TREATMENT

Diabetic Ketoacidosis

TABLE 418-8 Management of Diabetic Ketoacidosis
1. Confirm diagnosis (↑ plasma glucose, positive serum ketones, metabolic
acidosis).
2. Admit to hospital; intensive care setting may be necessary for frequent
monitoring or if pH <7.00 or unconscious.
3. Assess:
Serum electrolytes (K+, Na+, Mg2+, Cl−, bicarbonate, phosphate)
Acid-base status—pH, HCO3−, Pco2, β-hydroxybutyrate
Renal function (creatinine, urine output)
4. Replace fluids: 2–3 L of 0.9% saline over first 1–3 h (10–20 mL/kg per
hour); subsequently, 0.45% saline at 250–500 mL/h; change to 5% glucose and 0.45% saline at 150–250 mL/h when plasma glucose reaches
250 mg/dL (13.9 mmol/L).
5. Administer short-acting insulin: IV (0.1 units/kg), then 0.1 units/kg per
hour by continuous IV infusion; increase two- to threefold if no response
by 2–4 h. If the initial serum potassium is <3.3 mmol/L (3.3 meq/L), do
not administer insulin until the potassium is corrected.
6. Assess patient: What precipitated the episode (noncompliance, infection,
trauma, pregnancy, infarction, cocaine)? Initiate appropriate workup for
precipitating event (cultures, CXR, ECG).
7. Measure capillary glucose every 1–2 h; measure electrolytes (especially
K+, bicarbonate, phosphate) and anion gap every 4 h for first 24 h.
8. Monitor blood pressure, pulse, respirations, mental status, fluid intake
and output every 1–4 h.
9. Replace K+: 10 meq/h when plasma K+ <5.0–5.2 meq/L (or 20–30 meq/L
of infusion fluid), ECG normal, urine flow and normal creatinine documented; administer 40–80 meq/h when plasma K+ <3.5 meq/L or if
bicarbonate is given. If initial serum potassium is >5.2 mmol/L
(5.2 meq/L), do not supplement K+ until the potassium is corrected.
10. See text about bicarbonate or phosphate supplementation.
11. Continue above until patient is stable, glucose goal is 8.3–13.9 mmol/L
(150–250 mg/dL), and acidosis is resolved. Insulin infusion may be
decreased to 0.05–0.1 units/kg per hour.
12. Administer long-acting insulin as soon as patient is eating. Allow for a
2–4 hour overlap in insulin infusion and SC insulin injection.
Abbreviations: CXR, chest x-ray; ECG, electrocardiogram.
Source: Adapted from M Sperling, in Therapy for Diabetes Mellitus and Related Disorders,
American Diabetes Association, Alexandria, VA, 1998; and AE Kitabchi et al: Diabetes Care
32:1335, 2009.

HPIM19_Part16_p2251-p2534.indd 2419

CHAPTER 418 Diabetes Mellitus: Management and Therapies

The management of DKA is outlined in Table 418-8. After initiating
IV fluid replacement and insulin therapy, the agent or event that
precipitated the episode of DKA should be sought and aggressively treated. If the patient is vomiting or has altered mental status, a nasogastric tube should be inserted to prevent aspiration of
gastric contents. Central to successful treatment of DKA is careful
monitoring and frequent reassessment to ensure that the patient
and the metabolic derangements are improving. A comprehensive
flow sheet should record chronologic changes in vital signs, fluid
intake and output, and laboratory values as a function of insulin
administered.
After the initial bolus of normal saline, replacement of the sodium
and free water deficit is carried out over the next 24 h (fluid deficit is
often 3–5 L). When hemodynamic stability and adequate urine output
are achieved, IV fluids should be switched to 0.45% saline depending
on the calculated volume deficit. The change to 0.45% saline helps to
reduce the trend toward hyperchloremia later in the course of DKA.
Alternatively, initial use of lactated Ringer’s IV solution may reduce
the hyperchloremia that commonly occurs with normal saline.
A bolus of IV (0.1 units/kg) short-acting insulin should be administered immediately (Table 418-8), and subsequent treatment should
provide continuous and adequate levels of circulating insulin.
IV administration is preferred (0.1 units/kg of regular insulin per
hour) because it ensures rapid distribution and allows adjustment
of the infusion rate as the patient responds to therapy. In mild
episodes of DKA, short-acting insulin can be used SC. IV insulin
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metabolically stable. As the acidosis and insulin resistance associated with DKA resolve, the insulin infusion rate can be decreased
(to 0.05–0.1 units/kg per hour). Long-acting insulin, in combination
with SC short-acting insulin, should be administered as soon as
the patient resumes eating, because this facilitates transition to an
outpatient insulin regimen and reduces length of hospital stay. It is
crucial to continue the insulin infusion until adequate insulin levels
are achieved by administering long-acting insulin by the SC route.
Even relatively brief periods of inadequate insulin administration in
this transition phase may result in DKA relapse.
Hyperglycemia usually improves at a rate of 4.2–5.6 mmol/L
(75–100 mg/dL) per hour as a result of insulin-mediated glucose
disposal, reduced hepatic glucose release, and rehydration. The
latter reduces catecholamines, increases urinary glucose loss, and
expands the intravascular volume. The decline in the plasma
glucose within the first 1–2 h may be more rapid and is mostly
related to volume expansion. When the plasma glucose reaches
13.9 mmol/L (250 mg/dL), glucose should be added to the 0.45%
saline infusion to maintain the plasma glucose in the 8.3–13.9
mmol/L (150–250 mg/dL) range, and the insulin infusion should be
continued. Ketoacidosis begins to resolve as insulin reduces lipolysis, increases peripheral ketone body use, suppresses hepatic ketone
body formation, and promotes bicarbonate regeneration. However,
the acidosis and ketosis resolve more slowly than hyperglycemia.
As ketoacidosis improves, β-hydroxybutyrate is converted to acetoacetate. Ketone body levels may appear to increase if measured
by laboratory assays that use the nitroprusside reaction, which only
detects acetoacetate and acetone. The improvement in acidosis
and anion gap, a result of bicarbonate regeneration and decline in
ketone bodies, is reflected by a rise in the serum bicarbonate level
and the arterial pH. Depending on the rise of serum chloride, the
anion gap (but not bicarbonate) will normalize. A hyperchloremic
acidosis (serum bicarbonate of 15–18 mmol/L [15–18 meq/L]) often
follows successful treatment and gradually resolves as the kidneys
regenerate bicarbonate and excrete chloride.
Potassium stores are depleted in DKA (estimated deficit
3–5 mmol/kg [3–5 meq/kg]). During treatment with insulin and
fluids, various factors contribute to the development of hypokalemia. These include insulin-mediated potassium transport into cells,
resolution of the acidosis (which also promotes potassium entry
into cells), and urinary loss of potassium salts of organic acids. Thus,
potassium repletion should commence as soon as adequate urine
output and a normal serum potassium are documented. If the initial
serum potassium level is elevated, then potassium repletion should
be delayed until the potassium falls into the normal range. Inclusion
of 20–40 meq of potassium in each liter of IV fluid is reasonable, but
additional potassium supplements may also be required. To reduce
the amount of chloride administered, potassium phosphate or acetate can be substituted for the chloride salt. The goal is to maintain
the serum potassium at >3.5 mmol/L (3.5 meq/L).
Despite a bicarbonate deficit, bicarbonate replacement is not
usually necessary. In fact, theoretical arguments suggest that bicarbonate administration and rapid reversal of acidosis may impair
cardiac function, reduce tissue oxygenation, and promote hypokalemia. The results of most clinical trials do not support the routine
use of bicarbonate replacement, and one study in children found
that bicarbonate use was associated with an increased risk of cerebral edema. However, in the presence of severe acidosis (arterial pH
<7.0), the ADA advises bicarbonate (50 mmol/L [meq/L] of sodium
bicarbonate in 200 mL of sterile water with 10 meq/L KCl per hour
for 2 h until the pH is >7.0). Hypophosphatemia may result from
increased glucose usage, but randomized clinical trials have not
demonstrated that phosphate replacement is beneficial in DKA. If
the serum phosphate is <0.32 mmol/L (1 mg/dL), then phosphate
supplement should be considered and the serum calcium monitored. Hypomagnesemia may develop during DKA therapy and may
also require supplementation.

2/9/15 6:54 PM

