
PEM GUIDE: DIABETIC KETOACIDOSIS 
 
INTRODUCTION (ETHAN WIENER, M.D. 6/2015) 
Diabetic ketoacidosis (DKA) is a metabolic state of insulin deficiency that leads to 
hyperglycemia, hyperosmolar dehydration, electrolyte depletion and a metabolic acidosis. DKA 
is the number one cause of death in children with diabetes. Mortality is primarily due to cerebral 
edema (See Appendix: Cerebral Edema). 
 
PATHOPHYSIOLOGY: INSULIN DEFICIENCY RESULTS IN 
1 Intracellular hypoglycemia   Counter regulatory hormones   Catabolism    

of fats and proteins  ketone creation  Anion gap metabolic acidosis 
2 Extracellular hyperglycemia  Increased osmolarity  Osmotic diuresis of water, 

electrolytes  Hyperosmolar dehydration, electrolyte depletion (Na, K, Cl, PO4) 

See Appendix: DKA Pathophysiology 
DKA PRECIPITANTS 
Absolute Insulin deficiency New onset insulin dependent diabetes 

Insulin pump failure 
Noncompliance with insulin regimen 

Relative insulin deficiency Stressors such as infection, trauma 
 
CLINICAL FINDINGS 
The classic presentation of DKA includes the triad of polyuria, polydipsia and weight loss. 
Virtually all patients are dehydrated. Dehydration manifests as dry mucous membranes, delayed 
capillary refill, tachycardia, and poor skin turgor but because there is a hyperosmolar 
dehydration clinical signs and symptoms may underestimate the degree of dehydration. Other 
associated symptoms may include: abdominal pain, vomiting and altered mental status. 
Abnormal (Kussmaul) respirations, characterized by deep, sighing respirations (hyperpnea) 
alternating with short, rapid breaths (tachypnea), is a sign of severe acidosis in DKA. A careful 
examination should be undertaken to identify potential sources of infection that may serve as a 
precipitant of DKA.   
 
LABORATORY TESTING 
The pathophysiology of DKA begins with insulin deficiency, which prohibits the intracellular 
transport and utilization of glucose. Intracellular hypoglycemia results in an increased release of 
the counter-regulatory hormones glucagon, epinephrine, cortisol, and growth hormone.   
 
Essential laboratory studies include a bedside and laboratory glucose level, serum electrolytes 
and a pH (blood gas). Venous samples are sufficient. Additional studies include a CBC, basic 
metabolic profile, phosphorous level, hemoglobin A1C, urinalysis or serum ketones and an 
EKG. Serum ketones are preferred because it represents the current physiology of the blood 
while urine ketones prior serum ketoacidosis dependent on the frequency of urination. The WBC 
may be elevated due to the patient’s stress response. The presence of bandemia may suggest 
an acute infection. 
 
DKA CRITERIA 
Hyperglycemia > 240 mg/dl 
Ketosis Ketonemia > 31 mg/dl or Ketonuria > 80 mg/dl 
Acidosis Venous pH < 7.3 or HC03 < 15 meq/L 

DKA CLASSIFICATION 



 pH HCO3- 
Mild  7.2-7.3 10-14 
Moderate 7.1-7.2 5-9 
Severe < 7.1 < 5 

 
ACIDOSIS: Counter regulatory hormones stimulate gluconeogenesis and glycogenolysis in the 
liver as well as proteolysis and lipolysis in the peripheral tissues.  Lipolysis accounts for much of 
the acidosis due to the production of ketoacids, ß-hydroxy butyrate, and acetoacetic acids. 
Hyperglycemia results in a hyperosmolar diuresis that results in a depletion of electrolytes and 
loss of fluids. The combination of ketoacidosis and hypoperfusion with lactic acidosis can result 
in a severe anion gap metabolic acidosis. Metabolic acidosis may be partially compensated by 
hyperventilation.  
 
SODIUM: Serum sodium is generally low. This is due to urinary losses and occasionally due to 
vomiting. In addition, the serum sodium may be falsely lowered due to hyperglycemia. For every 
100 mg/dl increase in glucose over 100 mg/dl, there is an expected decrease of 1.6 meq/L of 
sodium that is measured. It is important to monitor the sodium to ensure that it is rising as the 
blood glucose is falling. An attenuated rise in serum sodium during therapy for DKA has been 
associated with an increased risk of cerebral edema. 
 
POTASSIUM: There is a total body loss of potassium secondary to urinary losses (the 
hyperosmolar, high flow state does not allow reabsorption of K+ in the distal tubule).  Serum 
potassium however may be measured as normal or even high (pseudo-normokalemia). This 
occurs due to the shift of potassium out of the cells in response to metabolic acidosis. Cells 
trade potassium for hydrogen ions to try to maintain normal pH. As the acidosis resolves, the K+ 
begins to flow back into the cells and the serum potassium will fall unless potassium 
supplementation has occurred. 
 
PHOSPHORUS: Hypophosphatemia is also observed in DKA.  This occurs because of osmotic 
diuresis and is exacerbated when insulin is administered as phosphate reenters the cells. The 
clinical relevance of hypophosphatemia is uncertain.  
 
HYPEROSMOLAR DEHYDRATION: Electrolyte disturbances occur in the setting of an overall 
hyperosmolar state due to hyperglycemia. Serum osmolality may change dramatically during 
treatment, which may result in rapid fluid shifts across cell membranes, particularly in the central 
nervous system. The osmolality can be calculated by 2(Na) + glucose/18 + BUN/2.8.   Care 
should be taken to avoid rapid shifts in serum glucose and sodium and therefore serum 
osmolality. 
 
ELECTROLYTE INTERPRETATION IN DKA 
Na+  Na+ decreased 1.6 meq/L for every 100 mg/dl Glucose over 100 mg/dl 
K+ Any Diuresis due to hyperglycemia  urinary loss of K+  total body K+ 

depletion. Acidosis shifts K+ out of the cell  falsely normal levels 
Cl-  Diuresis due to hyperglycemia  loss of Cl- in urine 
HCO3- 

 
Anion gap metabolic acidosis  accumulation of ketones, lactic acid 
Anion gap = Na – (Cl + HCO3), normal = 8-12 

BUN  Dehydration 
Cr  Dehydration and analyzer measures ketones as creatinine 
Glucose  Insulin deficiency 



SOsm  Serum osmolality = 2(Na) + BUN/2.8 + Gl/18, normal = 275-295 
MANAGEMENT 
Management of DKA is focused on replacement of fluids and electrolytes and reversing the 
catabolic state by administration of exogenous insulin.  This should be done in consultation with 
an endocrinologist familiar with diabetic care. A DKA-specific flowsheet will often simplify the 
documentation and management of DKA. See Appendix: Two Bag System for DKA 
management. 
 
MANAGEMENT GOALS 
1 Correct anion gap metabolic acidosis, hyperglycemia: Insulin infusion 
2 Correct hyperosmolar dehydration: Intravenous fluids 
3 Correct electrolyte abnormalities: e.g. Na+, Cl-, K+ supplementation 
4 Avoid treatment complications: Hypoglycemia, hypokalemia, cerebral edema 
5 Identify and treat potential precipitants such as infections 

 
During treatment, it is important to frequently monitor serum glucose (every hour), electrolytes 
(every 2 hours), pH (every 2-4 hours), and urine ketones.  Once the glucose and electrolytes 
stabilize, every 2-hour serum glucose and electrolyte monitoring is appropriate until the pH is 
above 7.3 and the serum bicarbonate is above 15 mEq/L. Continue every hour glucose 
monitoring while patient is on an insulin drip. 
 
INSULIN ADMINISTRATION: A continuous infusion of insulin is used to reverse the catabolic 
state in DKA. An initial bolus of intramuscular or intravenous insulin bolus is not indicated. 
Continuous intravenous regular insulin should be started at a rate of 0.05 - 0.1 units/kg/hour. 
The infusion should be made by adding insulin to normal saline.  The aim is to have the serum 
glucose fall by approximately 50-100 mg/dl per hour with a target blood glucose level in the 150-
250 mg/dl range. Insulin should not be administered without intravenous fluids containing 
potassium. A rise in pH with insulin will shift potassium into the cells resulting in severe serum 
hypokalemia. 
 
Dextrose is added to the intravenous solution to avoid hypoglycemia when the blood glucose 
falls below 300 mg/dl. A common error is to decrease the insulin infusion to avoid hypoglycemia 
before the ketonemia and acidosis has resolved.   
FLUIDS AND ELECTROLYTES REPLETION: Initial management involves administration of 
isotonic fluid (normal saline or lactated ringers) as a bolus at a dose of 10-20 mL/kg up to 1 liter 
over one hour. Fluid may be administered faster in cases of hypotension or severe dehydration 
(shock). The initial bolus administration should not exceed 40 mL/kg as a total fluid dose over 
the first four hours of treatment. More rapid administration of fluids can cause undesirable shifts 
in serum osmolality with an increased risk of cerebral edema. Some experts recommend limiting 
the initial fluid bolus and delaying insulin administration as the serum glucose may fall 
significantly with fluid administration alone. After the initial isotonic fluid administration, 
intravenous fluid solution should contain ½ normal saline to 1 normal saline with electrolytes 
added.  Typically add 40 mEq/L of potassium per liter to the intravenous fluids in some 
combination of KCl, KAcetate, and KPhosphate. (See Appendix: The Two Bag System for DKA 
Management). 
 
APPENDIX: CEREBRAL EDEMA IN DIABETIC KETOACIDOSIS 
 
The most concerning complication of DKA and its treatment is cerebral edema.  It is the primary 
cause of death in childhood DKA with an approximate mortality of 20-25%.  Newly diagnosed 



patients who are less than 5 years old seem to be at greatest risk. The etiology of cerebral 
edema is unclear.  One theory suggests that it may result from rapid osmotic shifts in the central 
nervous system.  It may also result from cerebral anoxia due to hypoperfusion.    
 
A large, well-designed study (Gerbera, NEJM 2001, PubMed ID: 11368049) demonstrated that 
the degree of acidosis, level of hypocapnia at presentation, degree of dehydration (as indicated 
by BUN measurement) and administration of bicarbonate in bolus form is associated with the 
development of cerebral edema. The level of hyperglycemia does not correlate with risk of 
cerebral edema. 
 
Clinical signs of cerebral edema include headache, change in mental status, pupillary changes, 
bradycardia, or seizures. Some of these are late findings. Treatment of cerebral edema should 
be initiated as soon as possible based on clinical suspicion.  The absence of evidence of edema 
on a CT scan does exclude cerebral edema.  Treatment includes temporarily slowing the fluids, 
administration of mannitol or hypertonic saline and elevating the head of the bed to 30 degrees. 
 
CEREBRAL EDEMA DIAGNOSTIC CRITERIA 
PRIMARY CRITERIA 
Abnormal motor or verbal response to pain 
Decorticate or decerebrate posture 
Cranial nerve palsy (especially III, IV, and VI) 
Abnormal neurogenic respiratory pattern (e.g., grunting, tachypnea,   
Cheyne-Stokes respiration, apneusis) 
MAJOR CRITERIA 
Altered mentation/fluctuating level of consciousness 
Sustained heart rate deceleration (decline > 20 beats/minutes) not attributable to improved 
intravascular volume or sleep state 
Age-inappropriate incontinence 
MINOR CRITERIA 
Vomiting 
Headache 
Lethargy or being not easily aroused from sleep 
Diastolic blood pressure > 90 mmHg 
Age < 5 years 
Meets diagnostic criteria if any of the following are met: 
Primary Criteria: Any 1  
Major Criteria: Any 2 
Minor Criteria: Any 2 with 1 Major Criteria 
CEREBRAL EDEMA 
Frequency Occurs in 1% of DKA episodes in children, 20-25% mortality 
Timing May occur before treatment but typically presents 4-12 hours after treatment 

initiated 
Etiology Likely multifactorial: Ischemic, vasogenic, osmotic, cytotoxic  
Diagnosis Meets diagnostic criteria (table above).  
Treatment Treatment should be initiated based on clinical suspicion. CT findings are late 

and include slit like ventricles, loss of grey/white differentiation.  
Mannitol: 0.5–1.0 grams/kg over 20 min, repeat in 2 hours if no response 
Hypertonic saline (3%): 5-10 ml/kg over 30 minutes 

CEREBRAL EDEMA MANAGEMENT 
Decrease rate of intravenous fluids by 1/3 



Elevate the head of bed to 30 degrees 
Hyperosmolar therapy 
    Mannitol 0.5-1.0 grams/kg may repeat PRN in 30-120 minutes 
    Hypertonic saline (3%) 5-10 ml/kg over 30 min 
Endotracheal intubation if signs of respiratory failure: Ventilator settings should match the 
patient’s pre-intubation respiratory rate and tidal volume to avoid a precipitous drop in pH 
Head CT after stabilization 

 
APPENDIX: DKA PATHOPHYSIOLOGY 

 
APPENDIX: TWO BAG SYSTEM FOR DKA MANAGEMENT 
 
The two-bag system is intended to allow flexibility in fluid and electrolyte administration. One 
bag contains fluid and electrolytes while the other bag contains dextrose, fluid and electrolytes. 
When serum glucose is below 300 mg/dl dextrose containing fluid and electrolytes can be 
added to avoid hypoglycemia without having to discontinue insulin therapy before ketoacidosis 
is corrected. 
 
FLUIDS 
An initial fluid bolus of 10-20 ml/kg over 1 hour is given 
Additional fluid boluses may be required in the hemodynamically unstable patient 
Fluid deficit is replaced over 48 hours to avoid rapid shifts in serum osmolarity due to rapid 
decrease in serum glucose or sodium 
Total fluids per hour = [Deficit + Maintenance for 48 hours – Fluid bolus] / 48 hours  



Maintenance (ml/day) = 100 ml/kg for the 1st 10 kg + 50 ml/kg for the 2nd 10 kg + 20 ml/kg for 
each kilogram above 20 kg 
DEXTROSE 
Bag 1  NS (or ½ NS) with Potassium (see table below) 
Bag 2  D10 NS (or D10 ½ NS) with Potassium (see table below) 
Bag 2 with glucose is begun when serum glucose is < 250 mg/dl.  
Total fluid rate per hour remains the same as the bag1 rate is decreased proportionately  

Blood Sugar Desired Dextrose Bag1 Bag2 
> 250 None (D0) 100% 0% 

201-250 D5 50% 50% 
151-200 D7.5 25% 75% 

< 150 D10 0% 100% 
POTASSIUM*    

Serum K+ 
(meq/liter) 

KCL 
(meq/liter) 

K Phosphate or 
Acetate 

(meq/liter) 
Total K 

(meq/liter) 
< 4.0 30 30 60 

4.0-5.4 20 20 40 
5.5-6.0 10 10 20 
> 6.0 0 0 0 

*NYU Guidelines recommend to briefly hold or to give less potassium if the potassium is very 
high, in the presence of anuria/oliguria or acute renal failure.  

 


