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Pro: Tight Perioperative Glycemic Control

George Carvalho, MD, MSc, and Thomas Schricker, MD, PhD

N THE AUTHORS’ previous article on tight glucose control

and outcome in cardiovascular surgery, the following ques-
tions that are clinically important for perioperative glycemic
control were outlined!: (1) What are the clinical hazards of
acute perioperative hyperglycemia? (2) What level of glycemia
is dangerous for the surgical patient? and (3) When should
treatment be initiated, and what should the target blood glucose
concentration be?

The authors believe these questions remain relevant because
recent investigations have been insufficient to promote a
change in clinical practice. In response to studies performed in
critically ill patients, most institutions have established proto-
cols for controlling blood glucose levels in the intensive care
unit (ICU) and less frequently in the operating room. However,
the lack of uniformity of insulin glucose regimens and the
diverse populations studied make it difficult for the reader to
decipher what glycemic range to aim for and how best to
achieve it. The authors think that normoglycemia is the ideal
and have shown that it can be accomplished perioperatively by
using large doses of insulin in tandem with exogenous glucose.?
High-dose insulin therapy possesses nonmetabolic effects with
potential benefit for surgical patients and in particular for
patients with cardiovascular disease. Normoglycemia per se
reduces mortality in critical illness and prevents liver, kidney,
and endothelial dysfunction, but, in order to fully exploit insu-
lin’s anti-inflammatory, cardioprotective, and inotropic effects,
both normoglycemia and high-dose insulin are required.> In
clinical reality, the fear of hypoglycemia has confined insulin
therapy to be neither high dose nor to be sufficiently effective
to achieve normoglycemia. Current insulin therapy regimens
are reactive and permit moderate hyperglycemia before they
are initiated. Because hyperglycemia begins preoperatively or
in the operating room, treating hyperglycemia and maintaining
normoglycemia as early as possible may prove beneficial. The
failure to do so leads to an extended period of poor glucose
control in the ICU that is harmful but preventable with greater
intraoperative vigilance.

This review focuses on evidence from recent investigations
involving patients undergoing cardiac surgery. Its purpose is to
supplement the previous review and concentrate on intraoper-
ative glycemic control.

That hyperglycemia is hazardous the authors think is now
indisputable in the cardiac surgery patient population. Over the
last 3 years, observational studies have been published corrob-
orating the association between hyperglycemia and poor out-
comes after cardiac surgery. Although links cannot establish

causality, the number and consistency of investigations insti-
tuting protocols for glycemic control and improving outcome
with respect to standard therapy have flourished. In a retrospec-
tive study of 8,727 adults undergoing cardiac surgery, the
highest blood glucose in the first 60 hours postoperatively was
used to classify patients as having “good” (< 200 mg/dL [11.1
mmol/L]), moderate (200-250 mg/dL [11.1-13.9 mmol/L]), or
poor (>250 mg/dL [13.9 mmol/L]) blood glucose control.*
Increasing blood glucose concentration was positively corre-
lated with in-hospital mortality (good, 1.8%; moderate, 4.2%;
and poor, 9.6%). Poor blood glucose control was associated
with myocardial infarction (odds ratio [OR] = 2.73 [1.74-
4.26]), pulmonary (OR = 2.27 [1.65-3.12]), and renal compli-
cations (OR = 2.82 [1.54-5.14]). In a study of 200 consecutive
patients who underwent coronary artery bypass graft (CABG)
surgery, the immediate postoperative blood glucose showed a
stronger association with complications (blood glucose = 200
mg/dL [11.1 mmol/L], OR = 3.1; blood glucose = 250 mg/dL
[13.9 mmol/L], OR = 12.8) than the presence of diagnosed or
suspected diabetes (OR = 2.0).> In another observational study
of 2,297 consecutive CABG surgery patients,® the first blood
glucose value obtained immediately after surgery was tested as
a predictor of outcome. Patients were stratified into low, <80
mg/dL (4.4 mmol/L); normal, 80 to 110 mg/dL (4.4-6.1 mmol/
L); high, 111 to 200 mg/dL (6.2-11.1 mmol/L); and very high,
>200 mg/dL (11.1 mmol/L) glycemic strata. Patients with very
high glycemia had an increased risk of mortality up to 30 days
postoperatively (OR = 7.71; confidence interval [CI], 2.24-
26.59) as compared with the normal group. This elevated risk
was independent of diabetes status, and those without diabetes
had an even worse prognosis. This analysis did not show
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significant differences among strata for stroke, deep sternal
wound infection (DSWI), or renal failure because of very low
incidence rates. However, for all these complications, their
incidence was greater in patients who arrived in the ICU with
an elevated blood glucose. An important message from these
investigations is that early ICU blood glucose impacts outcome.
Because early blood glucose is a reflection of glycemic control
during surgery, it appears that intraoperative blood glucose
control is relevant. Whether it is the blood glucose concentra-
tion per se or events that affect glycemia such as the suppres-
sion of the stress response by anesthesia, the magnitude of
surgical trauma, the use of cardiopulmonary bypass, exogenous
glucose administration, blood transfusions, or inotropic support
that adversely affect outcome is not certain.

Persuasive evidence to support the importance of glycemic
control in the operating room recently has become available. A
retrospective observational investigation in 6,280 patients, 25%
of whom were diabetic, revealed that glycemia during CPB was
an independent risk factor for mortality in both diabetic (OR =
1.20; CI, 1.08-1.32) and nondiabetic patients (OR = 1.12; CI,
1.06-1.19 per mmol/L increase in blood glucose). In addition,
poor glycemic control was associated with major adverse
events, a composite of death, stroke, DSWI, low-output syn-
drome, and myocardial infarction (OR = 1.06; CI, 1.03-1.09
per mmol/L increase in blood glucose).”

In another report in 525 subjects, an association between
intraoperative hyperglycemia defined by the occurrence of at
least 1 blood glucose measurement =200 mg/dL (11.1
mmol/L) during CPB and neurocognitive dysfunction 6 weeks
after on-pump CABG surgery was shown in nondiabetic pa-
tients.® Similar to the study by Doenst et al,” pre-CPB and
post-CPB measurements were not included in the analysis
because CPB was assumed to be the timeframe with the highest
risk of emboli and hemodynamic changes leading to neurocog-
nitive dysfunction. Butterworth et al,’ in a study examining
neurologic or neurobehavioral outcomes in patients without
diabetes, did not show any benefit with the attempted control of
hyperglycemia during CPB. Not surprisingly, normoglycemia
was not attained because glucose-containing cardioplegia was
administered. Both groups, those treated with insulin and those
not treated, showed similar glucose values on arrival to the ICU
(178 = 57 mg/dL [9.9 = 3.2 mmol/L] and 179 = 60 mg/dL
[9.9 = 3.3 mmol/L]) and, as expected, similar neurologic
outcomes.

Several investigations in diabetic patients have shown the
benefit of improving glucose control in this at-risk population.
Historically, from the Society of Thoracic Surgeons national
database, diabetics undergoing cardiac surgery for CABG sur-
gery, aortic and mitral valve procedures before 2001 were more
likely to have worse 30-day mortality, more DSWI, stroke, and
prolonged hospitalization.'® The Portland Diabetic Project,'! a
prospective observational cohort treated with insulin infusions
until the 2nd postoperative day aiming for a blood glucose
<150 mg/dL (8.3 mmol/L), improved outcomes in this popu-
lation, negating any incremental morbidity and mortality that
previously had been attributed to the preoperative diagnosis of
diabetes. A historic study of ever-improving glucose control
with continuous perioperative insulin infusions in diabetics has
eliminated this “diabetic disadvantage.” Dramatically, mortal-
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ity was reduced by 65% and with more aggressive glucose
control in ensuing years has fallen below that of the nondiabetic
population (13/117 [1.1%] v 44/2,041 [2.1%]). Furthermore,
multivariable analysis determined hyperglycemia to be an in-
dependent risk factor for mortality and not just an epiphenom-
enon reflecting the severity of the stress response to surgery in
the presence of diabetes. Blood glucose levels on the day of
surgery including the intraoperative period as well as on post-
operative days 1 and 2 were all independently associated with
in-hospital mortality. Beyond postoperative day 3, glycemia
continued to be a significant factor for mortality, confirming
results from the Leuven trial that glucose control is important in
patients with a prolonged ICU stay. The fact that glycemic
control was not achieved until the morning after surgery in the
Leuven trial may have precluded the early benefit of perioper-
ative insulin therapy. It may be speculated that because intra-
operative glucose control in the early hours in the ICU of the
Leuven trial was not significantly different between groups, no
disparity in outcome was observed.

The rate of DSWI in the same cohort of diabetic patients in
Portland showed similarly impressive results; DSWI decreased
by 63% to 0.3% (equivalent to that of the nondiabetic popula-
tion). The length of hospital stay decreased by an average of 2
days, and the incidence of a composite of complications in-
cluding transfusion requirement, new-onset atrial fibrillation,
infection, low-cardiac-output syndrome, prolonged ventilation,
and cerebral vascular accident also was reduced.

Other investigators have reproduced the findings of the Port-
land Protocol. A prospective study of 761 cardiac surgery
patients showed not only that diabetics were at an increased
risk for wound infections but also that maintaining blood glu-
cose between 120 and 160 mg/dL (6.7-8.9 mmol/L) reduced the
risk of wound infection in diabetics from 7.6% to that of the
nondiabetic population, 2.0%.!2

A prospective observational French study on intraoperative
blood glucose in 200 diabetic patients undergoing cardiac sur-
gery revealed that poor intraoperative glycemic control, despite
insulin therapy, occurred more frequently in patients who suf-
fered in-hospital morbidity.'? In this study, the 200 diabetic
patients received a preoperative subcutaneous bolus of 0.15
U/kg of intermediary insulin the morning of surgery followed
by an intraoperative intravenous sliding scale modeled on the
Portland Protocol if blood glucose exceeded 180 mg/dL (10
mmol/L). Intraoperative blood glucose was measured every 30
minutes and considered poor if 4 consecutive blood glucose
measurements were greater than 200 mg/dL (11.1 mmol/L).
Postoperatively, in the critical care unit, glycemia was treated
to maintain blood glucose <140 mg/dL (7.8 mmol/L). Only
36% of patients required supplemental intraoperative insulin.
Among these patients, 50% had poor intraoperative blood glu-
cose control and arrived in the ICU with an elevated blood
glucose level (208 = 54 mg/dL [11.6 = 3.0 mmol/L] v 148 *=
41 mg/dL [8.2 * 2.3 mmol/L]) that was more difficult to
normalize. In this group of poorly controlled diabetics, all
in-hospital morbidities (including cardiovascular, neurologic,
respiratory, and renal morbidities), except for infectious mor-
bidities, were more common. The adjusted OR for postopera-
tive severe morbidity among diabetic patients who had poor
intraoperative glycemic control as compared with patients who
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were well controlled was 7.2 (95% CI, 2.7-19.0). The in-
hospital mortality rate was significantly higher in poorly con-
trolled subjects (11.4% v 2.4%), and prolonged ICU duration of
stay was more frequently observed (46% v 19%). Preoperative
and postoperative blood glucose concentrations were similar in
patients with and without postoperative morbidity, implying
that marginal intraoperative blood glucose control was respon-
sible for the differences in outcome.

In a subsequent study by the same group, the same protocol
of perioperative glycemic control in diabetic patients was eval-
uated for its effect on the expected mortality according to the
EuroSCORE risk model.'* A group of 300 consecutive diabetic
patients were administered the protocol and compared with 300
consecutive diabetic patients just before the institution of the
new protocol. The mean blood glucose level the day of surgery
was 142 * 45 mg/dL (7.9 = 2.5 mmol/L) in the protocol group
versus 169 = 70 mg/dL (9.4 = 3.9 mmol/L) in the nonprotocol
group. The observed and expected mortality rate was 1.3%
versus 4.3% in the protocol group and 4.0% versus 3.9% in the
nonprotocol group. Subgroup analysis for risk severity showed
the protocol to reduce mortality for moderate-to-high-risk pa-
tients (EuroSCORE >4) (OR = 0.24) but showed no significant
improvement in low-to-moderate-risk patients (EuroSCORE
<4). These findings clearly show that optimal glucose control
reduces EuroSCORE expected mortality in diabetic patients
undergoing CABG surgery. The authors speculate that, in ad-
dition to the reduced mean blood glucose, the lower standard error
of the mean signifies more uniform glycemic control.

Data from 7,049 critically ill patients from 4 hospitals
showed that survivors experienced less blood glucose variabil-
ity than nonsurvivors (142 = 34 mg/dL [7.9 = 1.9 mmol/L] v
158 = 52 mg/dL [8.8 * 2.9 mmol/L])." The standard deviation
of blood glucose concentration was an independent predictor of
ICU mortality and a stronger predictor of mortality than mean
blood glucose concentration. As recently revealed, fluctuations
in glucose concentration trigger oxidative stress to a greater
degree than sustained hyperglycemia.'® Given these data, it is
possible that blood glucose control positively affects outcome
by reducing oxidative stress both by controlling the mean blood
glucose and the extreme swings that occur during cardiac
surgery. In keeping with this hypothesis, the present authors!’
and others,'®!? using high-dose insulin, have shown the atten-
uation of the inflammatory response to cardiac surgery as
reflected by decreased levels of interleukin 6, interleukin 8, and
tumor necrosis factor «. In the present study, the blood glucose
values in the first 24 hours in the ICU were 95 * 20 mg/dL
(5.3 £ 1.1 mmol/L) in the glucose-insulin-normoglycemia
(GIN) group and 148 = 41 mg/dL (8.2 = 2.3 mmol/L) in
patients receiving conventional therapy. It, however, remains
unknown which component of therapy led to the anti-inflam-
matory response, hyperinsulinemia, normoglycemia, or the less
variable blood glucose levels in those patients receiving GIN.

A potential benefit of GIN therapy’s anti-inflammatory ac-
tions is the protection of perioperative renal function. Until
recently, data assessing blood glucose control and renal out-
comes were only available from the critical care population.?’2!
Briefly, in critically ill surgical patients after cardiac surgery,
insulin therapy is renoprotective, reducing oliguria from 5.6%
to 2.6% and the need for renal replacement therapy from 7.4%
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to 4.0%. A recent trial retrospectively analyzed 2 groups of
more than 1,000 patients before and after the institution of a
glycemia insulin protocol.?> Postoperative renal impairment
was assessed with the RIFLE (Risk, Injury, Failure, Loss, and
End-stage kidney failure) score and the incidence of postoper-
ative dialysis. Blood glucose was significantly higher in the
control group during and after surgery as compared with the
insulin protocol group. Blood glucose in the ICU was 133 = 29
mg/dL (7.4 = 1.6 mmol/L) in the control group and 103 * 15
mg/dL (5.7 = 0.8 mmol/L) in the insulin group. Improved
blood glucose control led to reduced incidences of renal im-
pairment, renal failure, and, impressively, a reduction in the
incidence of postoperative dialysis from 3.9% in controls to
0.7% in the tightly controlled insulin group. In addition, the rate
of mortality in the insulin-treated group was lower (1.2% v
3.6%), and patients treated with the new protocol suffered
fewer cardiac (14.5% v 25.6%) and infectious (4.3% v 9.2%)
complications. Unfortunately, there was insufficient power to
extend these results to diabetic patients. The authors speculate
that the benefits of tight glycemic control in patients staying in
the ICU for a relatively short period of time are influenced by
strict intraoperative glycemic control as most patients’ length
of ICU stay was less than 2 days.

In another study, the present authors showed that GIN ther-
apy is cardioprotective’® and promoted an earlier shift to
aerobic metabolism during reperfusion. However, unlike other
investigations using glucose-insulin-potassium (GIK), the con-
cept of GIN provides normoglycemia throughout the surgery.
In contrast, in another study of cardioprotection,* patients
undergoing CABG surgery were randomized to GIK therapy or
to placebo. GIK was administered at a rate of 3 to 5 [U/h of
insulin from sternotomy until 6 hours after release of the aortic
cross-clamp. Blood glucose in the GIK group was elevated
throughout the infusion as compared with placebo with 94% of
patients requiring supplemental insulin for a blood glucose
>180 mg/dL (10 mmol/L) versus 20% of patients in the pla-
cebo group. The total amount of supplemental insulin used was
considerable as follows: GIK group median, 50 IU (interquar-
tile range [IQR], 37-73 IU) and placebo group median, 10 IU
(IQR, 7-23 IU). Despite moderate-to-severe hyperglycemia, at
6 hours postoperatively, the mean cardiac troponin I levels
were lower in the GIK group when compared with the placebo
group (6.0 ng/mL [95% confidence limits, 5.2-6.8] v 9.0 ng/mL
[95% confidence limits, 7.5-10.6]). Fewer patients had a tro-
ponin I value >13.1 ng/mL in the GIK group (8.3%) in contrast
to the placebo group (19.0%). In that study, it appears that the
high-dose insulin was the component responsible for improved
cardioprotection because during the GIK infusion patients were
hyperglycemic. Insulin, when administered at higher doses, has
shown vasodilatory, anti-inflammatory, antioxidative, throm-
bolytic, inotropic, and cardioprotective actions. Theoretically,
these nonmetabolic effects of insulin can benefit patients un-
dergoing cardiac surgery.!

Given these secondary benefits and the observed clinical
benefits of intensive insulin therapy that have been observed
primarily in critical care patients, a large trial with a well-
designed intraoperative protocol is necessary. To date, only one
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trial has evaluated intraoperative glucose control in a random-
ized, controlled fashion for on-pump cardiac surgery. Gandhi et
al® randomized 400 patients to receive either intensive intra-
operative insulin therapy when blood glucose exceeded 100
mg/dL (5.6 mmol/L) or conventional glucose management
when blood glucose exceeded 200 mg/dL (11.1 mmol/L). Both
groups received the same blood glucose regimen postopera-
tively. Using an insulin sliding scale hyperglycemia was not
prevented during surgery. The mean blood glucose level after
separation from cardiopulmonary bypass in the treatment group
was 123 £ 24 mg/dL (6.8 = 1.3 mmol/L) in all patients and
132 = 29 mg/dL (7.3 £ 1.6 mmol/L) in the subgroup of
diabetic patients. In the conventional treatment group, the mean
blood glucose was 148 = 35 mg/dL (8.2 = 1.9 mmol/L) after
cardiopulmonary bypass in all patients and 169 * 49 mg/dL
(9.4 = 2.7 mmol/L) in diabetics.

The authors concluded that “tight” intraoperative glucose
control with the application of an “intensive” insulin sliding
scale does not reduce morbidity or mortality in nondiabetic and
diabetic patients after a variety of cardiac procedures. Surpris-
ingly, an increased incidence of death and stroke with “tight”
intraoperative glucose control motivated the authors to question
the routine use of insulin therapy during cardiac surgery. Van
den Berghe,?¢ in an editorial accompanying the article, postu-
lated that intraoperative glucose control is unlikely to be im-
portant and that given the brevity of surgery believes that a
relative risk reduction of 10% is optimistic. According to van
den Berghe, glycemia is vital in the ICU if the patient requires
a prolonged ICU admission that is not predictable beforehand.

This study is flawed for a variety of reasons. Briefly, there
are too many intraoperative variables hiding behind the cloak
of randomization given the small number of subjects enlisted.
The selection of outcomes was poor because they are greatly
influenced by surgery or anesthesia (stroke, heart block requir-
ing pacemaker, new-onset atrial fibrillation, and prolonged
intubation) and should not have been lumped together in a
composite. The study was powered based on a relative risk
reduction of 40% in the composite outcome. For the assessment
of outcomes that matter after cardiac surgery, namely, severe
infections, renal and cardiac failure requiring mechanical sup-
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port, and death, the study was grossly underpowered. Most of
the aforementioned components of the composite outcome are
not medically modifiable by improving glucose control, and
their incidence is so much greater compared with the outcomes
of interest. More importantly, the authors would like to reiterate
that these results have to be tempered with the fact that the goal
of therapy, to maintain glycemia between 80 and 100 mg/dL
(4.4 and 5.6 mmol/L), was not achieved, thereby precluding
any possible conclusion about the impact of normoglycemia.
What can be concluded from this study is the confirmation of a
multitude of studies and hospital recommendations for insulin
therapy that reactive insulin protocols cannot prevent hyper-
glycemia nor maintain normoglycemia.?’-?8

The application of intensive insulin protocols has been ex-
tremely problematic for critically ill patients as well. The
investigators from Leuven, the site from where the international
interest in intensive insulin therapy originated, using their in-
tensive insulin therapy protocol, were unable to adequately
prevent severe hypoglycemia (<40 mg/dL [2.2 mmol/L]) in
18.7% of their medical ICU population.?® The VISEP trial,
using the Leuven protocol, fared no better with an incidence of
severe hypoglycemia of 17.0%, and, for that reason, the trial
was discontinued early.?® The GLUCONTROL study?! also
was terminated before completion because the set target of 80
to 110 mg/dL (4.4-6.1 mmol/L) was not achieved, and the risk
of hypoglycemia was unacceptably high. The authors??> have
embarked on a large randomized controlled trial designed to
examine whether strict and successful intraoperative glycemic
control by using GIN improves outcome after cardiac surgery.

In summary, hyperglycemia is deleterious to the cardiac
surgery patient and the prevention and normalization of glyce-
mia appear to be beneficial for cardiac function, the preserva-
tion of renal function, and the prevention of severe infectious
complications. The primary statement in this review is that no
study to date assessing outcome after cardiac surgery has
achieved the necessary goal of maintaining intraoperative and
postoperative normoglycemia. The authors think that intensive
insulin therapy with the goal of normoglycemia cannot be
discounted when it has yet to be administered.
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Con: Tight Perioperative Glycemic Control

Thomas F. Floyd, MD,*t and Jiri Horak, MD*

INCE THE Leuven Trial in 2001 in which van den Berghe
et al' reported a head turning 46% reduction in mortality
from the application of an intensive insulin treatment (IIT)
regimen in critically ill patients, especially surgical patients,
reports of subsequent trials have been inconsistent. Despite the
profound inconsistencies, both the American Diabetes Associ-
ation and the American Association of Clinical Endocrinolo-
gists have repeatedly published guidelines encouraging IIT
regimens.* Bellomo and Egi,’ in a 2005 editorial responding
to the runaway express train-like deployment of this therapy,
raised the following concerns regarding the Leuvin Trial': (1) it
was not blinded; (2) subjects were predominantly cardiac sur-
gery patients; (3) patients were administered the equivalent of
2 to 3 L of 10% glucose per day, which is not a common
practice; (4) parenteral and or enteral nutrition was provided to
all patients within 24 hours of intensive care unit (ICU) admis-
sion, which is another uncommon practice; (5) mortality from
cardiac surgery in the control group was twice the national
average, raising concerns about whether the control group was
truly representative of the population; and (6) the reduction in
mortality reported “exceeded that of any other interventional
trial in critically ill or diabetic patients, stretching the biological
plausibility of the findings.” The present authors also found the
46% reduction in septicemia, the 41% reduction in the need for
dialysis, the 50% reduction in red blood cell transfusion re-
quirements, and the 44% reduction in polyneuropathy to be real
eye openers. Nonetheless, IIT was touted as cutting edge,
disseminated and deployed worldwide, including at the present
authors’ institution. Those big numbers were too hard to ig-
nore! Who would not want to embrace such an intervention?
Given the magnitude of the therapeutic benefit seemingly
enjoyed by those patients offered the IIT regimen, it would
seem as though the results would be so easily replicated—not
so fast! A recent 2008 meta-analysis by Weiner et al® could not
find evidence of a therapeutic benefit, even in surgical subjects.
This review included surgically focused trials reported by van
den Berghe et al,! He et al,” Hoedemakers et al,® Stecher et al,’
and van Wezel et al.! The most recent meta-analysis published
by Griesdale et al'! found no benefit to IIT among subjects in
either the medical (relative risk [RR] = 0.93) or combined
medical-surgical ICU setting (RR = 0.99), but there did appear
to be significant and important benefit from therapy in the
homogeneous surgical ICU setting (RR = 0.63). This review
included surgical trials published by van den Berghe et al,!

From the Departments of *Anesthesiology and Critical Care and
fNeurology, Hospital of the University of Pennsylvania, Philadelphia, PA.

Address reprint requests to Thomas F. Floyd, MD, Department of
Anesthesiology and Critical Care, Hospital of the University of Penn-
sylvania, 3400 Spruce Street, Philadelphia, PA 19104. E-mail: floydt@
uphs.upenn.edu

© 2009 Elsevier Inc. All rights reserved.

1053-0770/09/2306-0026$36.00/0

doi:10.1053/j.jvca.2009.08.008

Key words: insulin, tight, intensive, glycemic, control, glucose, in-
sulin resistance, surgery, critical care, hypoglycemia, outcome, peri-
operative

Bilotta et al,'>!3 Grey and Perdrizet,'* and He et al.” However,
a closer look shows that the benefits seen in the meta-analysis
of the surgical group were largely attributable to the contribu-
tion of the large population from the unblinded Leuvin Trial,!
which dwarfed the populations of other included trials. When
the populations of such included trials are badly skewed, errors
in trial design from the largest trials will also be overempha-
sized in the meta-analysis.

There is indeed one trial that can stand on its own merits. In the
largest single study published to date, the NICE-SUGAR Trial'?
reported on over 6,000 subjects in a randomized, prospective, and
blinded test of IIT versus conventional glucose management. The
90-day mortality was significantly higher in the IIT group versus
the conventionally treated group (28 v 25%, p < 0.02) in both
surgical and medical subjects. Mortality from cardiovascular
causes was also more common in the IIT group (42% v 36%,
p < 0.02), and, finally, severe hypoglycemia was more com-
mon in the IIT group (7% v .5%, p < 0.001). A detailed organ
system by organ system review of the purported benefits of the
ITT approach could be discussed, but this is not necessary
because, as all would agree, the outcome of death trumps all!
Bellomo and Egi'® followed up their warnings in 2005 with
more current and incisive commentary on the remarkable dis-
crepancies between the recently published NICE-SUGAR
Trial'7 and the Leuvin Trial.! They emphasized the inherent
difficulties in expecting single-center trials, caused by a litany
of potential reasons, to reflect multicenter reality and “scientific
truth.” The present authors are left truly puzzled as to why such
a large effect as seen in the Leuven Trial would not be seen, at
least to some smaller degree, in subsequent trials.

In light of the impending derailment of the IIT express, the
present authors have taken a step back to reflect on the hypoth-
eses that originally drove this high-speed train. Insulin resis-
tance may be induced by stress associated with acute illness or
surgery'®19; this will be referred to as “acute stress-induced
insulin resistance.” Acute stress-induced insulin resistance may
coexist with chronic pathologic insulin resistance (CPIR), as
with diabetes mellitus and obesity.?0-?2 Recent reports suggest
that the degree of insulin resistance is a better predictor of
mortality than glucose level.?*2° Insulin resistance is a sign of
the severity of illness and the chronicity, if not the diffusivity
of disease. CPIR can be identified at the initial presentation in
patients with myocardial infarction?® or in those presenting for
cardiac surgery?’ and predicts outcome in both scenarios. Fur-
nary and Wu?® and others have shown that the inability to
achieve euglycemia correlates with poor survival. Perhaps this
is because the demonstrated CPIR is simply a biomarker of the
severity and diffusivity of comorbidities already known to
impact outcome? So very confusing to the present authors,
however, is how van den Berghe et al* found no survival
benefit to IIT in diabetics, whereas Furnary and Wu3® support
just the opposite.

The present authors are particularly concerned about the
potential of the IIT approach to actually cause harm. Hypogly-
cemia in recent studies has been reported at 25% in a pediatric3!
and 29% in hybrid medical-surgical ICU populations.’? In 14 of
26 randomized trials in which hypoglycemia was reported, the
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relative risk of this event was 6.0-fold with IIT compared with
conventional therapy.!! That is consistency! At least 2 random-
ized trials have been halted because of concerns over hypogly-
cemia.’>** Certainly, other studies using modestly different
regimens have reported much lower frequencies of hypoglyce-
mia, but these disparate frequencies reported are true reflections
on the difficulties inherent in applying such a protocol en
masse. In the recently published NICE-SUGAR Trial'” in
which IIT management led to higher mortality in both surgical
and medical subsets, a blood glucose target of =180 mg/dL
resulted in lower mortality than did a target of 81 to 108 mg/dL,
suggesting that hypoglycemia may have had a role in the
increased mortality.

Although most of the readers would struggle to describe the
pharmacophysiologic hypotheses that support the IIT schemes,
they would have no trouble describing the same for the neuro-
logic consequences of severe hypoglycemia. Hypoglycemia
that results from overdosing of exogenous insulin can result in
death. This fact is not arguable.”” How many patients would
clinicians need to treat to accept 1 brain death outcome? This is
not known, but the following scenario is realistic. Would cli-
nicians be in a position to defend, in court, the hypoglycemia-
related brain death of a young individual with no history of
diabetes mellitus presenting for an atrial septal defect repair
who suffered such sequelae from an IIT scheme, initiated
intraoperatively, for a hypothermic glucose of 140 gm/dL? The
protocols under review would appear to indeed support such an
intervention.

In 2006, van den Berghe et al® reported that the mean cost
associated with IIT in 1,500 ventilated surgical patients was
144 euros per patient, whereas it was only 72 euros per patient
in the conventionally treated group. They did not bother to
account for the financial impact of personnel required to deal
with the management of the IIT or the 7-fold increase in the
incidence of hypoglycemia compared with conventional man-
agement. They argued that this 72 euro increase in cost was
eventually dwarfed by the financial benefit achieved from bet-
ter overall outcomes. In light of the more recent and broader
datasets suggesting otherwise, the increased direct and indirect
costs associated with this practice can be viewed legitimately as
a massive financial burden, with no proven benefit and likely
worse. All of this, of course, ignores the medical and/or med-
icolegal financial impacts of cases in which hypoglycemia
results in injury or death.

The present authors do agree that perioperative control of
hyperglycemia and hypoglycemia is important on some level
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but argue that the current body of evidence overwhelmingly
suggests that moderate glucose control (goal <180 mg/dL)
during cardiac surgery and in ICUs is more beneficial to pa-
tients than tight (80-110 mg/dL) glucose control. The latest
evidence from Gandhi et al,3® Brunkhorst et al,** Devos et al,?3
and Finer and Heritier'> does not support the practice of tight
glucose control perioperatively. Setting aside, for good reasons,
the multiple observational or retrospective published studies,
the randomized controlled trial of perioperative glucose control
published by van den Berghe et al! in 2001 stands out in its
level of support for tight glucose control. The unprecedented
decrease in hospital mortality in their surgical population has
not been replicated by any another study, not even in follow-up
studies by the same group of investigators.?®3’

The authors do not think the focus of this “Con” article
should be to reanalyze the studies and articles regarding argu-
ments for moderate glucose control. The authors do realize that
many complex and difficult questions remain to be answered on
this topic. What are the exact mechanisms and direct and
indirect effects of insulin administration in the perioperative
period? What does perioperative hyperglycemia mean? How
harmful is it? Are there other effective alternatives for glycemic
control in surgical patients? What is the best way to measure
glycemia in ICU patients? How cost-effective is this therapy?
What role does nutritional cointervention have in all of this?
Should clinicians devote their effort and resources to other
potentially less risky and more efficient ICU interventions? The
authors do not question that there might be still a subgroup of
patients who could benefit from tight glucose control.?®

The implementation and dissemination of IIT protocols has
occurred to such an extent that it has become a “standard of
care.” The evidence, much to the present authors’ surprise, does
not actually support this practice. Taking down such practices,
once they have been accepted as the “standard of care,” can be
difficult and can even be characterized as “unethical to with-
hold.” Such was the case for aprotinin. The costs associated
with the implementation of an IIT scheme for every single
patient who enters the hospital, surgical or otherwise, is mind
boggling. Clinicians have a responsibility to hold the line on the
layering of wasteful health care initiative unless there is irre-
futable evidence of its benefit. Until there is better evidence
supporting the practice of IIT management in hospitalized
patients, surgical patients, or, better yet, in cardiac surgical
patients with CPIR, clinicians need to begin the dismantling of
this practice . . . yesterday!
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