
DKA is a syndrome in which insulin deficiency & glucagon excess combine to produce a 
hyperglycaemic, dehydrated, acidotic patient with profound electrolyte imbalance.

Important Pathophysiology Points.
• Renal threshold for glucose is surpassed (>10mmol/L)
• Glucose in renal tubules draws water, sodium, potassium, magnesium, calcium & 

phosphate into urine.
• Marked deficits in these electrolytes may be hidden by  dehydration and free 

water deficits.
• Long-chain FFAs are partially oxidised in the liver to acetoacetate & beta-

hydroxybutyrate.

Diagnostic Strategies.

History.
• Recent onset polydipsia, polyuria, polyphagia.
• Associated weakness, blurred vision, weight-loss, N&V and abdominal pain.

• Abdominal pain is usually idiopathic.
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Figure 124-1. Syndrome of diabetic 
ketoacidosis. BUN, blood urea nitrogen; 
FFA, free fatty acids; TG, total glucose 
concentration.
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Principles of Disease

Pathophysiology

DKA is a syndrome in which insulin deficiency and glucagon 
excess combine to produce a hyperglycemic, dehydrated,  
acidotic patient with profound electrolyte imbalance (Fig. 
124-1).36 All derangements producing DKA are interrelated 
and are based on insulin deficiency. DKA may be caused by 
cessation of insulin intake or by physical or emotional stress 
despite continued insulin therapy.

The effects of insulin deficiency may be mimicked in 
peripheral tissues by a lack of either insulin receptors or insulin 
sensitivity at receptor or postreceptor sites. When the hyper-
glycemia becomes sufficiently marked, the renal threshold is 
surpassed and glucose is excreted in the urine. The hyperos-
molarity produced by hyperglycemia and dehydration is the 
most important determinant of the patient’s mental status.37

Glucose in the renal tubules draws water, sodium, potas-
sium, magnesium, calcium, phosphorus, and other ions from 
the circulation into the urine. This osmotic diuresis combined 
with poor intake and vomiting produces the profound dehy-
dration and electrolyte imbalance associated with DKA  
(Table 124-1). Exocrine pancreatic dysfunction closely paral-
lels endocrine beta-cell dysfunction, producing malabsorption 
that further limits the body’s intake of fluid and exacerbates 
electrolyte loss.

In 95% of patients with DKA, the total sodium level is 
normal or low. Potassium, magnesium, and phosphorus deficits 

Postprandial
Alimentary hyperinsulinism
Fructose intolerance
Galactemia
Leucine sensitivity

Fasting
Underproduction of Glucose
Hormone deficiencies

Hypopituitarism
Adrenal insufficiency
Catecholamine deficiency
Glucagon deficiency

Enzyme defects
Substrate deficiency

Malnutrition
Late pregnancy

Liver disease
Drugs

Overuse of Glucose
Hyperinsulinism

Insulinoma
Exogenous insulin
Sulfonylureas
Drugs
Shock

Tumors

BOX 124-6 CAUSES OF HYPOGLYCEMIA



Physical Examination.
• Tachypnoea (Kussmaulʼs breathing).
• Tachycardia, dehydration.
• Hypotension is a late sign.
• Evidence of precipitating illness (?AMI, sepsis etc).

Laboratory Tests.
• Initial testing will confirm the diagnosis:

• Serum glucose, FBC, EUC, CMP.
• Blood gas = raised anion gap, metabolic acidosis.
• ECG (particularly if no immediate K+ is available)
• Urine.
• Ketone levels (point of care, urine, serum).
• Cultures.

Differential Considerations.

• Alcoholic vs starvation ketoacidosis.
• Alcohol > 20% all ketoacidoses.

• Can develop in 3rd trimester of pregnancy (or nursing mothers who do not eat).
• Recall your other causes of raised anion-gap metabolic acidosis (particularly the toxic 

alcohols & salicylates).
• Hyperglycaemia without ketones = consider HHS (HONK).

Biochemical Criteria for DKA.

• Hyperglycaemia; 
• Blood glucose > 11mmol/L (200mg/dL)

• Venous pH < 7.3 or HCO3- < 15mmol/L
• Ketonaemia / ketonuria.

A word on Sodium...
Misleading in hyperglycaemia. Strongly affected by glucose, 
triglycerides & insensible losses...

Corrected Sodium:
" = measured sodium + [glucose/3]

Correcting Potassium for Acidosis
can be corrected by subtracting 0.6 mmol/L from the  
measured K+ value for every 0.1 decrease in pH....

eg. serum K "= 5mmol/L w/ pH 6.90 (ie. 0.5 less than 7.4)

" corrected K+ "= 5mmol/L - [ 0.6 x 5 ]
" " " = 5 - 3
" " " = 2mmol/L. 



Management.

General Measures.
• The approach to the patient w/ severe DKA is the same as any patient in extremis.
• ABCD approach.
• Obtunded & vomiting, requires airway protection.
• If you intubate; you must match the patients minute ventilation to avoid relative 

respiratory acidosis.
• Hypovolaemic shock requires aggressive fluid resuscitation.
• Identify & treat the precipitating illness.

Insulin.
• DKA cannot be reversed without insulin.
• Low-dose therapy is preferable (no boluses !!)

• 0.1 units/kg/hr via IV infusion.
• Dextrose is added to IV fluids once glucose levels reach 15mmol/L.
• Insulin infusion requires priming of the 

tubing and burettes to avoid insulin 
adhering to their walls.

Dehydration.
• Patients may have fluid deficit of > 3-5L.
• Fluid boluses are acceptable if patient is in 

shocked state.
• Target:

• 1st litre over 1st hour.
• 2nd litre over 4 hours.

• Fluid therapy alone will reduce serum 
glucose levels (by ~ 18%).

Potassium.
• Replacement is needed for all DKA 

patients.
• Levels will plummet with correction of 

acidosis and insulin administration.
• 20-40mmol/L in replacement fluid is reqʼd.

Magnesium.
• Deficiency is a common problem in DKA.
• Deficiency promotes hypokalaemia.
• May need up to 0.3mmol/kg replacement.

• 1-3grams in a 70kg patient.

Acidosis.
• Acidosis will correct with fluids and insulin.
• Bicarbonate is rarely indicated & worsens 

intracellular acidosis.
• If bicarb  is deemed necessary, pH should 

not be corrected beyond 7.1
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ABG; also draw CBC with differential; urinalysis; chest  
radiograph film and ECG, if indicated.

1. Supplement insulin.
± Bolus: 0.1 U/kg regular insulin IV
Maintenance: 0.1 U/kg regular insulin IV
Change IV solution to D5W 0.45% NS when glucose 

≤ 300 mg/dL.
2. Rehydrate.

1–2 L NS IV over 1–3 hours
Children: 20 mL/kg NS over first hour
Follow with 0.45% NS

3. Correct electrolyte abnormalities.
Sodium

Correct with administration of NS and 0.45% NS.
Potassium

Ensure adequate renal function.
Add 20–40 mEq KCl to each liter of fluid.

Phosphorus
Usually unnecessary to replenish

Magnesium
Correct with 1–2 g MgSO4 (in first 2 L if magnesium is 

low).
4. Correct acidosis.

Add 44–88 mEq/L to first liter of IV fluids only if  
pH ≤ 7.0.

Correct to pH 7.1.
5. Search for and correct underlying precipitant.
6. Monitor progress and keep meticulous flow sheets.

Vital signs
Fluid intake and urine output
Serum glucose, K+, Cl−, HCO3

−, CO2, pH
Amount of insulin administered

7. Admit to hospital or intensive care unit.
Consider outpatient therapy in children with reliable 

caretaker and
Initial pH > 7.35
Initial HCO3

− ≥ 20 mEq/L
Can tolerate PO fluids
Resolution of symptoms after treatment in 

emergency department
No underlying precipitant requiring hospitalization

BOX 124-7 SUMMARY OF TREATMENT FOR DIABETIC KETOACIDOSIS

ABG, arterial blood gas; CBC, complete blood count; DKA, diabetic 
ketoacidosis; ECG, electrocardiogram; NS, normal saline; PO, by mouth.

In children, the IV dosage of regular insulin may be calcu-
lated at 0.1 U/kg. Children are more likely than adults to 
develop cerebral edema in response to a rapid lowering of 
plasma osmolarity. Thus, reduction of glucose levels in chil-
dren should be gradual.

Because the half-life of regular insulin is 3 to 10 minutes, 
IV insulin should be administered by constant infusion rather 
than by repeated bolus. When the blood glucose has dropped 
to 250 to 300 mg/dL, dextrose should be added to the IV fluids 
to prevent iatrogenic hypoglycemia and cerebral edema. In 
patients with euglycemic DKA, dextrose should be added to 
the IV fluids at the start of insulin therapy.

Insulin adheres to the walls of glass and polyvinyl bottles 
and tubing, making the exact amount of insulin being admin-
istered uncertain.43 Running approximately 10 U of the insulin 
infusion through the tubing accomplishes adherence without 
altering the delivered concentration of the remainder of the 
infusate.

Insulin resistance occurs rarely in diabetic patients and 
requires an increase in dosage to obtain a satisfactory response. 
Resistance may be caused by obesity or accelerated insulin 
degradation.4

Two general categories of insulin resistance are described.44 
Postreceptor-binding resistance is the more common type. It 
is a mild to moderate resistance probably caused by defects in 
intracellular metabolism. It takes only a small amount of 
insulin to fill the receptors. When they are filled, administra-
tion of additional insulin produces no further effect. The 
second type, prereceptor-receptor resistance, is rare. This 
severe resistance may be caused by insulin antibodies, high 
concentrations of stress hormones, antireceptor antibodies, or 
any combination of these.45

Dehydration

The severely dehydrated patient is likely to have a fluid deficit 
of 3 to 5 L. No uniformly accepted formula exists for the 
administration of fluid in this disorder.

If the patient is in hypovolemic shock, normal saline (NS) 
should be administered as rapidly as possible in the adult,  
or in 20 mL/kg boluses in the child, until a systolic pressure 
of 80 mm Hg is obtained. In the adult who has marked  
dehydration in the absence of clinical shock or heart failure, 
1 L of NS may be administered in the first hour. In general, 
2 L of NS over the first 1 to 3 hours is followed by a slower 
infusion of half-NS solution. Patients with DKA without 
extreme volume depletion may be successfully treated  
with a lower volume of IV fluid replacement.38 NS solution 
at 20 mL/kg over the first hour is the usual fluid resuscitation 
therapy for a child. Thereafter, fluid rate should be adjusted 
according to age, cardiac status, and degree of dehydration  
to achieve a urine output of 1 to 2 mL/kg/hr. Whereas  
some authors advocate half-NS or colloid solution, most  
evidence and practice favor initial resuscitation with 0.9% NS 
solution.

Fluid resuscitation alone may help to lower hyperglycemia. 
Because even in DKA a low level of circulating insulin may 
be present, increased perfusion may transport insulin to previ-
ously unreached receptor sites. In addition, a large volume of 
glucose may be cleared by the kidneys in response to improved 
renal perfusion. The mean plasma glucose concentration has 
been noted to drop 18% after administration of saline solution 
without insulin.6

Acidosis also decreases after fluid infusion alone. Increased 
perfusion improves tissue oxygenation, thus diminishing the 
formation of lactate. Increased renal perfusion promotes renal 
hydrogen ion loss, and the improved action of insulin in the 
better-hydrated patient inhibits ketogenesis.

Some authors believe that the rapid decrease of the hyper-
osmolarity of DKA caused by the administration of 0.45% NS 
solution may precipitate cerebral edema, one of the most  
dangerous complications associated with the patient in  
DKA, especially children.46-48

Potassium

Potassium replacement is invariably needed in DKA. The 
initial potassium level is often normal or high despite a large 
deficit because of severe acidosis. Potassium levels often 
plummet with correction of acidosis and administration of 
insulin. Potassium should be administered with the fluids 
while the laboratory value is in the upper half of the normal 
range. Renal function should be monitored. In patients with 
low serum potassium at presentation, hypokalemia may 
become life-threatening when insulin therapy is administered. 



Complications of DKA.

Morbidity from DKA is largely iatrogenic.
• Hypokalaemia
• Hypoglycaemia
• Alkalosis (aggressive bicarbonate therapy)
• CCF 
• Cerebral oedema

Poor prognostic signs in DKA:
• Hypotension
• Azotaemia
• Coma
• Underlying illness.

Primary Causes of Death in DKA:
• Infection (especially pneumonia)
• Arterial thromboses
• Shock

Disposition.

Most patients w/ DKA require hospital admission (and occasionally ICU).


