 
airway and providing adequate ventilation should 
take precedence. 

 Emergency Department Assessment 

Patients with DKA often present with nausea and 
vomiting. As DKA intensifies, patients become 
lethargic from dehydration, acidosis, and hyper-
osmolarity, and they can progress to coma. Other 
physical findings typically include tachycardia, 
tachypnea, Kussmaul respirations, and abdominal 
pain. Acidosis (along with poor splanchnic perfu-
sion) can cause an intestinal ileus, and patients 
frequently complain of abdominal pain that may 
mimic an acute abdomen. A fruity odor to the 
breath suggests the presence of acetone (formed by 
the spontaneous decarboxylation of acetoacetate) 
that is excreted by the lungs. This mechanism re-
moves about one-fourth of the exogenous hydrogen 
ions generated by hepatic ketogenesis.21

Laboratory Abnormalities In Diabetic 
Ketoacidosis
Although significant depletion of minerals and electro-
lytes occurs with DKA, serum levels of many of these 
components often appear only minimally altered. 
 Despite profound total body sodium depletion 
(8-10 mEq/kg) due to osmotic diuresis and renal 

24-hour access to professional telephone guidance, 
recurrent DKA should be preventable.
 DKA is commonly precipitated by the stress of 
an intercurrent febrile or vomiting illness that results 
in relative insulin insufficiency.21 Intercurrent failure 
to provide additional insulin in a timely fashion can 
lead to the development of ketoacidosis. 
 Hyperglycemia and hyperketonemia induce 
an osmotic diuresis, resulting in total body fluid 
depletion typically of the order of 7% to 10% of 
body weight. Ketogenesis and poor tissue perfu-
sion (resulting in lactic acidosis) from dehydration 
combine to produce metabolic acidosis, which may 
be severe.21 If the metabolic derangements are not 
arrested and reversed with rehydration and replace-
ment of insulin and electrolytes, fatal dehydration 
and metabolic acidosis will ensue. 

 Differential Diagnosis 

DKA must be differentiated from other causes of 
metabolic acidosis with an increased anion gap, all 
of which can present with similar symptoms. Con-

Figure 1. Pathophysiology Of Diabetic 
Ketoacidosis
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http://emedicine.medscape.com/article/242975-overview
http://emedicine.medscape.com/article/1914705-overview
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 Airway, breathing, and circulation take prece-
dence. Vital signs should be measured and regularly 
reassessed. The level of consciousness can be serially 
quantified using the Glasgow Coma Scale (GCS) 
score. The degree of dehydration can be estimated 
by assessing vital signs, capillary refill time, quality 
of skin turgor, respiratory pattern, adequacy of oral 
mucosa hydration, pulse strength, and extremity 
perfusion. Severe dehydration is usually associated 
with greater degrees of hyperglycemia. Dehydration 
> 10% is suggested by the presence of marked hy-
perglycemia, weak peripheral pulses, widened pulse 
pressure, and oliguria. 
 Ideally, vascular access is obtained via 2 IVs, 
with 1 being used for serial blood sampling. Blood 
should be sampled to measure serum glucose; elec-
trolytes; BUN; creatinine; osmolality; venous blood 
gas (pH/partial pressure of carbon dioxide [pCO2]); 
complete blood count; HgbA1c; and calcium, phos-
phorus, and magnesium concentrations. Appro-
priate specimens for culture (blood, urine, throat) 
should be obtained, as indicated. Some centers have 
reported that point-of-care measurement of blood 
beta-hydroxybutyrate concentrations are useful for 
confirming the diagnosis of DKA and monitoring 
effectiveness of therapy. Urine should be serially 
assessed for ketonuria, and a pregnancy test should 
be performed in the adolescent female. Continuous 
cardiorespiratory monitoring can be employed when 
clinically indicated. Oxygen should be administered 
to patients with hypoxia, severe circulatory impair-
ment, or shock. 

 Diagnostic Studies 

Besides the blood and urine samples, there are no 
other routine diagnostic studies indicated unless the 
patient has altered mental status, which would man-
date emergent cranial computed tomography (CT) 
scan performance after instituting effective therapy 
to reverse cerebral edema. Management decisions, 
prognosis, and disposition are based on the clinical 
response and laboratory profile as therapy proceeds. 

 Treatment 

Fluid And Electrolyte Therapy
The objectives of fluid and electrolyte therapy are to 
restore intravascular volume, to improve glomerular 
filtration (with enhanced serum clearance of glucose 
and ketones), and to replenish depleted electrolytes 
and minerals.
 Fluid repletion is the single most important 
initial intervention in managing DKA. Due to os-
motic diuresis, DKA patients have a total body fluid 
deficit of 7% to 10% of body weight. IV fluid corrects 
dehydration and restores adequate renal perfusion 
and glomerular filtration, which enhances glucose 

excretion of sodium-buffered anions, mild hypo-
natremia usually accompanies DKA.22 A factitious 
hyponatremia is due to hyperglycemia, where the 
serum sodium measured is artificially lowered by 
approximately 1.6 mEq/L for every 100 mg/dL in-
crease in serum glucose.23 Factitious hyponatremia is 
also due to hypertriglyceridemia, as lipids have low 
sodium content and thus dilute the measured serum 
sodium level.
 Children with DKA experience a total body 
potassium deficit averaging approximately 5 mEq/
kg. Most of the potassium is lost from the intracel-
lular pool, and it is then excreted by the kidney 
due to the osmotic diuresis of potassium-buffered 
anions. Volume depletion causes secondary hyper-
aldosteronism, which promotes urinary potassium 
excretion. Despite total body potassium depletion, 
the serum potassium level at presentation may be 
normal, increased, or decreased, depending largely 
on the severity of total body potassium deple-
tion and the degree of acidosis. Additionally, both 
insulin administration and correction of acidosis 
drive potassium back into cells, decreasing serum 
levels as therapy progresses. Emergency clinicians 
must anticipate an early decline in serum potas-
sium concentration with ongoing therapy. An 
electrocardiogram (ECG) (which reflects the effect 
of intracellular potassium concentration) can assess 
for U-waves and flattened T-waves indicative of 
intracellular potassium deficit.24 
 Although the serum phosphate level may, ini-
tially, be normal, total body depletion of this mineral 
is common (4 mEq/kg) due to the osmotic diuresis. 
Hypophosphatemia can be exacerbated by insulin 
therapy, which promotes entry of phosphate into 
cells.25 Additionally, there are deficits of chloride 
(5-7 mEq/kg), calcium, and magnesium. 
 Dehydration with decreased glomerular filtra-
tion causes elevated blood urea nitrogen (BUN) and 
creatinine concentrations. Leukocytosis (suggest-
ing infection) typically occurs from increased stress 
hormones, epinephrine, and cortisol. Pediatric DKA 
is infrequently associated with infection; in 1 series, 
only 18% of patients had a viral infection and only 
13% had a bacterial infection.26 
 The goals of DKA therapy are to correct dehy-
dration and acidosis, reverse ketogenesis, normal-
ize serum glucose levels, and prevent complica-
tions. After expedited triage, the ED assessment 
of DKA includes a thorough clinical evaluation 
to confirm the diagnosis and determine its cause 
(including a careful search for underlying infec-
tion). A detailed history of outpatient management 
is important in recurrent DKA, since factors such as 
insulin omission, failure to follow sick-day regi-
mens, or pump failure account for most episodes. 
Compliance issues may be improved with appro-
priate psychoeducational intervention. 
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kg/h,31 because, at that point, fluid repletion will 
have improved peripheral perfusion and partially 
corrected the metabolic acidosis, both of which will 
enhance insulin efficacy. Ideally, this titration will 
slowly decrease the serum glucose level approxi-
mately 50 to 100 mg/dL/h (with associated gradual 
decline in serum osmolality). The insulin infusion 
should not be discontinued (eg, during transport to 
CT or inpatient ward) until the acidosis is resolved, 
since the half-life of IV insulin is only 6 minutes in 
blood and 30 minutes in tissue. A bolus infusion of 
insulin does not hasten resolution of DKA and is not 
recommended at any point in management.32 
 Typically, the serum glucose concentration 
decreases to the normal range before ketosis and 
acidosis have resolved.4 To prevent hypoglycemia, 
5% dextrose should be added to IV fluids when 
the serum glucose level declines to 250 to 300 mg/
dL. In the uncommon event that the serum glucose 
concentration continues to decline below 150 to 200 
mg/dL despite the addition of 5% dextrose without 
a concomitant increase in serum pH/HCO3, the ap-
propriate maneuver is to administer a higher rate 
of glucose infusion (in the form of a 10% dextrose 
solution) instead of decreasing the rate of insulin 
infusion. Continued insulin infusion is essential to 
inhibit gluconeogenesis and ketogenesis, promote 
peripheral glucose utilization, and correct meta-
bolic acidosis.

Sodium Bicarbonate Therapy
Despite sometimes profound metabolic acidosis, 
sodium bicarbonate (NaHCO3) supplementation 
is not recommended for patients with DKA.33-36 
Controlled trials have shown no clinical benefit from 
NaHCO3 administration.37,38 Paradoxical cerebral 
acidosis can occur with NaHCO3 administration due 
to formation and diffusion of CO2 from the systemic 
circulation into the central nervous system.39 Rapid 
administration of NaHCO3 can cause intracellular 
influx of potassium and induce acute hypokale-
mia.38-40 NaHCO3 therapy has been associated with 
cerebral edema, the most common cause of mortality 
for children with DKA.41 NaHCO3 supplementation 
should only be considered in the critical instance 
of severe acidosis (serum pH < 7.0) associated with 
myocardial depression and circulatory insufficiency.4
 As with treating hyperglycemia and hyperos-
molarity, the metabolic acidosis of DKA should be 
gradually resolved with measured repletion of fluid 
and insulin supplementation. Although HCO3 losses 
are large in DKA, the body will replenish a substan-
tial amount during DKA treatment, as insulin stimu-
lates HCO3 generation from ketone metabolism. 

Monitoring
Meticulous clinical monitoring is the cornerstone 
of successful DKA management. It is essential to 

excretion, ameliorates lactic acidosis, and decreases 
the serum level of counter-regulatory hormones. 
 The first step in rehydration is a bolus infusion 
of NS. Shock is rare in pediatric DKA. Assuming 
patients with DKA are hyperosmolar due to hy-
perglycemia and ketonemia, a gradual decline in 
serum glucose and osmolarity is desirable. Patients 
with an adequate blood pressure should receive 
a bolus infusion of 10 mL/kg of IV NS during the 
initial hour. The NS bolus infusion may decrease 
the blood glucose by 20% solely by dilution and 
improving renal perfusion, leading to enhanced 
urinary glucose excretion.27 
 Subsequent fluid administered should be with 
a fluid whose sodium content ranges from at least 
0.45% to 0.9%. Some protocols recommend exclu-
sive use of 0.9% during the first 6 hours of therapy, 
converting to 0.45% thereafter. The total volume 
administered over the next 47 hours should equal 
the sum of maintenance fluid volume (1500 mL/m2 
body surface area/day) added to a replacement vol-
ume to replace the fluid deficit based on degree of 
dehydration.4 The total fluid volume administered 
rarely exceeds 1.5 to 2 times the usual daily fluid 
requirement. Urine losses are not replaced to avoid 
excessive fluid volumes. 
 Once the serum potassium concentration is de-
termined and urine output is established, potassium 
supplementation should commence. Further adjust-
ment is based on serum potassium levels, which 
should be measured hourly. Potassium administra-
tion (concentration of 40 mEq/L; approximately 
double the usual maintenance requirement) can be 
given as ½ potassium chloride and ½ potassium 
phosphate (or K-acetate) formulations to avoid chlo-
ride overload, which can exacerbate acidosis.4 
 Prospective studies have not shown clinical 
benefit from phosphate replacement;28-30 this aspect 
of therapy is controversial. One theoretical concern 
against routine replacement is that it may lead to 
symptomatic hypocalcemia. By contrast, uncorrected 
hypophosphatemia may detrimentally lower levels 
of 2,3-DPG (diphosphoglycerate) in red blood cells 
and reduce tissue oxygen delivery.28 Rhabdomyoly-
sis and hemolytic anemia have been rarely reported 
in cases of severe hypophosphatemia during DKA. 
Regardless of whether phosphate is replaced, serum 
calcium concentration should be monitored.

Insulin Therapy
Insulin must be administered to resolve DKA. In-
sulin therapy counteracts the effects of glucagon in 
the liver (suppressing gluconeogenesis and ketogen-
esis), inhibits lipolysis and proteolysis, and enhances 
glucose utilization in muscle and adipose tissue. 
Only regular insulin is used to treat DKA. Following 
the initial bolus infusion of NS, insulin should be 
administered as a continuous infusion of 0.1 units/
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development of this disorder are poorly understood. 
There is evidence to suggest that various aspects of 
DKA therapy may contribute to its development. 
Magnetic resonance imaging (MRI) findings sug-
gest that DKA-related cerebral edema is vasogenic 
(disrupted blood-brain barrier), not cytotoxic.45 A 
long-standing theory involves the interplay be-
tween central nervous system hyperosmolarity and 
therapeutic fluid resuscitation in the susceptible 
patient. During treatment, serum hyperosmolar-
ity may decrease more rapidly than in the central 

frequently assess vital signs, neurologic status, and 
progression of abnormal clinical findings as DKA 
resolves. A bedside data flow sheet should be uti-
lized to enter hour-by-hour clinical information and 
should include:
• Vital signs
• GCS score
• Laboratory values, including: 
	 l      Serum glucose 
	 l      pH/pCO2 

l      Electrolytes measured hourly during the 
initial 4 hours of therapy 

l      Serum calcium and phosphorus measured 
every 2 to 4 hours (or more frequently, as 
clinically indicated in more severe cases)

l      Qualitative urine ketone analysis every 2 
hours until cleared

• Medications received
• Amount of insulin administered
• Fluid input and output

 Complications Of Diabetic Ketoacidosis

Potential complications of DKA and their manage-
ment are listed in Table 2. The most frequent compli-
cations are hypoglycemia and hypokalemia, the risks 
of which can be minimized with frequent monitoring 
of serum levels and adequate and timely replace-
ment of glucose and potassium, respectively. Cerebral 
edema is the most serious complication of DKA.

Cerebral Edema
Clinically overt cerebral edema, although rare (< 1% 
of DKA cases), is a potentially devastating conse-
quence of DKA therapy, accounting for 60% to 90% 
of all DKA deaths.41 The associated mortality rate of 
cerebral edema is 20% to 25%, and approximately 
one-quarter of survivors suffer lasting neurologic 
complications.41 

Risk factors for DKA-associated cerebral edema 
include:42-44

• Younger patient age 
• New-onset diabetes mellitus 
• Prolonged duration of symptoms 
• Hypocapnia
• Relatively greater degree of hyperglycemia or 

acidosis or elevated BUN (on presentation) 
• NaHCO3 therapy 
• Attenuated rise in serum sodium concentrations 

during therapy 
• Relatively greater fluid volumes administered in 

the initial 4 hours 
• Insulin administration in the initial hour of therapy 

 Cerebral edema usually occurs during the 
initial 4 to 12 hours of therapy, although onset can 
be earlier or later. The mechanisms underlying the 

Table 2. Potential Complications Of Diabetic 
Ketoacidosis

•	 Cerebral edema
l  < 1% of cases
l  Risk factors: younger age (< 5 years), severe acidosis, hypo-

capnia, greater degree of elevated serum BUN
l     Associated with rapid rehydration or with overly aggressive 

rehydration or correction of acidosis/hyperglycemia
l  Treatment: mannitol, 0.25-1 g/kg IV; 3% hypertonic saline, 5-10 

mL/kg IV; consider intubation with hyperventilation, if respiratory 

insufficiency 

•	 Hypoglycemia 
l    Due to insufficient serum glucose for insulin administered
l  Treatment: add 5%-10% dextrose to IV fluids when serum 

glucose level is 250-300 mg/dL

•	 Hypokalemia 
l    Due to renal losses
l      Exacerbated with resolution of dehydration and acidosis
l      Treatment: add potassium to IV fluids when urine output is 

       established

•	 Cardiac dysrhythmia 
l  Due to hyperkalemia, hypokalemia, or hypocalcemia
l	 	 Treatment: correct specific imbalance

•	 Pulmonary edema / acute respiratory distress syndrome 
l  Due to increased pulmonary capillary permeability
l  Treatment: administer oxygen and a diuretic

•	 Pancreatitis 
l  Typically subclinical (may be due to hypertonicity or hypoperfu-

sion)
l  Consider measuring amylase/lipase 

•	 Rhabdomyolysis 
l  Due to muscle proteolysis
l  Measure serum creatine phosphokinase
l  Treatment: hydration and alkalinization of the urine

•	 Thromboembolism 
l  Enhanced by subclinical endothelial injury, hypofibrinolysis, and 

platelet aggregation as well as elevated levels of procoagulant 

factors

•	 Acute renal failure

Abbreviations: BUN, blood urea nitrogen; IV, intravenous.
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Clinical Pathway For The Outpatient Management 
Of Pediatric Diabetic Ketoacidosis

Admission 
•	 Assess vital signs, GCS score, circulatory status

•	 Establish IV access

•	 Perform ECG

•	 Laboratory tests: CBC; serum glucose / electrolytes / BUN / creatinine / osmolarity / Ca2+ / PO4; venous blood 

gas; urinalysis; HgbA1c

Hour 1: 
•	 IV fluid: 0.9% NS 10 mL/kg bolus infusion over 1 h (Class I)

Hour 2: 
•	 Assess vital signs, GCS score, circulatory status

•	 Repeat analysis of serum glucose / electrolytes / pH / osmolality 

•	 IV fluid: 0.9% NS* with KCl 20 mEq/L and KPO4 (or K-acetate) 20 mEq/L, at 1.5x maintenance (Class I)
•	 Regular insulin at 0.1 units/kg/h by continuous drip infusion (Class I)

Hour 3: 
•	 Assess vital signs, GCS score, circulatory status

•	 Repeat analysis of serum glucose / electrolytes / pH / osmolality

•	 Continue hour 2 IV fluid* and insulin drip

Hour 4: 
•	 Assess vital signs, GCS score, circulatory status 

•	 Repeat analysis of serum glucose / electrolytes / pH / osmolality

•	 Continue hour 3 IV fluid* and insulin drip

If serum pH < 7.35 and HCO3 < 20 mEq/L:

•	 Continue hour 2 IV fluid* and insulin drip (Class I)

If serum pH < 7.35 and HCO3 < 20 mEq/L:

•	 Hospitalize

If serum pH  ≥ 7.35 or HCO3 > 20 mEq/L:

•	 Give oral fluids; if tolerated and resolution of abnormal clinical 

findings: discharge (Class I)

If serum pH  ≥ 7.35 or HCO3 > 20 mEq/L:

•	 Give oral fluids; if tolerated and resolution of abnormal clinical 

findings: discharge (Class I)

*Add D5 if serum glucose concentration declines to 250-300 mg/dL (Class I).
Abbreviations: BUN, blood urea nitrogen; CBC, complete blood count; D5, 5% dextrose; ECG, electrocardiogram; GCS, Glasgow Coma Scale; HCO3, 

bicarbonate; IV, intravenous; KCl, potassium chloride; KPO4 , potassium phosphate; NS, normal saline.

For class of evidence definitions, see page 9.
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tol are ineffective, consider 3% hypertonic saline 5 to 
10 mL/kg IV infused over 30 minutes. With respira-
tory insufficiency requiring intubation, aggressive 
hyperventilation should be avoided, as it has been 
associated with worse outcomes. Cranial CT imag-
ing for suspected cerebral edema is recommended to 
confirm the diagnosis and to rule out other etiolo-
gies of DKA-induced altered mental status (such as 
central nervous system thromboses or hemorrhage). 

Monitoring Progress
Efficacy of DKA therapy is monitored by following 
hourly trends in vital signs, fluid balance, neuro-
logic status (via GCS scores), and serum glucose/
acid-base/electrolyte balances. Inhibition of keto-
genesis, essential to resolving DKA, is reflected by 
decreasing serum glucose and increasing serum pH/
HCO3 levels and a narrowing of the anion gap. It 
is important to note that resolving hyperglycemia 
alone does not denote resolution of DKA; there must 
be a concomitant resolution of metabolic acidosis to 
signify cessation of ketogenesis. For this to occur, ad-
equate insulin and glucose must be administered to 
arrest lipolysis and ketogenesis and decrease levels 
of counterregulatory (stress) hormones. 

 Controversies And Cutting Edge 

Rate Of Insulin Administration
A recent study compared lower-dose (0.05 units/
kg/h) IV insulin infusion with standard-dose 
(0.1 units/kg/h) IV insulin infusion for the initial 
treatment of diabetic ketoacidosis in children with 
insulin-dependent diabetes mellitus and noted 
equivalent efficacy.54 A possible advantage to lower-
dose infusion is a more gradual decline in hyper-
glycemia and, therefore, of serum osmolarity, which 
could potentially lower the risk for cerebral edema. 
Further study of this issue is necessary before any 

nervous system, resulting in intracranial fluid shifts 
and cerebral edema. Evidence from clinical studies, 
however, suggests that this mechanism may not play 
a central role; various case reports have documented 
DKA-induced symptomatic (and even fatal) cerebral 
edema in patients prior to receiving therapy.46-49 
 Another postulated mechanism for DKA-related 
cerebral edema involves acidosis-activated cell 
membrane sodium-hydrogen (Na+/H+). The high H+ 
concentration promotes intracellular Na+ and water 
influx, with consequent edema.50,51 Additionally, the 
ketone bodies beta-hydroxybutyrate and acetoace-
tate may affect vascular permeability and contribute 
to edema formation.52 
 Up to 40% of initial brain imaging studies in 
children with DKA and cerebral edema are normal.53 
Therefore, cerebral edema complicating DKA is a 
clinical diagnosis, and its presumptive diagnosis 
should be based on clinical assessment. Signs and 
symptoms of DKA-related cerebral edema include: 
• Abnormal motor or verbal response to pain
• Decorticate or decerebrate posturing
• Cranial nerve palsy (especially cranial nerves III, 

IV, and VI)
• Abnormal neurogenic respiratory pattern (eg, 

grunting, tachypnea, Cheyne-Stokes respiration, 
apneusis)

• Altered mentation/fluctuating level of con-
sciousness

• Bradycardia
• Vomiting
• Headache
• Hypertension

 If clinically indicated, therapy to decrease intra-
cranial pressure should commence prior to confir-
matory imaging. Decrease the IV fluid infusion rate 
by 30% and immediately infuse mannitol 0.25 to 
1 g/kg IV over 20 minutes; give a repeat dose if 
there is an inadequate response. If 2 doses of manni-

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. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and 

effectiveness

Level of Evidence:
• One or more large prospective 

studies are present (with rare 
exceptions)

• High-quality meta-analyses
• Study results consistently posi-

tive and compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of 

evidence
• Non-randomized or retrospec-

tive studies: historic, cohort, or 
case control studies

• Less robust randomized con-
trolled trials

• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alterna-

tive treatments

Level of Evidence:
• Generally lower or intermediate 

levels of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until 

further research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradic-

tory
• Results not compelling

Significantly modified from: The 
Emergency Cardiovascular Care 
Committees of the American 
Heart Association and represen-

tatives from the resuscitation 
councils of ILCOR: How to De-
velop Evidence-Based Guidelines 
for Emergency Cardiac Care: 
Quality of Evidence and Classes 
of Recommendations; also: 
Anonymous. Guidelines for car-
diopulmonary resuscitation and 
emergency cardiac care. Emer-
gency Cardiac Care Committee 
and Subcommittees, American 
Heart Association. Part IX. Ensur-
ing effectiveness of community-
wide emergency cardiac care. 
JAMA. 1992;268(16):2289-2295.

 Class Of Evidence Definitions
Each action in the clinical pathways section of Pediatric Emergency Medicine Practice receives a score based on the following definitions. 
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1. “The patient didn’t appear to be severely dehy-
drated, so I waited to see if she could tolerate 
oral liquids.”
Patients in moderate or severe DKA should 
be assumed to be 7% to 10% dehydrated, and 
although rehydration should proceed at a 
carefully calibrated, gradual pace, there should 
be no delay in administering IV fluid therapy.

2. “The patient was tachycardic, so I gave several 
boluses of NS.”
The risk for cerebral edema increases with 
overly aggressive fluid supplementation (ie, 
volume and rate of administration). If the blood 
pressure is normal and peripheral perfusion is 
adequate, conservative rehydration is preferred.

3. “I wasn’t sure if the patient’s lethargy, tachy-
pnea, and vomiting were due to increased 
intracranial pressure, so I delayed giving man-
nitol until performing a head CT.” 
DKA-related cerebral edema is a clinical 
diagnosis, and therapy to reduce intracranial 
pressure should commence prior to confirma-
tory imaging.

4. “The serum potassium concentration was 4.2 
mEq/L on admission, so I withheld potassium 
supplement during hour 2.”
Total body stores of potassium are depleted with 
DKA. Hypokalemia should be anticipated with 
initiation of insulin replacement and correction 
of acidosis; therefore, potassium should be 
added to the IV fluids after the initial hour of 
rehydration.

5. “The patient had severe hyperglycemia, so I 
gave him a bolus of regular insulin during the 
initial hour of therapy.” 
A bolus of regular insulin during the first hour of 
therapy has been associated with increased risk 
for developing cerebral edema. Insulin should 

never be bolused and should not be administered 
prior to the second hour after NS rehydration. 
Hydration alone will cause the plasma glucose 
concentration to decrease rapidly.

6. “Why should I do an ECG if I’m measuring the 
serum potassium on admission?”
The ECG is a reflection of the intracellular 
potassium level (which is distinct from the 
extracellular serum concentration [measured]) 
and can show signs of intracellular potassium 
deficiency when the measured serum potassium 
concentration is normal.

7. “The blood glucose was dropping below 200 
mg/dL, so I decreased the insulin infusion.”
The insulin infusion should never be decreased 
for falling glucose levels; rather, the amount 
of glucose infused should be increased by 
providing 10% dextrose solution so as to 
continue inhibition of ketogenesis and prevent 
hypoglycemia.

8. “During transport to CT, I turned off the insu-
lin infusion until we returned to the ED.”
The insulin infusion should never be 
discontinued; the half-life of insulin in the serum 
is only 6 minutes.

9. “The admission serum glucose was 828 mg/
dL and the serum pH was 7.34, so I started the 
DKA protocol.”
DKA is present only if there is metabolic 
acidosis.

10. “The patient has type 2 insulin-resistant diabe-
tes and therefore cannot have DKA.”
DKA is not uncommon with type 2 diabetes; 
up to 25% of patients with new-onset type 2 
diabetes can present in DKA.

Risk Management Pitfalls For Pediatric Diabetic Ketoacidosis
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patients will experience resolution of metabolic 
acidosis and hyperglycemia. 
 Metabolic parameters on admission accurately 
predict the outcome of patients with DKA during 
the initial 3 hours of therapy. A study of 63 consecu-
tive children presenting to an ED with DKA found 
the following results56: 
1. Of the patients with admission serum pH > 7.2 

or HCO3 > 10 mEq/L, 94% experienced resolu-
tion of metabolic acidosis and hyperglycemia 
within 3 hours of initiating therapy, tolerated 
oral feeding, and were discharged from the out-
patient setting. The rate of DKA relapse or other 
complication within 48 hours of discharge was 
only 3%. 

2. By contrast, of the patients with admission 
serum pH < 7.2 and HCO3 < 10 mEq/L, 92% had 
persistence of metabolic acidosis after 3 hours of 
therapy, necessitating hospitalization for further 
treatment. The rate of DKA relapse or other 
complication within 48 hours of discharge from 
the hospital was 4%, similar to those treated as 
outpatients. 

3. Of those patients with initial serum pH > 7.2 or 
HCO3 > 10 mEq/L who were successfully treat-
ed as outpatients, the admission serum glucose 
concentration was predictive of the duration of 
therapy necessary to resolve metabolic acidosis; 
83% with serum glucose < 500 mg/dL required 
2 hours of therapy, whereas 78% of patients 
with a serum glucose > 500 mg/dL required 3 
hours of therapy. The longer duration of therapy 
associated with more marked hyperglycemia 
may reflect a greater degree of dehydration, thus 
necessitating more prolonged fluid repletion to 
restore glomerular filtration. 

 Summary 

The goals of treating children with DKA are to: 
(1) provide rehydration to restore perfusion and 
increase glomerular filtration; (2) replace mineral 
and electrolyte deficiencies and provide insulin to 
arrest ketogenesis and gluconeogenesis; and (3) 
increase cellular glucose metabolism in insulin-
dependent peripheral tissues. The key to effective 
management of pediatric DKA includes accurate 
diagnosis, timely therapy, and gradual correction 
guided by meticulous monitoring. Children with 
mild DKA can be safely and effectively managed 
with 2 to 3 hours of therapy administered in an 
outpatient setting, resulting in discharge with 
little risk of relapse or other complication pro-
vided they have parental support and stable home 
situations. The metabolic parameters of acid-base 
status on admission are accurate in distinguishing 
those children with DKA who are candidates for 
outpatient management. 

recommendations deviating from standard insulin 
therapy are entertained.

Rate Of Rehydration
A recent study compared 2 different rehydration 
protocols in children with DKA in order to assess 
the risk for associated MRI-documented subclinical 
cerebral edema.55 Of a total of 18 patients, 8 received 
more-rapid IV hydration (assumed 10% dehydra-
tion; 20 mL/kg initial 0.9% NS IV bolus infusion, 
2/3 of fluid deficit replaced over initial 24 h, and 
urine output volume replacement) versus 10 who 
received slower IV hydration (assumed 7% dehydra-
tion; 10 mL/kg initial 0.9% NS IV bolus infusion, 
fluid deficit evenly replaced over initial 48 h, and no 
urine output replacement). There was no significant 
difference in rates of MRI changes consistent with 
subclinical cerebral edema between the groups.

 Special Circumstances 

Patient demographics that identify greater risk 
for DKA-related cerebral edema include younger 
patient age; prolonged symptoms; and presenting 
laboratory profile with: (1) a greater degree of aci-
dosis; (2) a greater elevation in BUN; (3) a greater 
degree of hypocapnia; and (4) a blunted rise in 
serum sodium concentration with ongoing therapy. 
If any of these factors is present, special attention to 
monitoring and gradual therapy to correct DKA is 
especially important. 

 Hospital Management And Disposition 

The hospitalized child with DKA requiring an insulin 
drip infusion should receive initial care in an inten-
sive care unit setting with experienced nursing staff 
trained in DKA monitoring and management. Written 
guidelines for DKA management should be followed 
to safeguard against error. Frequent and timely evalu-
ation of biochemical trends is essential. A pediatric 
endocrinologist should be consulted to help guide 
management and monitor for complications.

Outpatient Management
The outpatient management of mild DKA56 out-
lined in the Clinical Pathway (page 8) employs all 
of the previously mentioned therapeutic measures 
for restoring glucose homeostasis and interme-
diary metabolism to a normal state. With this 
approach, patients receive standard therapeutic 
measures and close monitoring for up to 3 hours 
in an outpatient setting. Based on the average 
deficits accrued by patients with DKA, approxi-
mately one-third of the fluid deficit and one-half 
of the sodium deficit are replenished during this 
therapeutic interval. With this method of “abbre-
viated” DKA treatment, more than 90% of selected 
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 Case Conclusion 

The patient presented with classic signs of diabetes mel-
litus with DKA. The history of polyuria and polydipsia 
with weight loss was consistent with chronic hypergly-
cemia and glucosuria. Assessment of hydration status 
showed 5% to 7% dehydration with tachycardia, delayed 
capillary refill time, and dry oral mucosa. Metabolic 
acidosis was indicated by tachypnea. Although clinically 
consistent, lab confirmation was necessary to confirm the 
diagnosis of DKA (as distinct from a nonketotic hyper-
glycemia). In this case, all 3 criteria (hyperglycemia and 
metabolic acidosis with ketonuria) were present. You gave 
the child an infusion of NS 10 mL/kg IV during the first 
hour of therapy, and her hydration improved. The patient 
voided, and her serum potassium level was measured 
at 5.2 mEq/L. In the second hour of therapy, you added 
potassium to the IV fluids and initiated a continuous IV 
insulin infusion. After 4 hours of therapy, the venous 
pH was 7.32, the serum HCO3 was 19 mEq/L, and the 
serum glucose concentration had declined to 275 mg/dL. 
Subsequent IV fluids included 5% dextrose, and her GCS 
score was 15. The patient made an unremarkable recovery, 
eventually tolerated oral feedings, and was discharged 
home after she and her family received appropriate diabe-
tes management instructions. 
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5.  During the first hour of DKA therapy, patients 
should receive:
a.  Insulin replacement
b.  NS infusion
c.  Potassium supplementation
d.  HCO3 supplementation

6.  Cerebral edema can occur during therapy for 
DKA:
a.  With a mortality rate up to 25%
b.  Only after 12 hours of IV fluid    
 administration
c.  After antibiotic administration
d.  More commonly when the patient has a   
 fever

7.  Cerebral edema during DKA therapy is associ-
ated with all of the following EXCEPT:
a.  NaHCO3 administration
b.  Hypocapnia
c.  Elevated serum BUN
d.  Obesity 

8.  Criteria for ED discharge of a patient with 
DKA includes all of the following EXCEPT:
a.  Normal ECG 
b.  Serum HCO3 > 20 mEq/L
c.  Tolerating oral intake
d.  Serum pH > 7.30

9.  All of the following statements are true regard-
ing the initial presentation of children with 
type 1 diabetes EXCEPT:
a.  In the United States, approximately 25% are  
 in DKA
b.  DKA presentation is most common in   
 younger-aged children
c.  30% to 40% had a healthcare visit within a  
 week of insulin-dependent diabetes mellitus  
 presentation with DKA
d.  15% experience cerebral herniation

10.  Which of these hormones is increased in DKA?
a.  Histamine
b.  Insulin
c.  Thyroxine
d.  Glucagon

 CME Questions

Take This Test Online!

Take This Test Online!

Current subscribers receive CME credit absolutely free 
by completing the following test. Each issue includes 
4 AMA PRA Category 1 CreditsTM, 4 ACEP Category I 
credits, 4 AAP Prescribed credits, and 4 AOA cat egory 
2A or 2B credits. Monthly on line testing is now avail-
able for current and archived issues. To receive your 
free CME credits for this issue, scan the QR code below 
or visit www.ebmedicine.net/P0313.

1.  The definition of DKA includes all of the fol-
lowing EXCEPT:
a.  Hyperglycemia
b.  Serum pH < 7.30
c.  Anemia
d.  Ketonuria

2.  Patients with moderate or severe DKA can be 
assumed to be:
a.  In renal failure
b.  At high risk for sepsis
c.  At risk for retinal detachment
d.  7% to 10% dehydrated

3.  With DKA, total body concentration of all of 
the following are depleted EXCEPT:
a.  Sodium
b.  Potassium
c.  Albumin
d.  Phosphate

4.  Efficacy of DKA therapy is measured by hourly 
assessment of:
a.  Serum pH
b.  Serum HCO3 concentration
c.  Serum glucose level
d.  All of the above
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According to data from the Centers for Disease 
Control and Prevention, 1 of 11 children in the United 
States has asthma and 1 of 5 children with asthma 
presented to the emergency department for asthma-
related care in 2009. It is the most frequent cause 
of hospitalization in children, and it costs the nation 
billions of dollars annually. The symptoms of asthma 
can vary widely from mild shortness of breath 
to fatal status asthmaticus. Timely and targeted 
intervention during an acute exacerbation can 
significantly improve morbidity and mortality. Given 
the high prevalence of asthma and its potential to 
progress from mild to moderate to life-threatening, 
it is vital for emergency clinicians to have an 
understanding of the management of  acute asthma 
exacerbations. This issue of Pediatric Emergency 
Medicine Practice reviews the timely and aggressive 
use of inhaled beta agonists and systemic corticoste-
roids (the foundation of acute asthma treatment for 
most children) as well as several adjunct therapies 
includ ing magnesium, terbutaline, epinephrine, 
and heliox. In addition, emergency department 
treatments for more severe exacerbations and 
airway management are examined.
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Acute otitis media is one of the most common 
pediatric illnesses. However, there has been 
considerable controversy in its management. While 
most cases are treated with antibiotics, there is 
a growing concern regarding antibiotic overuse 
and subsequent drug resistance. Researchers in 
the Netherlands have developed a “wait and see” 
approach that has been successful in treating acute 
otitis media, although it has not gained much 
popularity in the United States. This issue of Pediatric 
Emergency Medicine Practice will summarize the 
latest research on the diagnosis of acute otitis media 
and on the different treatment regimens, including 
the efficacy of a “wait and see” approach.
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