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in hospitalized patientsin hospitalized patients
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FBS >126mg/dl or Random blood sugar>200mg/dl 

J Clin Endocrinol Metab 2002;87:978-982

Unrecognized diabetes among hospitalized patients
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Unrecognized diabetes among hospitalized patients

Diabetes Care 1998;21:246-9
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Causes of hyperglycemia in Causes of hyperglycemia in 

hospitalized patientshospitalized patients

Curr Opin Clin Nutr Metab Care 2002;5:533
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Which glucose range you think is Which glucose range you think is 

acceptable in hospitalized patientsacceptable in hospitalized patients

1.1. ≥≥250 mg/dl 250 mg/dl 

2.2. 200200--250 mg/dl250 mg/dl

3.3. 140140--200mg/dl200mg/dl

4.4. ≤≤140mg/dl140mg/dl

5.5. ≤≤110mg/dl110mg/dl

6J Clin Endocrinol Metab 2002;87:978-982

Hyperglycemia: an independent marker of in-hospital 
mortality in patients with undiagnosed diabetes

FBS >126mg/dl or Random blood sugar>200mg/dl
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Hyperglycemia: an independent marker of in-hospital 
mortality in patients with undiagnosed diabetes.

FBS >126mg/dl or Random blood sugar>200mg/dl
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J Clin Endocrinol Metab 2002;87:978-982

Hyperglycemia: an independent marker of in-hospital 
mortality in patients with undiagnosed diabetes
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Prognostic values of admission blood glucose 

level in patients with acute coronary syndrome

N=154

N=113

N=20

QJM 2006;99:237.
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Stroke in diabetic and non-diabetic patients: 
prognostic value of admission blood glucose level

Ann Med 2005;37:357



6

11

The relation between hyperglycemia and outcomes in 
2471 patients admitted to the hospital due to 
community-acquired pneumoniae

Diabetes Care 2005;28:810
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Possible mechanisms between poor outcome 
and high blood glucose

Diabetes Care 2004;27:553-591
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Intensive Insulin Therapy in SICUIntensive Insulin Therapy in SICU

PurposePurpose

�� To determine whether normalization of blood To determine whether normalization of blood 

glucose levels with intensive insulin therapy glucose levels with intensive insulin therapy 

reduces morbidity and mortality among criticallyreduces morbidity and mortality among critically--ill ill 

patientspatients

Van Den Berghe, et al. N Engl J Med 2001;345:1359.
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Intensive Insulin Therapy in ICUIntensive Insulin Therapy in ICU
InterventionIntervention

�� ‘‘ConventionalConventional’’ ICU insulin infusion [BG] 180 ICU insulin infusion [BG] 180 –– 200 200 
mg/mg/dLdL

�� ‘‘IntensiveIntensive’’ insulin algorithm to maintain [BG] 80 insulin algorithm to maintain [BG] 80 –– 110 110 
mg/mg/dLdL

OutcomesOutcomes

�� 11°° AllAll--cause mortality during ICU staycause mortality during ICU stay

�� 22°° InIn--hospital mortality, need for prolonged ICU, hospital mortality, need for prolonged ICU, 

ventilatoryventilatory,renal replacement therapy, ,renal replacement therapy, polyneuropathypolyneuropathy, , 

hyperbilirubinemiahyperbilirubinemia, transfusions, infections, transfusions, infections

Van Den Berghe, et al. N Engl J Med 2001;345:1359.

16

Study design 
1548 patients included all patients were randomly assigned 

to receive either intensive or conventional insulin therapy for 
5 or more days in a surgical ICU in Belgium, Feb 2000 in a surgical ICU in Belgium, Feb 2000 –– Jan Jan 

2001,all adult patients requiring mechanical ventilation2001,all adult patients requiring mechanical ventilation

Insulin was administered as an insulin infusion (50 IU 

Actrapid HM in 50 ml 0.9% sodium chloride) using an 
infusion pump.

In intensive group, insulin infusion started if blood glucose 

levels exceeded 110mg/dl, keeping blood glucose between 
80-110 mg/dl; in conventional group the insulin infusion 
started at blood glucose above 200mg/dl,adjusted to keep 
blood glucose between 180–200mg/dl. 



9

17

Intensive Insulin Therapy in ICUIntensive Insulin Therapy in ICU

IntensiveIntensive’’

(n = 765) (n = 765) 

63.463.4

9.09.0

6262

3838

1313

55

88

7373

1111

ConventionalConventional’’

(n = 783) (n = 783) 

62.262.2

9.09.0

6363

3737

1313

44

99

7676

1313

BaselineBaseline

Mean AgeMean Age

APACHE II (24 h)APACHE II (24 h)

Reason for ICUReason for ICU

-- Cardiac surgeryCardiac surgery

-- NoncardiacNoncardiac

Diabetes historyDiabetes history

-- Insulin therapyInsulin therapy

-- Oral Oral txtx, diet, both, diet, both

[BG] > 110 mg/[BG] > 110 mg/dLdL

[BG] > 200 mg/[BG] > 200 mg/dLdL

Van Den Berghe, et al. N Engl J Med 2001;345:1359.
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Intensive insulin therapy in SICUIntensive insulin therapy in SICU
Results

<0.001<0.001100%100%67%67%Duration ofDuration of

insulin therapyinsulin therapy

(% of ICU stay)(% of ICU stay)

<0.001<0.0015.0%5.0%0.8%0.8%HypoglycemiaHypoglycemia

(< 40 mg/(< 40 mg/dLdL))

<0.001<0.00171713333Insulin doseInsulin dose

(Median IU/day)(Median IU/day)

<0.001<0.00198.7%98.7%39.2%39.2%Insulin givenInsulin given

pp--valuevalue‘‘IntensiveIntensive’’

n = 765n = 765

ConventionalConventional’’

n = 783n = 783

ParameterParameter

Van Den Berghe, et al. N Engl J Med 2001;345:1359.
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Intensive insulin therapy in SICUIntensive insulin therapy in SICU

Van Den Berghe, et al. N Engl J Med 2001;345:1359.

Mortality

3.7%

3.5%

20

Intensive insulin therapy in SICUIntensive insulin therapy in SICU
Morbidity

0.0030.0034.2%4.2%7.8%7.8%BacteremiaBacteremia

0.040.0422.4%22.4%26.7%26.7%HyperbilirubinemiaHyperbilirubinemia

<0.001<0.00128.7%28.7%51.9%51.9%EMG EMG PolyneuropathyPolyneuropathy

0.0070.0074.8%4.8%8.2%8.2%Renal replacementRenal replacement

0.0030.0037.5%7.5%11.9%11.9%Ventilation > 14 dVentilation > 14 d

0.010.0111.4%11.4%15.7%15.7%ICU support > 14 dICU support > 14 d

pp--valuevalue‘‘IntensiveIntensive’’

n = 765n = 765

ConventionalConventional

n = 783n = 783

OutcomeOutcome

Van Den Berghe, et al. N Engl J Med 2001;345:1359.
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Conclusions 

Intensive insulin therapy to 

maintain blood glucose at or below 

110 mg/dl reduces morbidity and 

mortality among critically ill patients in 

the surgical intensive care unit.

Van Den Berghe, et al. N Engl J Med 2001;345:1359.

Intensive insulin therapy in Intensive insulin therapy in 

surgical ICUsurgical ICU

22
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Intensive insulin therapy in MICUIntensive insulin therapy in MICU

PurposePurpose

�� To determine whether normalization of blood To determine whether normalization of blood 

glucose levels with intensive insulin therapy glucose levels with intensive insulin therapy 

reduces morbidity and mortality among criticallyreduces morbidity and mortality among critically--ill ill 

patients in MICUpatients in MICU

DesignDesign

�� Prospective, randomized controlled , in aProspective, randomized controlled , in a medical medical 

ICU in Belgium, Mar 2002 ICU in Belgium, Mar 2002 –– May 2005May 2005

Van Den Berghe, et al. N Engl J Med 2006;354:449.

24

Intensive insulin therapy in Medical ICU
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Intensive Insulin Therapy in MICUIntensive Insulin Therapy in MICU
InterventionIntervention

�� ‘‘ConventionalConventional’’ ICU insulin infusion [BG] 180ICU insulin infusion [BG] 180--215 mg/215 mg/dLdL

�� ‘‘IntensiveIntensive’’ insulin algorithm to maintain [BG] 80insulin algorithm to maintain [BG] 80--110 mg/110 mg/dLdL

OutcomesOutcomes

�� 11°° MMortality in the hospitalortality in the hospital

�� 22°° InIn--ICU mortality, 90ICU mortality, 90--day mortality, days in ICU and hospital, day mortality, days in ICU and hospital, 

dialysis therapy, days to weaning from ventilator,dialysis therapy, days to weaning from ventilator,

new kidney injury (serum new kidney injury (serum creatininecreatinine twice that at baseline, twice that at baseline, 

days of days of vasopressorvasopressor support, absence or presence of support, absence or presence of 

inflammation and inflammation and bacteremiabacteremia, prolonged use of , prolonged use of 

antibiotics(>10days), antibiotics(>10days), hyperbiliurbinemiahyperbiliurbinemia

Van Den Berghe, et al. N Engl J Med 2006;354:449.

26

Intensive Insulin Therapy in MICUIntensive Insulin Therapy in MICU
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Intensive Insulin Therapy in MICU: resultsIntensive Insulin Therapy in MICU: results

All patients

N=1200

≥3days in ICU

N=767

28

Intensive Insulin Therapy in MICU: resultsIntensive Insulin Therapy in MICU: results

62.7% vs. 60%

P=NS
57% vs. 47.5%

P<0.05
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Conclusion

•Intensive insulin therapy significantly reduced 

morbidity in the medical ICU patients, but not the 

mortality among all patients in ICU.

•The risk of subsequent death and disease was 

reduced in patients treated for more than three days, 

but these patients could not be identified before 

therapy.

30

But
Not blinded, only single center, 

receiving intravenous glucose of 2003 to 300 g per 
day ( equivalent to 10% glucose water 2-3 liter per 
day), 

nutrition method by combining parental, enteral  
feeding within 24hour of admission to ICU, 

relative high mortality in the control group of 
patients receiving cardiac surgery,

unadjusted high reduction of mortality exceeding 
another trials in the studies by the Belgium Leuven 
groups



16

31

Intensive Insulin Therapy and Pentastarch Resuscitation 

in Severe Sepsis

•In a multicenter,537 patients with severe sepsis to receive either 

intensive insulin therapy to maintain euglycemia or conventional 
insulin therapy

•The mean morning blood glucose level was lower in the 

intensive-therapy group (112 mg per deciliter) than in the 

conventional-therapy group (151 mg per deciliter, P<0.001). 

•At 28 days, there was no significant difference between the two 
groups in the rate of death or the mean score for organ failure.

•The rate of severe hypoglycemia (glucose level,  40 mg per 

deciliter) was higher in the intensive-therapy group than in the 

conventional-therapy group (17.0% vs. 4.1%, P<0.001). 

NEJM 2008;358:125

32
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Strict glycaemic control in patients hospitalised in a mixed medical 
and surgical intensive care unit: a randomised clinical trial

•504 patients in a medical/surgical ICU in Colombia were 

randomly assigned to receive either intensive insulin therapy to

maintain glucose levels between 80 and 110 mg/dl or standard 

insulin therapy to maintain glucose levels between 180 and 200 
mg/dl.

•The 28-day mortality rate was 32.4% (81 of 250) in the standard  

group and 36.6% (93 of 254) in the intensive group.The ICU 

mortality in the standard group was 31.2% (78 of 250) and 33.1% 
(84 of 254) in the intensive group.

•The rate of hypoglycaemia (≤ 40 mg/dl) was 1.7% in the standard 

insulin therapy group and 8.5% in the intensive insulin therapy 
group.

Crit Care. 2008; 12(5): R120

34

Intensive versus conventional insulin therapy: A randomized 
controlled trial in medical and surgical critically ill patients

•523 medical surgical intensive care unit patients with admission
blood glucose of >110 mg/dL in Saudi Arabia, randomly assigned 

to receive intensive insulin therapy (target blood glucose 80-110 

mg/dL) or conventional insulin therapy (target blood glucose 180-

200 mg/dL).

•There was no significant difference in intensive care unit mortality 

between the intensive insulin therapy and conventional insulin 

therapy groups (13.5% vs. 17.1%, p = 0.30). 

•Hypoglycemia (<40mg/dl) occurred more frequently with 
intensive insulin therapy (28.6% vs. 3.1% of patients; or 6.8/100 

treatment days vs. 0.4/100 treatment days)

Critical Care Medicine 2008;36:3190-3197
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Intensive versus Conventional Glucose 
Control in Critically Ill Patients

The NICE-SUGAR Study Investigators  NEJM 
2009;360:1283

•3054  assigned to undergo intensive control and 3050 to undergo 

conventional control. 

•Within 24 hours after admission to an intensive care unit (ICU), adults 

who were expected to require treatment in the ICU on 3 or more 

consecutive days were randomly assigned.

•Intensive glucose control, with a target blood glucose range of 81 to 

108 mg/dl, or conventional glucose control, with a target of 180 mg/dl.

•Primary end point defined as death from any cause within 90 days

after randomization.
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•A total of 829 patients (27.5%) in the intensive-control group and 

751 (24.9%) in the conventional-control group died (odds ratio for 

intensive control, 1.14; 95% confidence interval, 1.02 to 1.28; 

P=0.02). The treatment effect did not differ significantly between 

operative (surgical) patients and nonoperative (medical) patients 

(odds ratio for death in the intensive-control group, 1.31 and 1.07, 

respectively; P=0.10). 

•Severe hypoglycemia (blood glucose level,  40 mg per deciliter) 

was reported in 206 of 3016 patients (6.8%) in the intensive-control 

group and 15 of 3014 (0.5%) in the conventional-control group 

(P<0.001). 

•There was no significant difference between the two treatment 

groups in the median number of days in the ICU (P=0.84) or hospital 

(P=0.86) or the median number of days of mechanical ventilation 

(P=0.56) or renal-replacement therapy (P=0.39).

40

24.9%

27.5%
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Benefits and Risks of Tight Glucose Control in Critically Ill Adults A 
Meta-analysis JAMA. 2008;300(8):933-944.

Data Sources MEDLINE (1950-2008), the Cochrane Library, clinical trial 
registries, reference lists, and abstracts from conferences from both the 
American Thoracic Society (2001-2008) and the Society of Critical Care 
Medicine (2004-2008). 
Study Selection We searched for studies in any language in which adult 
intensive care patients were randomly assigned to tight vs usual glucose 

control. Of 1358 identified studies, 34 randomized trials (23 full publications, 
9 abstracts, 2 unpublished studies) met inclusion criteria.
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Results

8432 patients contributed data for this meta-analysis. Hospital mortality did not differ
between tight glucose control and usual care overall (21.6% vs 23.3%; RR, 0.93; 95% 
confidence interval [CI], 0.85-1.03). 

No significant difference in mortality when stratified by glucose goal (very tight:  110 
mg/dL; 23% vs 25.2%; RR, 0.90; 95% CI, 0.77-1.04; or moderately tight: <150 
mg/dL; 17.3% vs 18.0%; RR, 0.99; 95% CI, 0.83-1.18), and intensive care unit
setting ( surgical: 8.8% vs 10.8%; RR, 0.88; 95% CI, 0.63-1.22; medical: 26.9% vs
29.7%; RR, 0.92; 95% CI, 0.82-1.04; or medical-surgical: 26.1% vs 27.0%; RR, 0.95; 

95% CI, 0.80-1.13). 

Tight glucose control was not associated with significantly decreased risk for new need 
for dialysis (11.2% vs 12.1%; RR, 0.96; 95% CI, 0.76-1.20), but was associated with 
significantly decreased risk of septicemia (10.9% vs 13.4%; RR, 0.76; 95% CI, 0.59-
0.97), and significantly increased risk of hypoglycemia (glucose  40 mg/dL; 13.7% vs
2.5%; RR, 5.13; 95% CI, 4.09-6.43). 

44
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Intensive insulin therapy and mortality among critically ill patients: a meta-
analysis including NICE-SUGAR study data    CMAJ 2009;180:821

Background: Hyperglycemia is associated with increased mortality in critically 
ill patients. Randomized trials of intensive insulin therapy have reported 
inconsistent effects on mortality and increased rates of severe hypoglycemia. 
We conducted a meta-analysis to update the totality of evidence regarding 
the influence of intensive insulin therapy compared with conventional insulin 
therapy on mortality and severe hypoglycemia in the intensive care unit (ICU). 

Methods: We conducted searches of electronic databases, abstracts from 
scientific conferences and bibliographies of relevant articles. We included 
published randomized controlled trials conducted in the ICU that directly 

compared intensive insulin therapy with conventional glucose management 
and that documented mortality. We included in our meta-analysis the data 
from the recent NICE-SUGAR (Normoglycemia in Intensive Care Evaluation —
Survival Using Glucose Algorithm Regulation) study. 
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Results: 

•26 trials involving a total of 13 567 patients in our meta-analysis, and the 

pooled relative risk (RR) of death with intensive insulin therapy compared 
with conventional therapy was 0.93 (95% confidence interval [CI] 0.83–
1.04). 

•Among the 14 trials that reported hypoglycemia, the pooled RR with 
intensive insulin therapy was 6.0 (95% CI 4.5–8.0). 

•Patients in surgical ICUs appear to benefit from intensive insulin therapy 
(RR 0.63, 95% CI 0.44–0.91); patients in the other ICU settings did not 
(medical ICU: RR 1.0, 95% CI 0.78–1.28; mixed ICU: RR 0.99, 95% CI 0.86–

1.12). 

•The different targets of intensive insulin therapy (glucose level 110mg/dl vs.   
150mg/dl) did not influence either mortality or risk of hypoglycemia. 

48
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Risk of hypoglycemic events

50

Diabetes Care 2009;32:1119-1131.
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51Diabetes Care 2009;32:1119-1131.

52

Treatment of hyperglycemia in critically 
ill patients(I)

•There are inconsistent reductions in mortality with 

intensive control of glycemia, and increased mortality is 
observed in the largest published study to date (NICE-
SUGAR)

•However, it would be a serious error to conclude that 
judicious control of glycemia in critically ill patients, and 
in non-ICU patients on the basis that a large number of 
studies in a variety of inpatient settings, uncontrolled 
hyperglycemia clearly is associated with poor outcomes. 

Diabetes Care 2009;32:1119-1131.
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Treatment of hyperglycemia in critically ill 
patients(II)

•On the basis of the available evidence, insulin infusion should be used to 

control hyperglycemia in the majority of critically ill patients in the ICU setting, 

with a starting threshold of no higher than 180 mg/dl. 

•Once IV insulin therapy has been initiated, the glucose level should be 

maintained between 140 and 180 mg/dl. Greater benefit may be realized at 

the lower end of this range. 

•Although strong evidence is lacking, somewhat lower glucose targets may be 

appropriate in selected patients. Targets <110 mg/dl, however, are not 

recommended, although a very tight glucose target (80–110 mg/dl) was 

beneficial in a predominantly surgical ICU population. 

Diabetes Care 2009;32:1119-1131.

54

Glycemic control in non-critical 
hospitalized diabetic patients?  
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Treatment of hyperglycemia in
noncritically ill patients

•No prospective, RCT data are available for establishing specific
guidelines in noncritically ill patients, the recommendations are based 
on clinical experience and judgment. 

•For the majority of noncritically ill patients treated with insulin,
premeal glucose targets should generally be <140 mg/dl in 

conjunction with random BG values <180 mg/dl, as long as these 
targets can be safely achieved. 

•For avoidance of hypoglycemia, consideration should be given to 
reassessing the insulin regimen if BG levels decline below 100 mg/dl. 

•Modification of the regimen is necessary when BG values are <70 
mg/dl, unless the event is easily explained by other factors (such as a 
missed meal). 

Diabetes Care 2009;32:1119-1131.
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最理想的治療最理想的治療最理想的治療最理想的治療
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Glargine (Lantus)In
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t

Meals

Detemir

短效或速效胰島素控制三餐後血糖短效或速效胰島素控制三餐後血糖短效或速效胰島素控制三餐後血糖短效或速效胰島素控制三餐後血糖
穩定型胰島素控制深夜及餐前血糖穩定型胰島素控制深夜及餐前血糖穩定型胰島素控制深夜及餐前血糖穩定型胰島素控制深夜及餐前血糖

基礎基礎基礎基礎：：：：50% 饗後饗後饗後饗後：：：：50%

Lispro

Aspart

Apidra

Lispro

Aspart

Apidra

Lispro

Aspart

Apidra

Inhaled Inhaled          Inhaled

Insulin          Insulin           Insulin

Total 0.5-0.7u/kg/day
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~24~24~24~24~24~24~24~24無高無高無高無高峯峯峯峯無高無高無高無高峯峯峯峯6060606060606060--------120120120120120120120120超長效胰島素超長效胰島素超長效胰島素超長效胰島素超長效胰島素超長效胰島素超長效胰島素超長效胰島素((((((((GlargineGlargineGlargineGlargineGlargineGlargineGlargineGlargine，，，，，，，，DetemirDetemirDetemirDetemirDetemirDetemirDetemirDetemir))))))))
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提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素提供基礎量的胰島素(Basal Insulin)(Basal Insulin)(Basal Insulin)(Basal Insulin)(Basal Insulin)(Basal Insulin)(Basal Insulin)(Basal Insulin)
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66666666--------8888888822222222--------444444443030303030303030--------6060606060606060短效胰島素短效胰島素短效胰島素短效胰島素短效胰島素短效胰島素短效胰島素短效胰島素(RI)(RI)(RI)(RI)(RI)(RI)(RI)(RI)

提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素提供用餐時的胰島素(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)(Bolus Insulin)

持續時間持續時間持續時間持續時間持續時間持續時間持續時間持續時間
((((((((小時小時小時小時小時小時小時小時))))))))

作用高作用高作用高作用高峯峯峯峯作用高作用高作用高作用高峯峯峯峯
((((((((小時小時小時小時小時小時小時小時))))))))

作用時間作用時間作用時間作用時間作用時間作用時間作用時間作用時間
((((((((分分分分分分分分))))))))

現今臨床上使用的胰島素現今臨床上使用的胰島素現今臨床上使用的胰島素現今臨床上使用的胰島素

58

Randomized Study of Basal-Bolus Insulin Therapy in 

the Inpatient Management of Patients With Type 2 

Diabetes (RABBIT 2 Trial)

•130 insulin-naive non–critically ill, hospitalized patients with type 

2 diabetes randomized to receive glargine and glulisine (n = 65) or 
a standard SSI protocol (n = 65). The mean admission blood 

glucose was 229 ± 6 mg/dl and A1C 8.8 ± 2%. 

•A blood glucose target of <140 mg/dl was achieved in 66% of 

patients in the glargine and glulisine group and in 38% of those in 

the SSI group. 

•14% of patients treated with SSI remained with blood glucose 

>240 mg/dl, and no differences in the rate of hypoglycemia or 

length of hospital stay.

Diabetes Care 2007;30:2181
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Treatment options in non-critically ill hospitalized patients 

Subcutaneously administered insulin

•Scheduled subcutaneous administration of insulin is the preferred 

method for achieving and maintaining glucose control in non-ICU 

patients with diabetes or stress hyperglycemia. 

•The recommended components of inpatient subcutaneous insulin 

regimens are a basal, a nutritional, and a supplemental (correction) 

element. 

•Prolonged therapy with SSI as the sole regimen is ineffective in

the majority of patients (and potentially dangerous in those with 

type 1 diabetes). Diabetes Care 2009;32:1119-1131.

60

Specific clinical situations
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Patients receiving enteral nutrition.
Hyperglycemia is a common side effect of inpatient enteral nutrition therapy. A 

recent study, in which a combination of basal insulin and correction insulin was 
used, achieved a mean glucose value of 160 mg/dl. Similar results were 
achieved in the group randomized to receive SSI only; however, 48% of 
patients required the addition of intermediate-acting insulin to achieve
glycemic targets.

Patients receiving parenteral nutrition
The high glucose load in standard parenteral nutrition frequently results in 
hyperglycemia, which is associated with a higher incidence of complications 
and mortality in critically ill patients in the ICU. Insulin therapy is highly 
recommended, with glucose targets as defined previously on the basis of the 
severity of illness. 

Diabetes Care 2009;32:1119-1131.
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Patients receiving glucocorticoid
therapy

•Hyperglycemia is a common complication of corticosteroid therapy. 
Several approaches have been proposed for treatment of this 
condition, but no published protocols or studies have investigated the 
efficacy of these approaches. 

•A reasonable approach is to institute glucose monitoring for at least 
48 h in all patients receiving high-dose glucocorticoid therapy and to 

initiate insulin therapy as appropriate. 

•In patients who are already being treated for hyperglycemia, early 
adjustment of insulin doses is recommended. 

•Importantly, during corticosteroid tapers, insulin dosing should be 
proactively adjusted to avoid hypoglycemia. 

Diabetes Care 2009;32:1119-1131.
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•Noninsulin agents are inappropriate in most hospitalized patients.

•Continued use of such agents may be appropriate in selected stable 

patients who are expected to consume meals at regular intervals.

•Caution must be exercised with use of metformin because of the 

potential development of a contraindication during the 

hospitalization, such as renal insufficiency, unstable hemodynamic 
status, or need for imaging studies with radiocontrast dye.

Oral glucose-lowering agents in non-critical hospitalized 

patients

Diabetes Care 2009;32:1119-1131.
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Take-home message
I. Critically ill patients

•Insulin therapy should be initiated for treatment of persistent 
hyperglycemia, starting at a threshold of no greater than 180 mg/dl .

•Once insulin therapy has been started, a glucose range of 140–180 mg/dl 
is recommended for the majority of critically ill patients. 

•Intravenous insulin infusions are the preferred method for achieving and 
maintaining glycemic control in critically ill patients.

•Validated insulin infusion protocols with demonstrated safety and efficacy, 
and with low rates of occurrence of hypoglycemia, are recommended. 

•With IV insulin therapy, frequent glucose monitoring is essential to 
minimize the occurrence of hypoglycemia and to achieve optimal glucose 
control. Diabetes Care 2009;32:1119-1131.
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II. Noncritically ill patients

•For the majority of noncritically ill patients treated with insulin, the
premeal BG target should generally be <140 mg/dl in conjunction with 

random BG values <180 mg/dl, provided these targets can be safely 
achieved. 

•More stringent targets may be appropriate in stable patients with 
previous tight glycemic control.

•Less stringent targets may be appropriate in terminally ill patients or 
in patients with severe comorbidities.

•Scheduled subcutaneous administration of insulin, with basal, 
nutritional, and correction components, is the preferred method for 
achieving and maintaining glucose control. 

•Prolonged therapy with SSI as the sole regimen is discouraged.

•Noninsulin antihyperglycemic agents are not appropriate in most 
hospitalized patients who require therapy for hyperglycemia.

•Clinical judgment and ongoing assessment of clinical status must be 
incorporated into day-to-day decisions regarding treatment of 
hyperglycemia. Diabetes Care 2009;32:1119-1131.
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III. Safety issues
•Overtreatment and undertreatment of hyperglycemia represent major 
safety concerns.

•Education of hospital personnel is essential in engaging the support of 
those involved in the care of inpatients with hyperglycemia.

•Caution is required in interpreting results of POC glucose meters in patients 
with anemia, polycythemia, hypoperfusion, or use of some medications. 

•Buy-in and financial support from hospital administration are required for 
promoting a rational systems approach to inpatient glycemic management. 

IV. Cost
•Appropriate inpatient management of hyperglycemia is cost-effective.

V. Discharge planning
•Preparation for transition to the outpatient setting should begin at the time 
of hospital admission.

•Discharge planning, patient education, and clear communication with 
outpatient providers are critical for ensuring a safe and successful transition 
to outpatient glycemic management. Diabetes Care 2009;32:1119-1131.
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