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ABSTRACT

Background and Aims: Cardiac surgery with cardiople-
gic cardiac arrest and cardiopulmonary bypass (CPB) is asso-
ciated with severe stress response, systemic inflammatory
response, and injury. This study was designed to investigate
the effects of intensive insulin therapy on patients undergoing
valve replacement with CPB.

Methods: One hundred nondiabetic inpatients undergo-
ing valve replacement were randomly assigned to a control
group or an intensive insulin therapy (IT) group. Plasma
cytokine and cardiac troponin I (¢Tnl) levels were monitored
perioperatively.

Results: Compared with the control group, the I'T group
had smaller increases in plasma concentrations of tumor
necrosis factor o, interleukin 1 (IL-1B), IL.-6, and c¢Tnl,
and had a more pronounced increase in IL-10 levels after the
initiation of CPB. After surgery, the required inotropes were
reduced in the I'T group. In the I'T group, the time of arti-
ficial ventilation and the postoperative length of stay in the
hospital were markedly shortened; however, there were no
significant differences between the I'T and control groups in
mortality and the rate of nosocomial infections of deep ster-
nal wounds.

Conclusions: IT can significantly attenuate the systemic
inflammatory response and improve a damaged cardiac func-
tion, but it does not reduce the in-hospital mortality rate.

INTRODUCTION

Among patients undergoing cardiac surgery, cardiopul-
monary bypass (CPB) and the trauma of the cardiac surgery
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itself, in conjunction with ischemia-reperfusion, postoperative
pain, dysphoria, and ventilator placement, typically provoke
a systemic inflammatory response and may cause detrimental
stress responses. At the same time, disturbances of general
metabolism and endocrine functions, including abnormal
glucose tolerance and hyperglycemia stress, may occur [Ras-
sias 2006]. Hyperglycemia may also induce cell injuries and
hydroelectric disturbance via increasing concentrations of
proinflammatory cytokines, hyperpermeability, and weakened
immunity, making such patients more susceptible to various
infections [Shilling 2008]. These results will affect the prog-
nosis of the cardiac operation [Golden 1999; Doenst 2005].

The magnitude and duration of the systemic inflammatory
response determine the development and degree of tissue
damage, multiple organ failure, or even death [Tracey 1987;
Wang 1999]. The pathophysiological cascade is mediated by
proinflammatory cytokines, such as interleukin 1B (IL-1p),
IL-6, or tumor necrosis factor (INF), which are balanced
by anti-inflammatory cytokines such as IL-2, IL-4, or IL-10
[Jeschke 2004]. Despite recent advances in the understand-
ing of the molecular cascade of the systemic inflammatory
response and hyperglycemia, the defined levels for glucose
control are still evolving. Recent research has indicated that
intensive insulin therapy (IT) may markedly improve the
prognosis and reduce the morbidity and mortality of patients
with serious illnesses [van den Berghe 2001, 2006], such as
diabetes [Furnary 2006], who undergo cardiac surgery. Data
are scarce, however, regarding how IT affects the progno-
sis of nondiabetic patients undergoing cardiac surgery with
CPB in the context of mixed surgical/medical intensive care
unit (ICU) conditions. Therefore, we designed a randomized
clinically controlled trial aimed at examining the influence of
IT on the systemic inflammatory response, the recovery of
cardiac function, and the prognosis of nondiabetic patients
undergoing valve replacement with CPB.

MATERIALS AND METHODS

Patients

The study was approved by our institutional research
ethics committee. Anonymous acquisition and publication
of patient data were in accordance with the Declaration of
Helsinki. One hundred patients who underwent heart valve



Table 1. Baseline and Operative Characteristics of Inpatient
Populations™

Characteristic Control Group (n=50) IT Group (n = 50)

Male-female ratio 1:1.17 1:1.08
Age, y 44.0 £ 11.5 43.3 +11.7
Body weight, kg 59.9 £10.3 60.5 +11.3
Blood glucose level, mmol /L 775+2.6 78.4+3.8
TNF-o, pg/mL 31.9+2.5 32.3+3.2
IL-1B, pg/mL 6.3+1.2 62+15
IL-6, pg/mL 18.9 3.7 212 +2.5
IL-10, pg/mL 34.5+4.2 35.1+3.2
Preoperative EF, % 53.6 £ 8.8 54.9+6.9
Type of operation, n (%)

MVR 23 (46.00) 24 (48.00)

AVR 10 (20.00) 11 (22.00)

MVR/AVR 17 (34.00) 15 (30.00)
Bypass time, min 103.5 £ 34.9 100.5 £ 48.6
Cross-clamp time, min 60.4 +26.5 59.9 + 33.2

*Data are presented as the mean + SD where indicated. IT indicates
intensive insulin therapy; TNF-0,, tumor necrosis factor o IL-1P, interleukin
1[3; EF, ejection fraction; MVR, mitral valve replacement; AVR, aortic valve
replacement.

replacement with CPB from September 2005 to April 2007
were enrolled in this prospective, randomized single-center
study. None of the patients had a history of diabetes mel-
litus. Preoperatively, all patients received detailed informa-
tion on the proposed insulin therapy and provided written
consent. All patients referred to a single surgeon for valve
replacement were assessed for eligibility. The 100 patients
were randomized with computerized randomization tables.
Study personnel opened the blinded envelopes sequentially
after the participants had signed the patient consent form,
and patients were assigned to receive either routine therapy
(control group, n = 50) or IT (n = 50). Table 1 summa-
rizes the patient characteristics. No significant differences
between the 2 groups were noted for age, sex, body weight,
or any other operative procedure (Table 1). Exclusion crite-
ria included preoperative liver or kidney disease or dysfunc-
tion, preoperative coagulation disorder, palliative operation,
or a second operation.

Blood Glucose Control

Patients in the control group received standard institu-
tional operative and postoperative care, but not control for
blood glucose. In the I'T group, blood glucose levels were
approximately 70 to 110 mg/dL during and after the surgery
according to the Portland Protocol [Furnary 2006], with
some modifications. For the I'T group, glycemic control was
instituted immediately after induction of anesthesia. In brief,
(1) 0.3 to 0.4 U/kg insulin per hour was continuously infused
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intravenously after anesthesia was induced preoperatively;
(2) the insulin dosage was changed to 10 U/h when the thoracic
cavity was open; (3) the insulin dosage was further adjusted to
1 to 1.5 U/kg per hour when CPB commenced. Blood glu-
cose was tested every 15 minutes. Subsequent insulin delivery
was modified as follows: Six units of insulin was added when
the blood glucose reading was 150 to 160 mg/dL. Similarly,
we added 8 U at readings of 160 to 170 mg/dL, 12 U at 170
to 180 mg/dL, and 16 U at 2180 mg/dL. We subtracted 8 U
at 60 to 70 mg/dL and 16 U at 50 to 60 mg/dL. There was
no insulin input at blood glucose concentrations <50 mg/dL,
but 50 mL of 20% glucose was administered intravenously
instead. (4) Insulin administration was terminated when the
body temperature began to recover. (5) Postoperative blood
glucose levels were measured every 60 minutes, and an insulin
infusion was started if the blood glucose level exceeded 110
mg/dL. The infusion was adjusted to maintain the level at
a value between 70 and 110 mg/dL in accordance with the
Portland Protocol.

Measurement of Insulin, IL-1p, IL-6, TNF-o, IL-10, and
Cardiac Troponin I

Blood samples were collected from each patient into hepa-
rinized tubes at 7 time points: after anesthesia induction (T'1),
at the initiation of CPB (T2), after the termination of CPB
(T3), at 6 hours after CPB (T4), at 12 hours after CPB (T5),
at 24 hours after CPB (T6), and at 48 hours after CPB (T7).
Plasma insulin levels were measured in all patients of the
2 groups with an insulin kit (R&D Systems, Abingdon, UK).
As described in our previous study [Gu 2008a], plasma IL-1,
IL-6, 1L-10, TNF-a, and cardiac troponin I (¢Tnl) levels
were measured with commercially available enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems). All
ELISA protocols were carried out according to kit guidelines.
Measurements were corrected according to the following for-
mula (with the hematocrit as an example): Corrected Value =
Measured Value x (1 — Hematocrit of Sample)/(1 — Hemat-
ocrit before Anesthesia).

Western Blot Analysis

As documented in our previous study [Gu 2008b], periph-
eral blood mononuclear cells (PBMC) were isolated from
blood samples obtained from each patient at 7 time points.
PBMC lysates were prepared by adding 1 mL boiling lysis
buffer (1% sodium dodecyl sulfate [SDS]), 1 mmol/L sodium
orthovanadate, and 10 mmol/L Tris (pH 7.4) to the PBMC
pellet. The protein concentration was quantitated with the
BCA Protein Assay Kit (Pierce/Thermo Scientific, Rockford,
IL, USA). Sixty micrograms of total cell lysate were electro-
phoresed on 12% SDS gels for nuclear factor kBp65 (NF-
Bp65) and/or 15% SDS gels for IxB. Proteins were separated
by SDS/polyacrylamide gel electrophoresis and transferred
onto polyvinylidene difluoride (Bio-Rad Laboratories, Her-
cules, CA, USA) by the semi-dry electrophoretic transfer
technique, blocked with 5% skim milk, and incubated at 4°C
overnight with polyclonal anti-IxB antibody (Sigma-Aldrich,
St. Louis, MO, USA) or a monoclonal anti-NF-kBp65 anti-
body (Sigma-Aldrich). The membranes were washed and then
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Figure 1. Changes in blood glucose (top) and plasma insulin (bottom)
levels in the perioperative period. *P < .05, **P < .01, and ***P <.001,
compared with baseline levels. #P < .05, ##P < .01, and ###P < .001,
compared with the control group. Data are presented as the mean +
SD. Sample-collection times: before anesthesia induction (T1), at the
initiation of cardiopulmonary bypass (CPB) (T2), after the termination
of CPB (T3), at 6 hours after CPB (T4), at 12 hours after CPB (T5), at
24 hours after CPB (T6), and at 48 hours after CPB (T7). IT indicates
intensive insulin therapy.

incubated for 1 hour at room temperature with the secondary
antibody. An immunodetection kit was used for fluorescence
detection (Pierce/Thermo Scientific).

Clinical Data

Cardiac index (CI) measurements were made via a Swan-
Ganz thermodilution catheter and were obtained at T1,
T3, T4, TS5, T6, and T7. Moreover, the first postoperative
48-hour quantitative measurements of inotropes were evalu-
ated by calculating an inotropic score according to the follow-
ing formula [Lazar 2004]: ((Dopamine + Dobutamine] x 1)
+ (Milrinone x 15) + ([Epinephrine + Norepinephrine + Iso-
proterenol] x 100). The time on a ventilator, the length of
the ICU stay, the length of the hospital stay, the nosocomial
infection rate, mortality, and the rate of hypoglycemic events
were recorded concurrently.

Statistical Analysis

All data are presented as the mean + SD. Statistical analy-
ses were performed with SPSS software (version 11.0; SPSS,
Chicago, IL, USA). Patient demographics and surgical char-
acteristics were analyzed with the Student 7 test for continu-
ous, normally distributed variables, and the %’ test was used
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Figure 2. Pre- and postoperative interleukin levels. *P < .05, **P < .01,
and ***P < .001, compared with baseline levels. #P < .05, and ##P < .01,
compared with the control group. Data are presented as the mean +
SD. In both groups, tumor necrosis factor o, (TNF-ot) (A), interleukin
1B (IL-1B) (B), IL-6 (C), and IL-10 (D) levels were higher than baseline
levels. Levels did not normalize within the study period. IL-1f, IL-6,
and TNF-o. levels were higher in the control group than in the intensive
insulin therapy (IT) group; however, IL-10 levels were higher in the IT
group. Sample-collection times: before anesthesia induction (T1), at the
initiation of cardiopulmonary bypass (CPB) (T2), after the termination
of CPB (T3), at 6 hours after CPB (T4), at 12 hours after CPB (T5), at
24 hours after CPB (T6), and at 48 hours after CPB (T7).

for the analysis of categorical variables. Laboratory data were
analyzed with 2-way repeated-measures analysis of variance
with the Greenhouse-Geisser correction (the Mauchly test
demonstrated that sphericity assumptions were not met). This
analysis was followed by the Mann-Whitney U test of the
groups if the analysis of variance detected a significant differ-
ence. A P value <.05 was considered statistically significant.

RESULTS

Changes in Blood Glucose and Insulin Levels

Following CPB, a biphasic response was observed for
blood glucose levels in the control group (Figure 1). The first
phase consisted of a 1.5-fold increase in blood glucose levels
at the initiation of CPB and a 2.9-fold increase at the end
of CPB, compared with the preoperative baseline level. The
blood glucose level transiently decreased to 1.7-fold greater
than the baseline level by 6 hours after CPB. The second
phase of the increase in blood glucose levels occurred by
12 hours after CPB. The blood glucose level then recov-
ered continuously, but it did not reach the preoperative
level by 48 hours after CPB. Blood glucose levels were rela-
tively controlled in the IT group at values between 70 and
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Figure 3. Changes in blood cardiac troponin | (cTnl) levels. *P < .05, and
**P < .01, compared with baseline levels. #P < .05, compared with the
control group. Data are presented as the mean + SD. Sample-collection
times: before anesthesia induction (T1), at the initiation of cardiopulmo-
nary bypass (CPB) (T2), after the termination of CPB (T3), at 6 hours
after CPB (T4), at 12 hours after CPB (T5), at 24 hours after CPB (T6),
and at 48 hours after CPB (T7).

110 mg/dL. Blood glucose levels were significantly higher in
the control group than in the I'T group after the initiation of
CPB (P < .01; Figure 1, top).

Plasma insulin levels in the 2 groups showed similar bipha-
sic responses. After an initial increase at the termination of
CPB (3.6-fold for the IT group and 1.7-fold for the control
group), plasma insulin levels declined transiently in both
groups 3 hours later, but the second phase of the increase at
12 hours was not as marked as the first phase. Plasma insulin
levels were significantly lower in the control group than in
the I'T group at each time point after the initiation of CPB
(P < .05, or P < .01; Figure 1, bottom).

Changes in Plasma Cytokine Levels
Proinflammatory cytokines TNF-o, IL-1B, and IL-6
showed a monophasic response in the 2 groups (Figures 2A,

Table 2. Cardiac Index in the Study Population following Surgery*
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2B, and 2C). Samples from the control group showed 3.1-
fold, 6.4-fold, and 6.1-fold increases for TNF-o, IL-1pB,
and IL-6, respectively at 6 hours after CPB. Decreases were
then observed to 48 hours after CPB, although levels did not
return to the preoperative levels (Figures 2A, 2B, and 2C).
The levels remained significantly higher in the control group
than in the I'T group after the initiation of CPB (P < .01 for
all; Figures 2A, 2B, and 2C). Levels of the anti-inflammatory
cytokine IL-10 were elevated immediately after the initia-
tion of CPB and reached a peak at 12 hours after CPB. IL-10
levels then dropped but failed to reach the preoperative level
by 48 hours after CPB in either group. IL-10 levels were sig-
nificantly higher in the I'T group than in the control group
after the termination of CPB (P < .01; Figure 2D).

Changes in Plasma cTnl Levels

Figure 3 presents the measurements of serum cI'nl levels
in samples collected from the 2 patient groups at the 7 time
points. The preoperative plasma cTnl levels in the 2 groups
were similar. After the initiation of CPB, ¢ T'nl levels increased
significantly in both groups. The degree of the ¢Tnl increase
was significantly higher in the control group after the termi-
nation of CPB (P < .05).

Clinical Outcomes

CI values in both groups decreased until postoperative
hour 12; the CI then increased in both groups (IT group,
P = .0009; control group, P = .042). CI values were signifi-
cantly higher in the I'T group than in the control group at T'S
(P =.016) and T6 (P = .024) (Table 2).

After surgery, 21 patients in the control group and
17 patients in the IT group used either dopamine at
>5 pg/kg per minute or epinephrine. A statistical analysis did
not reveal a significant difference (P =.251), but when inotro-
pic drug use was evaluated with the inotrope score method
used by Shore and colleagues [2001], a significant difference
was found between the 2 groups. The scores for the I'T group
were much lower than the corresponding scores of the con-
trol group at the same time points (P < .05 for all; Table 3).

Tight glycemic control with insulin in the IT group
reduced ventilator times markedly, as well as the lengths of
stay in the ICU and the hospital after surgery (P < .05 for
all; Table 4). There was no significant difference between the

Time Point Control Group (n = 50), L/min per m? IT Group (n = 50), L/min per m? P

T3 1.9+£0.2 2.1+£04 NS
T4 2.3+0.3 2.5+0.2 NS
T5 2.5+0.2 3.3+0.2 .016
Té 2.7+1.0 3.3+0.3 .024
T7 3.1+0.6 3.2+10 NS

*Data are presented as the mean + SD. The data for the 2 groups were analyzed by 2-way analysis of variance. IT indicates intensive insulin therapy; NS, not
statistically significant; T3, after the termination of cardiopulmonary bypass (CPB); T4, 6 hours after CPB; T5, 12 hours after CPB; T6, 24 hours after CPB; T7,

48 hours after CPB.
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Table 3. Inotropic Scores of the Patient Population following Surgery*

Time Point Control Group (n = 50) IT Group (n = 50) P

T2 52+3.6 4225 .on
T3 6.1+3.5 4.6+2.9 .012
T4 6.5+3.6 4.8+3.1 .004
T5 6.6 £3.5 50£3.3 .005
T6 6.7+2.8 49+3.1 .002
T7 4.8+3.1 3.9+3.0 .017

*Data are presented as the mean + SD. The data for the 2 groups were analyzed by 2-way analysis of variance. IT indicates intensive insulin therapy; T2, at
the initiation of cardiopulmonary bypass (CPB); T3, after the termination of CPB; T4, 6 hours after CPB; T5, 12 hours after CPB; T6, 24 hours after CPB; T7,

48 hours after CPB.

Table 4. Postoperative Characteristics of the Patient Population*

Variable Control Group (n = 50) IT Group (n = 50) P

Ventilation time, h 14.5+4.8 10.2 £ 4.1 0211
ICU stay, h 59.0+5.5 46.7 5.9 .01t
Postoperative hospital stay, d 10.9 £5.2 8.2+4.3 0311
Nosocomial wound infection, cases (%) 4 (8.00) 1(2.00) NSt
Hospital deaths, n (%) 3 (6.00) 2 (4.00) NSt
Hypoglycemic events, n (%) 1(2.00) 3 (6.00) NSt

*Data are presented as the mean + SD. IT indicates intensive insulin therapy; ICU, intensive care unit; NS, not statistically significant.

tStudent t test, or the Mann-Whitney U test when variances were not homogeneous.

1y Test.

control and I'T groups in mortality and in the rate of nosoco-
mial infections of deep sternal wounds (P > .05; Table 4).

DISCUSSION

Many studies have confirmed that I'T improves the prog-
nosis of severe chronic diseases, especially cardiovascular dis-
ease [Lazar 2004; Taylor 2005]; however, reports pertaining
to the impact of I'T on nondiabetic patients undergoing val-
vular replacement are still lacking. In an effort to further clar-
ify the best practice for managing this subgroup of patients,
this study investigated the effects of I'T on hyperglycemia, the
inflammatory response, cardiac protection, and prognosis in
nondiabetic patients undergoing heart valve replacement.

Among patients undergoing cardiac surgery with CPB, the
trauma of the surgery itself may elicit a severe stress response
that is accompanied by unsteadiness of artificial circulation,
postoperative pain, and fever. These responses lead to distur-
bances in general metabolism and endocrine function, such as
glucose intolerance and hyperglycemia [Rassias 2006]. Fur-
nary and Wu [2006] indicated that prolonged hyperglycemia
(>110 mg/dL) after open cardiac surgery was an indepen-
dent risk factor for high mortality, infection of deep lesions,
and longer hospitalizations. The application of I'T, however,
reduced the occurrence of these events, thereby ameliorat-
ing the prognosis of cardiac surgery in patients with diabetes

E296

[Furnary 2006]. A randomized controlled study performed by
van den Berghe and colleagues [2001] revealed that if blood
glucose is maintained at <110 mg/dL after administration of
exogenous insulin, the morbidity and mortality of complica-
tions of patients in surgical ICU wards may decrease drasti-
cally, and the postsurgery times of mechanical ventilation and
ICU stay may also decrease. Further evidence has suggested
that a blood glucose concentration maintained at <110 mg/dL
via I'T improves the prognosis of coronary artery bypass graft-
ing and decreases the incidence of re-ischemic events [Aebert
2000]. Our study found that when glucose was reasonably
controlled in the I'T group according to the criteria of van den
Berghe et al in mixed surgical/medical ICU conditions, blood
glucose levels were significantly higher in the control group
after the initiation of CPB. Furthermore, use of I'T with a
large dose without obvious adverse effects and without modi-
tying other therapy plans was found to attenuate the inflam-
mation response considerably and to shorten ventilator times
and the lengths of stay in the ICU and/or hospital.

CPB and the surgery itself cause a systemic inflammatory
response [Asahara 1999; Ha 2002]. This inflammatory reac-
tion and injury may contribute to the development of post-
operative complications. Our study has shown that TNF-a,
IL-1B, IL-6, and IL-10 levels were significantly increased in
both the control and IT groups following the initiation of
CPB; however, the levels of proinflammatory cytokines were



significantly lower in the I'T group after the initiation of CPB,
whereas those for the anti-inflammatory cytokines were sig-
nificantly higher in the I'T group after the termination of CPB.
The mechanism may be as follows: First, hyperglycemia may
promote the development of oxidative stress, whereas control
of blood glucose could reduce oxidative stress [Tripathy 2003].
In addition, insulin may modify the metabolism of free fatty
acids, thereby weakening proinflammatory effects to reduce
the release of inflammatory mediators [Dandona 2002].
Therefore, I'T may reduce proinflammatory mediators by
reducing blood glucose and by decreasing the release of
proinflammatory mediators [Koh 1998].

The intraoperative net troponin release is closely associ-
ated with ischemia time, which reflects the delayed recovery
of left ventricular function and oxidative metabolism. Con-
sequently, measurements of the net troponin release may be
used as an indicator of the myocardial injury sustained during
cardiac surgery with CPB [Collard 2001]. In our study, post-
operative ¢T'nl levels and the inotrope scores in the control
group were significantly higher than those in the IT group.
This finding implies that the myocardium injury in the IT
group would be much less than in the control group, possibly
indicating that the technique we used can alleviate myocardial
injury in patients during heart valve replacement.

Although the application of cardioplegia is an effective
strategy for myocardial protection, it does not completely
eradicate myocardial ischemia—reperfusion and inflamma-
tory injuries that contribute to the observed decrease in car-
diac function. Reversible ischemia is largely characterized by
a failure to resynthesize energy-rich phosphates (adenosine
triphosphate) and to induce a proinflammatory state that pro-
motes myocardial damage by reactive oxygen species gener-
ated during reperfusion [Das 2006a]. I'T may attenuate the
inflammation that occurs during cardiac surgery with CPB,
although it could significantly improve the use of glucose and
energy synthesis [Das 2006b]. This consideration underscores
why IT could rescue myocardial injury occurring in patients
during heart valve replacement.

A meta-analysis of 13,567 patients from 26 trials published
in CMAY by Griesdale et al [2008] has shown that I'T does not
decrease the overall mortality and significantly increases the
risk for hypoglycemia with I'T among critically ill patients.
The study showed, however, that I'T might be beneficial to
patients admitted to a surgical ICU. Our study showed simi-
lar results, in that I'T was able to attenuate the inflammatory
response and alleviate myocardial injury in patients during
heart valve replacement. There were no significant differ-
ences between the I'T group and the control group, however,
in the risk for hypoglycemia, the rate of nosocomial infections
of deep sternal wounds, and hospital mortality. Even so, fur-
ther studies are needed to specify the influence of I'T on the
rates of nosocomial infections and mortality.

In conclusion, I'T applied from the commencement of sur-
gery may control stress hyperglycemia, attenuate the systemic
inflammatory response caused by the surgery and CPB, and help
in protecting cardiac function. It does not, however, improve
the rates of nosocomial infections and mortality in nondiabetic
patients undergoing cardiac valvular replacement.

© 2010 Forum Multimedia Publishing, LLC

Impacts of Intensive Insulin Therapy—Zheng et al

ACKNOWLEDGMENTS

This work was supported by grants from the National
High Technology Research and Development Program of
China (2006AA02A138), the National Natural Science Foun-
dation of China (no. 30600137), and the Shaanxi Province of
China (no. 2008DA07).

REFERENCES

Aebert H, Kirchner S, Keyser A, et al. 2000. Endothelial apoptosis is
induced by serum of patients after cardiopulmonary bypass. Eur J Car-
diothorac Surg 18:589-93.

Asahara T, Masuda H, Takahashi T, et al. 1999. Bone marrow origin of
endothelial progenitor cells responsible for postnatal vasculogenesis in
physiological and pathological neovascularization. Circ Res 85:221-8.

Collard CD, Gelman S. 2001. Pathophysiology, clinical manifestations, and
prevention of ischemia-reperfusion injury. Anesthesiology 94:1133-8.

Dandona P, Aljada A, Mohanty P. 2002. The anti-inflammatory and
potential anti-atherogenic effect of insulin: a new paradigm. Diabetolo-
gia 45:924-30.

Das UN. 2006. Pyruvate is an endogenous anti-inflammatory and anti-
oxidant molecule. Med Sci Monit 12:RA79-84.

Das UN. 2006. Glucose, insulin, and acute myocardial infarction. Eur
Heart ] 27:2141-3.

Doenst T, Wijeysundera D, Karkouti K, et al. 2005. Hyperglycemia
during cardiopulmonary bypass is an independent risk factor for mor-

tality in patients undergoing cardiac surgery. ] Thorac Cardiovasc Surg
130:1144-51.

Furnary AP, Wu Y. 2006. Clinical effects of hyperglycemia in the cardiac
surgery population: the Portland Diabetic Project. Endocr Pract 12:22-6.

Golden SH, Peart-Vigilance C, Kao WH, Brancati FL. 1999. Periopera-
tive glycemic control and the risk of infectious complications in a cohort
of adults with diabetes. Diabetes Care 22:1408-14.

Griesdale DE, de Souza RJ, van Dam RM, et al. 2009. Intensive insu-
lin therapy and mortality among critically ill patients: a meta-analysis
including NICE-SUGAR study data. CMA]J 180:821-7.

Gu CH, Cui Q, Wang YY, et al. 2008. Effects of insulin therapy on
inflammatory mediators in infants undergoing cardiac surgery with car-
diopulmonary bypass. Cytokine 44:96-100.

Gu CH, Wei XF, Wang YY, etal. 2008. No infection with porcine endog-
enous retrovirus in recipients of acellular porcine aortic valves: a two-
year study. Xenotransplantation 15:121-8.

Ha H, Yu MR, Choi Y], Kitamura M, Lee HB. 2002. Role of high glu-
cose-induced nuclear factor-kappaB activation in monocyte chemoat-

tractant protein-1 expression by mesangial cells. ] Am Soc Nephrol
13:894-902.

Jeschke MG, Klein D, Bolder U, Einspanier R. 2004. Insulin attenuates
the systemic inflammatory response in endotoxemic rats. Endocrinology
145:4084-93.

Koh TW, Hooper J, Kemp M, Ferdinand FD, Gibson DG, Pepper JR.
1998. Intraoperative release of troponin T'in coronary venous and arte-
rial blood and its relation to recovery of left ventricular function and oxi-
dative metabolism following coronary artery surgery. Heart 80:341-8.

Lazar HL, Chipkin SR, Fitzgerald CA, Bao Y, Cabral H, Apstein CS.

E297




The Heart Surgery Forum #2010-1017

2004. Tight glycemic control in diabetic coronary artery bypass graft
patients improves perioperative outcomes and decreases recurrent isch-
emic events. Circulation 109:1497-502.

Rassias AJ. 2006. Intraoperative management of hyperglycemia in the
cardiac surgical patient. Semin Thorac Cardiovasc Surg 18:330-8.

Shilling AM, Raphael J. 2008. Diabetes, hyperglycemia, and infections.
Best Pract Res Clin Anaesthesiol 22:519-35.

Shore S, Nelson DP, Pearl JM, et al. 2001. Usefulness of corticosteroid
therapy in decreasing epinephrine requirements in critically ill infants
with congenital heart disease. Am J Cardiol 88:591-4.

Taylor JH, Beilman GJ. 2005. Hyperglycemia in the intensive care unit: no
longer just a marker of illness severity. Surg Infect (Larchmt) 6:233-45.

E298

Tracey KJ, Fong Y, Hesse DG, et al. 1987. Anti-cachectin/TNF mono-
clonal antibodies prevent septic shock during lethal bacteraemia. Nature
330:662-4.

Tripathy D, Mohanty P, Dhindsa S, et al. 2003. Elevation of free fatty
acids induces inflammation and impairs vascular reactivity in healthy sub-
jects. Diabetes 52:2882-7.

van den Berghe G, Wilmer A, Hermans G, et al. 2006. Intensive insulin
therapy in the medical ICU. N Engl J] Med 354:449-61.

van den Berghe G, Wouters P, Weekers F et al. 2001. Intensive insulin
therapy in critically ill patients. N Engl ] Med 345:1359-67.

Wang H, Bloom O, Zhna M, et al. 1999. HMG-1 as a late mediator of
endotoxin lethality in mice. Science 285:248-51.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


