
Insulin in Intensive Care : The Leuven Protocol

The insulin in intensive care study (Van den Berghe G et al. N Engl J Med 2001, 345: 1359-1367) revealed that strict maintenance of normoglycemia (80-110 mg/dL or 4.4-6.1 mmol/L) during critical illness improves morbidity and mortality.  Achieving this goal requires exogenous insulin administration in virtually every patient in the intensive care unit (ICU).  Insulin requirement in the ICU is not a static issue but changes according to e.g. the insulin production reserve and insulin sensitivity of the patient before and during critical illness; caloric intake while in ICU (which is normally built up aiming for 25 Cal/kgBW/day), the severity and the phase (acute vs. chronic) of illness, whether or not there are concomitant or intercurrent infections or complications and the concomitant administration of drugs affecting insulin sensitivity (glucocorticoids often in high doses etc.).  This makes that the following guidelines are NOT strict rules but directives, which need to be adapted to the individual condition of the patient.  

Guidelines for insulin titration in the ICU

1. Insulin infusion

Concentration and mode of administration : Insulin is only given by continuous intravenous infusion through a central venous line using a 50 mL syringe driven pump.  The standard concentration is 50 IU insulin in 50mL NaCl-0.9%.  Prepared solutions are not stable after 24h.  

2. Measurement of blood glucose levels

Whole blood glucose levels are measured in undiluted arterial blood.  Undiluted samples are obtained by removing at least 4 times the flush-volume in the line between the sampling point and the arterial puncture site before the actual sample is taken.  

After admission to ICU and until normoglycemia (80-110 mg/dL or 4.4-6.1 mmol/L) is reached (usually within the first 12-24 hours), hourly or two-hourly measurement of blood glucose is advised.  Thereafter, every 4 hours measurement of blood glucose suffices.  In case of hypoglycemia or steep falls or rises in glycemia, more frequent control than every 4h is advised.  

3. Titration schedule

3.1. 
Starting up insulin infusion and initial stabilisation of blood glucose level

· When blood glucose level exceeds 110 mg/dL (6.1 mmol/L), insulin infusion is initiated at a starting dose of 2 IU/h.  If the blood glucose level on which insulin is started is > 220 mg/dL, the starting dose of insulin can be set at 4 IU/h. 

· If a next blood glucose level is > 140 mg/dL, increase the insulin infusion rate with 2 IU/h.  

· If a next blood glucose level is between 110-140 mg/dL, increase the insulin infusion rate with 1 IU/h.

· If blood glucose approaches the normal range, adjust with increments/decrements of 0.1 –0.5 IU per hour.  

· When blood glucose level is within the normal range, leave insulin dose unaltered.  

3.2. Dose adjustments after initial stabilisation

· If blood glucose level falls steeply (more than 50% change) after a dose adjustment, reduce the insulin dose to half and check blood glucose level more frequently. 

· If blood glucose is 60-80 mg/dL, reduce the dose adequately (rate depending on the previous blood glucose level) and check the blood glucose level within the next hour.

· If blood glucose is 40-60 mg/dL stop the insulin infusion, assure adequate baseline glucose intake and check the blood glucose level within the next hour. 

· If blood glucose is <40 mg/dL stop the insulin infusion, assure adequate baseline glucose intake, administer glucose per 10 g IV boluses and check the blood glucose level within the next hour.  

· Insulin sensitivity improves with time in an ICU patient.  Hence, in a patient in whom stable normoglycemia was reached, the need for insulin may decrease again at a later stage.  If in such a case glycemia starts to fall, even though still within the normal range, beware of improved insulin sensitivity, reduce the insulin dose with 20% and check blood glucose level.  

· Increase in body temperature is always accompanied by an increased insulin requirement, particularly if this is caused by infection.  Conversely, the need for insulin decreases again when an infection is under control.  

· Maximal insulin dose is arbitrarily set at 50 IU/hour.  

· At discharge from ICU, a less strict approach is best adopted (glycemia ≤ 200 mg/dL) in order to avoid hypoglycemia in the less well controlled setting of a regular ward (see point 7).

4. Special concerns regarding alterations in caloric intake 

Adequate caloric and glucose intake is essential. 

In order to avoid fluctuating blood glucose levels and too frequent need for re-adjustment of the insulin dose, administer IV glucose-containing solutions always by an infusion pump.  

At the time of interruptions of tube feeding, the insulin dose should be reduced proportionately in order to avoid hypoglycemia.  This means, in a patient on full enteral tube feeding, during the twice a day 2-hourly interruptions of tube feeding, insulin is virtually stopped although in some patients a low (0.5 IU/h) maintenance dose can be needed during that time.  

At the time of patient transportation to an investigation or to the operating room for surgery, all IV and enteral administration of feeding is usually stopped at that time and insulin infusion should also be stopped.  Check blood glucose level after having done so and ensure an adequate level before transport. 

Whenever a patient is extubated and assumed to re-start normal oral food intake, the IV or tube feeding is usually reduced in order to allow appetite to re-occur.  In those patients it is crucial to reduce the insulin dose proportionately (often temporarily stopped).  

5. Special concerns about concomitant drugs

Glucocorticoids, particularly in high doses (> 90 mg /d hydrocortisone or its equivalent), aggravate insulin resistance in ICU patients.  The dose of Insulin to maintain normoglycemia will always need to be increased whenever such treatments are initiated.  Furthermore, in order to avoid very annoying recurrent fluctuations in insulin need, the total daily dose of glucocorticoids should best be administered as a continuous infusion.  

6. Special concerns in a patient at risk for acute renal failure in whom an hourly substitution of urinary fluid loss is applied to avoid fluctuating intravascular filling status.  

In order to avoid hourly fluctuations of insulin requirement according to the hourly urine output, these substitution solutions (glucose 5%, glucose 3.3% or glucose 2.5%) should be “neutralized” in the infusion bag by adding 16, 12 or 10 IU insulin per liter, respectively.  This insulin administration is additional to the hourly dose, which is given separately.  

7. What to do when a patient is ready for discharge to a regular ward ? 

If a patient is normoglycemic on < 2 IU /h insulin, the insulin infusion can be stopped.  Control blood glucose level before discharge should be <200 mg/dL.

If insulin is required to maintain blood glucose level <200 mg/dL, it is most likely that the patient has pre-existing diabetes and follow up by an endocrinologist should be planned and the regimen of insulin should be arranged with the consulting physician to guarantee adequate follow-up on the regular ward.  
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