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Glycemic Management in the Hospital
 Susan S. BraithwaiteJuly, 2008
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Targets for protective action of insulin
 • fuel and energy metabolism
 – glucose
 – free fatty acids
 – reactive oxygen species
 – nutritional status
 • coagulation pathway
 • inflammatory pathway
 • endothelium
 – protection against vessel wall inflammatory processes
 – vasodilatory action
 • heart
 • host defenses against infection
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Target range blood glucose (ADA 2008)
 Noncritically ill Fasting glucose < 126 mg /dL and all random glucoses < 180 - 200 mg /dL
 Critically ill Blood glucose levels should be kept as close to 110 mg /dL as possible and generally < 140 mg /dL
 These patients require an intravenous insulin protocol that has demonstrated efficacy and safety in achieving the desired glucose range without increasing risk for severe hypoglycemia
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Deciding whether to maintain the ambulatory treatment plan in the hospital
 Metformin?
 Stop metforminin the hospital
 Probably contraindicated !
 Other orals ?
 May be OK to continue other oral agents
 Normal oral intake, drugs not renally excreted, no contraindications ?
 Insulin: components of daily requirement defined physiologically
 Healthy Sick Sick / NPO
 Stress / Drugs
 IV's / TF's
 Prandial
 True Basal
 Units
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8 12 6 10
 The Pattern of Insulin Requirement during Normal Health, Meal Plan, and Activity is Not Necessarily Reproduced in the Hospital
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Deciding
 on a Treatment
 Plan in the Hospital
 to Maintain
 Glucose
 in the Target Range
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8 12 6 10
 Insulin Requirement High a.m. dose corticosteroids
 Insulin Requirement Continuous D5, TPN, or tube feeds
 6 am 12 pm 6 pm 12 am 8 12 6 10
 Insulin Requirement Transitional Meal Plan with “Grazing”
 8 12 6 10
 Insulin Requirement Overnight Enternal Feedings / Daytime “Grazing”
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Scheduled subcutaneous insulin
 Which pattern of carbohydrate exposure describes the patient ?
 • Discrete meals
 • Negligible carbohydrate
 • Continuous carbohydrate exposure
 • Transitional meal plan / grazing
 • Daytime grazing / overnight enteral feedings
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Constructing a profile for scheduled subcutaneous insulin ….
 6 pm 12 am 6 am 12 pm
 GlargineNPH
 SQ Regular
 Lispro / Aspart / Glulisine
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Generalizations about subcutaneous insulin therapyin the hospital
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Remember to order :
 • POC capillary blood glucose monitoring
 • “Call HO” for capillary blood glucose
 • Meal plan
 • A1C
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D 50% W, for hypoglycemia, requires a “prn” chart order
 • Nursing protocol RL 191 covers indications
 • Order: D 50 % W 25 mL “prn” hypoglycemia, per nursing protocol
 • Frequency: q 5 – 10 min “prn”
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Subcutaneous insulin in the hospital has 3 components
 • basal
 • nutritional (or prandial)
 • correction therapy
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Orders for insulin
 • basal and nutritional insulin are scheduled
 • correction insulin therapy is “prn”
 • any illness-related increase of insulin requirement (due to stress / drugs) is apportioned between each component of subcutaneous insulin therapy
 – basal,
 – nutritional ( or prandial), and
 – correction therapy
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• “do not withhold” basal insulin for type 1 diabetes
 • “hold” or “reduce” prandial insulin for poor oral intake
 • “hold” nutritional insulin for interruption of dextrose-containing fluids, enteral nutrition, or other exposure to carbohydrate
 • “hold” regular insulin or rapid acting analog for low BG
 Additional directions are attached to specific scheduled insulin orders, or are specified under protocols
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Alert parameters about blood sugar
 These calls are to prompt the caregiver to change the scheduled insulin or carbohydrate intake
 – < 80 mg / dL premeal
 – > 300 mg / dL
 – < 120 mg / dL at 2:00 a.m.
 – acetone
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BG control improved as a result of housestaff education on scheduled insulin combined with sliding scale prohibition for treatment of hyperglycemic patients
 200 ± 51
 150 ± 37
 0
 50
 100
 150
 200
 250
 Historical Controls Intervention Group
 Mean Glucose mg / dL
 Baldwin. Eliminating inpatient sliding scale. Diabetes Care 2005;28:1008.
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Umpierrez. Rabbit 2 Study. 2007
 Changes in blood glucose concentrations in patients treated with glargine plus glulisine and with SSI. *P < 0.01; ¶P < 0.05.
 basal-prandial-
 correction
 sliding scale
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In subjects who remained with severe hyperglycemic despite increasing doses of regular insulin per the sliding-scale protocol, glycemic control rapidly improved after switching to the basal-bolus insulin regimen
 Umpierrez. Rabbit Study. 2007
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Admitting a hyperglycemic patient who is eating
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Subcutaneous insulin therapy in the hospital for patients eating discrete meals
 Insulin release in normal physiology (%’s)
 Basal Prandial
 Insulin therapy in normal health (%)
 Basal Prandial Correction
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8 12 6 10
 Insulin requirement
 Patients who are eating Consistent carbohydrate diet ; fixed prandial insulin doses
 8 12 6 10
 Rapid- acting analog ( ~ 50 % )Glargine ( ~ 50 % )
 8 12 6 10
 Rapid- acting analog
 Glargine
 Advanced carbohydrate counting
 8 12 6 10
 Rapid- acting analog
 Insulin by pump
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A preferred hospital regimen for use with a consistent carbohydrate diet
 8 12 6 10
 Lispro / aspart / glulisine ( ~ 50 % )
 Glargine ( ~ 50 % )
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A preferred regimen for use with renal failure, hepatic failure, malnutrition, or 24 hr corticosteroids
 8 12 6 10
 Lispro / aspart / glulisine ( ~ 67 % )
 Glargine ( ~ 33 % )
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On dialysis days, cut or reduce rapid acting analog for poor prandial intake
 8 12 6 10
 Lispro / aspart / glulisine ( ~ 67 % )
 Glargine ( ~ 33 % )
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Writing orders for basal, prandial, correction insulin for patients who are eating discrete meals
 • Glargine routine (~ 50%): qHS (2200), or qAM,
 at irregular time (0800)
 • Aspart routine (~50%): WMEALS (0800, 1200, 1700)
 • Aspart prn WMEALS, ± HS, ± 0300
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Basal insulin orders for patients who are eating discrete meals
 Glargine routine: qHS (2200)
 Additional Directions (optional)
 • DO NOT WITHHOLD (appropriate for type 1 diabetes)
 • CUT 50% IF NPO (appropriate for type 2 diabetes)
 • HOLD IF NPO (appropriate for type 2 diabetes)
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Requirement for exogenous insulin during prolonged fasting may disappear in type 2 DM,but even during prolonged fasting it is absolute in type 1 DM
 type 1 DM
 type 2 DM
 requirement for exogenous basal insulin vs time fasting
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Prandial insulin orders for patients who are eating discrete meals
 Aspart routine: WMEALS
 Additional Directions (optional)
 • HOLD IF NPO
 • HOLD IF BG < X X X
 • AFTER 50% OF TRAY
 • AFTER MEAL EATEN
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For patients who are eating,
 to prescribe correction dose insulin “prn”,
 the frequency
 “ 5TDINS ” means “
 WMEALS, HS, 0300 ”
 We would prefer to create no new jargon, but
 “WMEALS,HS,0300” does not fit on screen
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8 12 6 10
 Insulin by pump
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Diabetes Hospital Patient Self- Management
 • Patient log ( daily flow sheet ) MIM 871, Lawson number 050298, HD number 7034
 • Order sheet MIM 872, Lawson number 050299, HD number 7035
 • No patient- directed insulin doses in CPOE
 • Endocrine consult
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The patient who is eating and running high blood glucose ...
 • Use insulin analogs
 • Use basal – prandial – correction therapy
 • “Just say no” to sliding scale
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Insulin analogs are the preferred therapy for patients who are eating
 Rapid- acting analogs (aspart, lispro, glulisine) are best reserved for prandial and correction dose therapy (not basal),
 whereas long- acting analog therapy (glargine, detemir) is best reserved for basal coverage (not nutritional)
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A Bad Practice: 70/30 Insulin plus Sliding Scale
 Scheduled or routine
 • BID, or
 0800 & 1700
 Sliding Scale
 • Q4HRS, or
 0200, 0600, 1000, 1400, 1800, 2200
 This means 8 shots daily.
 There is a risk of stacking, & BG tests fail to synchronize:
 0200, 0600, 0800, 1000, 1400, 1700, 1800, 2200
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Tease out the basal and prandial components for patients admitted on premixed insulins
 • meal omission is inevitable
 • premixeds won’t work
 • the argument for analogs is reduction of hypoglycemia
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Apportion or reapportion the insulin
 • About 50% basal (glargine at UNC)
 • About 50% prandial (aspart at UNC)
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Your patient reports a home regimen of 36 units of glargine, plus “sliding scale,” without prandial insulin.
 The on-call doctor has written an order for 36 unit glargine plus sliding scale.
 What is needed?
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Sample “consistent carbohydrate” meal plan order with “basal- prandial- correction” orders (or MDI, multiple daily injections) for a patient who does not yet count carbohydrates
 1. POC monitoring of CBG WMEALS, HS, 0300
 2. carbohydrates 60 gm WMEALS 30 gm HS SNACK
 3. glargine 18 units qHS
 4. aspart 6 units WMEALS
 5. aspart 1 unit prn BG 160 -199 WMEALS, HS, 0300
 6. aspart 2 units prn BG > 199 WMEALS, HS, 0300
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“ Teasing out ” the basal and prandial components of insulin in type 2 diabetesfor a patient admitted on premixed insulin
 • Suppose Robert normally takes 70 / 30 insulin, 60 units at breakfast and 30 units at supper He sometimes has fairly severe lows
 • A SQ regimen is needed to permit occasional meal omission
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Basal insulin in type 2 diabetes is 40- 50 % of the usual total daily dose
 A regimen of scheduled insulin might be:
 – glargine 36 units qHS (“cut 50% if NPO”)
 – aspart 12 units WMEALS (“hold if NPO”)
 – aspart 2 units prn BG 150 -199 WMEALS, HS, 0300
 – aspart 4 units prn BG >199 WMEALS, HS, 0300
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“ Teasing out ” and “locking in” the basal insulin component in type 1 diabetes
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“ Teasing out ” and “locking in” the basal insulin component in type 1 diabetes
 • Suppose Geoffrey normally takes 70 / 30 insulin, 20 units at breakfast and 10 units at supper ( not a good plan for type 1 diabetes )
 • He sometimes has fairly severe lows
 • Upon hospitalization, interruptions of nutrition are foreseen
 • A SQ regimen to provide basal insulin is needed
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Basal insulin in type 1 diabetes is 40- 50 % of the usual total daily dose
 • 40 % of 30 units ( total daily dose for Geoffrey ) = 12 units ( basal )
 • Basal regimens of scheduled insulin might be:
 – NPH 6 units 0800 and 2200 (“do not withhold”)
 – glargine 12 units qHS (“do not withhold”)
 – or other continuous delivery in the hospital
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Corticosteroids
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8 12 6 10
 High a.m. dose corticosteroids Insulin Requirement Solution a.
 8 am 12 6 10
 R - - -NPH —
 8 12 6 10
 Rapid- acting analog
 Glargine
 Solution c. NPH added for prednisone “on” days
 NPH
 8 12 6 10
 Rapid- acting analog
 Glargineduringcortico -steroids( ~ 30 % )
 Solution b.
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A preoperative pathway
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Procedures, anesthesia and surgery
 Established basal therapy with peakless long- acting insulin analog
 6 am 12 pm 6 pm 12 am
 Glargine Doses
 yesterday’s today’s
 Procedures, brief NPO status, or anesthesia < 1hr
 8 am 12 6 10
 Lispro, aspartor glulisine
 Glargine
 6 am 12 pm 6 pm 12 am
 Yesterday’s Glargine Dose
 Insulin drip
 Prolonged NPO status or anesthesia > 1hr
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A caution on subcutaneous therapy
 Delayed response and late snowballing from repeated insulin doses may occur among patients with poor perfusion of subcutaneous sites, as with
 • hypoalbuminemia
 • edema
 • hypotension
 • pressors
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Preoperative Insulin Dosing Guideline (“Preoperative Pathway”) According to Type of Insulin Used Before Surgery
 Dosing recommendations are offered as a guideline but must be individualized according to patient characteristics
 For Any Insulin User
 Determine the total daily dose of insulin (TDDI) used in the home setting, given as the total number of units of any type of insulin per 24 hr
 Modifications of insulin therapy are shown that might be recommended prior to surgery. It is assumed that NPH or premixed (biphasic) insulin is given in divided daily dosage at home. This pathway is not applicable to patients who might use both long-acting insulin analog and also NPH or premixed insulin. In the hospital, insulin users are converted to basal-prandial-correction therapy by administering approximately half the total daily dose of insulin (TDDI) as basal and the other half as prandial insulin. For NPO status, the 24 hr basal insulin dose is approximately unchanged for type 1 diabetes (about 40-50% of the TDDI), For NPO status, the 24 hr basal insulin dose is reassigned to half or less for type 2 diabetes (about 20-25% of the TDDI).
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Requirement for exogenous insulin during prolonged fasting or calorie restriction shows variability in Type 2 DM
 type 2 DM
 patient B
 patient A
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During NPO status, among type 1 diabetes patients, a previously established glargine dose maintains normoglycemia Mucha, Diabetes Care: 2004
 Fasting days
 Control days
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Procedures, anesthesia and surgery
 Requirement for exogenous insulin during prolonged fasting may disappear in type 2 DM,but even during prolonged fasting it is absolute in type 1 DM
 Requirement for exogenous basal insulin vs time fasting
 Insulin requirement
 Type 1 DM
 Type 2 DM
 Insulin effect vs. time of day during procedures, brief NPO status, or anesthesia ≤ 1hr
 2400 0730 1200 1800
 Rapid-acting insulin analogwith meals,“ hold if NPO ”Basal insulin for NPO status,
 ~ 50% of TDDI for type 1 DM, ≤ 25% of TDDI for type 2 DM
 Insulin effect vs. time of day during prolonged NPO status or anesthesia > 1hr
 0600 1200 1800 2400
 Yesterday’s basal insulin effect
 Regular insulin drip
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A patient having type 1 diabetes prepares for inpatient orthopedic surgery
 • A 45 year old patient having type 1 diabetes, with recent A1C = 7.3%, prepares for orthopedic surgery
 • Normally she takes : 18 units glargine qAM ~ 4 units glulisine with meals, plus correction doses
 • Despite avoidance of HS correction, she reports infrequent but relatively severe episodes of predawn hypoglycemia
 • Surgery is likely to be uncomplicated and brief, with expectation of oral intake by the end of the day
 • She is asked to arrive NPO on the day of surgery
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• The TDDI equals the total number of units of any type of insulin per 24 hr
 • In the hospital, the TDDI often is considered on a daily basis, with reference to the total dose in units actually delivered over the preceding 24 hr
 The “total daily dose of insulin” (TDDI)
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..
 What to Do with Rapid-Acting Insulin Analogs or Regular Insulin
 After supper the night before surgery, give no prandial doses; give correction doses only
 .
 Preoperative insulin revisions
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What to Do with Long-acting Insulin Analogs
 Determine the “24 hr dose of long-acting insulin analog” used at home by history
 Determine the “evening fraction” and “morning fraction” of long-acting insulin analog by history
 Compute the “reassigned 24 hr dose of long-acting insulin analog for NPO status” as indicated below:
 Type 2 Diabetes Type 1 Diabetes
 Reassign the 24 hr dose of long-acting insulin analog for NPO status to be either :
 0.15 units per Kg body weight or
 20-25% of TDDI in units, whichever is the smaller amount
 Reassign the 24 hr dose of long-acting insulin analog for NPO status to be either
 the 24 hr dose of long-acting insulin analog used at home or
 40-50% of TDDI in units,
 whichever is the smaller amount
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8 12 6 10 pm
 Long- acting analog sometimes is mis-used, through forced titration to a high daily dose, playing catchup overnight for insufficient prandial coverage
 BG
 Glargine or detemir
 BG
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Glargine or determinr, overdosed to play catchup, plus sliding scale !
 8 12 6 10 pm
 BG
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Glargine or detemir, given daily, playing catchup
 8 12 6 10 pm
 BG
 NPO status
 8 12 6 10 pm
 BG
 For patients receiving insufficient prandial coverage, overdoses of long-acting analog (glargine or detemir) established as home therapy may spell hypoglycemia once the patient is NPO ...
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What to Do with Long-acting Insulin Analogs
 Determine the “24 hr dose of long-acting insulin analog” used at home by history
 Determine the “evening fraction” and “morning fraction” of long-acting insulin analog by history
 Compute the “reassigned 24 hr dose of long-acting insulin analog for NPO status” as indicated below:
 Type 2 Diabetes Type 1 Diabetes
 Reassign the 24 hr dose of long-acting insulin analog for NPO status to be either :
 0.15 units per Kg body weight or
 20-25% of TDDI in units, whichever is the smaller amount
 Reassign the 24 hr dose of long-acting insulin analog for NPO status to be either
 the 24 hr dose of long-acting insulin analog used at home or
 40-50% of TDDI in units,
 whichever is the smaller amount
 Preoperative insulin revisions
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Treat on the night before surgery
 Give the evening fraction of reassigned 24 hr dose of long-acting insulin analog for NPO status
 Treat on the morning of surgery
 Give the morning fraction of reassigned 24 hr dose of long-acting insulin analog for NPO status or Start intravenous insulin infusion protocol in the preoperative holding area
 Preoperative insulin revisions
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A patient with type 2 diabetes prepares for prostate surgery
 • A 69 yr old man having type 2 diabetes normally takes metformin
 • At breakfast he takes 90 units of insulin as 75 / 25 protamine lispro / lispro, and at supper 70 units of insulin as 75 / 25 protamine lispro / lispro
 • He has occasional mild hypoglycemic reactions
 • He is asked to present NPO on the morning of prostate surgery
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What to Do with NPH or Premixed (Biphasic) Insulins
 Treat on the night before surgery
 Type 2 Diabetes Type 1 Diabetes
 Give evening dose of NPH or premixed (biphasic) insulin, reducing dose normally used at home by 50%
 Give evening dose of NPH or premixed (biphasic) insulin, reducing dose normally used at home by 10-20% in case of history of hypoglycemia
 Preoperative insulin revisions
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Treat on the morning of surgery
 Do not give premixed (biphasic) insulin
 Type 2 Diabetes Type 1 Diabetes
 Give NPH in an amount equaling in units 10% - 12.5% of the TDDI or less or Start intravenous insulin infusion protocol in the preoperative holding area or Withhold insulin pending results of intraoperative monitoring
 Give NPH in an amount equaling in units 20-25% of the TDDI or Start intravenous insulin infusion protocol in the preoperative holding area
 What to Do with NPH or Premixed (Biphasic) InsulinsWhat to Do with NPH or Premixed (Biphasic) Insulins
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What to Do with NPH or Premixed (Biphasic) Insulins
 Treat on the night before surgery
 Type 2 Diabetes Type 1 Diabetes
 Give evening dose of NPH or premixed (biphasic) insulin, reducing dose normally used at home by 50%
 Give evening dose of NPH or premixed (biphasic) insulin, reducing dose normally used at home by 10-20% in case of history of hypoglycemia
 Preoperative insulin revisions
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Treat on the morning of surgery
 Do not give premixed (biphasic) insulin
 Type 2 Diabetes Type 1 Diabetes
 Give NPH in an amount equaling in units 10% - 12.5% of the TDDI or less or Start intravenous insulin infusion protocol in the preoperative holding area or Withhold insulin pending results of intraoperative monitoring
 Give NPH in an amount equaling in units 20-25% of the TDDI or Start intravenous insulin infusion protocol in the preoperative holding area
 What to Do with NPH or Premixed (Biphasic) InsulinsWhat to Do with NPH or Premixed (Biphasic) Insulins
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Intravenous Infusion of Insulin:the only insulin treatment strategy specifically developed for use in the hospital
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Indications for intravenous insulin infusion
 • Diabetic ketoacidosis
 • Non-ketotic hyperosmolar state
 • Critical care illness
 • Myocardial infarction or cardiogenic shock
 • Post- operative period following heart surgery
 • NPO status in type 1 diabetes
 • General pre-, intra- and post- operative care
 • Organ transplantation
 • Stroke (possibly)
 • Exacerbated hyperglycemia during high- dose glucocorticoid therapy
 • Dose-finding strategy, anticipatory to initiation or reinitiation
 of subcutaneous insulin in type 1 or type 2 diabetes
 • Labor and delivery
 • Any illness for which prompt glycemic control is important to recovery
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Intravenous Infusion of Insulin:a well- designed protocol damps the swings of BG
 BG levels with insulin drip with no protocol
 BG levels with insulin drip with good protocol
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< 100 off
 100-109 0.5
 110-129 1.0
 130-149 1.5
 150-169 2.0
 170-189 2.5
 190-209 3.0
 210-254 4.0
 255-299 5.0
 etc.
 Suppose the patientstarts with BG = 254 mg/dLbut after 2 hours the BG remains about the same
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80- 89 off
 < 100 off 90- 99 0.5
 100-109 0.5 100-109 1.0
 110-129 1.0 110-129 1.5
 130-149 1.5 130-149 2.0
 150-169 2.0 150-179 3.0
 170-189 2.5 180-209 4.0
 190-209 3.0 210-239 5.0
 210-254 4.0 240-269 6.0
 255-299 5.0 270-299 7.0
 etc. etc.
 The next algorithmThe default algorithm
 Shifting between several algorithms allows the nurse to discover the insulin requirement that maintains normoglycemia
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Intravenous Insulin Infusion Targeting BG 100 – 150 mg / dL
 University of North Carolina
 Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
 BG units/h BG units/h BG units/h BG units/h BG units/h BG units/h
 <70 off <70 off <70 off <70 off <70 off <70 off
 70- 79 off 70- 79 off 70- 79 off 70- 79 off 70- 79 0.5 70- 79 1
 80- 89 off 80- 89 off 80- 89 off 80- 89 0.5 80- 89 1 80- 89 1.5
 90- 99 off 90- 99 off 90- 99 0.5 90- 99 1 90- 99 1.5 90- 99 2
 100-109 off 100-109 0.5 100-109 1 100-109 1.5 100-109 2 100-109 3
 110-129 0.5 110-129 1 110-129 1.5 110-129 2 110-129 3 110-129 4
 130-149 1 130-149 1.5 130-149 2 130-149 3 130-149 4 130-149 6
 150-179 1.5 150-169 2 150-179 3 150-169 4 150-179 6 150-169 8
 170-189 2.5 170-189 5 170-189 10
 180-209 2 190-209 3 180-209 4 190-209 6 180-209 8 190-209 12
 210-269 3 210-254 4 210-239 5 210-229 7 210-239 10 210-229 14
 240-269 6 230-269 8 240-269 12 230-249 16
 270-329 4 255-299 5 270-299 7 270-309 10 270-299 14 250-269 18
 300-345 6 300-329 8 310-349 12 300-329 16 270-309 20
 330-389 5 330-359 9 330-359 18 310-349 24
 346-389 7 360-389 10 350-389 14 360-389 20 350-389 28
 390 6 390 8 390 11 390 16 390 22 390 32
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Intravenous Insulin Infusion Targeting BG 80-110 mg/dLColumn 1 Column 2 Column 3 Column 4 Column 5 Column 6
 BG units/h BG units/h BG units/h BG units/h BG units/h BG units/h
 < 70 0.05 < 70 0.05 < 70 0.05 < 70 0.05 < 70 0.05
 70- 74 0.1 70- 74 0.1 70- 74 0.1 70- 74 0.1 70- 74 0.1
 75- 79 0.1 75- 79 0.2 75- 79 0.2 75- 79 0.2 75- 79 0.2
 80- 84 0.2 80- 84 0.2 80- 84 0.3 80- 84 0.3 80- 84 0.3 80- 84 0.3
 85- 89 0.3 85- 89 0.4 85- 89 0.4 85- 89 0.5 85- 89 0.6 85- 89 0.6
 90- 94 0.4 90- 94 0.6 90- 94 0.7 90- 94 0.8 90- 94 1.0 90- 94 1.2
 95- 99 0.5 95- 99 0.8 95- 99 1.1 95- 99 1.4 95- 99 1.9 95- 99 2.3
 100-104 0.7 100-104 1.3 100-104 1.8 100-104 2.4 100-104 3.3 100-104 4.3
 105-109 1 105-109 2 105-109 3 105-109 4 105-109 6 105-109 8
 110-127 1.2 110-121 2.3 110-122 3.5 110-127 5 110-122 7 110-127 10
 128-144 1.5 122-133 2.6 123-134 4 128-144 6 123-134 8 128-144 12
 145-162 1.7 134-144 3 135-147 4.5 145-179 8 135-159 10 145-162 14
 163-179 2 145-162 3.5 148-159 5 180-214 10 160-184 12 163-179 16
 180-249 3 163-179 4 160-209 7 215-249 12 185-209 14 180-214 20
 250-319 4 180-249 6 210-259 9 250-319 16 210-259 18 215-249 24
 320-389 5 250-319 8 260-309 11 320-389 20 260-309 22 250-319 32
 390 6 320 10 310 13 390 24 310 26 320 40
 Braithwaite et al. Diabetes Technology and Therapeutics 2006; 8 (4):476
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Insulin Infusion Protocol Targeting Blood Glucose 80-110 mg/dL
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50 79 110 140 171 201 232 263 293 324 354 385 416 444 475
 Blood Glucose mg/dL
 Insulin Infusion Rate, Units per Hour
 Column 1
 Column 2
 Column 3
 Column 4
 Column 5
 Column 6
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First 72 Hours of Insulin Infusion, 24 Patients, 27 Runs
 0
 50
 100
 150
 200
 250
 300
 350
 0 6 12 18 24 30 36 42 48 54 60 66 72
 hours of insulin infusion
 point of care BG, mg / dL, mean and SD
 0
 10
 20
 30
 40
 50
 60
 70insulin infusion rate,
 units / hr, mean and SD
 insulin infusion rate, mean point of care BG, mean
 Braithwaite et al. Diabetes Technology and Therapeutics 2006; 8 (4):476
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0
 10
 20
 30
 40
 50
 BG < 70 70 ≤ BG< 110
 110 ≤ BG< 140
 BG ≥ 140
 BGPatient Run
 23 patients, 1537 BG’s, 25 / 27 patient runs;
 2 patients did not reach BG < 110 before interruption of infusion
 Blood Glucose (BG) Distribution after First Reaching BG < 110 mg/dL ,Analysis Shown Using BG or Patient Run as the Unit of Observation
 %
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in this series of 1537 BG measurements, among the 23 patients or 25 runs in which target BG < 110 was reached, there were 31 BG measurements < 70 mg/dL, and in this series none < 50 mg/dL.
 Prevalence of 60 ≤ BG < 70, 16 / 25 runs
 Prevalence of 50 ≤ BG < 60, 8 / 25 runs
 60 ≤ BG < 70 50 ≤ BG < 60
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Conservative Protocol Aggressive Protocol
 Target Range Glucose 100-149 mg/dL Target Range 80-109 mg/dL
 Protocol maximum daily dose while in target = 144 units insulin
 Protocol maximum daily dose while in target = 192 units insulin
 Routine CTICU heart patient (pilot site) SICU patient (pilot site)
 Expected ICU care < 5 days Projected ICU stay possibly 5 days
 Conservative approach desired Aggressive approach desired
 Patient condition not shown to benefit from lower target range in prospective studies
 Septic patient or high risk of sepsis; surgical critical care illness
 Minimal exposure to carbohydrate Continuous renal replacement therapy
 Enteral feedings
 TPN
 IV dextrose > 40 cc/hr
 Transplant patient
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Insulin to cover TPN
 • Distribution of insulin, desired
 – 67-80 % of the insulin in the TPN bag
 – 20 -33 % as correction therapy by SQ injection or IV infusion
 • Redistribution strategy
 – add 2 /3’s of yesterdays correction therapy to today’s bag
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Intravenous insulin infusion under basal conditions correlates well with subsequent subcutaneous insulin requirement Hawkins. Endocrine Practice: 1995
 Total IV vs SQ 24h Insulin Requirements
 Units SQ
 Units IV

Page 82
                        

Proposed predictors of successful transition from intravenous insulin to SQ insulin after CABG
 • Type 2 diabetes or nondiabetes ( hospital hyperglycemia )
 • Uncomplicated CABG and / or valve surgery
 • Patient extubated, no pressor support, eating
 • Transfer orders written
 • Stable BG < 130 mg/dL
 • Insulin infusion ≤ 2 units / h overnight
 • Projected insulin dose 48 units / d
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Possible predictors of hyperglycemia after early transition to SQ insulin after heart surgery
 • Type 1 diabetes
 • COPD
 • Morbid obesity
 • Bilateral internal thoracic artery harvesting
 • Heart transplant
 • Ventilator dependency, pressor support, IABP, NPO status
 • Corticosteroids
 • No transfer orders written
 • Glucose > 130 mg / dL while on the insulin infusion
 • Infusion rate > 2 units / h overnight
 • Projected insulin dose > 48 units / d
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Transition off intravenous insulin infusion ....

Page 85
                        

The Time Arrives to Stop Insulin Drip
 Discrete meals?
 Glargine and rapid-acting analog
 NPH and regular insulin
 No Yes
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In the following case of a patient who is eating,
 if transfer orders
 are written ....
 what is needed for glycemic management ?
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Estimating initial SQ basal insulin from drip
 It is 8 am on the morning of postop day 3 after CABG. The patient is well, still on insulin drip. There were no overnight pressors or dextrose. Since yesterday, as prandial insulin, 4 units aspart are given with each meal.
 Based on the insulin requirement during 8 hr overnight, if nothing changes, what is the 24h basal requirement?
 • 12 -2 am 1.5 unit / hr
 • 2 -4 am 1.0 unit / hr
 • 4 -6 am 1.5 unit / hr
 • 6 -8 am 2.0 unit / hr
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Answer:
 • Average hourly insulin was 1.5 units / hr
 • 24 hr basal requirement is 36 units
 • Consider ~ 20 -33 % basal dose reduction each day during recovery
 • Adjust prandial doses upward each day
 • Eventual goal: 50% basal and 50% prandial
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The hyperglycemic patient receiving continuous exposure to carbohydrate, or no carbohydrate ....
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8 12 6 10
 Insulin requirement during continuous D5, TPN or enteral feedings
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6 12 6 12
 NPH
 6 10 2 6 10 2
 Regular (at least 50 %) - - - -
 Glargine (not more than basal)
 6 12 6 12
 R q 6 hr (~ 33 %, hold if low) - - -
 NPH q 6 hr (~ 67 %) —
 Prolonged NPO Status
 Regimens for patient while NPO, on IV’s, or receiving continuous enteral feedings
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6 pm 12 am 6 am 12 pm
 Prescribe glargine
 Long- acting insulin doses should not exceed basal requirements during continuous enteral feedings
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6 pm 12 am 6 am 12 pm
 Prescribe glargine
 Corpak falls out
 Long- acting insulin doses should not exceed basal requirements during continuous enteral feedings
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6 pm 12 am 6 am 12 pm
 Prescribe glargine
 Corpak falls outBG q 2 hr, dextrose if < 120
 Long- acting insulin doses should not exceed basal requirements during continuous enteral feedings
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6 12 6 12
 R q 6 hr (~ 33 %, hold if low) - - -
 NPH q 6 hr (~ 67 %)
 —
 Mixtures of NPH and regular insulin q 6 – 8 h maintain a flat- line, safe and rapidly reversible insulin effect for a patient while NPO, on IV’s, or receiving continuous enteral feedings
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In the following case of a patient not eating,
 if transfer orders are
 written...
 what is needed for glycemic management ?

Page 97
                        

Estimating combined basal and nutritional coverage from drip
 A stable ventilator- dependent trauma patient has had a tracheostomy and PEG procedure. Over the past 24h he has received 72 units of insulin daily by intravenous infusion to cover enteral feedings, which have been at target for 24 hr.
 How might subcutaneous orders be written to permit transition off of the insulin infusion?
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One acceptable answer :
 • NPH 12 units q 6 h ( hold if tube feeds stop )
 • Regular insulin 6 units subcutaneously q 6 h ( hold if tube feeds stop, hold if BG < 100 )
 • Correction dose regular insulin “prn”
 – BG 150 - 199 + 2 units
 – BG 200 - 249 + 4 units
 – BG 250 or higher + 6 units
 • Stop insulin drip 2 h after first dose of subcutaneous insulin
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“Locking in” basal insulin for insulin- deficient diabetes when not eating
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“Locking in” basal insulin for insulin- deficient diabetes when not eating
 • Patient example :
 – insulin deficient diabetes
 – continuous tube feeds requiring 60 units insulin / d
 • Orders during tube feeds :
 – NPH 8 units q6h ( “hold if tube feeds stop” )
 – regular insulin SQ 4 units q6h ( “hold if tube feeds stop; hold if BG < 100 mg/dL” )
 – glargine 12 units qHS ( “do not withhold” )
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6 12 6 12
 Regular insulin “ hold if tube feeds stop, hold if BG < 100 mg/dL ”
 NPH “ hold if tube feeds stop ”
 Type 1 diabetes, continuous carbohydrate exposure
 Glargine, “ do not withhold ”
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Insulin requirement vs. time of day, during continuous infusion of fluids containing dextrose in water,TPN or enteral tube feedings
 Insulin requirement
 2400 0600 1200 1800 2400
 Insulin effect vs. time of day, type 2 diabetes,continuous tube feedings
 Regular insulin ~ 33%“ hold if tube feeds stop,
 hold if BG < 100 mg/dL ”NPH ~ 67%“ hold if tube feeds stop ”
 2400 0600 1200 1800 2400
 Long-acting insulin analog, “ do not
 withhold ”
 2400 0600 1200 1800 2400
 Insulin effect vs. time of day, type 1 diabetes,continuous tube feedings
 Regular insulin “ hold if tube feeds stop,
 hold if BG < 100 mg/dL ”NPH ~ 67%“ hold if tube feeds stop ”
 Prolonged NPO Status with Continuous Carbohydrate Exposure
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Grazing ( transitional meal plans, nutritional supplements ) ....
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NPH and Regular Insulin Transitional Meal Plan with “Grazing”
 8 am 12 6 10
 R - - -NPH —
 8 12 6 10
 Insulin Requirement Transitional Meal Plan with “Grazing”
 Grazing
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Insulin regimen, no tube feeds,for patients attempting to eat ( transitional meal plan with “grazing”)
 • Estimate daily insulin requirement and split 2/ 3 in AM, 1/ 3 in PM
 • 2/ 3 of AM dose as NPH, 1/ 3 as regular
 • 1/ 2 of PM dose as regular at 1700
 • 1/ 2 of PM dose as NPH at 2200
 • Hold scheduled regular for BG < 90
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Example of a “grazing” patient
 • A postoperative patient receives nutritional supplements between meals and grazes on trays
 • 36 units of insulin are required daily
 • Sample insulin orders:
 – NPH 16 units before breakfast
 – regular insulin SC 8 units before breakfast
 – regular insulin SC 6 units before supper
 – NPH 6 units qHS
 – regular insulin 2 units prn BG 150 -199 WMEALS, HS
 – regular insulin 4 units prn BG > 199 WMEALS, HS
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Overnight tube feeds ....
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8 12 6 10
 Insulin Requirement NPH and Regular Insulin
 8 am 12 6 12
 R - - -NPH —
 Ovenight enteral feedings / daytime grazing
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Insulin requirement
 Insulin requirement vs. time of day during overnight enteral tube feedings and daytime “grazing”
 0600 1200 1800 2400
 Insulin effect vs. time of day, type 2 diabetes, overnight tube feedings
 0600 1200 1800 2400
 Regular insulin ~33% “ premedication
 to tube feeding ”NPH ~ 67%“ premedication
 to tube feeding ”
 Long-actinginsulin analog, “ do not
 withhold ”
 Regular insulin “ premedication
 to tube feeding ”NPH“ premedication
 to tube feeding ”
 0600 1200 1800 2400
 Insulin effect vs. time of day, type 1 diabetes, overnight tube feedings
 Overnight enteral tube feedings and daytime “grazing”
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Overnight tube feed orders
 • A patient previously taking no antihyperglycemics now requires 48 units insulin to maintain target range glycemic control during continuous J- tube infusion of :
 – Jevity at 80 cc/ h over 24 h daily
 • New orders provide for :
 – Jevity at 120 cc / h from 10 pm to 6 am daily
 • Insulin orders after re- titration might be:
 – 70/30 insulin 32 units, at 10 pm (“hold if no TF”), or as “premedication” for TF’s every evening
 – BG testing WMEALS, HS, 0200
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Today’s Insulin Dose
 How much?
 • How much to start with?
 • How much for today?
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No clue where to start ? start low ....
 • basal insulin requirement 0.25 units / k
 • prandial insulin 0.25 units /k if eating
 • nutritional insulin requirement 1 unit /10 gm carb if NPO
 Initial insulin calculation, hospitalized patient, type 1 diabetes
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No clue where to start ? start low ....
 • basal insulin requirement 0.15 units / k
 • prandial insulin 0.15 units /k if eating
 • nutritional insulin requirement 1 unit /10 gm carb if NPO
 Initial insulin calculation, hospitalized patient, type 2 diabetes
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During continuous nutritional support or IV dextrose infusion,
 • provide basal insulin 0.15 units per kilo
 • provide nutritional insulin, initially estimated as 1 unit per 10 gm carbohydrate
 • cover both needs continuously
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If insulin is required at all
 • the requirement for exogenous insulin may vanish during caloric restriction or development of organ dysfunction
 • calculations on a “per kilo” basis may overestimate basal needs when overnutrition ceases
 For type 2 diabetes --
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How much to start with ?
 • Melinda: weight 80 kilos
 • Problem: ovarian carcinoma, type 2 diabetes
 • Status: postop, NPO, D5 in 0.45 at 100 cc/hr
 • Basal insulin: ________ units per 24 hr
 • Insulin to cover D5: ________ units per 24 hr
 • Total insulin / 24 hr: ________ units per 24 hr
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Type 2 diabetes, NPO, continuous D 5 W
 • Melinda: weight 80 kilos
 • Status: postop, NPO, D5 in 0.45 at 100 cc/hr
 • Basal insulin: 12 units per 24 hr
 • Insulin to cover D5: 12 units per 24 hr
 • Total insulin / 24 hr: 24 units per 24 hr
 • SQ insulin orders:
 – 4 units NPH q 6h (hold if D5 stops )
 – 2 units regular insulin q 6h (hold if D5 stops, hold if BG < 90 )
 – Correction dose algorithm for highs
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It is common early in the admission to rely excessively on correction doses and to underestimate the need for scheduled insulin when using subcutaneous therapy
 Day 1 Day 3
 Correction
 Scheduled
 Units
 Correction therapy signals the need for a change of scheduled therapyto prevent recurrent hyperglycemia
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Dose- finding strategy
 • Determine yesterday’s total insulin dose actually administered
 • Review yesterday’s glycemic control
 • Calculate today’s scheduled insulin dose (this example uses peak glucose targets appropriate during D5 or tube feeds)
 – some BG < 90 80 % of yesterday’s total
 – BG’s 90 - 179 100 % of yesterday’s total
 – some BG ≥ 180, no BG < 90
 110 % of
 yesterday’s total
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How much for today ?
 A patient on tube feeds received 6 units NPH and 3 units regular insulin as scheduled every 6 hr, total 36 units for the day, plus the following correction doses of regular insulin:
 0600 BG 157 + 1 unit
 1200 BG 207 + 2 units
 1800 BG 199 + 2 unit
 2400 BG 263 + 3 units
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Assuming nothing else has changed, what is today’s dose of scheduled insulin?
 A. 24 units
 B. 34 units
 C. 44 units
 D. 48 units

Page 122
                        

Answer (doing it one doctor’s way):
 • Total dose given yesterday was 44 units
 • 110 % of yesterday’s dose is 48 units
 • Today’s insulin dose is 48 units, 8 N, 4 R at 0600, 1200, 1800, and 2400
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Prevention of Hospital Hypoglycemia
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Decreased intake of calories
 Adjustment of insulin dosage
 Incorrect dose of insulin given
 No cause identified
 An analysis of proximate causes of hospital hypoglycemia suggests that iatrogenic hypoglycemia usually is predictable and preventable (Fischer):
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In 45 % of 64 episodes of hospital hypoglycemia among diabetes patients, Fisher identified the proximate cause to be decreased intake of calories
 Nausea, vomiting, anorexia, or lethargy 23 %
 Nothing by mouth because of diagnostic tests or surgical procedures 14 %
 Enteral- tube feedings held for measurement of residual 5 %
 Meals not delivered 3 %
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• Transportation off ward causing meal delay
 • New NPO status
 • Interruption of intravenous dextrose
 • Interruption of TPN
 • Interruption of enteral feedings
 • Interruption of continuous renal replacement rx
 Insulin or secretogogue previously prescribed.
 Triggering Events for Hypoglycemia
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Insulin previously prescribed.
 Triggering events for hypoglycemia ?
 Increase BG monitoring to q 2 hrfor timeframe of action of the insulin, and:
 Give carbohydrate for BG < 120 mg/dL -- oral, IV dextrose infusion, or, for volume restricted patients,
 concentrated dextrose
 Except for basal insulin in type 1 diabetes and correction doses:
 Hold insulin
 NoInsulin given?
 Yes
 Yes
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Moving toward Discharge
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Discharge Safety Orders
 • Call if < 80
 • Call if 3 in a row > 200- 300
 • Call if > 200 at the same time of day for 3 days in a row
 • Return in 2 wk for logbook review
 • Set up meeting about advanced skills with diabetes educator / dietitian
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Was it just “hospital hyperglycemia?”
 • Review A1C from first day of admission
 – > 6.0 % ?
 – < 5.2% ?
 • Followup BG in outpatient setting
 Greci. Diabetes Care 2003
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A1C- driven therapeutic modifications were followed by improvement of A1C ( 34 of 98 patients were evaluable after 12 mo )
 Baldwin. Eliminating inpatient sliding scale. Diabetes Care 2005;28:1008.
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Managing Complexity : Standardized Order Sets and Computerized Order Entry
 • Consistent carbohydrate meal plan
 • Intravenous infusion of insulin
 • Diabetes hospital patient self-management
 • Scheduled subcutaneous insulin
 • Oral antihyperglycemic agents
 • Combination insulin / oral antihyperglycemics
 • Point-of-care glucose monitoring
 • Correction dose insulin
 Standardized order sets can guide and teach
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