19 JUL 2006 (from Poth & Bauer)
TREATMENT OF DKA

GOAL:
Replacement of fluid, insulin and electrolytes.

Correction of hyperosmolarity (hyperglycemia) and acidosis.
Avoid complications of therapy.

DIAGNOSIS:

1. Serum glucose > 250 mg/dl

2. Serum bicarbonate < 20 mEq/L

3. Ketonemia

PRESENTATION:

1. New Onset DM: polyuria, polydipsia, weight loss, nausea, vomiting, hyperpnea (increased depth of respiration), abdominal pain, dehydration, coma.

2. Known diabetic: hyperglycemia, ketonuria, polyuria, hyperpnea and any of the above.

MANAGEMENT:
1. Draw initial labs: VBG, capillary BG, electrolytes, glucose, BUN, creatinine, serum ketones, Ca, Mg, P, UA, ± CBC

a. Hyponatremia: Usually factitious. 

Corrected Na (mg/dl) = Serum Na +  1.6 (Serum glucose-100)
     

100
b. Potassium: Artificially elevated. During acidosis, K+ is exchanged for H+.  Patients are usually total body K+ depleted and serum K+ levels will drop rapidly with correction of acidosis.

c. Creatinine: May be artificially elevated in some labs (secondary to ketonemia).

d. pH: May be 6.8-7.29; cannot predict rapidity of response from initial pH.

e. White Blood Cell count: Usually elevated with leukocytosis

f. Serum lipids: High triglycerides

2. Begin fluid resuscitation: Give normal saline at 10-20 cc/kg over next 1 or 2 hours. This will lower serum glucose but will not correct acidosis (may actually worsen as hydration results in redistribution of lactic acid).
3. Begin flow sheet: Should have hourly vital signs, neuro checks, Is and Os, and accurately calculated nets I/O at least every 4 hours to make sure you are ahead on fluids.

4. Keep patient NPO. 
5. Detailed H & P:  Evaluate regarding possible source of infection may have precipitated DKA (urine, lungs, sinuses, otitis, skin, blood, CNS) and treat if needed. Ask about insulin storage (left in car), age of bottles.

6. Continue IV Fluids Replacement:
a. When to add potassium: After initial fluid resuscitation, and before you begin any insulin, you want to add K to fluids. Avoid hypotonic fluids.  When urine output established, give 0.45% normal saline with 40 mEq/L of KCl.  The serum K WILL fall when insulin is given and if you wait for this to occur you will be behind.  There is NO data that giving half of K as Phosphate or other salt is useful and use of KPhosphate may result in low Ca.
b. When to add glucose: Add glucose to the IV when blood glucose falls to 300 mg%. The secret to doing so is to order 2 bags of IV solution initially and change the proportion of each as you need to maintain glucose in 150-200 range.  One bag (the one which you will start with) will just be the 0.45% NS with KCl.  The second bag will be D10 with 0.45% NS with KCl.  Then you can change the relative infusion rates from each bag to alter glucose infusion to anywhere from 0% to 10% dextrose. Therefore:

i. Glucose < 300 ( change to D5 ½ NS (+K) = 50% D10 ½ NS and 50% ½ NS

ii. Glucose < 200 ( change to D10 ½ NS (+K)

c. Volume required: Although most people “calculate” the fluid deficit and try to replace it over 48 hours, it is simpler to just give 1.5-2 times maintenance and follow your net fluid status.  Max fluid should usually not exceed twice maintenance.
7. Begin insulin infusion:  
a. Have mannitol at the bedside when you start insulin therapy.
b. Goal is to lower BG 70-100 mg/dl/hr, no faster, and then maintain glucose at 150-200 until pH corrected and patient ready to transfer to bolus insulin. You do this by adding glucose to the IV, NOT by decreasing insulin.

c.  Insulin dose is 0.1 unit/kg/hour infusion (MUST BE IN ICU SETTING to run an insulin drip). Mix 250 units in 250 cc normal saline and run at 0.1 cc/kg/hr (0.1 U/kg/h)
d. Check Capillary BG q hour
e. Hold insulin drip if BG < 150 and restart when BG is> 200.   
f. Stop both insulin drip and glucose infusion when CO2 > 17, BUT must give sub Q dose of insulin 20 min before stopping drip. In a known diabetic, normal dose can be restarted if able to eat normal diet.
8. Transitioning to Subcutaneous insulin in new diabetics:
a. In newly diagnosed diabetic, give 0.15-0.3 U/kg regular insulin AC or Q 4-6 hours; give less when not eating full meal (i.e. bedtime, or still nauseous.)  BE SURE TO STOP GLUCOSE INFUSION WHEN STOPPING INSULIN DRIP.
OR

b. Can give 0.5-1 U/kg/d and divide dose into 2/3 in AM (1/3 to be regular or humalog, the remainder NPH) and 1/3 before dinner (1/3 to 1/2 regular or humalog, the remainder NPH)
OR

c. Lantus (glargine) or Detemir and Novlog or Humalog – give 0.5 to 1.0 units/kg/day total with 50% long-acting and 50% short acting (split between 3 meals).  Check QAC, 3 hour post-prandial, QHS and 0200 d-sticks to optimize dose.
d. NOTE: **Small children may only need long-acting insulin**

9. Role of Bicarbonate: There is NO need for routine bicarbonate administration in the management of DKA and NEVER give bicarbonate IV push!!  Large centers rarely use bicarbonate in Pediatric DKA. This is due to the remarkable ability of children and adolescents to tolerate acidosis. Older diabetics (in 20s and 30s) may have premature cardiovascular disease or significant renal disease and must be managed differently. There are numerous problems with bicarbonate including:

a. Paradoxical CNS acidosis, causing changes in mental status. This is hard to distinguish from cerebral edema.  

b. Worsens hyperosmolarity.  

c. Worsens hypokalemia.  

d. Gives false feeling of improvement (on labs) and perhaps underestimates the need for fluids and insulin.  

e. Use of bicarbonate has been associated with an increased incidence of cerebral edema.
CEREBRAL EDEMA:
1. The major morbidity and mortality from DKA is due to cerebral edema with the greatest risk in the first 24 hours. Evidence does not point to any single risk factor in the development of edema.  Some investigators feel that excess, rapid fluid administration may increase susceptibility to cerebral edema. One undisputed fact is that early recognition and intervention appears to decrease the morbidity in patients with early signs of this devastating complication. For this reason, we must attempt a gradual improvement in hyperosmolar state. Therefore we drop the glucose slowly, and use a more judicious IV fluids replacement than we have in the past. In spite of this care, however, it still may occur.
2. Neuro checks must be ordered Q1H and documented on flow sheet while the patient is on an insulin drip. Any changes in neurological status (sudden drop in heart rate from the 120-140s  to 70-90, headache, recurrence of emesis, rising BP, drop in oxygen saturation, changing sensorium, ophthalmoplegia) should be vigorously addressed with a quick neurological exam and early administration of mannitol.  Do not delay this intervention while awaiting a head CT or neurology referral.  To treat- Give 0.5 - 1 gram/kg IV mannitol over 20 minutes and decrease rate of IV to maintenance. Status should rapidly return to normal. An alternate therapy, recommended by some, is to administer 5 – 10 mL/kg of 3% saline over 30 minutes and decrease rate of IV fluid administration. 
COMMON ERRORS IN TREATING DKA:

1. Not giving enough fluid to compensate for excessive glucosuria. However, don't exceed 4 liters per meter squared per day. MAY EXCEED THIS ON AN HOURLY RATE BRIEFLY, EARLY ON IN THERAPY, but do not sustain this rate. Rarely will you get in trouble going too slowly.

2. Not anticipating rapid fall in K. Have fluids with potassium up before this occurs. 

3. Stopping the insulin drip for low BGs and not restarting as soon as BG is >200.  Need glucose and insulin in order to correct acidosis and ketosis.
4. Stopping the insulin drip but keeping glucose in IV after DKA has resolved. This will make BG extremely high. When the insulin drip is stopped, remove glucose from the IV fluids!
5. Stopping the insulin drip before bicarb is > 16. Glucose normalization does not signify resolution of DKA.

INDICATIONS TO TREAT DKA ON WARD:
1. pH > 7.2 and
2. HCO3 >10
**These patients can usually be treated successfully with IV fluids, and I.M. insulin 0.1-0.2 U/kg Q2H. See reference 4.
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