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*The problem with hyperglycemia
*Glycemic control in ICU
*Glycemic control in Surgery
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The Problem with
Hyperglycemia
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e Diabetes mellitus is the most common
endocrine disorder encountered in the
perioperative period.

* The endocrine response to the stresses of
surgery predisposes to hyperglycemia.
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Elizabeth W. Duggan, MD, et al. Perioperative Hyperglycemia Management An Update.
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Fig. 1. Pathophysiology of hyperglycemia. Anesthesia, metabolic stress, and critical illness lead to metabolic derangements, resulting

I C in hy perglycemia. Hyperglycemia is associated with increased inflammation, susceptibility to infection, and organ dysfunction.

Angela K. M. Lipshutz, MD, MPH et al. Perioperative Glycemic Control.

F O RUM Anesthesiology 2009; 110:408 —-21
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Glycemic Control in ICU
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INTENSIVE INSULIN THERAPY IN CRITICALLY ILL PATIENTS
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Frans BrRuvninckXx, M.D., MIET ScHETZ, M.D., PH.D., Dirk ViLasseLaErs, M.D., PaTrick FERDINANDE, M.D., PH.D.,
Peter Lauwers, M.D., ano Rocer BouiLLon, M.D., PH.D.

The N EW ENGLAN D
JOURNAL of MEDICIN E

ESTABLISHED IN 1812 MARCH 26, 2009 VOL. 360 NO.13

Intensive versus Conventional Glucose Control
in Critically Ill Patients

The NICE-SUGAR Study Investigators™




“Glycemic Control in ICU:
Network Meta-Analysis #1

* Four different target blood glucose levels
e <110 mg/dL
*110-144 mg/dL
*144-180 mg/dL
*>180 mg/dL
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5lycemic Control in ICU:

Nie kevQ R Ml @kaaivnalysis #1

* No significant differences in the risk of
mortality and infection.

* <110 and 110-144 mg/dL had 4x - 9x increase
in the risk of hypoglycemia compared with 144—
180 and >180 mg/dL.
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“Glycemic Control in ICU:
Network Meta-Analysis #2

* Four glycemic control groups:
°4.4<6.1 mmol/l
*6.1< 7.8 mmol/l
¢7.8<10.0 mmol/l
¢10.0to < 12.2 mmol/I




~+Glycemic Control in ICU:
Network Meta-Analysis #2

* Thirty-six randomized trials (17,996 patients):
* No differences in mortality

* Hierarchy for avoiding death (highest to lowest
rank): mild control, tight control, and very mild
control.




~+Glycemic Control in ICU:
Network Meta-Analysis #2

* Severe hypoglycemia (<2.2 mmol/l) was more
frequent with tight control than very mild
control [RR 5.49 (3.22-9.38), p < 0.001] or mild
control [RR 4.47 (2.5-8.03), p < 0.001].
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Glycemic Control in Surgery
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REPORT FROM STS WORKFORCE ON EVIDENCE BASED SURGERY

The Society of Thoracic Surgeons Practice
Guideline Series: Blood Glucose Management
During Adult Cardiac Surgery

Harold L. Lazar, MD, Marie McDonnell, MD, Stuart R. Chipkin, MD,

Anthony P. Furnary, MD, Richard M. Engelman, MD, Archana R. Sadhu, MD,

Charles R. Bridges, MD, ScD, Constance K. Haan, MD, MS, Rolf Svedjeholm, MD, PhD,
Heinrich Taegtmeyer, MD, DPhil, and Richard J. Shemin, MD

Department of Cardiothoracic Surgery and Division of Endocrinology, the Boston Medical Center, Boston, The School of Public
Health and Health Sciences, The University of Massachusetts, Amherst, Massachusetts; The Starr-Wood Cardiac Group, Portland,
Oregon; The Baystate Medical Center, SPI']]‘I},ﬁL]d Massachusetts; Division of Endocrinology, Ronald Regan Medical Center,
David Geffen School of Medicine, Los Angeles, California; Division of Cardiovascular Surgery, University of Pennsylvania Medical
Center, Philadelphia, Pennsylvania; University of Florida College of Medicine, Jacksonville, Florida; Dtpartment of Cardiothoracic
Surgery, University llqulta] Linkoping, Sw eden; Division of Cardiology, The University of Texas School of Medicine, Houston,
Texas; and The Division of Cardiothoracic Surgery, Ronald Regan Medical Center, David Geffen School of Medicine, Los Angeles,
California
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==Perioperative Glycemic
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Control in Cardiac Surgery

* |In 6280 patients, higher glucose levels during
surgery were found to be an independent
predictor of mortality in patients with and

without diabetes.
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,,z,wPerloperatlve Glycemic
Control in Cardiac Surgery

* Preoperative:

*in 1,375 CABG patients, those with elevated
fasting blood glucose had a 1-year mortality
that was twice as great as patients with
normal fasting values and equal to that of
patients who were suspected, or known to
have diabetes mellitus. T
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Control in Cardiac Surgery

* Intraoperative:

*|n 409 patients hyperglycemia was an
independent risk factor for perioperative
complications, including death.
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,,zt;mPerloperatlve Glycemic
Control in Cardiac Surgery

* Post- operative:

*In 200 (291) patients, serum glucose level
(>250 mg/dL) was associated with a 10-fold
increase in complications.
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Control in Cardiac Surgery
* Glycemic Control (>180 mg/dL) in patients with

diabetes during cardiac surgery:

 Reduces mortality

e Reduces morbidity

* Lowers the incidence of wound infections
 Reduces hospital length of stay

* Enhances long-term survival
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Control in Cardiac Surgery

* Intraoperative glycemic control using
intravenous insulin infusions is not necessary
in cardiac surgery patients without diabetes
provided that glucose values remain >180

mg/dL
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Haga et al. Journal of Cardiothoracic Surgery 2011, 6:3
http//www.cardiothoracicsurgery.org/content/6/1/3

JOURNAL OF
816 [BS CARDIOTHORACIC SURGERY

Open Access

The effect of tight glycaemic control, during and
after cardiac surgery, on patient mortality and
morbidity: A systematic review and meta-analysis

Kristin K Haga“, Katie L MCC|}'FT“IDF‘I1Z1, Scott Clarke', Rebecca S Grounds', Ka Ying B Ng1, Daniel W Glyde1,
Robert J Loveless', Gordon H Carter!, R Peter Alston?
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Tight Glycaemic Control Normal Glycaemic Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groban 2002 3 188 0 193 1.4%  7.30[0.37, 142.33] - >
Ingels 2006 16 477 37 493 98.6% 0.43 [0.23, 0.78] X B
Lazar 2004 0 72 0 Go Not estimable
Total (95% CI) 665 686 100.0% 0.52 [0.30, 0.91] <4
Total events 19 37

itw: iz = = = -2 = o I i i i
_II—_Ietttar;ogenemyl.I Cft: N ;;4;5,22:9 |l(_F’"D 0(;.06}, I 71% 0.01 0.1 1 10 100

estior overall efiect: £ = <. (P =0.02) Favours experimental Favours control

Figure 2 Results of the meta-analysis performed on the incidence of early mortality, following cardiac surgery, for patients with and
without tight glycaemic control. This figure illustrates the forest plot created as a result of the meta-analysis for early mortality data. “Early
mortality” was defined as death in CCU or within 30 days. Only three of the seven studies presented useable data and were included in the
analysis. Tight glycaemic control peri- and post-operatively significantly reduced early mortality as compared to normal glycaemic control

(p = 0.02).
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Tight Control Normal Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chaney 1999 4 10 2 10 1.0% 2.67 [0.36, 19.71] -
Gandhi 2007 54 185 59 186 35.1% 0.89 [0.57, 1.38] I
Groban 2002 60 188 68 193 38.4% 0.86 [0.56, 1.32]
Koskenkari 12 20 14 20 4.7% 0.64 [0.17, 2.38] -
Lazar 2004 12 72 29 69 20.8% 0.28 [0.13, 0.60] —
Total (95% CI) 475 478 100.0% 0.76 [0.58, 0.99] <
Total events 142 172
Heterogeneity: Chiz = 8.82, df = 4 (P = 0.07); 12 = 565% = = = =
Test fnc:f':l overgll effect: Z = 2.00 (F‘{= 0.05) ) 0.01 0'1- 1 10 100
Favours experimental Favours control

Figure 3 Results of the meta-analysis on the incidence of atrial fibrillation following cardiac surgery, for patients with and without
tight glycaemic control. This figure illustrates the forest plot created as a result of the meta-analysis performed on the incidence of atrial
fibrillation (AF) following cardiac surgery for the tight and normal glycaemic control groups. As can be seen, tight glycaemic control
demonstrated a borderline significant reduction in the incidence of AF following cardiac surgery (p = 0.05). Only one study, Chaney et al
reported a higher incidence of AF in patients in the tight glycaemic control group, however their overall patient numbers was extremely small

(n = 20).
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Tight Glycaemic Control MNormal Glycaemic Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hoedemaekers 2005 0.921 0.075 10 0.85 0.104 10 10.5% 0.07 [-0.01, 0.15] =
Koskenkari 3.2 4.7 20 2 1.2 20 0.0%  1.20[-0.93, 3.33] ’
Lazar 2004 0.721 0.042 T2 1.37 0.108 69 89.5% -0.65[-0.68, -0.62] -
Total (95% CI) 102 99 100.0% -0.57 [-0.60, -0.55] ]
Heterogeneity: Chiz = 284.77, df = 2 (P < 0.00001); 12 = 99% _=1 _0,:_5 5 035 1
Test for overall effect: Z2 = 43.54 (P < 0.00001) Favours experimental Favours control

Figure 4 Results of the meta-analysis conducted on the time spent in CCU/ICU, for patients with and without tight glycaemic control,
following cardiac surgery. This figure illustrates the forest plot created fromn the meta-analysis of total time spent in CCU or ICU following
cardiac surgery, for those patients with and without tight glycaemic control. Although the results suggest that patients who were randomised to
the tight glycaemic control group spent significantly less time in CCU/ICU (p < 0.00001), the significant heterogeneity (99%) of this sample
makes it difficult to interpret these results. The data are significantly weighted by one study, the Lazar (2004) study, and the times spent in CCU/

ICU vary dramatically between groups.
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Tight Glycaemic Control Normal Glycaemic Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Koskenkari 11.4 20.1 20 12.9 14.2 20 0.0% -1.50[-12.29, 9.29] * >
Hoedemaekers 2005 11.2 6.6 10 9.8 4.6 10 0.1% 1.40 [-3.59, 6.39] N >
Groban 2002 31 4 188 32 4 193 3.7% -1.00[-1.80, -0.20] -
Lazar 2004 6.9 0.3 72 10.7 0.6 69 96.2% -3.80 [-3.96, -3.64] -
Total (95% CI) 290 292 100.0% -3.69 [-3.85, -3.54] ¢
Heterogeneity: Chi? = 49.10, df = 3 (P < 0.00001); I? = 94% 4 _!2 5 2 j1
Test for overall effect: £ = 46.80 (P < 0.00001) Favours experimental Favours control

Figure 5 Results of the meta-analysis conducted on the time spent on mechanical ventilation, following cardiac surgery, for patients
with and without tight glycaemic control. This figure illustrates the forest plot created from the meta-analysis of the time spent on
mechanical ventilation, following cardiac surgery, for patients with and without tight glycaemic control. The results of this analysis suggest that
patients who experienced tight glycaemic control peri and/or post-operatively spent significantly less time on mechanical ventilation (p <
0.00001). However, the results are heavily weighted by the Lazar (2004) study due to the wide ranges of time and large standard deviations in

the other four studies.
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Tight Glycaemic control

Normal Glycaemic control

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groban 2002 3 188 2 193 5.4% 1.55 [0.26, 9.37] -
Koskenkari 3 20 12 20 28.4% 0.12 [0.03, 0.54] L
Lazar 2004 10 72 27 69 66.2% 0.25 [0.11, 0.57] —l—
Total (95% CI) 280 282 100.0% 0.28 [0.15, 0.54] N
Total events 16 41
i - 2 = = = = |2 = a I } } |
Heterogeneity: Chi 4.79,df =2 (P = 0.09); | 58% 0.01 01 1 10 100

Test for overall effect: Z = 3.83 (P = 0.0001)

Favours experimental

Favours control

Figure 6 Results of the meta-analysis conducted on the need for epicardial pacing, following cardiac surgery, in patients with and
without tight glycaemic control. This figure illustrates the forest plot produced as a result of the meta-analysis on the need for epicardial
pacing in patients with and without tight glycaemic control. As can be seen in the figure, those patients with tight control experienced less

need for epicardial pacing (p = 0.0001).
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* Results: N=7 RCT’s

* Tight glycaemic control reduced:

* early mortality (death in ICU) (OR 0.52 [95% CI 0.30, 0.91]);

* post-surgical atrial fibrillation (odds ratio (OR 0.76 [95%CI 0.58, 0.99]);

* the use of epicardial pacing (OR 0.28 [95%Cl 0.15, 0.54]);

e the duration of mechanical ventilation (mean difference (MD) -3. 69@4)

IC

3.85, -3.54]) fiic

F U RU9Mength of stay in the intensive care unit (ICU) (MD -0.57 [95%Ci -3.6G, -
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e Conclusion:

e The results from this study suggest that there may be some benefit
to tight glycaemic control during and after cardiac surgery. However,
due to the limited number of studies available and the significant
variability in glucose levels; period of control; and the reporting of
outcome measures, further research needs to be done to provide a
definitive answer on the benefits of tight glycaemic control for
cardiac surgery patients.
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Jerrold H. Levy, M.D., FA.H.A., EC.C.M., Editor

| Perioperative Hyperglycemia Management
" An Update

' Elizabeth W. Duggan, M.D., Karen Carlson, M.D., M.B.A., Guillermo E. Umpierrez, M.D., C.D.E.

This article has been selected for the AnesTHESIOLOGY CME Program. Learning objectives
and disclosure and ordering information can be found in the CME section at the front
of this issue.
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‘ Table 1. Society Guideline Recommendations for Treatment of Perioperative Hyperglycemia and Diabetes

Ambulatory Surgery

ICU

Mon-1CU

" SAMB ASC SC rapid-acting insulin analogs are
preferred over IV or SC regular

insulin

Treatment goal: intraoperative
blood glucose levels
< 180 mg/dl (10 mM)

ADA/AACE®"

ACP>4

Critical Care

Society™2

b@"@w'r‘
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Initiate insulin therapy for glucose >
180 mg/dl (10 m)

Treatment goal: For most patients,
target a glucose level between 140
and 180mg/dl (¥.7—10mmM).

Glucose target between 110 and
140mg/dl (6.1-7.7 mM) may be
appropriate for select patients if
achievable without significant risk
for hypoglycemia

Recommends against intensive insulin
therapy in patients with or without
diabetes in surgical/medical ICUs

Treatment goal: Target glucose
is between 140 and 200 mg/dl
(7.7-11.1 mM) in patients with or
without diabetes

BG > 150mg/dl (8.3 mM) should trig-
ger insulin therapy

Treatment goal: Maintain glucose
< 150mg/dl (8.3 mM) for most
patients in ICU

Treatment goal: If treated with
insulin, premeal glucose targets
should generally be < 140mg/dl
(< 7.7 mM), with random glucose
levels < 180 mg/dl (10mM)




a,

PHARMA

INTERNATIONAL INC.

meeting the gaps in critical care

Endocrine Society™®

Society of Thoracic
Surgeons>?

Joint British
Diabetes
Societies®®

Treatment goal: Target premeal blood
glucose < 140 mg/dl (7.7 mM) and
random glucose < 180mg/dl (10mM)

Higher target glucose < 200mg/
dl (11.1 mM) is acceptable in
patients with terminal illness and/
or with limited life expectancy or at
high risk for hypoglycemia

Continuous insulin infusion preferred
over SC or intermittent IV boluses

Treatment goal: Recommend glucose
< 180 mg/dl (10 mM) during surgery,
= 110mg/dl (6.1 mM) in fasting and
premeal states
Initiate insulin therapy for glucose >
10mM (180 mg/dl)

Target blood glucose levels in most
patients are between 6 and 10mM
(108—1 80 mg/dl) with an acceptable
range of between 4 and 12mM
(72-216 mg/dl)

ACP = American College of Physicians; ADA/AACE = American Diabetes Association/American Association of Endocrinologists; ICU = intensive care unit;
IV = intravenous; SAMBA = Society for Ambulatory Anesthesia; SC = subcutaneous.
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‘ I Emergency Surgery Elective Surgery

P H
INTEF * Ascertain timing and amount of * Follow preoperative oral hypoglycemic
meeting t last basal/prandial dose of insulin and/or 'i:sulm guidelines for day before
and/or oral hypoglycemics and day of surgery
* Check BG preoperatively; treat * Check BG in preoperative area; treat per
per recommendations below recommendations below

* Critically ill? BG poorly controlled at home?

* Anticipated hemodynamic changes, large
volume/temperature shifts?

® Duration of OR time > 4 hrs?

¢ I ® P

Continuous IV Insulin Infusion Subcutaneous Insulin Dosing

* Check BG hourly in OR/PACU e Check BG hourly in OR/PACU
' e Start variable rate insulin infusion * Start variable rate insulin infusion when
when BG>180mg/dL BG>180mg/dL
* Follow insulin infusion algorithm * Follow insulin infusion algorithm

* For BG <70mg/dL, stop insulin therapy. Treat with D50 bolus (25mL) or start D10 infusion
* For BG <50mg/dL, stop insulin therapy. Treat with D50 bolus (50mL)

* Recheck BG q15min until BG>70mg/dL

e If BG>180mg/dL, resume SC insulin using more sensitive scale or infuse at %2 previous rate

Pre-operative planning, monitoring, treatment
Intraoperative planning, monitoring, treatment

Fig. 2. Pre- and intraoperative testing and treatment algorithm (intravenous or subcutaneous insulin). BG = blood glucose;
D10 = dextrose 10% solution; D50 = dextrose 50% solution; IV = intravenous; OR = operating room; PACU = postanesthesia

2 care unit; q15min = every 15min; SC = subcutaneous. BG 180mg/dl = 10mM; BG 70mg/dl = 3.9mM, BG 50mg/dl = 2.8 mM.
r ) :
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Table 9 Recommended glucose target ranges for intensive care patient s and related subgroups

Society, guidelime Pati ent group Trigger BGwvaluwe Target range, Rational e
to start imsulin b (g ol ™)
infuesion . mubd
D ol — 23
Socety of Oniticol Core Medioine's Ganerol recoommmendartsen B3 (1500 S5.6-B.3 (10— 154
dlirscol pra ctice guidalirea ™™
Cordenc sur gery = H3 [150] Decreased rick for deap
starmol woasnd infech om ard
m.‘ﬂ L —-130
Ot koalhy il tronsms pabient = B3 [1540) == 1 [1843)
Tronsmeatic begin injury®?* 4 83 [150] == 10 [ 1800
Meurclogic ol IOU patients 8.3 (150 == 1 [ 1800
- lschoenmic stroke ™ '~ 5
- I imtrmpsmrerch ol
e rhvge*
- Aurvesusry sl sushsmraschm cad
I rhemge 1 317
Aummencan Dvabates Acooomt ion Gereral rec omimeardartiom 10 (184 B -0 [ 140 — 18]
guedebnes™
Adaptation Bl - T8 (1 10— 1450) Bl just to lowwer Torget range n
documeant ad low rate of cevers
Ireypeoegpl yomanna
Aumeanicon Assocation of Cinical  General rec cmmmendarbicn FB-10 [140- 180)
Ersdocr inclogists 2
Surgecol potients |Liwwmsr i g Cirshy i wre ts showsarsg |ows rot es of
rypogl yomemmea
Surviving Sepsis Compaign ™~ Gereral rec ormmerdation 1 [ 1885] == 1 [ 18] Bosed on MICE- SUMGAR study

Ol kool Praoschi ool Gusdelin e firomm
the Armernican College of
Phvysici anes

Sporish S ety of Int ernsiee Core
Medicine arnd Conorary L rits**~
French Sooiety of Ansecthecin
and [ntensive Coare

Socety of Thoraok Surgeons™

Gameral rec ominmeraation

Generol recomimmeraatien

Geareral rec comimeardartion
Surgecol patients
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Cordunc sur gery patient s

FE-11.1 (140-200)
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10 (L8]
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wall th dessic e i ploc e
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Table 2—Clinical and economic

Dutocome

outcomes associated with postoperative hyperglycemia
Mo DM

MNITD M

Mo hyperglycemia

Hyperglycemia

Mo hyperglyce mia

Hyperglycemia

MNo hyperglycemia

Hyperglycemia

Hospital costs (U.5. 5)

Unadjusted mean (95% CI)

Adjusted Incremental (953 CI)*
Hospital LOS (days)

Unadjusted mean (95% CI)

Adjusted incremental (95% C)*
Composite clinical end point

Unadjusted mean (953 CI)

Adjusted incremental (95% Q)=
Major infections

Unadjusted mean (95% CI)

Adjusted incremental (953 C1)**
Cardiac complications

Unadjusted mean (95% CI)

Adjusted incremental (953 C1)**
Respiratory complications

Unadjusted mean (95% Cl)

Adjusted incremental (95% Q)**

28,987 (27.850—30,246)
Reference

B.7 (B.4—9.1)
Reference

0.262 (0.243—0.280)
Reference

0.019 (0.013—0.025)
Reference

0,150 (0.136—0.165)
Reference

0.133 (0L0B6—D.111)
Reference

38,664 (36,537—40,856)
3,192 (1,972 to 4.456)

11.3 (10.7-11.9)
0.8 (0.4-1.3)

0.310 (0.284—0.338)
0.038 (0.010—0.067)

0.040 (0.030-0.051)
0.016 (0.005—0.028)

0.178 (0.157—0.199)
0.016 (—0.010 to 0.D42)

0.166 (0.107—0.144)
0.026 (0.000—0.053)

31,264 (28,134-34,744)

Reference

9.7 (B.3—10.5)
Reference

0.310 (0.241—0.37E)
Reference

0.023 (0.005—0.048)
Reference

0.161 (0.110-0.217)
Reference

0.190 (0.133—0.250)
Reference

34,835 (31,845 38,730)
2,151 (—572 to 5,034)

10.7 (9.9-11.7)
0.6(—0.2 to 1.5)

0.406 (0.358—0.456)
0.126 (0.050—0.204)

0.037 (0.019—0.057)
0.012 (—0.021 to 0.040)

0.222 (0.181—0.260)
0.049 (—0D.018 to 0.118)

0.232 (0.193—0.276)
0.042 (—0.034 to0.114)

55,004 (45,104—67,403)

Reference

16.6 (14.0-19.9)
Reference

0.430 (0.342—-0.519)
Reference

0.061 (0.019—-0.112)
Reference

0.193 (0.124—0.270)
Reference

0.307 (0.222—0.395)
Reference

39,599 (35,072—44,371)
—6,225 (—12,BB6 ta —2232)

12.4 (11.2-13.7)
—16 (—3.7to 0.4)

0.305 (0.254—0.365)
—0.052 (—0.140 to 0.039)

0.020 (0.006—0.036)
—0.041 (—0.091 to 0.000)

0.164 (0.125—0.211)
—0.037 (—0.123 to 0.042)

0. 180 (0.1380.227)
—0.125 (—0.224 to —0.030)

DM, diabetes mellitus. * Adjusted for age, gender, race, BMI, white blood cell count, GFR, hemoglobin, history of heart failure, renal insufficiency, ejection fraction, prior cardiac surgery, history of lung disease,

corticosteroids, surgery time, sternotomy performed yes/no, surgery type, procedure, and study site. **Adjusted for age, gender, and procedure.
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Table 2—Clinical and economic outcomes associated with postoperative hyperglycemia

‘ MNo DM I
., DOutcome No hyperg ycemia Hyperglycemia No hyperglyoe mia

Hospital costs (U.5. 5)

Unadjusted mean (95% Cl) 2B.987 (27.850—30D,246) 38,664 (36,537—40,856) 31,264 (28,1343 4,744

Adjusted Incremental (95% CI)* Reference 3,192 (1,972 to 4, 456) Reference
Hospital LOS (days)

Unadjusted mean (95% Cl) 8.7 (B.4—9.1) 11.3 (10.7—11.9) 9.7 (B.9—10.5)

Adjusted incremental (95% Q)= Reference 0.8 (D.4-1.3) Reference
Composite clinical end point

Unadjusted mean (95% Cl) 0.262 (0.243—-0D.280) 0.310 (0.2B84—-0.338) 0.310(0.241-0.378)

Adjusted incremental (95% C)* Reference 0.038 (0.010—-0.067) Reference
Major infections

Unadjusted mean (95% Cl) 0.019 (0.013—0.025) 0.040 (0.030-0.051) 0.023 (D0.005—0.048)

Adjusted incremental (95% O )** Reference 0.016 (D.005—-0.02E) Reference
Cardiac complications

Unadjusted mean (95% Cl) 0.150 (0.136—0.165) 0.178 (D.157—-0.199) 0.161 (0.110-0.217)

Adjusted incremental (95% Q)** Reference 0.016 (—0.010 to 0.042) Reference
Respiratory complications

Unadjusted mean (95% Cl) 0.133 (D.0B6-0.111) 0.166 (0.107—-0.144) 0.190 (0.133-0.250)

Adjusted incremental (95% C)** Reference 0.026 (0.000—-0.053) Reference

DM, diabetes mellitus. * Adjusted for age, gender, race, BMI, white blood cell count, GFR, hemoglobin, history of heart
corticosteroids, surgery time, sternotomy performed yes/no, surgery type, procedure, and study site. **Adjusted fo
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perglycemia

NITDM

No hwyperglyce mia

Hyperglycemia

Mo hyperglycemia

1 TDhA

Hyperglyce mia

31,264 (2B8.134—34,744)
Reference

9.7 (8.9—10.5)
Reference

0.310 (0.241-0.378)
Reference

0.02 3 (D.005—0.048)
Reference

0.161 (0.110-0.217)
Reference

0.190 (0.133—0.250)
Reference

34,835 (31,845 38, 730)
2,151 (—572 to 5,034)

10.7 (9.9-11.7)
0.6 (—0.2 to 1.5)

0.406 (0.358—0.456)
0.126 (0.050—0.204)

0.037 (0.019—0.057)
0.012 (—0.021 to 0.040)

0.222 (0.181—0.260)
0.049 (—0.018 to 0.118)

0.232 (0.193—0.276)
0.042 (—0.034 to 0.114)

55,004 (45,104—67,403)
Reference

16.6 (14.0—19.9)
Reference

0.430 (0.342—0.519)
Reference

0.061 (0.019—0.112)
Reference

0.193 (0.124—0.2 70)
Reference

0.307 (0.222-0.395)
Reference

39,599 (35,072—44,371)
— 6,225 (—12,BB6 to —2232)

12.4 (11.2-13.7)
—1.6 (—3.7 to 0.4)

0.305 (0.254—0.365)
—0.052 (—0.140 to 0.039)

0.020 (0.006—0.036)
—0.041 (—0.091 to 0.000)

0.164 (0.125—0.211)
—0.037 (—0.123 to 0.042)

0.180 (0.138—0.227)
—0.125 (—0.224 to —0.030)

moglobin, history of heart failure, renal insufficiency, ejection fraction, prior cardiac surgery, history of lung disease,

| study site. **Adjusted for age, pender, and procedure.
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D

“maximum glucose threshold for the control of stress hyperglycemia
after cardiac surgery, may not achieve the intended benefits in all
patient subgroups.

e Such a blanket approach could instead be harmful to patients with
more advanced diabetes.

* Given the substantial clinical and economic benefits that may be
attained, patient stratification with indicators of chronic glucose
dysregulation should be investigated.
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