
Although diabetes mellitus (DM) is second only to asthma as
the most prevalent chronic disease of childhood, the literature
has very few comprehensive reviews of diabetic ketoacidosis
(DKA), the most frequent cause of death in children with dia-
betes. The importance of an early diagnosis and appropriate
management should not be underestimated.

Emergency department
(ED) physicians must have a
clear understanding of the
pathophysiology that is present
in a patient with DKA, espe-
cially in a young child with
new-onset DM. An understand-
ing of the unique needs of the
child in DKA is critical for
appropriate decision-making to
ensure an optimal outcome for
the patient. Children with DKA
have the potential for different
complications than adults and
are at higher risk for cerebral edema. Management strategies
should focus on correction of fluid deficits, but not overhydra-
tion, and correction of acidosis, but not equate acidosis with
dehydration. The authors provide a focused review for the ED
physician for recognition and management of a child with
DKA, with special attention to potentially serious complications.

— The Editor

Introduction 
Approximately two of every 1,000 children in the United

States have Type 1 DM;1 approximately 13,000 new cases are
diagnosed each year.2,3 DM is second only to asthma as the most
prevalent chronic disease in childhood.4,5 The prevalence among
boys and girls is equal, but white children commonly are more

afflicted compared with
African-American children.1

DKA, defined here as
hyperglycemia (serum glucose
> 200 mg/dL), ketonemia, and
acidosis (pH < 7.30 or HCO

3

< 15 mEq/L), is the most com-
mon cause of death for children
with DM. 

A recent report from the
United Kingdom found that,
during a seven-year span, 83%
of all deaths in diabetic patients
younger than 20 years were due

to DKA.6 The mortality associated with DKA is predominantly
related to the development of cerebral edema. Symptomatic cere-
bral edema with signs of increased intracranial pressure (ICP)
occurs in approximately 0.3–1% of all episodes of DKA. 

This article reviews the diagnosis and emergency manage-
ment of children with DKA and current strategies to minimize
potential complications. 
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Etiology of Diabetes Mellitus
The pathogenesis of DM involves heterogeneous defects in

either insulin secretion and/or action that lead to hyperglycemia.
To better reflect the various etiologies of DM, the American Dia-
betes Association recently reclassified most cases as either Type
1 or Type 2.7 The hallmark of Type 1 DM, previously referred to
as juvenile or insulin-dependent diabetes, is an absolute deficien-
cy in insulin secretion. With few exceptions, Type 1 DM arises
from autoimmune destruction of pancreatic beta cells; hyper-
glycemia occurs when less than 20% of insulin secretory capaci-
ty remains.7 Type 2 DM is a polygenic disorder arising from
insulin resistance and insulin deficiency.

Evidence for autoimmunity in Type 1 DM is convincing.
Type 1 DM occurs with increased frequency in individuals with

other autoimmune diseases such as Hashimoto’s thyroiditis and
Grave’s disease.8 Type 1 DM also may co-exist with other
autoimmune-mediated diseases such as autoimmune thyroiditis,
Addison’s disease, or both in Type II polyglandular autoimmune
disease. Inheritance of certain histocompatability antigens
(HLA), such as HLA DR3 or DR4 confers a 2-3 fold increase in
DM risk; inheritance of both increases the risk 7-10 fold.8 At
diagnosis, most individuals are found to have one or more anti-
bodies directed against the beta cell. Rosenbloom reported that
19 of 31 first-degree relatives with three antibodies directed at
the beta cell developed DM during a five-year period.9 Also,
lymphocytic infiltrates of islet cells are found in Type 1 DM; as
inflammation progresses, islets are replaced with hyaline and
scar tissue.8

Among patients with DM who have an identical twin, only
30-50% of twins also are affected. Therefore, in addition to
inheritance, there must be other etiological factors. Evidence
supports an environmental component: disease incidence in-
creases as the distance from the equator increases and after viral
epidemics. One theory encompassing many of these factors is
that environmental triggers in genetically predisposed individu-
als lead to a production of auto-antibodies, T-cells, and cytokines,
causing progressive islet inflammation and insulin deficiency.8

Once considered to be a disease of adulthood, Type 2 DM is
emerging as an important entity in children and adolescents,
accounting for 8-45% of newly diagnosed cases.10-13 This rate of
increase may reflect shifts in population; Type 2 DM affects pri-
marily Americans of African, Hispanic, Asian, and American
Indian descent.11 Increases in Type 2 DM in children and adults
parallel the obesity epidemic. In fact, at diagnosis, most children
with Type 2 DM are obese and undergoing puberty—a period of
enhanced insulin resistance.10-13 Initially, children with Type 2
DM may be indistinguishable from those with Type 1; at presen-
tation, as many as one-third have ketonuria, and 5-25% have
DKA.10

Pathophysiology of DKA
The biochemical and clinical disturbances found in children

with DKA are manifestations of loss of normal hormonal control
of carbohydrate, protein, and fat metabolism. Deficient insulin
secretion coupled with unrestrained counter-regulatory hormone
activity leads to the metabolic abnormalities seen in DKA. 

Insulin stimulates glucose uptake by muscle, liver, and fat
(See Figure 1 ). It promotes anabolism (i.e., glycogen, protein,
and lipid synthesis), while suppressing catabolism (i.e.,
glycogenolysis, proteolysis, gluconeogenesis, lipolysis, fatty
acid oxidation, and ketogenesis). In insulin sufficient states, the
increase in blood glucose that occurs following caloric intake
stimulates insulin secretion by the beta cell, thereby maintaining
blood glucose in a normal range. In the fasting state, insulin is
secreted at low levels, allowing regulated hepatic glucose pro-
duction via glycogenolysis and gluconeogenesis. Further relax-
ation of insulin’s suppressive effects upon lipolysis, fatty acid
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oxidation, and ketogenesis allows ketones to serve as an alterna-
tive fuel to glucose, a normal fasting adaptation.8,14

Maintenance of fuel homeostasis during fed and fasting states
demands that a delicate balance be preserved between the blood
glucose-lowering effects of insulin and the blood glucose-
enhancing effects of the counter-regulatory hormones: glucagon,
cortisol, growth hormone, and catecholamines. (See Figure 1.) In
DKA, these normal adaptations to fasting are unregulated. With
mild insulin deficiency, post-prandial or fasting hyperglycemia
occurs. When blood glucose concentrations exceed the renal
threshold (180 mg/dL), glucosuria ensues leading to polyuria, a
compensatory polydipsia, and nocturia. Excess urinary losses
lead to dehydration as do compensatory hyperpnea/tachypnea,
ketoacid-induced emesis, and decreases in oral intake. With sig-
nificant dehydration, the glomerular filtration rate (GFR)
decreases, causing impaired glucose and ketone disposal, aggra-
vating hyperglycemia and ketoacidosis.8,14

Continuation of the insulin deficient state worsens hyper-
glycemia and permits unrestrained lipolysis, fatty acid oxidation,
and ketogenesis. Acidemia initially is prevented by activation of
the respiratory and renal buffering systems. Unremitting ketoge-
nesis leads to an increased anion gap. When dehydration occurs,
regeneration of bicarbonate and excretion of ketoacids by the
kidney are compromised, exacerbating the anion gap acidosis.
This acidosis primarily arises from elevated concentrations of the
ketones beta hydroxybutyrate and acetoacetic acid. To a much
lesser degree, elevated free fatty acids, arising from enhanced
lipolysis, and lactate, a consequence of poor tissue perfusion,
also contribute to the acidosis.8,14

Potential Complications
Among the complications associated with DKA (See Table

1), symptomatic cerebral edema with brain herniation is the most
feared. (See Table 2.) Many children with DKA will have

asymptomatic subclinical brain swelling before treatment, but
few progress to significantly altered mental status or brain herni-
ation.15 Increasing illness severity is clearly a risk factor for brain
herniation. In one series encompassing 12 years, of nine children
suffering brain herniation as a DKA complication, eight had an
initial serum pH of 7.1 or less.15 Glaser, et al reported that among
7,000 children hospitalized with DKA during a 15-year span,
approximately 1% developed clinically significant cerebral
edema.16 Among those with cerebral edema, 21% died and 21%
had permanent neurological sequelae.16 Further, among those
patients with cerebral edema, greater neurological depression, a
high initial serum urea nitrogen concentration, and intubation
with hyperventilation were associated with poorer outcomes.17

Cerebral edema accounts for the majority of deaths due to
DKA.6,18 Classically, symptomatic cerebral edema develops
within 4 to 12 hours after therapy has been started, often in a
child who had been showing signs of improvement, although
subclinical cerebral edema has been described in children with
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Figure 1. Pathophysiology of DKA

Key: FAO = fatty acid oxidation; GH = growth hormone;
Epi=epinephrine.

•   Diabetic ketoacidosis
•   CNS complications

-   Cerebral edema
-   Hematoma
-   Thrombosis

•   Hypokalemia
•   Hyperkalemia
•   Hypoglycemia
•   Sepsis
•   Infections
•   Pulmonary complications

-   Aspiration
-   Pulmonary edema
-   ARDS
-   Pneumomediastinum

•   Subcutaneous emphysema
•   Rhabdomyolysis

Key: CNS = central nervous system; ARDS = adult 
respiratory distress syndrome.

Table 1. Causes of Morbidity and Mortality
with Diabetes Mellitus

•  Cerebral edema •  Dysrhythmia
•  Hypovolemic shock •  Vascular thrombosis
•  Central nervous system infarction •  Pulmonary edema
•  Acute renal failure •  Bowel ischemia
•  Pancreatitis •  Hypoglycemia
•  Rhabdomyolysis •  Hypomagnesemia 
•  Hyperkalemia •  Hypokalemia
•  Hypophosphatemia •  Hypocalcemia
•  Hyponatremia •  Hypernatremia 

Table 2. Complications from DKA 
and Its Therapy



DKA before the initiation of therapy.6,16,19,20 The demographic
factors that have been reported to be associated with the develop-
ment of cerebral edema include new-onset DM, younger age,
and longer duration of symptoms. Other potential risk factors for
the development of cerebral edema include attenuated rise in
measured serum sodium concentration during therapy,27 severity
of acidosis, bicarbonate treatment, greater hypocapnia, and ele-
vated serum urea nitrogen level at presentation. (See Table 3.)
Clinical signs that reflect the development of increased ICP may
include headache, vomiting, depressed mental status, bradycar-
dia, and irregular respirations. (See Table 4.)

Dysrhythmias also may occur in children with DKA, usually
secondary to metabolic derangements including hyponatremia,
hypernatremia, hypokalemia, hyperkalemia, hypoglycemia, and
hypocalcemia. 

Prevention
Approximately 20-40% of patients with DM present with

DKA at initial diagnosis.22,23 The key to the prevention of DKA
is early recognition and education of patients, caretakers, and
physicians.8 A recent study highlighted this fact by showing that
education of physicians and school personnel on the signs and
symptoms of DM reduced the number of new cases that present-
ed in DKA.24

In the setting of established DM, an intercurrent illness can
precipitate DKA. DM management during periods of illness can
be challenging for children and families. During those times,
increased secretion of counter-regulatory hormones leads to an
insulin-resistant state. However, poor oral intake, emesis, and
malabsorption can lead to hypoglycemia. A common mistake in
managing a child with DM is to assume an absence of urinary
ketones in the setting of a normal or low blood glucose level. An
even more common error is to withhold insulin because of
decreased oral intake or emesis; this may lead to significant
ketosis. 

Providing specific written guidelines for DM management
during intercurrent illnesses (i.e, sick-day rules) as well as tele-
phone access to medical personnel have been shown to decrease
the number of DKA admissions due to intercurrent illnesses.25

Recurrent DKA typically occurs in the setting of deliberate
insulin omission in children with significant psychosocial stres-
sors. The fact that 20% of pediatric DM patients account for
80% of all DKA admissions26 underscores the magnitude of the

problem of recurrent DKA. ED physicians should be familiar
with the risk factors for recurrent DKA, which include adoles-
cence, female gender, longstanding diabetes, lower socioeco-
nomic background, and pre-existing psychopathology.26-28

Insulin pumps are becoming more prevalent in long-term DM
management, and ED physicians should be familiar with them.
Because continuous insulin delivery systems use only short-act-
ing insulin, their failure can lead quickly to DKA. If the blood
glucose level is elevated and does not normalize after a therapeu-
tic insulin bolus, the pump site may need to be changed. If the
hyperglycemia persists and urinary ketones develop, pump fail-
ure should be assumed. However, when a pump user has an
intercurrent illness necessitating additional insulin, the basal rate
can be increased and boluses delivered every 2-4 hours. Such
interventions will depend upon prior planning with medical per-
sonnel who will help guide appropriate bolus doses.29

Prevention of DKA remains an elusive goal. The Diabetes
Control and Complications Trial followed 1,441 adolescents and
young adults for more than six years.30 Patients were randomly
assigned to intensive therapy (use of a pump or three or more
daily insulin injections and blood glucose monitoring four times
daily) or conventional therapy (one or two daily insulin injec-
tions and urinary or blood glucose monitoring just once daily).
Although determining rates of DKA was not the primary aim of
the trial, in the conventional therapy group DKA occurrences
among adolescents were significantly greater than that of
adults.31 A recent reappraisal of those data suggests that poor
adherence with insulin therapy is the primary factor leading to a
greater incidence of DKA in this population.32

Clinical Presentation
DKA is defined as ketoacidosis that almost always is associ-

ated with varying degrees of dehydration, depending on the
duration and severity of the symptoms and the length and degree
of diuresis. For previously undiagnosed children, there may be a
history of polydipsia and polyuria for several weeks before they
come to medical attention. The presence of polyuria helps to dis-
tinguish them from children with other causes of dehydration
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•   Headache
•   Vomiting
•   Change in neurologic status

-   Depressed mental status
-   Restlessness
-   Incontinence

•   Specific neurologic signs
-   Cranial nerve palsies
-   Pupillary response

•   Bradycardia
•   Irregular respirations

Key: ICP = intracranial pressure.

Table 4. Clinical Signs that Reflect 
the Development of Increased ICP

•   New-onset Type 1 diabetes mellitus
•   Younger age
•   Longer duration of symptoms
•   Attenuated rise in serum sodium level during therapy
•   Severity of acidosis 
•   Greater hypocapnia
•   Elevated serum urea nitrogen level

Table 3. Risk Factors for Cerebral Edema



such as gastroenteritis. However, children known to have DM
typically have briefer prodromes before becoming seriously ill
with DKA. For such children, the history should focus on recent
insulin administration, dietary intake, and illnesses marked by
fever, vomiting, or diarrhea. Astute ED physicians will assess
DKA patients for underlying serious illnesses such as appendici-
tis or pneumonia, which may precipitate the metabolic derange-
ments. Additionally, pregnancy testing of adolescent females
should be considered. 

The physical assessment should begin with the patient’s vital
signs and a brief neurologic examination. Vital signs will reflect
the patients’ attempts to compensate for the dehydration and aci-
dosis, and usually include tachycardia and the classic deep
hyperpneic (Kussmaul) respirations. This increased work of
breathing in children with clear breath sounds is an indication
that DKA may be the underlying problem. Another clinical clue
for the diagnosis would be the smell of ketones on the breath.
Carefully assess the child clinically for the degree of dehydration
with attention to the child’s pulse rate, peripheral pulses, capil-
lary refill, and mucous membranes. The blood pressure is typi-
cally normal for the child’s age; uncompensated shock with
hypotension is an unusual occurrence in children with DKA.
Clinicians should remember that because DKA results in a
hyperosmolar dehydration, intravascular fluids are spared at the
expense of the extravascular space and the degree of dehydration
may be underestimated. The mental status may be normal, but
frequently patients are somnolent or even obtunded. Warning
signs and symptoms of symptomatic cerebral edema include
irregular respirations, inappropriate slowing of heart rate and/or
rising blood pressure, decreased oxygen saturation, worsening
mental status, such as increased agitation or obtundation, abnor-
mal pupillary responses, cranial nerve palsies, headache, or
recurrent vomiting. In addition, a recent article describes inconti-
nence as one of the “major criteria” in the detection of cerebral
edema.33

Differential Diagnosis
Children known to have DM who present with ill appearance

and dehydration should not pose a diagnostic dilemma. Labora-
tory tests revealing hyperglycemia, ketonemia, and metabolic
acidosis will support the clinical suspicion of DKA. More chal-

lenging are children previously not known to have DM who
present with significant dehydration or an altered mental status.
The differential diagnosis will include other common causes of
volume loss, such as hypovolemia, sepsis and cardiac etiologies,
as well as intoxications, acute adrenal insufficiency, and hyper-
osmolar non-ketotic coma. A simple bedside test to determine
the serum glucose level should point the clinician immediately
toward the correct diagnosis.

Patient Management
Protocols for the management of DKA vary among institu-

tions reflecting some of the controversies regarding optimal ther-
apy and a lack of conclusive evidence to guide certain treatment
practices. One study identified substantial differences in the
management of pediatric DKA among physicians of different
specialties.34 The treatment strategy presented is one based on
available evidence and developed by ED physicians at the Chil-
dren’s Hospital of Philadelphia and frequently is re-assessed and
revised based on scientific data; others may manage children
slightly differently than what is outlined here. Additionally, this
strategy is very similar to a recently published consensus state-
ment on DKA in children and adolescents.21

Initial Stabilization and Laboratory Testing 
Children with DKA are among the most seriously ill, non-

trauma patients that ED physicians treat. As with management of
other critically ill children, ED physicians must first focus atten-
tion on airway patency, ventilation, and circulatory status. It is
uncommon for children with DKA to require mechanical venti-
lation; an exception might be deeply obtunded patients without
intact gag reflexes. Kussmaul respirations, typically present
when the PaCO

2
level is below 20 torr, allow for exhalation of

carbon dioxide as a means of compensating for the metabolic
acidosis. Regarding dehydration, in one study of 219 episodes of
DKA among children and young adults, the mean fluid deficit
was 7.4%, as assessed by average post-treatment weight gain;35

fluid resuscitation strategies will be outlined in the next section.
Close attention must be made to both renal and cerebral function
with frequent neurological assessments being performed. The
recommended initial laboratory testing is outlined in Table 5. 

Fluid Volume
Much controversy has surrounded the issue of initial fluid

resuscitation in the treatment of DKA. Some studies have sug-
gested that patients given intravenous fluids rapidly or at high
volume were more likely to develop cerebral edema and brain
herniation.15,35,36 One of these studies, a retrospective series of 42
children with cerebral edema, determined that the rate of fluid
administration was inversely correlated with time to herniation
and that children who developed cerebral edema had higher rates
of intravenous fluids given within the first 4 hours of therapy
compared with those without this complication.15 However,
small studies such as this one simply may have identified initial

November 2004/Pediatric Emergency Medicine Reports 133

•   Bedside glucose determination 
•   Bedside and microscopic urinalysis
•   Arterial or venous blood gas measurement
•   Serum electrolytes, glucose, BUN, creatinine levels
•   Serum calcium and phosphorus levels
•   Complete blood count
•   Electrocardiogram

Key: BUN = blood urea nitrogen.

Table 5. Initial Laboratory and Diagnostic
Testing



fluid resuscitation as a marker for disease severity. That is, it is
probable that patients who are clinically more worrisome at ini-
tial presentation are more likely to develop cerebral edema; these
are the same patients likely to be treated aggressively with fluids. 

Results from a recent multicenter study seemed to decrease
the concern about initial fluid rate.16 Here, 61 children hospital-
ized with DKA and cerebral edema were matched with 174 chil-
dren who had not developed this complication. An attempt was
made to control for degree of illness by matching initial serum
glucose concentration and venous pH. In this retrospective study,
it was not possible to control for other factors reflecting illness
severity such as mental status or capillary refill time. Among the
risk factors not found to be associated with cerebral edema were
rates of infusion of intravenous fluids, sodium, or insulin, or rate
of decrease in serum glucose concentration. Because cerebral
edema is a relatively uncommon occurrence, a randomized trial
assessing different fluid strategies is impractical. Thus, it is like-
ly that this multicenter case-control study may provide the best
data from which clinicians can make management decisions.

The goals of fluid and sodium therapy in a child with DKA
are restoration of circulating volume, replacement of sodium and
intracellular and extracellular deficits of water, restoration of the
GFR with enhanced clearance of glucose and ketones from the
blood and avoidance of cerebral edema. Based on available data,
it seems prudent for ED physicians to assess each individual
patient’s hemodynamic status, appropriately fluid resuscitate
children who are severely dehydrated, and avoid overhydration.
Although rare, DKA complications such as thrombosis of the
femoral vein or cerebral venous sinus may occur secondary to
lack of adequate hydration.37

Children should be stratified by initial degree of illness. Doc-
umented weight loss, if available, will provide the most accurate
assessment of degree of dehydration, but that data must be used
with caution. Weights obtained 48 hours or more before admis-
sion may reflect weight loss secondary to fat/protein catabolism
rather than just water loss. Also, the weight estimate used for
fluid calculations should be an ideal body weight; this is particu-
larly important in obese children. Physical examination findings
are helpful in estimating fluid needs. Patients with mild to mod-
erate DKA typically have normal or near-normal mental status,
moderately elevated heart rate, normal blood pressure and 2-sec-
ond capillary refill time. These children should receive a 10-20
cc/kg bolus of normal saline (154 mEq/L). 

Those with more severe DKA include children who are som-
nolent or obtunded, with markedly elevated heart rate, Kussmaul
respirations, decreased or normal blood pressure, and prolonged
capillary refill time. These children will need an initial 20 cc/kg
bolus of normal saline. Note that for children who are 10%
dehydrated, this bolus replaces just one-fifth the total deficit. A
re-examination of each patient’s hydration status should be per-
formed and additional boluses in 10 cc/kg aliquots should be
repeated until the patient’s cardiovascular status is more stable.
Clinicians should disassociate the degree of acidosis from the

deficit volume; these children have a ketoacidosis, not a lactic
acidosis. 

Following correction of deficit volume, fluid management
should be directed at gradual correction of fluid volume loss 35,38

with several sources suggesting an intravenous fluid rate that
allows gradual correction during a 48-hour period.21,35,39 The
practice at our institution is to administer half the deficit volume
plus maintenance fluids during the next 16 hours and that same
volume during the subsequent 24-32 hours. In many cases, once
the ketosis has resolved, patients can successfully hydrate them-
selves orally and intravenous fluids may be discontinued. The
total fluid volume administered should be reassessed frequently,
and the fluid total rarely should exceed 1.5 to 2.0 times the usual
daily requirement based on age, weight, or body surface area.
Urinary losses should not be added to the calculation of replace-
ment fluids although, urinary output should be noted, and some
institutions advocate replacement of losses exceeding 3 cc/kg.21

The recently published consensus statement on DKA manage-
ment stated that there is no evidence to either support or oppose
a more rapid initial fluid replacement or replacement of urinary
losses.21

Oral fluid intake should be avoided in the initial hours of
care; the majority of oral fluids are hypotonic, and many children
will vomit, erasing gains made with intravenous hydration. This
overall rate of rehydration, of course, is considerably slower than
that used to correct hypovolemic shock due to other causes, but
is similar to the approach advocated for other hypertonic states
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CASE PRESENTATION:

10-year-old with heart rate=166 bpm, respiratory rate = 32,
blood pressure=90/60 mmHg. Patient is lethargic and has
delayed capillary refill.

•   Weight in ED: 30 kg
•   Estimated deficit: 10%
•   Arterial pH: 7.16 
•   Serum glucose: 700 mg/dL
•   Serum sodium: 127 mEq/L
•   Serum potassium: 5.2 mEq/L
•   Serum bicarbonate: 8 mEq/L

1. 900 cc normal saline (NS) in total fluid boluses
2. Remaining deficit:

3000 cc (deficit) minus 900 cc (bolus) = 2100 cc
3. Give one half of remaining deficit plus maintenance in first 

16 hours:
1050 cc plus 1260 cc = 2310 cc in 16 hr = 144 cc/hr

4. Fluid composition:
NS + 20 mEq/L KCL + 20 mEq/L KPO4

5. Consider replacement of urine losses > 3 cc/kg, cc for cc, 
with NS

Key: NS = normal saline.

Table 6. Fluid Management 
for a Hypothetical Patient



of dehydration. The initial management goals focus on improv-
ing, rather than normalizing, vital signs.

Fluid Composition
Hypertonic extracellular fluid leads to the production of intra-

cellular organic osmolytes by brain cells in an attempt to prevent
cellular dehydration.40 Studies have shown that rehydration with
hypotonic fluids leads to a shift of free water into brain cells and
cerebral edema.38,41,42 Investigators have found that a failure of
the serum sodium concentration to correct during DKA therapy
is associated with cerebral edema,16,35,36,43,44 and the management
strategy for a child with DKA should avoid rehydration with
large volumes of hypotonic solution. 

Serum sodium concentrations are frequently low in DKA.
Although free water intake and sodium losses via renal wasting
and emesis contribute to this state, serum sodium values are arti-
ficially lowered by the hyperosmolar state. Serum glucose shifts
intracellular water into the intravascular space, thereby creating a
dilutional hyponatremia. To obtain a corrected serum sodium
level, for each 100 mg/dL of serum glucose greater than 100
mg/dL, add 1.6 mEq/L to the measured value.

Fluid management for a hypothetical patient is provided in
Table 6. As discussed earlier, normal saline should be used for
initial fluid boluses. Following this, normal saline may be given
until the child is no longer requiring a continuous infusion of
insulin. For the typical patient, this point is reached about 12-16
hours after initial ED therapy. For more prolonged episodes of
DKA, switching to three-quarters or one-half normal saline after
12-16 hours generally will be adequate to provide for sodium
deficits as well as maintenance sodium needs, while avoiding
natriuresis. Glucose-containing solutions should be administered
when the serum glucose approaches 300 mg/dL and the serum
glucose level frequently corrects before the serum pH level does. 

Hypokalemia and hypophosphatemia are common and pre-
ventable complications of DKA. Acidosis exacerbates the renal
wasting of electrolytes including potassium; excretion of ketones
at the renal tubule obligates further caution and water loss. Also,
dehydration activates the renin-angiotensin-aldosterone system
promoting urinary potassium loss in exchange for sodium and
water. It is easy for ED physicians to be misled; despite total
body depletion, serum potassium levels may be normal or even
elevated. Correction of acidosis shifts potassium intracellularly,

causing an abrupt decline in serum potassium concentration. For
these reasons, potassium should be administered, in equal
amounts of potassium chloride and potassium phosphate, soon
after resuscitation fluids have been given. The concentration of
potassium that is administered should be based on the initial
serum potassium value. (See Table 7.) One word of caution: A
severely dehydrated child may have acute renal failure; it’s best
not to begin potassium administration until after the child has
urinated. Also, an electrocardiogram should be obtained to moni-
tor for dysrhythmias that might arise due to acidosis or metabolic
derangements. 

Bicarbonate Therapy
Traditionally, bicarbonate therapy has been recommended to

hasten correction of the metabolic acidosis for children with an
initial arterial pH of less than 7.1.1,45-47 However, the results of
the multicenter study discussed previously question this
approach.16 In that study, patients treated with bicarbonate were
more than four times more likely to develop cerebral edema
compared with patients in a matched control group.16 The num-
bers of children treated with intravenous boluses of bicarbonate
vs. continuous infusions were too small to compare these strate-
gies with sufficient power; these patients were grouped together
in the analysis. The authors concluded, “treatment with bicar-
bonate is associated with an increased risk of cerebral edema and
should be avoided in most circumstances.”16

Administration of bicarbonate increases the risk of
hypokalemia by reversing acidosis and driving potassium intra-
cellularly. In one study, use of bicarbonate did not improve clini-
cal outcomes in children hospitalized with severe DKA.48 This
was true even when the initial degree of acidosis was controlled
in a multivariate analysis. Similarly, controlled trials in adults
have failed to demonstrate a benefit to the use of bicarbon-
ate.45,48,49 Finally, the use of bicarbonate may be associated with
worsening central nervous system acidosis; CO

2
is formed and

crosses the blood-brain barrier.1,45,46

Insulin
Currently, there are few data comparing different dosing regi-

mens of insulin. A priming bolus of intravenous insulin at the
initiation of insulin therapy is metabolized within minutes and
not proven to be of any benefit. A continuous infusion of Regular
insulin at 0.1 units/kg/hour should be started as soon as possible,
based on actual body weight. If intravenous access cannot be
obtained, then insulin may be given as an intramuscular bolus.
The insulin therapy should be titrated with the treatment goals to
lower the serum glucose by 100 mg/dL/hour and to correct the
base deficit. A common mistake is for clinicians to slow or dis-
continue the insulin infusion as the serum glucose approaches
300 mg/dL. The serum glucose level frequently corrects before
the serum pH does. If the patient remains acidotic, then insulin
must be continued. To avoid hypoglycemia, glucose should be
administered as the serum glucose approaches 300 mg/dL.
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INITIAL SERUM INITIAL AMOUNT OF 
POTASSIUM POTASSIUM PROVIDED
CONCENTRATION

< 4.0 mEq/L 30 mEq/L KCL, 30 mEq/L KPO4

4.0-6.0 mEq/L 20 mEq/L KCL, 20 mEq/L KPO4

> 6.0 mEq/L 10 mEq/L KCL, 10 mEq/L KPO4

Key: KCL = potassium chloride; KPO4 = potassium phosphate.

Table 7. Potassium Replacement Therapy



Two-Bag System for Fluid and Electrolyte
Administration

Previously, Grimberg and colleagues reported on the use of a
two-bag system to administer fluids and electrolytes.50 This
method consists of two bags of identical electrolyte content but
different dextrose concentrations (0% and 10%). Each bag is
hung by the patient’s bedside, and the rate of administration of

each bag determines the amount of glucose administered, thus,
allowing a fine control of serum glucose levels while insulin is
given continuously. Prior to implementing this system, it was
necessary for our pharmacist to prepare new bags with ever-
higher glucose concentrations to prevent insulin-induced hypo-
glycemia. The new method allows for a quicker response to
declining serum glucose levels.50

Monitoring
Children with DKA potentially are unstable and frequent

clinical monitoring of vital signs and mental status should be
performed. (See Table 8.) The child’s fluid intake and output
should be obtained on an hourly basis, and consideration should
be given to placement of a Foley catheter. For moderately to
severely ill children, serum glucose levels should be obtained
hourly, and serum electrolytes, arterial or venous pH, blood urea
nitrogen and creatinine levels every two to four hours. Calcium
and phosphorus levels may be monitored every six hours in the
initial stages of patient management. An arterial blood gas meas-
urement more accurately reflects the patient’s acid base status
and may be considered in children with moderate to severe
DKA. Two intravenous lines may be beneficial with one line
used to administer fluids and insulin and the other used for
obtaining samples for laboratory tests. Documentation of clinical
and laboratory data on a flow sheet is very helpful for identifying
trends and should include the amounts of fluids given and insulin
administered, urine output, serial laboratory test results, and
response to therapy. 

Management of Cerebral Edema
The treatment of symptomatic cerebral edema should be start-

ed as soon as the condition is suspected. (See Table 9.) Following
stabilization of airway, breathing, and circulation, intravenous
fluid rates should be decreased, and patients should be treated
promptly with mannitol.21 Hypertonic 3% saline may be consid-
ered as an alternative to mannitol.21 Children with symptomatic
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•   Hourly vital signs (heart rate, respiratory rate, and BP)
•   Hourly or more frequent neurologic observations for 

warning signs and symptoms of cerebral edema 
•   Accurate hourly fluid input and output
•   Consider cardiac monitoring (mandatory for moderate to 

severe DKA)
•   Laboratory tests

- Hourly pH 
- Every 2-4 hours: electrolytes, urea, hematocrit, blood 

glucose, and blood gases 

Adapted from: Dunger DB, et al. European Society for Paedi-
atric Endocrinology/Lawson Wilkins Pediatric Endocrine Soci-
ety consensus statement on diabetic ketoacidosis in children
and adolescents. Pediatrics 2004;113:3113-e140.

Table 8. Monitoring of the Child with DKAFigure 2. Patient with DKA and Cerebral
Edema

Figures 2a and 2b. Two images from a CT scan of a child with
new-onset DM and DKA showing massive cerebral edema
with early tonsillar herniation.

Images courtesy of Ann Dietrich, MD.

2a

2b



cerebral edema may require tracheal intubation and mechanical
ventilation although aggressive hyperventilation was associated
with detrimental outcomes in one retrospective series of children
with DKA-related cerebral edema.21 Once the child is more sta-
ble, a head CT scan (See Figure 2) should be obtained to assess
for other causes of any abrupt change in mental status such as
venous sinus thrombosis. 

Disposition
A child with DKA may need to be hospitalized in an inten-

sive care unit where he can be monitored closely if he has any of
the following risk factors: age younger than 5 years, severe aci-
dosis, compromised circulation, or depressed level of conscious-
ness. Other high-risk patients include those with a serum glucose
greater than 600 mg/dL, hypernatremia, or hypokalemia. The
management of a child with DKA is labor-intensive and is most
easily accomplished in a setting with low patient-to-nurse ratios.
In addition to an intensive care unit, a unit on the general ward
with nurses having expertise in the care of children with DKA
also would be acceptable. 

Summary
DKA is a common and serious complication of DM. Sympto-

matic cerebral edema with brain herniation remains the most
feared complication of DKA and is associated with a high mor-
tality. ED physicians need to be aware of current management
strategies and potential complications. Patient management
should be designed to correct dehydration, acidosis, and meta-
bolic derangements while minimizing adverse outcomes.
Although a number of controversies in the management of chil-
dren with DKA remain, newer information has helped to guide
therapeutic approaches.16,21 However, more research is needed to
delineate the optimal fluid therapy to ensure the best possible
outcomes for children with DKA.
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ABCs
•   Address airway concerns immediately
•   If child requires intubation, avoid aggressive 

hyperventilation
•   Decrease the rate of intravenous fluid administration

•   Consider mannitol therapy:
- 0.25 – 1.0 g/kg over 20 minutes
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•   Hypertonic saline (3%) may be considered as an alternative 
to mannitol.

- 5-10 mL/kg during a 30-minute period

Table 9. Treatment of DKA-associated 
Cerebral Edema
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CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports

are to help physicians:
a.) Quickly recognize or increase index of suspicion for specific

conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with the
entity discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.

CME Instructions
Physicians participate in this continuing medical education pro-

gram by reading the article, using the provided references for fur-
ther research, and studying the questions at the end of the article.
Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to test their
knowledge. 

To clarify confusion surrounding any questions answered incor-
rectly, please consult the source material. After completing this
activity, you must complete the evaluation form that will be pro-
vided at the end of the semester and return it in the reply envelope
provided to receive a certificate of completion. When your evalua-
tion is received, a certificate will be mailed to you.



diabetic ketoacidosis. Ann Intern Med 1986;105:836-840.

50. Grimberg A, Cerri RW, Satin-Smith M, et al. The “two bag system”

for variable intravenous dextrose and fluid administration: Benefits in

diabetic ketoacidosis management. J Pediatr 1999;134:376-378.

Physician CME Questions

101. Which of the following statements regarding the etiology of DM is

correct?

A. The incidence of Type 2 DM in children is decreasing.

B. Type 1 DM is an autosomal recessive disorder.

C The majority of cases of Type 1 DM are due to autoimmune

destruction of beta cells.

D. Environmental triggers have not been implicated in Type 1 DM.

E. The presence of DKA precludes the diagnosis of Type 2 DM.

102. Which of the following statements regarding the metabolic abnormal-

ities of DKA is true?

A. Counter-regulatory hormones play an important role in DKA.

B. Acidosis primarily is due to free fatty acids and lactate.

C. Activation of the renin-angiotensin-aldosterone system 

contributes to hyponatremia.

D. Hyperglycemia causes a dilutional hypokalemia.

E. If hyperkalemia is found, total body potassium depletion is not

present.

103. Which of the following statements regarding DKA is correct?

A. Patients should report to the ED immediately, upon initiating

sick-day rules.

B. DKA does not occur with insulin pump use.

C. Deliberate insulin omission is a rare explanation for recurrent

DKA.

D. Psychopathology is a risk factor for recurrent DKA.

E. Ketones are not found in the presence of normal or low blood

glucose.

104. Of the following clinical findings associated with DKA, which is the

most common?

A. Fever

B. Abdominal pain

C. Dehydration

D. Hypotension

E. Vomiting

105. Which of the following are potential complications associated with

DKA?

A. Cerebral edema

B. Dysrhythmia

C. Vascular thrombosis

D. Hyponatremia

E. All of the above
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106. Which of the following statements regarding the initial resuscitation

of a child with DKA is true?

A. Insulin boluses have been proven to be of clinical benefit.

B. To replace fluid deficits, 60 cc/kg of normal saline should be

given in the first hour.

C. The use of hypotonic fluids should be avoided.

D. Potassium boluses are recommended to correct for potassium

depletion.

E. For serum glucose levels greater than 500 mg/dL, insulin should

be administered at twice the standard rate.

107. Which of the following conditions would produce the greatest risk for

developing cerebral edema in a 10-year-old child with DKA?

A. An initial pH of 7.10, treated with a bicarbonate bolus

B. An initial pH of 7.10, not treated with a bicarbonate bolus

C. An initial pH of 7.25, treated with a bicarbonate bolus

D. An initial pH of 7.25, not treated with a bicarbonate bolus

E. An initial pH of 7.10, treated with an insulin bolus 

108. For children with DKA, which criterion should be considered an

absolute indication for admission to an intensive care unit?

A. Age 5 years or younger

B. Serum glucose greater than 600 mg/dL

C. Serum pH less than 7.10

D. Serum sodium less than 132 mEq/L

E. Obtundation

109. In a 5-year-old child with DKA, which of the following clinical 

findings would not be highly suggestive of cerebral edema?

A. A pulse of 68 bpm

B. An irregular respiratory rate

C. Unresponsiveness

D. A 3-second capillary refill

E. Headache

110. In a child presenting with shock, which of the following clinical 

features suggests DKA?

A. Fever and vomiting

B. Polyuria 

C. Vomiting and ketonuria

D. Diarrhea and ketonuria

E. A new murmur

Answer Key:

140 November 2004/Pediatric Emergency Medicine Reports

In Future Issues: Cardiac Disorders

EEMM  RReeppoorrttss’’  SSttuuddyy  GGuuiiddee  ffoorr
tthhee  EEmmeerrggeennccyy  PPhhyyssiicciiaann  

SSeellff--AAsssseessssmmeenntt  EExxaamm

This convenient, all-in-one resource
includes the full text of all 20 ABEM-

designated articles for the 2005 Lifelong
Learning and Self-Assessment (LLSA)
exam. This useful book saves you from
searching multiple web sites and journals.
We’ve also added several features to help
streamline your study time. You’ll benefit
from:

Key study points — emphasize
important concepts to help you easily
remember key information.

Important  passages  h ighl ighted
— you’ll be able to quickly focus on
essential concepts from each article.

Easy to handle study guide 
f o rm a t — designed with spiral 
binding so you can easily lay it flat for
studying. An all-in-one book that’s 
portable.

Earn up to 20 AMA/ACEP cred i t
h o u r s — earn valuable Category 1
CME credits while you read.

ONLY $199 — a better price
than other study guides ,  

p lus  enhanced s tudy feature s !

Call now, 1-800-688-2421 
or 404-262-5476

(please refer to discount code 83201).

New edition of a bestseller!

200+ pages, #S04170

101. C
102. A 
103. D
104. C 
105. E

106. C
107. A 
108. E 
109. D
110. B



Diabetic
Ketoacidosis

RAPID ACCESS MANAGEMENT GUIDELINES

ReportsEmergency 
Medicine

The Practical Journal of Pediatric Emergency Medicine



PEDIATRIC

Exclusive to our subscribers

Pathophysiology of DKA

Causes of Morbidity and Mortality  
with Diabetes Mellitus

Risk Factors for Cerebral Edema

Complications from DKA 
and Its Therapy

Key: FAO = fatty acid oxidation; GH = growth hormone;
Epi=epinephrine.

•   Diabetic ketoacidosis
•   CNS complications

-   Cerebral edema
-   Hematoma
-   Thrombosis

•   Hypokalemia
•   Hyperkalemia
•   Hypoglycemia
•   Sepsis
•   Infections
•   Pulmonary complications

-   Aspiration
-   Pulmonary edema
-   ARDS
-   Pneumomediastinum

•   Subcutaneous emphysema
•   Rhabdomyolysis

Key: CNS = central nervous system; ARDS = adult 
respiratory distress syndrome.

•  Cerebral edema •  Dysrhythmia
•  Hypovolemic shock •  Vascular thrombosis
•  Central nervous system infarction •  Pulmonary edema
•  Acute renal failure •  Bowel ischemia
•  Pancreatitis •  Hypoglycemia
•  Rhabdomyolysis •  Hypomagnesemia 
•  Hyperkalemia •  Hypokalemia
•  Hypophosphatemia •  Hypocalcemia
•  Hyponatremia •  Hypernatremia 

•   New-onset Type 1 diabetes mellitus
•   Younger age
•   Longer duration of symptoms
•   Attenuated rise in serum sodium level during therapy
•   Severity of acidosis 
•   Greater hypocapnia
•   Elevated serum urea nitrogen level

Clinical Signs that Reflect 
the Development of Increased ICP

•   Headache
•   Vomiting
•   Change in neurologic status

-   Depressed mental status
-   Restlessness
-   Incontinence

•   Specific neurologic signs
-   Cranial nerve palsies
-   Pupillary response

•   Bradycardia
•   Irregular respirations

Key: ICP=intracranial pressure.

Initial Laboratory and Diagnostic 
Testing

•   Bedside glucose determination 
•   Bedside and microscopic urinalysis
•   Arterial or venous blood gas measurement
•   Serum electrolytes, glucose, BUN, creatinine levels
•   Serum calcium and phosphorus levels
•   Complete blood count
•   Electrocardiogram

Key: BUN = blood urea nitrogen.

Potassium Replacement Therapy

INITIAL SERUM INITIAL AMOUNT OF 
POTASSIUM POTASSIUM PROVIDED
CONCENTRATION

< 4.0 mEq/L 30 mEq/L KCL, 30 mEq/L KPO4
4.0-6.0 mEq/L 20 mEq/L KCL, 20 mEq/L KPO4
> 6.0 mEq/L 10 mEq/L KCL, 10 mEq/L KPO4

Key: KCL = potassium chloride; KPO4 = potassium phosphate.
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Patient with DKA and Cerebral Edema
Treatment of DKA-associated 
Cerebral Edema

Monitoring of the Child with DKA

Figures a and b. Two images from a CT scan of a child with
new-onset DM and DKA showing massive cerebral edema
with early tonsillar herniation.

Images courtesy of Ann Dietrich, MD.

a

b

•   Hourly vital signs (heart rate, respiratory rate, and BP)
•   Hourly or more frequent neurologic observations for 

warning signs and symptoms of cerebral edema 
•   Accurate hourly fluid input and output
•   Consider cardiac monitoring (mandatory for moderate to 

severe DKA)
•   Laboratory tests

- Hourly pH 
- Every 2-4 hours: electrolytes, urea, hematocrit, blood 

glucose, and blood gases 

Adapted from: Dunger DB, et al. European Society for
Paediatric Endocrinology/Lawson Wilkins Pediatric Endocrine
Society consensus statement on diabetic ketoacidosis in chil-
dren and adolescents. Pediatrics 2004;113:3113-e140.

ABCs
•   Address airway concerns immediately
•   If child requires intubation, avoid aggressive 

hyperventilation
•   Decrease the rate of intravenous fluid administration

•   Consider mannitol therapy:
- 0.25 – 1.0 g/kg over 20 minutes
- Consider repeating in 2 hours if no response.

•   Hypertonic saline (3%) may be considered as an alternative
to mannitol.
- 5-10 mL/kg during a 30-minute period

Fluid Management for a Hypothetical 
Patient

CASE PRESENTATION:

10-year-old with heart rate=166 bpm, respiratory rate = 32,
blood pressure=90/60 mmHg. Patient is lethargic and has
delayed capillary refill.

•   Weight in ED: 30 kg
•   Estimated deficit: 10%
•   Arterial pH: 7.16 
•   Serum glucose: 700 mg/dL
•   Serum sodium: 127 mEq/L
•   Serum potassium: 5.2 mEq/L
•   Serum bicarbonate: 8 mEq/L

1. 900 cc normal saline (NS) in total fluid boluses
2. Remaining deficit:

3000 cc (deficit) minus 900 cc (bolus) = 2100 cc
3. Give one half of remaining deficit plus maintenance in first

16 hours:
1050 cc plus 1260 cc = 2310 cc in 16 hr = 144 cc/hr

4. Fluid composition:
NS + 20 mEq/L KCL + 20 mEq/L KPO4

5. Consider replacement of urine losses > 3 cc/kg, cc for cc, 
with NS

Key: NS = normal saline.


