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Abstract: 

Diabetic ketoacidosis (DKA) is one of the most important emergencies in paediatric population.  Children with 

diabetic ketoacidosis do not present clinically with the typical manifestations of polydipsia, polyurea, polyphagia, 

confusion, abdominal pain, vomiting, and dyspnoea adults. Therefore, a high index of suspicion should be there for 

appropriate timely diagnosis and management of this condition among paediatric age group. The most common risk 

factors for paediatric ketoacidosis are infection, incompliance with insulin regimen, and psychological stress. 

Though the most important laboratory tests for diagnosis of DKA in children are the blood glucose level and 

arterial blood gases, many other lab tests can help confirmation of the diagnosis, predicting the outcome, and 

monitoring of treatment. The mainstay treatment lines are insulin therapy and correction of hypovolemia. 

Electrolyte imbalance and cardiac monitoring are fundamental during the management plan, This article will 

discuss the epidemiology, aetiology, risk factors, pathophysiology, clinical presentation, diagnosis, and management 

of diabetic ketoacidosis in paediatric population.  
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INTRODUCTION 

Diabetic ketoacidosis (DKA) is one of the most 

important emergencies in paediatric population. It is a 

metabolic derangement characterized by a triad of 

hyperglycaemia, acidosis, and ketone body formation 

[1]. In general, diabetic ketoacidosis results from 

insulin deficiency (either relatively or absolutely) in 

patients with type 1 or type 2 diabetes [2]. In 

paediatrics, type 1 diabetes (or insulin dependent 

diabetes mellitus (IDDM)) is more prevalent, and 

more commonly associated with diabetic ketoacidosis 

[3]. DKA can be the presenting manifestation of 

IDDM in paediatric age group or can occur during 

the course of the disease. 

 

This article will review and discuss the epidemiology, 

aetiology, risk factors, pathophysiology, clinical 

presentation, diagnosis, and management of diabetic 

ketoacidosis in paediatric population.  

 

EPIDEMIOLOGY OF DKA AMONG 

PEDIATRIC POPULATION 

The exact prevalence of diabetic ketoacidosis is not 

exactly known. However, it is estimated to occur in 

around 4 to 8 cases per 1000 patients with diabetes 

mellitus [4]. In children, around 25% of patients with 

insulin-dependent diabetes mellitus present with 

diabetic ketoacidosis [5]. Diabetic ketoacidosis was 

reported to be more prevalent among white children 

[6]. 

 

ETIOLOGY AND RISK FACTORS FOR DKA 

IN PEDIATRIC POPULATION 

Diabetic ketoacidosis is caused by relative or 

absolute deficiency of insulin among patients with 

diabetes mellitus. It can be the presenting 

manifestation in up to one fourth of cases with type 1 

diabetes mellitus or it can occur during the course of 

the disease due to certain risk factors that increase 

insulin demand [3]. The main risk factors of diabetic 

ketoacidosis are infection, poor compliance with 

insulin therapy regimen, inaccurate insulin doses or 

physical exercise, psychological stress, eating 

disorders, and substance use [7]. 

 

1. Infection 

Infection remains the most common and the most 

important risk factor for development of ketoacidosis 

in paediatric age group1. Therefore, meticulous 

investigation for the presence of infection is 

fundamental in all cases of diabetic ketoacidosis in 

children. When infection is suspected, empirical 

antibiotics should stat immediately until the results of 

culture and sensitivity appear [7]. 

 

 

2. Poor compliance with insulin therapy 

regimens 

Poor compliance with insulin therapy regimens is the 

second most common cause of development of 

diabetic ketoacidosis in paediatric ketoacidosis. 

Changes in either the frequency or the doses of 

insulin doses may lead to diabetic ketoacidosis8. 

Insufficient, missed, or less frequent doses if insulin 

will result in inability of the body tissues to utilize 

glucose and trigger the utilization of fat as a source of 

energy leading to ketosis and acidosis9. The most 

common causes of poor compliance with insulin 

therapy are frequent change in lifestyles, frequent 

travels, and poor family support. 

 

3. Diet and exercise 

Insulin therapy necessitates tight adjustment of daily 

life activities particularly diet and exercise. Children 

with type 1 diabetes mellitus must stick to a well-

organized diet schedule in which insulin doses and 

meal time and size are accurately calculated. Insulin 

does should be followed with appropriately-sized 

meal to avoid hypoglycaemia [10]. Insulin 

underdosage, oversized meal, or inadequate physical 

activity in correlation with the insulin may result in 

hyperglycaemia, insensitivity to circulating glucose, 

and ketoacidosis as it will be detailed in the section of 

pathophysiology [11].  

 

4. Psychological stresses and eating disorders 

Insulin is directly correlated to psychological stress. 

Stressed patients often have a decompensated 

metabolism and excessive release of stress hormones. 

It is well-established that stress hormones are 

essential for the manifestation s of ketoacidosis to 

occur [12]. Eating disorders also increase the risk for 

ketoacidosis. Children with certain eating diorders 

consume large amounts of meals that require 

hypersecretion of insulin [13], and in cases of type 1 

diabetes, the relative or absolute absence of insulin in 

these situations will fail to reduce the blood glucose 

levels following meals resulting in hyperglycaemia, 

acidosis, and ketone body formation. 

 

5. Other risk factors: 

Other less common risk factors for ketoacidosis 

include substance abuse and endocrinological 

changes during adolescence [7]. 

 

PATHOPHYSIOLOGY OF DKA IN 

PEDIATRIC POPULATION 

Diabetic ketoacidosis results from a complex 

pathophysiological process of several elements 

including hyperglycaemia, glucosuria, dehydration, 

hypokalaemia, acidosis, and ketosis. The provoking 

and key element for triggering the body metabolism 
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towards ketoacidosis is insulin deficiency [14]. In 

state of severe insulin deficiency, body tissues can 

not utilize glucose in spite of hyperglycaemia. The 

limited tissue capacity to uptake glucose stimulates 

glucagon to increase the process of gluconeogenesis 

and glycogenolysis [15]. This will lead to further 

increase in blood glucose level, but the tissues are 

insensitive to it. Such hyperglycaemia will result in 

serum hyperosmolarity, glucosuria, osmotic diuresis, 

excessive free water loss, dehydration, and 

substantial prerenal shut down [16]. 

 

When body tissues fail to utilize glucose, fat will be 

the subsequent source of energy production for these 

tissues. The vast majority of body fats are stored in 

the adipose tissue in the form of triglycerides. In 

insulin deficiency states, excess glucagon secretion 

will stimulate lipolysis and the liver will breakdown 

triglycerides into fatty acids and glycerol. The 

glycerol will be converted to glucose adding more to 

the state of hyperglycaemia, whilst the fatty acids and 

ketone bodies will serve as the source of energy for 

different body tissues. Ketone bodies can be 

produced during the process of lipolysis and 

proteolysis [15]. 

 

The resultant dehydration, hypovolemia, and tissue 

hypoperfusion – along with ketone body production – 

lead to metabolic acidosis. This results in electrolyte 

disturbance particularly hypokalaemia and 

hyponatremia [14]. Despite excessive excretion of 

potassium in urine, apparent hyperkalaemia occurs in 

ketoacidosis due to the extracellular shift of 

potassium from the intracellular compartment in 

response to acidosis and low insulin levels. Serum 

magnesium and phosphate concentrations show 

similar reduction in their levels [17]. Dilutional 

hyponatremia occur due to extracellular fluid shift as 

a result of elevated serum osmolality [17]. 

 

In advanced states of diabetic ketoacidosis, the 

cerebral homeostasis becomes negatively affected. 

Unlike muscles and various body tissues, neurons 

cannot utilize ketones or any non-glucose molecules 

as a source of energy. Furthermore, hyperglycaemia 

and elevated serum osmolality result in a 

considerable increase in intracellular osmolality [18]. 

This should be taken into consideration during 

management to avoid rapid correct of serum 

osmolarity and hyperglycaemia not to result in 

cerebral oedema, tonsillar herniation through the 

foramen magnum, and subsequently death. 

 

CLINICAL PRESENTATION OF DKA AMONG 

PEDIATRIC POPULATION 

Diabetic ketoacidosis may be the presenting 

manifestation in about 25% of children with type 1 

diabetes mellitus [3]. Children with diabetic 

ketoacidosis often report history of polyuria, 

polydipsia, fatigue, weight loss, and poor 

concentration. When diabetic ketoacidosis develops, 

they report symptoms closely similar to 

gastroenteritis such as nausea, vomiting, and 

abdominal pain. The metabolic acidosis stimulates 

the respiratory system to compensate for the acidosis 

with hyperventilation to wash out carbon dioxide6. 

Therefore, children present with dyspnoea and 

tachypnoea, and their examination reveals Kussmaul 

breathing pattern. 

 

Unlike in adults, the classic symptoms of diabetic 

ketoacidosis are not typical in children and, therefore, 

require a high index of suspicion [19]. The onset of 

DKA in children is often insidious and they 

experience fatigue, malaise, thirst, hunger, and 

sometimes fever [3]. Physical examination always 

reveals weight loss, signs of dehydration (due to 

osmotic diuresis and volume depletion), and rapid 

deep breathing. Their breath might show a fruity 

odour caused by acetone elimination through the 

lungs and respiratory tract. Vital signs may show 

fever (particularly if there was an underlying 

infection predisposing to diabetic ketoacidosis, 

tachycardia, and hypotension due to volume 

depletion and free water loss [20]. 

 

In advanced non-treated cases, cerebral oedema 

evolves manifesting as disturbed level of 

consciousness or altered mentation. Signs of cerebral 

oedema and increased intracranial tension include 

headache, papilledema, irritability, projectile 

vomiting, bradycardia, hypertension, and reduction in 

level of consciousness. If not urgently managed, 

tonsillar and medullary herniation through the 

foramen magnum may occur leading to 

cardiopulmonary failure and death [18]. 

 

DIAGNOSIS 

Because the classical symptoms of diabetic 

ketoacidosis are absent in children, high index of 

clinical suspicion and urgent investigations are 

essential for diagnosis. DKA is diagnosed with 

laboratory testing. The presence of hyperglycaemia 

and acidosis are diagnostic of the condition, but other 

tests may be required. Elevated ketone bodies 

confirm the diagnosis, but they are not essential21. 

The following laboratory tests are used for diagnosis 

and management of diabetic ketoacidosis in 

paediatric age group. 

 

1. Blood glucose level 

Hyperglycaemia is a fundamental laboratory criterion 
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for diagnosis of diabetic ketoacidosis. Blood glucose 

level is always elevated above the accepted normal 

level of random blood glucose i.e. above 11 mmol/L 

(or 200 mg/dL) [22]. Children are different from 

adults in that, during diabetic ketoacidosis, they may 

have just slight elevation of blood glucose levels 

[19]. 

 

2. Arterial Blood Gases 

Arterial blood gases are fundamental for diagnosis 

and management of diabetic ketoacidosis. The test 

often reveals metabolic acidosis with or without 

compensatory respiratory alkalosis. Low pH and low 

bicarbonate level are often encountered. However, a 

pH below 7.2 is very dangerous and need a prompt 

action [21]. 

 

3. Ketone bodies 

The main ketone molecule produced in cases of 

diabetic ketoacidosis is beta-hydroxybutyrate. The 

other two less commonly produced ketones are 

acetone and acetoacetate23,24. Beta-hydroxybutyrate 

constitutes about three fourths of the produced 

ketones in cases of DKA and is the best predictor for 

severity of the condition. Ketones can be measured in 

blood and urine. Blood strips are used for evaluation 

and quantification of beta-hydroxybutyrate, whilst 

urine strips are available for acetone and acetoacetate 

[222].  

 

Testing blood beta-hydroxybutyrate is preferred to 

urinary ketones testing because the beta-hydroxy 

butyrate has the advantage that it tests positive in 

blood 24 hours before the appearance of acetone and 

acetoacetate in urine [2]. Additionally, urinary 

ketones may persist in urine even after treatment of 

DKA in children. Furthermore, many conditions may 

result in false positive ketone bodies in urine such as 

the use of certain medications (e.g. valproate), 

delayed sample testing, and expired strips25. 

Normally, beta-hydroxybutyrate is below 0.6 

mmol/L. In children with DKA, the level is always 

above 3 mmol/L. Urine ketones should be three plus 

(+++) to confirm diagnosis of DKA, but they are not 

used for monitoring or follow up [3,25]. 

 

4. Serum electrolytes level 

Serum potassium, sodium, phosphorus, and 

magnesium levels are essential for diagnosis, 

monitoring, and management of diabetic ketoacidosis 

in children. Hyperkalaemia is often found in patients 

with DKA [7]. However, it is an apparent or pseudo-

hyperkalaemia that resulted from the insulin- and 

acidosis-induced extracellular shift of potassium to 

the circulation. Patients with hypokalaemia have a 

poor prognosis. Those patients are at risk for 

hypokalaemia-induced cardiac dysrhythmia and they 

should be very closely monitored during management 

[16]. 

 

5. Other laboratory tests 

Other laboratory tests are essential for assessing the 

risk factors for the development of diabetic 

ketoacidosis, potential complications, prognosis, and 

during monitoring treatment process. For instance, a 

complete blood picture showing leucocytosis would 

suggest infection a predisposing factor for DKA [22]. 

Additional sepsis workup such as urine or sputum 

cultures should be considered in these cases. Elevated 

serum blood urea nitrogen (BUN) and creatinine 

levels may indicate prerenal shut down and potential 

acute kidney injury [21].  Serum osmolarity, serum 

chloride, serum phosphate, serum calcium, serum 

magnesium, serum chloride levels are essential 

during monitoring process and they predict the 

response to treatment regimens. In classical 

situations, serum bicarbonate level is often below 18 

mmol/L and the anion gap is increased, often above 

15 mEq/L (normal anion gap is between 6-12 

mEg/L). The reason for such an increase is that the 

anion gap is calculated by subtracting serum chloride 

and serum bicarbonate level from serum sodium and 

potassium levels, discarding the elevated ketoacids 

[26].  

 

MANAGEMENT 

Diabetic ketoacidosis in children represents a 

paediatric emergency that necessitates a prompt 

management. Management of DKA in children in 

multidisciplinary and requires early identification and 

admission at a paediatric intensive care unit. The 

mainstay treatments of paediatric DKA are insulin 

therapy and fluid resuscitation [20]. On hospital 

admission, the child airway and breathing should be 

secured. Most children experience Kussmaul 

breathing and they may require an oxygen mask with 

100% oxygen breathing. Obtaining a wide-pored 

intravenous access is a critical and essential early 

step. Insulin therapy should be calculated 

meticulously according to body weight, and 

intravenous fluid administration should start 

simultaneously [21,22]. Because of the potential 

prerenal shut down, fluid balance must be strictly 

monitored. Insulin is administered as a continuous 

intravenous infusion of short-acting or regular insulin 

to manage the hyperglycaemia. Unlike in adults, 

there is no role for an insulin bolus dose at the start of 

infusion in children with DKA [11]. 

 

Whilst potassium depletion is common in DKA, 

apparent hyperkalaemia is often encountered. If 

potassium level fell dropped below 4 mEq/L, 
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potassium replacement should be replaced1. Cardiac 

rhythm monitoring is essential all through the 

management process and particularly if 

hypokalaemia occurred. In patients with 

hypokalaemia-induced cardiac dysrhythmia, insulin 

therapy should not be started before potassium 

replacement. Otherwise, insulin will enhance the 

intracellular potassium shift from the blood leading to 

exacerbation of the hypokalaemia and the 

dysrhythmia. Potassium levels should be tested 

regularly and replaced when required [27]. 

 

In paediatric DKA, bicarbonate has no role for 

treatment of metabolic acidosis. Acidosis is corrected 

with the hydration measures and the insulin therapy 

[28]. Several literature studies showed that the use of 

bicarbonate in cases of DKA in paediatric age group 

may worsen the acidosis and exacerbate cerebral 

oedema [29]. 

 

Investigating and treatment of the predisposing factor 

such as the infection is an essential step for 

successful management of DKA in children [22]. 

After stabilization of the child condition and 

resolution of the ketoacidosis, insulin infusion can be 

changed to the subcutaneous form and the diet can be 

gradually introduced. 

 

CONCLUSION: 

DKA is a paediatric emergency. It needs high 

suspicion of diagnosis because it presents with 

atypical manifestations unlike the adults. The most 

common risk factors for paediatric ketoacidosis are 

infection, incompliance with insulin regimen, and 

psychological stress. The most important laboratory 

tests for diagnosis of DKA in children are the blood 

glucose level and arterial blood gases. The mainstay 

treatment lines are insulin therapy and correction of 

hypovolemia. Electrolyte imbalance and cardiac 

monitoring are fundamental during the management 

plan, 
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