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Everyday Practice

Diabetic ketoacidosis in children
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ABSTRACT
Diabetic ketoacidosis (DKA) is a life-threatening
complication of diabetes mellitus (DM). The frequency of
DKA at the onset of DM correlates inversely with the
incidence of type 1 DM and is more common in young
children, children without a first degree relative with type
1 DM and individuals whose families are from a lower
socioeconomic status. The mortality rate for DKA in
children is 0.15%–0.3%. A high index of suspicion with
timely administration of appropriate intravenous fluids,
rational use of sodium bicarbonate, continuous rather than
bolus insulin infusion and monitoring in an intensive care
unit are associated with a better outcome.
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INTRODUCTION
Diabetic ketoacidosis (DKA) is the most common and serious
metabolic disturbance leading to hospitalization of children
with diabetes mellitus (DM). The annual incidence of DKA
among children with type I DM is 1%–5%1 in western series
and accounts for 8%–28%2 of all primary admissions for DM
to a hospital. DKA occurs in 20%–40% of children with known
DM who omit insulin doses or who are not managed
appropriately during an intercurrent illness. Of the 23 527
admissions to the Kanchi Kamakoti CHILDS Trust Hospital, a
private tertiary care hospital, during the period January 2003 to
December 2004, DKA accounted for 1 in every 1000 admissions.
Of the 23 children with DKA, 10 presented with shock. DKA
was the initial presentation of type 1 DM in 12 of these children
(52%). All the children were managed with appropriate fluid
therapy and insulin; none of them received sodium bicarbonate
and there was no death. On follow up, all of them are doing
well. In a similar analysis of children with DKA from
Chandigarh, Jayashree et al. reported DKA as the initial
presentation of type I DM in 46 of 68 children (67%) with a
mortality rate of 13.2%.3 A delay in the diagnosis or in starting
appropriate therapy increases the morbidity and mortality,
with cerebral oedema accounting for 57%–87% of all deaths
due to DKA.4 However, with appropriate treatment, death due
to DKA can be minimized. This article outlines the management
of DKA in children.

DEFINITION
DKA is a life-threatening condition caused by a decrease in
effective circulating insulin associated with an increase in
counter-regulatory hormones (glucagon, catecholamines,
cortisol and growth hormone), leading to hyperglycaemia,
hyperosmolarity, increased lipolysis, ketonaemia and metabolic
acidosis. The biochemical criteria for the diagnosis of DKA are
hyperglycaemia (blood sugar >200 mg/dl) and acidosis (venous
pH <7.3 or plasma bicarbonate <15 mmol/L). Glycosuria,
ketonaemia and ketonuria are associated features.5 DKA may
be classified as mild, moderate and severe (Table I).6,7
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TABLE I. Classification of diabetic ketoacidosis

Parameter Mild Moderate Severe

Venous pH 7.35–7.25 7.25–7.15 <7.15

Plasma <15 <10 <5
bicarbonate
level (mEq/L)

Clinical Oriented, Oriented, Depressed
alert, fatigue sleepy but sensorium to coma,

arousable, Kussmaul breathing
Kussmaul or depressed
breathing respiration 

Note: Patients with severe hypernatraemia (corrected sodium >150 mEq/L) are also
classified as having severe diabetic ketoacidosis.

RISK FACTORS AND PATHOPHYSIOLOGY
The major precipitating factors for the development of DKA
are infections (most commonly viral fever, pneumonia and
urinary tract infections), omission of an insulin dose, failure to
increase the dose of insulin during an intercurrent illness, and
intake of drugs such as high dose glucocorticoids, atypical
antipsychotics and diazoxide. Underlying psychiatric disorders,
social factors such as difficult family circumstances and lack
of appropriate health insurance services are important risk
factors for recurrent DKA. The pathophysiology of DKA is
shown in Fig. 1.

CLINICAL FEATURES
The clinical features of DKA are polyuria, polydipsia and
nocturia (due to hyperglycaemia), hyperventilation and
abdominal pain (due to acidosis), dehydration (due to osmotic
diuresis), fruity odour of the breath (due to ketonaemia), fever
(due to an underlying infection) and altered mentation (due to
cerebral oedema).
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body weight.9 Increased blood urea and haematocrit values
may be useful markers of severe ECF contraction. Initial
intravenous fluid administration and, if needed, volume
expansion should begin immediately with isotonic solution
(0.9% normal saline or Ringer lactate) and the subsequent fluid
management with a solution that has a tonicity of 0.45% saline
or more. There are no data to support the use of colloids in
preference to crystalloids and of the use of solutions more
dilute than 0.45% sodium chloride.10

For children with DKA, the pre-existing volume deficit and
maintenance fluid requirements are calculated and the aggregate
amount is administered over 48 hours. For example, let us
assume a child who weighs 10 kg presents with severe DKA
and is not in shock. The fluid requirement over the first 48
hours can be calculated as the sum of pre-existing fluid deficit
and maintenance fluid requirements for 48 hours (100 ml/kg/
day × 2 days). Therefore, this child’s total fluid requirement is
1000 ml+2000 ml=3000 ml and this is given over 48 hours. The
fluid management protocol in DKA followed in our unit is
shown in Fig. 2.

FIG 1. Pathophysiology of diabetic ketoacidosis

Absolute or relative insulin deficiency
and

Counter-regulatory hormonal excess

Liver Peripheral tissue Adipose tissue

Increased Decreased Increased lipolysis
gluconeogenesis glucose with excess of

and glycogenolysis utilization free fatty acids

Osmotic diuresis Free fatty acids oxidized to
ketone bodies in the liver
resulting in ketonaemia

Volume depletion Dissociation of ketone bodies at
Loss of sodium, physiological pH and buffering of
potassium and resulting H+ ions by extra- and

magnesium intracellular buffers

Decreased alkali reserve

High anion gap metabolic acidosis

MANAGEMENT
In all children with DKA, samples should be sent for estimation
of blood sugar, complete blood count, serum electrolytes,
blood urea, serum creatinine, urine for sugar and ketones and
arterial/venous blood gas analysis. These children should also
be monitored for the parameters shown in Table II.

Fluids
The objectives of fluid and electrolyte management in DKA are:

1. to restore the circulating volume;
2. to improve the glomerular filtration rate which in turn enhances

the clearance of glucose and ketones from the blood;
3. to replace sodium and the extracellular and intracellular

deficit of water; and
4. to prevent cerebral oedema.

Volume contraction is a hallmark of DKA.8 At the time of
presentation, patients have contraction of the extracellular
fluid (ECF) and an estimated fluid deficit of 7%–10% of the

TABLE II. Monitoring of patients with diabetic ketoacidosis

Clinical features (to be monitored every hour)

Heart rate Urine output

Respiratory rate Headache

Blood pressure Vomiting

Capillary blood sugar Decreased SaO
2

Changes in neurological status (restlessness, irritability, drowsiness,
cranial nerve palsy, pupillary response)

Every 2–4 hours (depending on the clinical situation)

Blood sugar Urea

Arterial blood gas analysis Packed cell volume

Electrolytes Urine for ketones
FIG 2. Fluid management in diabetic ketoacidosis

Diabetic ketoacidosis

Mild Severe

• Treat as 5% dehydration
• Subcutaneous short-acting insulin

0.3 U/kg/dose every 8 hours
• Check blood glucose before every meal

Assess hydration (usually 10% dehydrated)

In shock Not in shock

Normal saline or Ringer Rehydration with normal
lactate bolus 10 ml/kg/hour saline (deficit correction+

start rehydration as in [maintenance fluid for 48
patients without shock hours] with added potassium

over 48 hours)

Reassess at the Commence insulin
end of 1 hour  0.1 U/kg/hour as

continuous infusion
till pH=7.30

One more bolus When blood glucose falls to
10 ml/kg, if necessary 250–300 mg/dl, add 5%

dextrose to the infusate and
if the corrected serum sodium

is normal, change the fluid
to 0.45% saline

Continue rehydration therapy
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Sodium

In DKA, there is pseudohyponatraemia because of the osmotic
effect of glucose and hypertriglyceridaemia.8 The corrected
serum sodium can be calculated by using the formula:

Corrected serum sodium = measured serum sodium+(1.6 [blood
glucose–100])

The corrected serum sodium level assists in estimating the
free water deficit. Values exceeding 150 mmol/L suggest the
presence of severe hypernatraemic dehydration and the need
for slower fluid replacement.

Potassium
DKA invariably causes severe potassium loss. Serum potassium
levels at the time of presentation may be normal, increased or
decreased. Even though the serum potassium level is normal or
high on admission, there is depletion of total body potassium.
Studies have shown that adults with DKA have a total body
potassium deficit of 3–6 mmol/kg, although the data in children
are sparse.5 Hypokalaemia at presentation can be due to prolonged
duration of the disease or persistent vomiting. Hypokalaemia
predisposes to cardiac arrhythmias. Electrocardiogram changes
due to hypokalaemia include flattening of the T wave, depressed
ST segment, widened QT interval and appearance of the U wave.
These changes serve as a useful guide even before serum
potassium levels are available. Potassium replacement should be
started immediately if the patient is hypokalaemic or else
simultaneously with insulin therapy. If the child has passed
urine and the ECG reveals no evidence of hyperkalaemia,
potassium replacement should be started at the rate of 20 mEq/
L of intravenous fluids till the serum potassium reports are
available. If the ECG suggests hypokalaemia, a higher potassium
replacement rate (60 mEq/L) should be used. We administer
intravenous fluids with a potassium content of 40, 30 and 20
mEq/L, if the serum potassium levels are <3.5, 3.5–4.5 and 4.5–
5.5 mEq/L, respectively; postassium-free fluids are used if the
serum potassium level is >5.5 mEq/L.

Phosphate
DKA is associated with depletion of intracellular phosphate as
a result of osmotic diuresis. Adults with DKA have a phosphate
deficit of 0.5–2.5 mmol/kg. Similar data in children are not
available. Phosphate helps in the formation of erythrocyte 2,3
diphosphoglycerate, which shifts the oxygen–haemoglobin
dissociation curve to the right. Hence, phosphate depletion
may be expected to shift this curve to the left, thus decreasing
oxygen delivery to the tissues at a given partial pressure of
oxygen. However, this effect is offset by acidosis, which shifts
the dissociation curve to the right. Prospective studies have
failed to show significant clinical benefit with phosphate
replacement.1 If phosphate replacement is at all considered,
half of the potassium replacement may be given as potassium
phosphate therapy. This carries a risk of hypocalcaemia, and
needs meticulous serum calcium monitoring. Since such
monitoring is not available in many centres in India and the
benefit is unproven, phosphate replacement is better avoided.

Bicarbonate

Serum bicarbonate is always low in DKA. Administration of
insulin stops further ketoacid synthesis and allows the
accumulated ketoacids to get metabolized. In DKA, there is an
increased anion gap and the major anions are acetoacetic acid

and beta-hydroxybutyric acid. The anion gap is calculated as

Anion gap=Na+–[Cl– + HCO
3

–] (normal value 12±2 mmol/L)

Hydration with fluids improves the tissue perfusion and
leads to excretion of organic acids. The role of bicarbonate
administration in the treatment of DKA is controversial because
of its side-effects such as paradoxical central nervous system
acidosis, hypokalaemia, increased sodium load and tonicity,
enhanced production of ketones by the liver; these slow down
recovery from ketosis and precipitate cerebral oedema. The
indications for bicarbonate administration in children with
DKA include: presence of severe acidosis (arterial pH <6.9),
potentially life-threatening hyperkalaemia or cardiopulmonary
compromise.1

HCO
3

– required in mmol/L=0.3 × weight in kg × base deficit

Half of the calculated deficit (to be diluted 1:1 in sterile
water) should be infused slowly over 4 hours and the acid–base
status reassessed. Bolus doses should not be used as these may
precipitate cardiac arrhythmias.

Insulin
Insulin infusion should be started once rehydration and K+

replacement have been started. To prepare the insulin infusion,
a syringe infusion pump, regular insulin and normal saline are
required. The 24-hour insulin requirement (0.1 U/kg/hour) is
calculated and an amount double this estimate is dissolved in
50 ml of normal saline. Half of this volume is flushed out to
allow insulin to bind to the plastic tubing. The remaining 25 ml
of the solution is infused at 1 ml per hour. Bolus insulin is not
recommended. A steady plasma insulin level of 100–200 µU/
ml is reached within 1 hour of starting the infusion,10 and
offsets the insulin resistance and inhibits lipolysis and
ketogenesis.11 The aim of insulin treatment is to achieve a
blood glucose level of 100 mg/dl.

When the blood glucose falls below 300 mg/dl, the
intravenous fluid should be changed to 0.45% sodium chloride.1

The rates of infusion of insulin and intravenous fluids should
be adjusted to maintain the blood glucose between 100 and 200
mg/dl. When the child is alert and metabolically stable, the
blood pH >7.3 and the plasma bicarbonate level >15, insulin
infusion may be stopped and the patient switched over to
subcutaneous insulin. Regular insulin (0.2–0.4 U/kg) should
be administered subcutaneously 1 hour before stopping the
intravenous insulin infusion. Thereafter, subcutaneous insulin
may be given three times a day, before each meal, its dose being
titrated by the blood sugar levels half an hour before each meal.
Once the blood sugar stabilizes and the child is able to take and
retain feeds twice daily, mixed insulin therapy can be started.

THERAPY-RELATED COMPLICATIONS
Cerebral oedema
Cerebral oedema accounts for 57%–87% of all DKA deaths and
typically occurs 4–12 hours after treatment is started. It may be
present even before treatment has begun or at any time during
treatment.5 Its pathogenesis centres around enzymatically
generated ‘idiogenic osmoles’ (myoinositol, taurine) in the
brain cells during the phase of hypertonicity to guard against
intracellular dehydration and shrinkage. Dissipation of these
osmoles takes time and a rapid decrease in extracellular osmolarity
during this period allows the ECF to be drawn into the intracellular
compartment, leading to cerebral oedema. Other mechanisms
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proposed for its pathogenesis include cerebral ischaemia/hypoxia,
generation of inflammatory mediators, and disruption of cell
membrane ion transport and aquaporin channels. The clinical
features of cerebral oedema are vomiting, headache, drop in
saturation, restlessness, irritability, drowsiness, incontinence,
abnormal pupillary response, lethargy, fluctuating level of
consciousness, decorticate or decerebrate posture, cranial nerve
palsies (of cranial nerves III, IV and VI), sustained heart rate
deceleration, diastolic blood pressure >90 mmHg and abnormal
respiratory pattern (Cheyne–Stoke breathing, grunting).
Treatment of cerebral oedema should begin as soon as it is
suspected. The therapeutic measures include reducing the rate of
fluid administration and giving intravenous mannitol 0.25–1 g/
kg over 20 minutes; the latter can be repeated in 2 hours if there
is no response. However, there are no definitive data supporting
the beneficial effect of mannitol.12 Hypertonic saline (3%) in a
dose of 5–10 ml/kg infused over 30 minutes is an alternative to
mannitol. Intubation and mechanical ventilation should be
resorted to if there is impending respiratory failure. Studies have
shown that aggressive hyperventilation is associated with a poor
outcome. There are no data supporting the use of glucocorticoids
in DKA-related cerebral oedema.5

Hypoglycaemia
Hypoglycaemia as a therapy-related complication has been
detected in 25% of patients treated with high doses of insulin,13

and is more likely to occur in malnourished children. It can be
prevented by hourly monitoring of blood glucose, followed by
early introduction of a dextrose-containing solution and
reduction in the rate of insulin infusion when the blood glucose
level reaches 300 mg/dl.

Hypokalaemia

Hypokalaemia has been reported in 4%–10% of patients with
DKA who are treated with low dose continuous insulin
infusion.14 This complication needs to be anticipated and
aggressively treated.

Acute respiratory distress syndrome

This is a non-cardiogenic pulmonary oedema caused by
reduction in colloid osmotic pressure in the pulmonary
capillaries, because of exclusive crystalloid replacement.15

This can be avoided by judicious fluid replacement according
to the calculated deficits and use of colloids to treat hypotension
refractory to crystalloid replacement.16

CONCLUSION
DKA occurs frequently in children who have DM, and is often
diagnosed at the time of presentation. Hence, more efforts are
needed to recognize diabetes of recent onset to prevent DKA.
Timely referral of children with symptoms of DM, surveillance
with frequent monitoring of blood sugar and urinary ketones,
supplemental insulin during an intercurrent illness, strict
adherence to treatment and family education are some of the
methods of preventing DKA.
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• DKA is a life-threatening medical emergency and can be fatal.

• Intravenous rehydration=(volume deficit)+(maintenance for 2 days), to be
given evenly over 48 hours.

• Fluid boluses are recommended only for patients in shock.

• Use of bicarbonate should be avoided, except when the arterial pH is <6.9.

• Potassium replacement should begin with rehydration therapy and should
continue throughout intravenous fluid therapy.
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