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D iabetic ketoacidosis (DKA) is a serious and 
potentially life-threatening complication of 
diabetes mellitus.1,2 It represents a state of in-
sulin deficiency with a concurrent elevation in 

counterregulatory hormones.2–6 The annual incidence 
ranges from 4.6 to 8 cases per 1000 diabetic patients, 
and DKA carries a mortality rate of 2% to 10%.2 DKA oc-
curs more commonly in patients who have type 1 diabe-
tes as compared with patients who have type 2 diabetes.5 
However, recent data suggest that African American and 
Hispanic patients are more likely to develop DKA in the 
setting of type 2 diabetes than are white patients.7,8 Diag-
nosing DKA centers on identifying the classic triad of hy-
perglycemia, ketosis, and acidosis. Management focuses 
on treating the precipitating factors and correcting de-
hydration, hyperglycemia, and electrolyte abnormalities. 
Despite available guidelines, DKA has been shown to 
be inadequately managed in teaching hospitals.9,10 This 
article reviews the approach to accurate diagnosis and 
timely management of DKA.

Pathophysiology

DKA results from a dysregulation of carbohydrate, 
protein, and lipid metabolism. Insulin deficiency along 

with an increase in counterregulatory hormones (glu-
cagon, cortisol, catecholamines, and growth hormone) 
lead to the development of hyperglycemia, ketosis, and 
acidosis.2,4,5,11,12 Briefly, hyperglycemia develops second-
ary to an increase in glycogenolysis and gluconeogenesis. 
Although peripheral insulin resistance and decreased 
tissue utilization of glucose may also occur, they are not 
major contributors in DKA. An increase in circulating 
free fatty acids leads to hepatic production of ketone 
bodies, resulting in ketosis and metabolic acidosis. Hy-
perglycemia causes fluid and electrolytes to shift from 
the intracellular to the extracellular space, which leads to 
subsequent cellular dehydration and electrolyte abnor-
malities. In addition, hyperglycemia and ketosis create an 
osmotic diuresis, generating further hypovolemia.2,3,6,11–13

Precipitating Factors

The most common precipitating factors for DKA are 
infection, medication noncompliance, and new-onset 
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diabetes.2,4,5,11 Urinary tract infections and pneumonia 
are frequently encountered infectious precipitants. 
Poor medication compliance and an ineffective out-
patient medication regimen (ie, inadequate insulin 
dosing) often lead to DKA.2,4,5,11,12 Age, ethnicity, and 
comorbidities play a role in insulin compliance.3,14,15 For 
example, nearly 50% of all DKA cases in urban African 
Americans with known diabetes are due to insulin non-
compliance.15 Other inciting factors include myocardial 
infarction, stroke, acute pancreatitis, and medication 
toxicity (Table 1).2,4,5,11

Diagnosis
Clinical Presentation

The metabolic abnormalities associated with DKA 
develop rapidly, usually within 24 hours. However, 
signs and symptoms of poor diabetic control may pre-
cede DKA by several days.4,5 Patients often present with 
polyuria, polydipsia, weakness, fatigue, and altered 
sensorium.2,4,5 Abdominal pain, nausea, and vomiting 
are common features in DKA that usually resolve with 
correction of acidosis.1–5 Persistence of these features 
after the resolution of DKA may signify the presence of 
an intraabdominal process. On physical examination, 
signs of hypovolemia are often present, including dry 
mucosal membranes, decreased skin turgor, tachycar-
dia, and hypotension. Additionally, patients may have a 
fruity odor to their breath as a consequence of acetone 
release. Deep and labored breathing, or Kussmaul’s 

respirations, may also be observed and are an attempt 
to correct the metabolic acidosis with a compensatory 
respiratory alkalosis; however, the excess acid cannot 
be expired. Mental status can range from an intact sen-
sorium to diabetic coma.2–5,11,12 

Laboratory Findings

The initial laboratory evaluation in DKA includes 
measurement of serum glucose, electrolytes, blood 
urea nitrogen, and creatinine; urinalysis; testing for 
ketones in urine and serum; and assessment of serum 
osmolality and arterial blood gas values. Further testing 
may be done to identify potential infections or myocar-
dial infarction as a DKA precipitant. These tests may in-
clude complete blood count with differential, urine and 
blood cultures, cardiac enzymes, electrocardiogram, 
and imaging studies such as chest radiographs.2,4–6,12

The hallmark laboratory findings in DKA are hy-
perglycemia (serum glucose > 250 mg/dL), ketosis 
(positive serum and/or urine ketones), and acido-
sis (arterial pH < 7.30 and/or serum bicarbonate  
< 18 mEq/L).4,5,12 DKA can be classified into 3 catego-
ries: mild (arterial pH, 7.25–7.30; serum bicarbonate, 
15–18 mEq/L; anion gap > 10 mEq/L; mental status, 
alert), moderate (arterial pH, 7.00 to < 7.25; serum bi-
carbonate, 10 to < 15 mEq/L; anion gap, > 12 mEq/L; 
mental status, alert/drowsy), and severe (arterial pH,  
< 7.00; serum bicarbonate, < 10 mEq/L; anion gap, 
> 12 mEq/L; mental status, stupor/coma).4,5 The 
presence of a high anion-gap metabolic acidosis, a 
decreased level of serum sodium, and an elevated  

Take Home Points

•	 Diabetic ketoacidosis (DKA) is an endocrinologic 
emergency marked by hyperglycemia, ketosis, and 
acidosis. 

•	 Diagnosis is based on a serum glucose level exceed-
ing 250 mg/dL, arterial pH below 7.3, a serum 
bicarbonate below 18 mEq/L, and positive serum 
or urine ketones.

•	 The mainstay of treatment is adequate fluid resusci-
tation, insulin therapy, and electrolyte replacement.

•	 Criteria for determining resolution of DKA include 
pH > 7.3 (or anion gap < 14 mEq/L), serum bicar-
bonate level of 18 mEq/L or higher, and serum 
glucose level < 200 mg/dL.

•	 Intravenous insulin infusion overlapping with sub-
cutaneous insulin by 1 to 2 hours is recommended 
once DKA has resolved.

•	 Frequent monitoring of metabolic status is essential.

Table 1. Common Precipitating Factors of Diabetic 
Ketoacidosis

Most common 

Infection (urinary tract infection, pneumonia)

Medication noncompliance

Inadequate insulin dosing

New-onset diabetes mellitus 

Other

Acute myocardial infarction

Stroke

Acute pancreatitis

Trauma

Pregnancy

Surgery

Alcohol abuse

Medications (corticosteroids, thiazides, phenytoin, β-blockers,  
dopamine)
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potassium level are common features in DKA. Normal 
or low levels of potassium typically indicate total body 
potassium deficiency and require vigilant monitoring 
and repletion. In comparison with the high serum osmo-
lality seen in hyperosmolar hyperglycemic state, serum 
osmolality is variable in DKA. Amylase elevation occurs in 
21% to 79% of DKA cases, often from a nonpancreatic 
source.1 Lipase can be elevated in DKA but can also be 
a marker of pancreatitis. Therefore, clinical judgment 
and follow-up of the patient’s clinical status as DKA 
is treated are imperative to differentiate between the  
2 processes.1,3–5 Mild leukocytosis, ranging from 10,000 to  
15,000 cells/µL, may be present due to dehydration, 
stress, and demargination of leukocytes. A higher white 
blood cell count is often indicative of infection.1 

Differential Diagnosis 

Clinical presentation and laboratory data often pro-
vide the needed information for diagnosing DKA. Other 
causes of ketosis and high anion-gap metabolic acidosis 
besides DKA should be considered. Although less com-
mon, ketosis can occur in hyperosmolar hyperglycemic 
state. This clinical scenario is distinguished from clas-
sical DKA by an elevated effective serum osmolality  
(> 320 mOsm/kg) and marked elevation in serum 
glucose (> 600 mg/dL).3,4 Starvation ketosis and alco-
holic ketoacidosis can both produce serum ketones, 
but unlike DKA, serum glucose is not significantly el-
evated in these conditions. In addition, the acidosis as-
sociated with alcohol rarely results in serum bicarbonate 
levels lower than 18 mEq/L.4,5 The differential diagnosis 
of high anion-gap metabolic acidosis should also in-
clude lactic acidosis, renal failure, and drug intoxication 
(methanol, ethylene glycol, paraldehyde, and salicylate). 
Measuring serum lactate and salicylate levels, obtaining 
a toxin screen (methanol, ethylene glycol, ethanol), and 
calculating an osmolal gap are often helpful in distin-
guishing these processes from DKA.4,5

Management

The keys to successful management of DKA are 
fluid resuscitation, insulin therapy, correcting metabolic 
acidosis and electrolyte imbalances, and identifying and 
treating precipitating factors (Figure and Table 2).1,2,4,5 
Frequent monitoring is required to achieve these goals 
and avoid complications (Table 3).1–6,11,12 A flow sheet 
tracking the metabolic progress of patients can be help-
ful.4,5,12 Although elderly patients are most often affected 
by hyperosmolar hyperglycemic state, they require spe-
cial attention since death due to DKA tends to occur at 
the extremes of age.4,5,16,17 Treatment of DKA in elderly 
patients is similar to that of younger patients, although 

fluid resuscitation should be followed more closely in 
order to prevent volume overload.16

Fluid Resuscitation

Patients in DKA have a total body water deficit of 
approximately 5 to 8 L,4–6 and correcting this deficit 
will result in significant metabolic improvement. Fluid 
resuscitation with isotonic saline (0.9% NaCl) at 15 to  
20 mL/kg/hr for the first hour is recommended for 
all patients. Therapy should then be tailored based 
upon volume status and serum sodium concentration. 
In patients with hypovolemic shock, infusion of 0.9% 
NaCl should be continued and the addition of a plasma 
expander should be considered. When hypovolemia 
is mild (ie, stable blood pressure and adequate urine 
output), fluid should be selected based on the serum so-
dium concentration. Low serum sodium requires 0.9% 
NaCl at a rate of 4 to 14 mL/kg/hr. If sodium levels are 
normal to high, changing to a lower salt content infu
sate, such as 0.45% NaCl, at a rate of 4 to 14 mL/kg/hr  
is recommended. The aim is to correct the total body 
water deficit in the first 24 hours. Because rehydration 
will lower plasma glucose and osmolality, serum levels 
must be monitored closely. When blood glucose falls 
to below 250 mg/dL, 5% dextrose should be added to 
the NaCl infusion to prevent iatrogenic hypoglycemia. 
Dextrose supplementation, with a target blood glucose 
concentration between 150 and 250 mg/dL, should 
continue as long as insulin infusion is required to treat 
acidosis.1–6,11–13 To avoid complications of rapid fluid 
shifts, the change in osmolality should be no greater 
than 3 mOsm/kg of free water per hour, and sodium 
changes should not exceed 1 mmol/hr.1 

Insulin Therapy

Regular insulin administered intravenously is the 
optimal choice for treatment of DKA.2–6,18–20 Previous 
controversy over the use of a high-dose versus low-dose 
insulin regimen has been resolved. Several studies 
have shown that low-dose insulin effectively corrects 
metabolic acidosis without precipitating rapid declines 
in plasma osmolality, glucose, and potassium.2,4,5,19,20 A 
low-dose protocol with a bolus of 0.1 U/kg followed by 
a continuous infusion at a rate of 0.1 U/kg/hr should 
be initiated. If plasma glucose does not decrease by 
50 to 75 mg/dL in the first hour, the rate of the insu-
lin infusion should be doubled every hour until the 
goal reduction is achieved. Once blood glucose is less 
than 200 mg/dL, the rate of insulin infusion can be 
decreased. Because ketoacidosis typically takes longer 
to resolve than hyperglycemia, insulin infusion should 
continue until acidosis resolves.2–6,11,12 Serum and urine 
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ketones may remain positive after correction of acido-
sis, evidenced by closure of the anion gap, due to con-
version of b-hydroxybutyrate to acetoacetate.2 Criteria 
for resolution of DKA include pH greater than 7.3 (or 
anion gap < 14 mEq/L), a serum bicarbonate concen-
tration of 18 mEq/L or less, and a blood glucose level 
less than 200 mg/dL.1 

Once DKA has resolved, the transition to subcu-
taneous insulin can begin. The American Diabetes 
Association (ADA) recommends that basal subcutane-
ous insulin and insulin infusion be overlapped for 1 to  
2 hours to prevent rebound hyperglycemia or recur-
rence of DKA.4,5 In practice, a longer overlap period 
may be required, depending on the pharmacokinetics 
of the basal insulin selected (ie, 2–4 hr for neutral prot-
amine Haegdorn [NPH] or glargine). Known diabetic 
patients should return to their home insulin regimen, 
which can be adjusted as needed to control hyper-
glycemia. Newly diagnosed diabetic patients should 
receive a mixture of long-acting and short-acting  
subcutaneous insulin.1–6,11,12 Most patients with type 1 
diabetes require a total daily dose of insulin of 0.5 to  
1 U/kg/day. Half of the dose should be administered 
as basal insulin (once daily glargine or detemir or di-
vided equally in 2 doses of NPH insulin). The remain-
ing half should be administered in 3 equally divided 
doses of a rapid-acting insulin analog before each meal 
(ie, aspart, lispro, or glulisine).21

Electrolyte Repletion

Patients in DKA have a total body potassium defi-
cit of 3 to 5 mEq/L.2,4,5,22 However, serum potassium 
is commonly normal or elevated at presentation. If 
serum potassium is less than 3.3 mEq/L, insulin ad-
ministration should be deferred and potassium should 
be repleted to prevent the life-threatening complica-
tions of hypokalemia, such as cardiac arrhythmias and 
respiratory muscle weakness. If serum potassium is 
between 3.3 and 5.3 mEq/L, 20 to 40 mEq of potas-
sium can be added to each liter of intravenous fluids 
once good urine output is assured. If serum potassium 
is greater than 5.3 mEq/L, potassium repletion is un-
necessary; however, potassium levels should still be 
monitored closely. The target serum potassium is 4 to  
5 mEq/L during treatment for DKA.1–6,11,12

The total body phosphate deficit in DKA averages 
1 mmol/kg of body weight.4,5 Several studies failed to 
show a benefit from phosphate replacement.23,24 How-
ever, the ADA recommends repletion in patients with 
cardiac dysfunction, respiratory depression, or serum 
phosphate less than 1 mg/dL.4,5

Because acidosis typically resolves with treatment for 

DKA, bicarbonate levels will rise without supplementa-
tion. Several studies have shown no benefit to bicar-
bonate administration at a pH greater than 7.0.25,26 
However, no studies have addressed bicarbonate ther-
apy in patients with a pH below 6.9. For pH levels 
between 6.9 and 7.0, the ADA recommends adminis-
tration of 50 mmol of sodium bicarbonate in 200 mL 
of sterile water with 10 mEq of potassium chloride 
infused over 1 hour. For patients with a pH less than 
6.9, the ADA recommends administering 100 mmol 
of sodium bicarbonate in 400 mL of sterile water with 
20 mEq of potassium chloride infused over 2 hours. 
Venous pH and bicarbonate level should be measured 
every 2 hours, and treatment can be repeated every  
2 hours as needed until the pH exceeds 7.0.4,5

Prevention

Approximately 50% of hospitalizations for DKA are 
preventable.1 Prevention begins with effective commu-
nication and patient education. Patients must be coun-
seled on appropriate management of their diabetes, 
particularly during times of illness. One strategy is to 
encourage patient–provider communication in order 
to identify signs and symptoms of early DKA. Blood 
glucose and ketone monitoring are used to titrate insu-
lin regimens during illness. In addition, patients must 
be educated about the deleterious effects of insulin 
deficiency.2–5,12 Even when patients are ill and unable 

Table 2. Highlights of Diabetic Ketoacidosis Management

Fluid resuscitation

Start 0.9% NaCl at 15–20 mL/kg/hr for first hr (add colloid if  
hypovolemic shock), then

	 If Na+ is normal or high, give 0.45% NaCl at 4–14 mL/kg/hr

	 If Na+ is low, give 0.9% NaCl at 4–14 mL/kg/hr

Add dextrose when glucose is < 250 mg/dL

Goal is to correct total body water deficit in the first 24 hr

Insulin therapy 

0.1 U/kg bolus followed by continuous infusion at 0.1 U/kg/hr

Goal is to decrease glucose by 50–75 mg/dL/hr

Continue insulin until pH, bicarbonate, and anion gap normalize

Overlap IV insulin with subcutaneous insulin for 1–2 hr after resolu-
tion of DKA

Electrolyte repletion

Add 20–30 mEq potassium to each liter of IV fluid if potassium is  
< 5.3 mEq/L

Replace phosphate if phosphate is < 1 mg/dL 

Give bicarbonate if pH is < 7.0

DKA = diabetic ketoacidosis; IV = intravenous.
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to tolerate oral intake, they still require basal insulin to 
prevent ketosis. Unfortunately, discontinuation of insu-
lin for economic and psychiatric reasons is a common 
precipitant of DKA.4,5,14,15,27 We must work to improve 
access to health care in populations at risk.

Conclusion

DKA is an endocrinologic emergency that carries a 
mortality rate of 2% to 10%.2 Hyperglycemia, ketosis, 
and acidosis are the hallmark features of DKA. Man-
agement is directed at fluid resuscitation, restoration 
of insulin therapy, correction of metabolic acidosis and 
electrolyte abnormalities, and treatment of precipitat-
ing factors. Frequent monitoring is required to assess 
progress and avoid complications.1,2,4,5 Patient educa-
tion and patient–provider communication are essential 
for preventing DKA. 	 HP
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