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Case Presentation:Case Presentation:

�� 48 y/o male with an 8 yr history of DM admitted 3 48 y/o male with an 8 yr history of DM admitted 3 
day history of fever, cough, and RLL pneumonia on day history of fever, cough, and RLL pneumonia on 
chest xchest x--ray.  Previously treated with metformin and ray.  Previously treated with metformin and 
sulfonylurea.sulfonylurea.

�� Lab: BG 264 mg/dL, creatinine 1.6 mg/dL, A1C: Lab: BG 264 mg/dL, creatinine 1.6 mg/dL, A1C: 
8.0%.8.0%.

Given this patientGiven this patient’’s history and laboratory values, what is the s history and laboratory values, what is the 
best treatment option for glycemic management?best treatment option for glycemic management?

1. Continuous IV insulin drip?
2. Sliding-scale regular insulin?
3. Split-mixed regimen – NPH + Regular insulin?
4. Basal bolus regimen – long + rapid acting analogs?



Case Presentation:Case Presentation:

�� 48 y/o male with a 3 cm thyroid nodule, s/p FNA 48 y/o male with a 3 cm thyroid nodule, s/p FNA 
suspicious for papillary thyroid carcinoma.  He has an suspicious for papillary thyroid carcinoma.  He has an 
8 yr history of T2DM treated with metformin and 8 yr history of T2DM treated with metformin and 
sulfonylurea.sulfonylurea.

�� Lab: BG 264 mg/dL, creatinine 1.6 mg/dL, A1C: Lab: BG 264 mg/dL, creatinine 1.6 mg/dL, A1C: 
8.4%, normal TSH and Free T4.8.4%, normal TSH and Free T4.

Given this patientGiven this patient’’s history and laboratory values, what is the s history and laboratory values, what is the 
best treatment option for glycemic management?best treatment option for glycemic management?

1. Continuous IV insulin drip?
2. Sliding-scale regular insulin?
3. Split-mixed regimen – NPH + Regular insulin?
4. Basal bolus regimen – long + rapid acting analogs?



Hyperglycemia: Scope of the ProblemHyperglycemia: Scope of the Problem

Kosiborod M, et al. J Am Coll Cardiol. 2007;49(9):1018-183:283A-284A. 
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Hyperglycemia and Pneumonia OutcomesHyperglycemia and Pneumonia Outcomes
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Thirty Day Mortality and Inhospital Complications 
in diabetic and non-diabetic subjects
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A Frisch et al.  Diabetes 58 (suppl 1) A27, 2009 



Clinical Characteristic Among Clinical Characteristic Among 
Survivals and NonSurvivals and Non--survivalssurvivals

Variable Alive
3112 (98.1%)

Dead
72 (1.9%)

p

Age, yrs 56 ±16 65 ± 14 <0.001
Male/Female Gender (%) 46/54 67/33 <0.001
Blood glucose level, mg/dl

- Before surgery
- Day of surgery
- After surgery

118 ± 38
138 ± 32
122 ± 28

132 ± 42
143 ± 28
130 ± 27

<0.001
0.028
0.007

Acute renal failure, n (%) 163 (5.2) 22 (30.5) <0.001
Pneumonia  194 (6.2) 22 (30.5) <0.001
Sepsis 95 (3) 14 (19.4) <0.001
Acute MI 65 (2) 7 (9.7) <0.001
Hospital LOS, days 7.3 ± 10.8 18 ± 24 <0.001
ICU LOS, days 1.8 ± 6.4 14.7 ± 23 <0.001

A Frisch et al.  Diabetes 58 (suppl 1) A27, 2009 



Methods for Managing Hospitalized Methods for Managing Hospitalized 
Persons With DiabetesPersons With Diabetes

Subcutaneous Insulin Therapy:Subcutaneous Insulin Therapy:

�� Basal/bolus therapy (MDI)Basal/bolus therapy (MDI)
�� NPH and Regular insulinNPH and Regular insulin
�� LongLong--acting and rapidacting and rapid--acting insulinacting insulin

�� Sliding Scale ShortSliding Scale Short--Acting Insulin Acting Insulin 



Problems with Conventional Problems with Conventional 
ApproachApproach

Conventional Insulin Rx.           LimitationsConventional Insulin Rx.           Limitations
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•• Lacks flexibilityLacks flexibility

•• Poor match between Poor match between 

regular insulin and mealsregular insulin and meals

-- initial hyperglycemiainitial hyperglycemia

-- late hypoglycemialate hypoglycemia

•• Fasting hyperglycemiaFasting hyperglycemia
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SlidingSliding--Scale Regular InsulinScale Regular Insulin

Adapted from the following sources:
• DeWitt DE and Dugdale DC. JAMA. 2003;289:2265-2269.
• Skyler JS. In: DeFronzo RA, ed. Current Therapy of Diabetes Mellitus. St Louis, MO: Mosby–

Year Book, Inc. 1998:36-49.

Sliding Scale InsulinSliding Scale Insulin

Concerns:Concerns:

Reactive approach:Reactive approach:
↑↑ HyperglycemiaHyperglycemia

Insulin Stacking:Insulin Stacking:
↑↑ HypoHypo--glycemiaglycemia
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Physiologic Insulin Replacement:Physiologic Insulin Replacement:
Basal Basal –– Bolus (nutritional) RegimenBolus (nutritional) Regimen



Umpierrez et al, Diabetes Care 30:2181–2186, 2007



MethodsMethods

��130 insulin130 insulin--nanaïïve diabetic subjectsve diabetic subjects

��Inclusion Criteria:Inclusion Criteria:
�� Age 18 Age 18 –– 80 yrs80 yrs
�� Known history of type 2 DM Known history of type 2 DM >> 3 3 

months months 
�� BG > 140 mg/dL and < 400mg/dL BG > 140 mg/dL and < 400mg/dL 
�� Previous Rx: diet alone or diet + OADsPrevious Rx: diet alone or diet + OADs



�� D/C oral antidiabetic drugs on admissionD/C oral antidiabetic drugs on admission

�� Starting total daily dose (TDD): Starting total daily dose (TDD): 
�� 0.4 U/kg/d x BG between 1400.4 U/kg/d x BG between 140--200 mg/dL200 mg/dL
�� 0.5 U/kg/d x BG between 2010.5 U/kg/d x BG between 201--400 mg/dL 400 mg/dL 

�� Half of TDD as insulin glargine and half as rapidHalf of TDD as insulin glargine and half as rapid--
acting insulin (lispro, aspart, glulisine)acting insulin (lispro, aspart, glulisine)
�� Insulin glargine Insulin glargine -- once daily, at the same time/day.  once daily, at the same time/day.  
�� RapidRapid--acting insulinacting insulin-- three equally divided doses (AC)three equally divided doses (AC)

RaRandomized ndomized BBasal asal BBolus versus Sliding Scale Regular olus versus Sliding Scale Regular 
IInsulin in patients with nsulin in patients with ttype ype 22 Diabetes MellitusDiabetes Mellitus

(RABBIT(RABBIT--2 Trial)2 Trial)

Umpierrez et al, Diabetes Care  September, 2007 



Umpierrez GE et al. Diabetes Care. 2007;30:2181-2186.

• Before meal: Supplemental Sliding Scale Insulin (number of units)
– Add to scheduled insulin dose

• Bedtime: Give half of Supplemental Sliding Scale Insulin

Blood Glucose 
(mg/dL) Insulin Sensitive Usual Insulin Resistant

>141-180  2 4 6

181-220 4 6 8

221-260 6 8 10

261-300 8 10 12

301-350 10 12 14

351-400 12 14 16

>400 14 16 18

Sliding Scale Insulin Regimen



Blood Glucose Levels During Isulin Treatment

Days of Therapy
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Umpierrez et al, Diabetes Care  September, 2007 
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Persistent hyperglycemia (BG>240 mg/dl) is common (15%) during SPersistent hyperglycemia (BG>240 mg/dl) is common (15%) during SSI therapySI therapy

Rabbit 2 Trial: Treatment Success With 
Basal-Bolus vs. Sliding Scale Insulin

Umpierrez GE, et al. Diabetes Care. 2007;30(9):2181-2186.



HypoglycemiaHypoglycemia

��Basal Bolus Group:Basal Bolus Group:
�� Two patients (3%) had BG < 60 mg/dLTwo patients (3%) had BG < 60 mg/dL
�� Four BG readings (0.4%) < 60 mg/dL Four BG readings (0.4%) < 60 mg/dL 
�� No BG < 40 mg/dL No BG < 40 mg/dL 

��SSRI:SSRI:
�� Two patients (3%) had BG < 60 mg/dLTwo patients (3%) had BG < 60 mg/dL
�� Two BG readings (0.2%) < 60 mg/dL Two BG readings (0.2%) < 60 mg/dL 
�� No BG < 40 mg/dLNo BG < 40 mg/dL

Umpierrez et al, Diabetes Care 30:2181–2186, 2007



Conclusion Conclusion 

�� Basal/bolus insulin regimen with glargine once Basal/bolus insulin regimen with glargine once 
daily and glulisine before meals is a better daily and glulisine before meals is a better 
insulin regimen than SSRI in the management of insulin regimen than SSRI in the management of 
type 2 diabetics in the nontype 2 diabetics in the non--ICU setting.ICU setting.

�� SSRI as a single insulin regimen should not be SSRI as a single insulin regimen should not be 
used for the management of patients with type used for the management of patients with type 
2 diabetes.2 diabetes.



Study Type: Prospective, randomized, open-label trial

Patient Population: 130 subjects with DM2 
Oral hypoglycemic agents or insulin therapy 

Study Sites: Grady Memorial Hospital, Atlanta, GA
Rush University Medical Center, Chicago, IL

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009



Detemir–Aspart Insulin Regimen

• D/C oral antidiabetic drugs on admission

• Starting total daily dose (TDD): 
– 0.4 U/kg/d x BG between 140-200 mg/dL
– 0.5 U/kg/d x BG between 201-400 mg/dL 

• Half of TDD as insulin detemir and half as aspart
– Insulin detemir - once daily, at the same time of the 

day.  
– Insulin aspart - three equally divided doses (AC)

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009



NPH–Regular Split-Mixed Regimen

• D/C oral antidiabetic drugs on admission

• Starting total daily dose (TDD): 
– 0.4 U/kg/d x BG between 140-200 mg/dL
– 0.5 U/kg/d x BG between 201-400 mg/dL 

• Three-fifth of TDD as insulin NPH and two-fifth 
as regular
– NPH insulin– twice daily, 2/3 before breakfast, 1/3 

before dinner  
– Regular insulin- twice daily, 2/3 before breakfast, 1/3 

before dinner

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009



Basal/bolus regimen: Detemir was given once daily and Aspart before meals.
NPH/Regular regimen:  NPH and Regular insulin were given twice daily, 2/3 A.M., 1/3 P.M.

DEAN-Trial

NPH + Regular
Detemir + Novolog

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009
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DEAN Trial: DEAN Trial: 
Insulin DoseInsulin Dose

The mean daily insulin dose per day was not The mean daily insulin dose per day was not 

significant different between treatment groupssignificant different between treatment groups

Insulin TypeInsulin Type
Mean Insulin Dose, units / dayMean Insulin Dose, units / day

DetemirDetemir--NovologNovolog NPHNPH--RegularRegular

Total Units/dayTotal Units/day 56 56 ±± 45 45 45 45 ±± 3232

Basal insulin/dayBasal insulin/day Detemir: 30 Detemir: 30 ±± 2828 NPH: NPH: 27 27 ±± 2020

RapidRapid--acting insulinacting insulin Aspart: 27 Aspart: 27 ±± 20*20* Regular: Regular: 18 18 ±± 14 14 

* P < 0.05

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009



HypoglycemiaHypoglycemia

��NPH/Regular Group:NPH/Regular Group:
�� 16 patients (25.4%) had 16 patients (25.4%) had ≥≥ 1 BG < 60 mg/dL 1 BG < 60 mg/dL 
�� 1 patient (1.6%) had a BG < 40 mg/dL1 patient (1.6%) had a BG < 40 mg/dL

��Detemir/Aspart Group:Detemir/Aspart Group:
�� 22 patients (32.8%) had 22 patients (32.8%) had ≥≥ 1 BG < 60 mg/dL1 BG < 60 mg/dL
�� 3 patients (4.5%) had a < 40 mg/dL (0.2%)3 patients (4.5%) had a < 40 mg/dL (0.2%)

Umpierrez et al, J Clin Endocrinol Metab 94: 564–569, 2009



RABBIT vs. DEAN

RABBIT 2 Trial: RA ndomized Study of Basal Bolus 
Insulin Therapy in the Inpatient Management of 
Patients with Type 2 Diabetes

DEAN Trial: Comparison of ‘Basal Bolus’ Insulin 
Regimen with DEtemir plus Aspart and NPH plus 
regular twice daily in Hospitalized Patients with 
Type 2 Diabetes



RABBIT-2 vs. DEAN Trials
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DEAN Trial

Percent of glucose values within target  
(< 140 mg/dl)

RABBIT-2 Trial

% %38%

66%

48%
45%

*

* P < 0.01

Umpierrez et al.  Diabetes  Care 30:2181–86, 2007 Umpierrez et al, JCEM, 94: 564–569, 2009
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(# patients with BG < 60 mg/dl)
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DEAN TrialRABBIT-2 Trial

Umpierrez et al.  Diabetes  Care 30:2181–86, 2007 Umpierrez et al.  JCEM, 94: 564–569, 2009



p-value *

variable BG < 60 mg/dl BG < 70 mg/dl

AGE 0.036 0.001

wt 0.027 0.001

A1C 0.521 0.658

Creatinine 0.011 0.002

Enrollment BG 0.166 0.319

Previous treatment 0.005 <.001
Previous insulin Rx <0.001 <.001

Treatment group <0.001 <.001
*p-values are from Wilcoxon Two-Sample Test

Summary of Univariate Analyses

Umpierrez et al, ADA Scientific Meeting, Poster #516



Basal Bolus (Glargine/Glulisine) versus NPH and 

Regular insulin, Preliminary results

Mean BG Concentration
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Bueno et al, preliminary results, n= 58 patients. Asuncion, Paraguay



Mean BG Concentration during Hospital StayMean BG Concentration during Hospital Stay
Insulin analogs: glargine + glulisine Insulin analogs: glargine + glulisine 
Human insulins: NPH/regularHuman insulins: NPH/regular

Bueno et al, preliminary results, n= 58 patients. Asuncion, Paraguay



Bueno et al, preliminary results, n= 58 patients. Asuncion, Paraguay

Hypoglycemic events during treatmentHypoglycemic events during treatment

ALL
Insulin 
Analogs

Human 
Insulin

No & % of 

patients with 

hypoglycemia

18/58(31) 9/29(31) 9/29(31)

# of Hypoglycemia 

(n)(%)
38(100) 16(42,10) 22(57,9)

Severe 

Hypoglycemia)(%)
7(18,4) 2(12,5) 5(29,4)

Mild 

Hypoglycemia 

(n)(%)

31(81,6) 14(87,5) 17(70,6)
OR:2,06 IC:0,4-

8,21 p:0,4

Patients with ≥2 

hypoglycemia
8/18(44,4) 3/9(33,3) 5/9(55,5)

OR:2,5 IC:0,56-

4,97 p:0,3



Umpierrez et al, Preliminary data- Abstract to be submitted_ADA Scientific Session 2010 

RABBIT 2 SURGERY



RABBIT 2 SURGERY

Umpierrez et al, Preliminary data- Abstract to be submitted_ADA Scientific Session 2010 



Umpierrez et al, Preliminary data- Abstract to be submitted_ADA Scientific Session 2010 

RABBIT 2 SURGERY
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12 patients (11.1%) treated with SSRI had persistent severe hyperglycemia (3 consecutive 
BG>240 mg/dl).  Patients were switched to basal bolus regimen. 



Umpierrez et al, Preliminary data- Abstract to be submitted_ADA Scientific Session 2010 
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Umpierrez et al, Preliminary data- Abstract to be submitted_ADA Scientific Session 2010 

RABBIT 2 SURGERY



Treatment with glargine once daily plus glulisine 
before meals improved glycemic control and 
reduced hospital complications compared to SSRI 
in general surgery patients with T2DM.  

Our study indicates that basal/bolus insulin 
regimen is the preferred insulin regimen in the 
hospital management of general surgery patients 
with type 2 diabetes. 

Summary & Conclusion Summary & Conclusion 
RABBIT 2 SURGERY
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Leahy J. In: Leahy J, Cefalu W, eds. Insulin Therapy. 
New York: Marcel Dekker; 2002:87; Nathan DM. N Engl J Med. 2002;347:1342

Aspart, Lispro or Apidra as needed 
before meals



Inpatients Diabetes ManagementInpatients Diabetes Management
Summary:Summary:

� Hyperglycemia is frequent in hospitalized 
patients with and without history of diabetes

� Hyperglycemia (hypoglycemia?) is a marker of 
poor outcome in critically and non-critically ill 
patients

� Improvement in clinical outcome has been 
shown by improved glycemic control in a 
variety of inpatient settings



Strategies for Preventing HypoglycemiaStrategies for Preventing Hypoglycemia

�� InIn--service training on new treatment service training on new treatment 
modalities and the actions of new modalities and the actions of new 
antihyperglycemic agentsantihyperglycemic agents

�� Avoidance of slidingAvoidance of sliding--scale insulin alonescale insulin alone

Braithwaite SS, et al. Endocr Pract. 2004;10(suppl 2):89-99.

� Reducing outpatient insulin dose in patients 
treated with insulin prior to admission

� Basal Bolus is preferred over SSRI and 
NPH/regular combination


