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he prevalence of diabetes mellitus in patients requir-
ing cardiac surgery is rapidly increasing. These

atients have higher perioperative morbidity and mor-
ality, significantly reduced long-term survival, and less
reedom from recurrent episodes of angina [1–3]. There is
ow evidence to suggest that achieving glycemic control

n patients with diabetes decreases perioperative mor-
idity and improves short-term and long-term survival.
Despite the emerging recognition of the importance

f glycemic control, there are no specific guidelines for
ardiac surgeons as to what the optimal level of glu-
ose should be during the perioperative period, and
he best method to achieve these target values. What
ollows is an executive summary of guidelines for the

anagement of hyperglycemia in both patients with
nd without diabetes undergoing adult cardiac surgical
rocedures, derived from evidence-based recommen-
ations (Table 1).

. Detrimental Effects of Hyperglycemia in the
erioperative Period

ey Points: Poor Perioperative Glycemic Control is
ssociated With Increased Morbidity and Mortality
oenst and coworkers [4] retrospectively reviewed the

ffects of hyperglycemia on the clinical outcomes of
,280 patients undergoing cardiac surgical procedures.

his article was written by members of The Society of Thoracic Surgeons
lood Glucose Guideline Task Force whose names appear in the author

ine.

or the full text of The Society of Thoracic Surgeons (STS) Guideline on
lood Glucose Management During Adult Cardiac Surgery, as well as
ther titles in STS Practice Guideline Series, visit http://www.sts.org/
ections/aboutthesociety/practiceguidelines at the official website of STS
t www.sts.org.

ddress correspondence to Dr Lazar, Department of Cardiothoracic
m
urgery, Boston Medical Center, 88 East Newton St, Boston, MA 02118;
-mail: harold.lazar@bmc.org.

2009 by The Society of Thoracic Surgeons
ublished by Elsevier Inc
igher glucose levels during surgery were found to be
n independent predictor of mortality in patients with
nd without diabetes. Fish and coworkers [5] retro-
pectively reviewed the importance of blood glucose
evels in the intraoperative and immediate postopera-
ive period to predict morbidity in 200 consecutive
oronary artery bypass graft (CABG) patients. A post-
perative serum glucose level (� 250 mg/dL) was
ssociated with a 10-fold increase in complications.
imilar findings were reported by McAlister and co-
orkers [6] in a retrospective study of 291 patients
ndergoing CABG surgery. The average serum glucose

evel on the first postoperative day significantly pre-
icted the development of an adverse outcome. The
etrimental effects of elevated intraoperative glucose

evels were also reported in a retrospective, observa-
ional study of 409 cardiac surgical patients by Gandhi
nd coworkers [7]. Intraoperative hyperglycemia was
n independent risk factor for perioperative complica-
ions, including death. Abnormal glucose values prior
o surgery may also be predictors of decreased survival
fter surgery. Lastly, Anderson and coworkers [8] stud-
ed the effect of elevated fasting blood glucose levels
rior to surgery in a group of 1,375 CABG patients.
atients with elevated fasting blood glucose had a
-year mortality that was twice as great as patients with
ormal fasting values and equal to that of patients who
ere suspected, or known to have diabetes mellitus.
Collectively, these studies strongly suggest that in-

reased fasting glucose levels prior to surgery, and per-
istently elevated glucose levels during and immediately
fter cardiac surgery, are predictive of increased periop-
rative morbidity and mortality in patients with and
ithout diabetes. The next section will review those

tudies showing that lowering perioperative glucose lev-
ls with insulin therapy will decrease morbidity and

ortality in cardiac surgical patients.

Ann Thorac Surg 2009;87:663–9 • 0003-4975/09/$36.00
doi:10.1016/j.athoracsur.2008.11.011
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I. Beneficial Effects of Glycemic Control on
linical Outcomes During Cardiac Surgery

ey Points: Glycemic Control (� 180 mg/dL) in
atients With Diabetes During Cardiac Surgery:

● Reduces mortality
● Reduces morbidity
● Lowers the incidence of wound infections
● Reduces hospital length of stay
● Enhances long-term survival

One of the earliest studies to examine the effects of
lycemic control during cardiac surgery was reported by
urnary and coworkers [9]. The study involved 3,554
atients undergoing CABG surgery from 1987 to 2001.
atients were divided into three groups based on the
ear of surgery, the method of glycemic control, and the
argeted glucose levels. From 1987 to 1991, patients re-
eived subcutaneous insulin, given every 4 hours to keep
erum glucose � 200 mg/dL. From 1991 to 1998, a con-
inuous intravenous (IV) insulin infusion was used to
eep serum glucose between 150 and 200 mg/dL. From
998 to 2001, the Portland protocol was instituted, which
sed a continuous insulin drip to keep serum glucose
etween 100 and 150 mg/dL. Continuous insulin infu-
ions resulted in significantly lower mean glucose levels
han could be obtained with intermittent subcutaneous
nsulin therapy. The perioperative mortality in CABG
atients with diabetes was decreased by 50% after 1992

4.5% vs 1.9%; p � 0.0001) when continuous insulin
rotocols were instituted, and it was similar to that for
ondiabetic CABG patients. There was also a significant
ecrease in the incidence of deep sternal wound infec-

ions (p � 0.001). Furnary and coworkers [10] expanded
heir original series to include an additional 1,980 pa-
ients managed with the Portland protocol from 2001 to
005. They introduced a new method to assess glycemic
ontrol called 3-blood glucose, or “3-BG,” consisting of
he average of all glucose values obtained on the day of

able 1. Classification System Used for Evidence Based
ecommendations

● Class I: Conditions for which there is evidence for and/or
general agreement that the procedure or treatment is
beneficial, useful, and effective

● Class II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefulness/efficacy
of a procedure or treatment

● Class IIA: Weight of evidence/opinion is in favor of
usefulness/efficacy

● Class IIB: Usefulness/efficacy is less well-established by
evidence/opinion.

● Class III: Conditions for which there is evidence or general
agreement that the procedure/treatment is not
useful/effective, or both, and in some cases may be harmful

● Level of Evidence—A: Data derived from multiple
randomized clinical trials

● Level of Evidence—B: Data derived from a single
randomized trial or nonrandomized studies

● Level of evidence—C: Only consensus opinion of experts,
case studies, or standard-of-care
urgery and the first and second postoperative days. An a
ncrease in 3-BG was an independent predictor of peri-
perative mortality (p � 0.001). Mean 3-BG was also
ignificantly related to the incidence of deep sternal
ound infections, hospital length of stay, blood transfu-

ions, new onset atrial fibrillation, and low cardiac output
yndrome.

Further evidence to support the role of insulin therapy
n the CABG patient with diabetes was presented by
azar and coworkers [11] using a modified glucose-

nsulin–potassium solution. In this trial involving 141
atients with diabetes undergoing isolated CABG sur-
ery, patients were prospectively randomized to receive
lucose-insulin–potassium to keep serum glucose be-
ween 120 and 180 mg/dL, or sliding scale insulin cover-
ge to maintain glucose � 250 mg/dL. The glucose-
nsulin–potassium was started on induction of anesthesia
nd continued for 12 hours in the intensive care unit
ICU). The glucose-insulin–potassium-treated patients
chieved significantly better glycemic control immedi-
tely prior to cardiopulmonary bypass (169 mg/dL vs 209
g/dL; p � 0.0001), and after 12 hours in the ICU (134
g/dL vs 266 mg/dL; p � 0.0001). Patients treated with

ight glycemic control had significantly higher cardiac
ndices (p � 0.0001) and less need for inotropic support (p

0.05) and pacing (p � 0.05). Tighter glycemic control
lso resulted in a lower incidence of infections (0% vs
3%; p � 0.01) and atrial fibrillation (15% vs 60%; p �
.007). This all contributed to a shorter hospital length of
tay (6.5 days vs 9.2 days; p � 0.0003). After 5 years, the
aplan-Meier curves showed a significant survival ad-
antage (p � 0.04) for patients receiving better glycemic
ontrol. They had a significantly lower incidence of
ecurrent ischemia (p � 0.01) and wound infections (p �
.03), and were able to maintain a lower angina class (p �
.03).
The importance of tight glycemic control in patients

ndergoing CABG surgery was also demonstrated in a
tudy by Van den Berghe and coworkers [12] involving
,548 ventilated patients admitted to a surgical ICU. In
his prospective, randomized study, 62% of patients had
ndergone cardiac surgery, and only 13% had a prior
istory of diabetes. During their ICU stay, patients were
andomized to a conventional therapeutic group in which
nsulin was administered only if serum glucose exceeded
15 mg/dL to maintain a target goal of 180 to 200 mg/dL,
nd an intensive group that received a continuous insulin
nfusion to maintain glucose levels between 80 and 110

g/dL. Intensive insulin therapy resulted in a significant
eduction in mortality (10% vs 20%; p � 0.005), exclu-
ively in those patients who required � 5 days of ICU
are with multiorgan failure and sepsis. Similarly, cardiac
urgical mortality was only reduced in those patients
equiring � 3 days of ICU care. Hospital mortality for all
ardiac surgical patients, irrespective of their ICU stay,
as reduced from 5.1% to 2.1% (p � 0.05). Intensive
lycemic control had no effect on morbidity and mortality

n those patients spending � 3 days in the ICU. In a
urther attempt to identify those patients who might
enefit most from tight glycemic control, D’Alessandro

nd coworkers [13] sought to correlate the effect of tight
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lycemic control with expected EuroScore outcomes in
ABG patients with diabetes. Three hundred patients
ith diabetes undergoing CABG surgery from January

003 to June 2004 receiving tight glycemic control (150 to
00 mg/dL in the operating room; � 140 mg/dL in the
CU) were matched with 300 CABG patients with diabe-
es treated from March 2001 to September 2002, when
nsulin protocols were not present, using propensity-
ased analyses. The group with tight glycemic control
ad an observed mortality that was significantly lower

han expected (1.3% vs 4.3%; p � 0.01). Mortality was
specially lower in the higher risk cohort (EuroScore � 4;
.5% vs 8.0%; p � 0.03). In contrast, there was no differ-
nce between observed and expected mortality in the
roup without tight glycemic control in patients with
uroScore � 4. Two additional studies have shown the

mportance of glycemic control in lowering sternal
ound infections. Zerr and coworkers [14] studied the

ffects of glycemic control on the incidence of sternal
ound infections in 1,585 CABG patients with diabetes.
ternal wound infections increased from 1.3% in patients
ith mean glucose values of 100 to 150 mg/dL to 6.7% in
atients with levels of 250 to 300 mg/dL. In a retrospec-

ive study involving CABG patients with diabetes,
ruska and coworkers [15] found that a continuous

nsulin infusion maintaining glucose levels between 120
o 160 mg/dL significantly decreased the incidence of
ternal wound infections compared with intermittent
ubcutaneous injections.

II. Glycemic Control in Patients Without
iabetes During Cardiac Surgery

ey Points: Intraoperative Glycemic Control Using
ntravenous Insulin Infusions is Not Necessary in
ardiac Surgery Patients Without Diabetes Provided
hat Glucose Values Remain � 180 mg/dL

s tight glycemic control necessary for all patients
ndergoing cardiac surgery? Butterworth and co-
orkers studied the effects of tight glycemic control in

81 patients without diabetes undergoing isolated
ABG surgery [16]. In this prospective, randomized

rial, one group received an insulin infusion when
ntraoperative glucose levels exceeded 100 mg/dL. The
ther group received no insulin coverage. The primary
utcome was the incidence of new neurologic, neuro-
phthalmologic, or neurobehavioral deficits, or neuro-
ogic-related deaths. Intraoperative glucose levels
ere significantly lower in the patients who received

n insulin infusion; however, there was no difference
etween the incidences of neurologic complications
etween the groups. Furthermore, there was no differ-
nce in operative mortality, need for inotropic support,
r length of hospital stay between the groups, despite
he fact that patients without intraoperative insulin
ad glucose levels � 200 mg/dL. In this study, intra-
perative glycemic control failed to improve short-
erm or long-term clinical outcomes in a group of

atients without diabetes. s
Gandhi and coworkers [17] looked at the effects of
ntensive intraoperative insulin therapy in 400 elective
ABG patients. Patients were prospectively randomized

o a continuous insulin group to maintain serum glucose
etween 80 and 100 mg/dL, or a conventional group

argeted to keep serum glucose � 200 mg/dL using
ntermittent boluses of intravenous (IV) insulin. The
ncidence of diabetes was 20% in both groups. There was
o difference in the primary outcome between the
roups, which consisted of the composite incidence of
eath, sternal wound infections, prolonged ventilation,
ardiac arrhythmias, strokes, and renal failure within 30
ays of surgery. There was also no difference in ICU or
ospital stay between the groups. There was a tendency

or more deaths (p � 0.06) and strokes (p � 0.02) in the
ntensive insulin group. This study was limited in that it
ncluded patients both with and without diabetes, and
oth groups received intensive insulin therapy in the

mmediate postoperative period.

V. Management of Hyperglycemia Using
nsulin Protocols in the Perioperative Period
ecommendations: Class I

● Glycemic control is best achieved with continuous
insulin infusions rather than intermittent subcu-
taneous insulin injections or intermittent IV insu-
lin boluses (level of evidence � A).

● All patients with diabetes undergoing cardiac
surgical procedures should receive an insulin in-
fusion in the operating room, and for at least 24
hours postoperatively to maintain serum glucose
levels � 180 mg/dL (level of evidence � B).

Intravenous insulin therapy is the preferred method
f insulin delivery during the perioperative period. It
llows for rapid titration, which facilitates glycemic
ontrol during periods of malabsorption, insulin defi-
iency, and resistance [18]. Table 2 describes various
rotocols that are readily available for use and target
lucose values that can be achieved. Choosing an

nsulin infusion protocol is dependent on the needs
nd resources of the institution. To ensure safe and
ffective implementation of any protocol, those indi-
iduals involved in the patients’ care must be comfort-
ble using it. The success of any protocol can be
etermined by outcomes such as the time needed to
chieve the target value, specific BG concentrations,
verage BG control, percentage of values in the desired
ange, or an area under-the-curve calculation reported
s the percentage of time spent in a determined range
19]. This issue is addressed specifically on the Amer-
can Association of Clinical Endocrinologists website
or hospital management of hyperglycemia [20, 21]. For
afety tracking, the number of episodes (or percent) of
ypoglycemic events and any clinical consequences

hould be monitored.
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. Preoperative Management and Assessment
or Patients With Diabetes Recommendations:
lass I

● Patients taking insulin should hold their nutri-
tional insulin (lispro, aspart, glulisine, or regular)
after dinner the evening prior to surgery (level of
evidence � B).

● Scheduled insulin therapy, using a combination
of long-acting and short-acting subcutaneous
insulin, or an insulin infusion protocol, should
be initiated to achieve glycemic control for
in-hospital patients awaiting surgery (level of
evidence � C).

● All oral hypoglycemic agents and noninsulin dia-
betes medications should be held for 24 hours
prior to surgery (level of evidence � C).

● The hemaglobin A1c (HbA1c) level should be
obtained prior to surgery in patients with diabetes
or those patients at risk for postoperative hyper-
glycemia to characterize the level of preoperative
glycemic control (level of evidence � C).

lass IIA

● Prior to surgery, it is reasonable to maintain blood
glucose concentration � 180 mg/dL (level of evi-
dence � B).

Efforts should be made to optimize glucose control
rior to surgery, because poor preoperative glycemic
ontrol has been associated with increased morbidity,
ncluding a higher incidence of deep sternal wound
nfections and prolonged postoperative length of stay [10,
1]. In general, all oral diabetes medications should be

able 2. List of Published and Commercially Available Varia

Glucose Target Protocol Brief D

arkovitz Five algorithms with pre-calc
infusion rates are determin

euven General guidelines on titrati
ale Calculated rates based on gl
ortland Specified infusion rates by g

needed; five target ranges
floor

IGAMI Specified infusion rates by g
niversity of Washington Four algorithms with pre-cal

multiplier; infusion rates a
range

tlanta Medical Center 10 algorithms with pre-calcu
infusion rates are determin

lucommander Computer calculated infusio
algorithms

larian Computer calculated infusio
programmed algorithms

IGAMI � diabetes and insulin-glucose infusion in acute myocardial in
ithheld within the 24 hours prior to surgery, especially t
ulfonylureas (eg, glipizide) and glinides (eg, nateglinide
r repaglinide). These drugs can induce hypoglycemia in
he absence of food. Patients who are taking insulin and
ho are admitted on the day of surgery should be

nstructed to continue their basal insulin dose (eg,
largine, detemir, or NPH) and hold their nutritional

nsulin (eg, lispro, aspart, glulisine, or regular) unless
nstructed otherwise by their primary physician. The

PH insulin may be reduced by one half or one third
rior to surgery to avoid hypoglycemia.
To achieve rapid control in a hospitalized patient with

yperglycemia (glucose persistently � 180 mg/dL for �
2 hours before surgery), insulin therapy either with
ntravenous variable-rate continuous infusion or subcu-
aneous basal plus rapid-acting insulin should be used
epending on the availability of either therapy. For the
atient noted to be hyperglycemic in the preoperative
rea on the day of surgery, IV insulin therapy is an
ffective way to achieve rapid control. Patients with a
nown history of diabetes (either type 1 or type 2) can be
tarted immediately on IV therapy in the preoperative
rea. All preoperative medications should be reviewed to
etermine the potential for insulin resistance. These

nclude steroids, protease inhibitors, and anti-psychotic
rugs. Finally, patients with renal insufficiency should be

dentified, because insulin clearance is impaired and the
isk for hypoglycemia is increased.

The hemaglobin A1c (HbA1c), a glycosylated hemoglo-
in, is an accurate indicator of glycemic control for a
-month to 3-month period. The American Diabetes
ssociation has reported that adequate glycemic control

s associated with an HbA1c � 7% [21]. Obtaining an
bA1c prior to surgery in diabetic patients or those
atients at risk for postoperative hyperglycemia will help

ate Insulin Infusion Protocols

ption mg/dL Reference

d rates using a multiplier;
or each glucose range

120–199 27

insulin drip 80–110 12
value and rate of change 90–120 20

e range with IV bolus as
vailable for both ICU and

70–110 10
80–120

100–150
125–175
150–200

e range 126–180 28
ed rates using a
termined for each glucose

80–180 29

rates using a multiplier;
or each glucose range

80–110 30

s based on programmed 80–120 31

s based on glucostabilizer 80–110 32

n; ICU � intensive care unit; IV � intravenous.
ble-R

escri

ulate
ed f

on of
ucose
lucos
are a

lucos
culat
re de

lated
ed f

n rate

n rate
o optimize glycemic control in those patients with ele-
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ated HbA1c levels. It will also identify those patients
ho might require more aggressive glycemic control
pon hospital discharge.

I. Intraoperative Control Recommendations:
lass I

● Glucose levels � 180 mg/dL that occur in patients
without diabetes only during cardiopulmonary
bypass may be treated initially with a single or
intermittent dose of IV insulin as long as levels
remain � 180 mg/dL. However, in those patients
with persistently elevated serum glucose (� 180
mg/dL) after cardiopulmonary bypass, a continu-
ous insulin drip should be instituted, and an
endocrinology consult should be obtained (level
of evidence � B).

● If an intravenous insulin infusion is initiated in
the preoperative period, it should be continued
throughout the intraoperative and early postop-
erative period according to institutional protocols
to maintain serum glucose � 180 mg/dL (level of
evidence � C).

Patients receiving IV infusions of insulin should have
heir blood glucose monitored every 30 to 60 minutes.

ore frequent monitoring, as often as every 15 minutes,
hould be made during periods of rapidly fluctuating
ensitivity, such as during the administration of cardio-
legia and systemic cooling and rewarming. Patients
ith IV insulin infusions initiated in the preoperative
eriod should have them continued in the operating
oom (OR) to maintain serum glucose � 180 mg/dL.

Patients with no history of diabetes prior to surgery,
ay exhibit transient elevation of BG � 180 mg/dL

uring cardiopulmonary bypass. These patients may
ave insulin resistance and should be treated with a
ingle or intermittent dose of IV insulin to maintain
lucose � 180 mg/dL. Caution should be exercised in

nitiating a continuous IV insulin drip in these patients,
ecause insulin requirements may decrease rapidly in

he immediate postoperative period resulting in serious
ypoglycemia [22]. However, those patients not known to
ave diabetes who have persistently elevated glucose
alues (� 180 mg/dL) during surgery should receive a
ontinuous IV insulin drip. Because a large percentage of
hese patients may ultimately be found to have diabetes

ellitus, an endocrinology consult should be obtained in
he postoperative period.

II. Glycemic Control in the ICU
ecommendation: Class I

● Patients with and without diabetes with persis-
tently elevated serum glucose (� 180 mg/dL)
should receive IV insulin infusions to maintain
serum glucose � 180 mg/dL for the duration of
their ICU care (level of evidence � A).

● All patients who require � 3 days in the ICU

because of ventilatory dependency or requiring the
need for inotropes, intra-aortic balloon pump, or left
ventricular assist device support, anti-arrhythmics,
dialysis, or continuous veno-venous hemofiltration
should have a continuous insulin infusion to keep
blood glucose � 150 mg/dL, regardless of diabetic
status (level of evidence � B).

● Before intravenous insulin infusions are discon-
tinued, patients should be transitioned to a sub-
cutaneous insulin schedule using institutional
protocols (level of evidence � B).

Patients with or without diabetes mellitus who have
ersistently elevated serum glucose � 180 mg/dL should
eceive intravenous insulin infusions to maintain serum
lucose � 180 mg/dL [9–12]. Furthermore, those patients
ho require � 3 days of ICU care due to prolonged

entilatory support, inotropic or mechanical support,
enal insufficiency, or need for anti-arrhythmic therapy
hould have continuous IV insulin infusions to keep
lood glucose � 150 mg/dL [10, 12]. When patients are
eceiving IV insulin infusions in the ICU, glucose levels
hould be monitored at least hourly until stable. This
requency avoids fluctuations in glucose levels and min-
mizes the risk of hypoglycemia, which is fortunately rare
nd has resulted in minimal morbidity [10–12].
When patients are ready to be discharged from the

CU, patients should be transitioned to a subcutaneous
nsulin-dosing schedule. Daily insulin requirements can
e estimated by extrapolating the amount of insulin
equired in the preceding 24 hours and considering the
atients’ current nutritional intake [23].

III. Glycemic Control in the Stepdown Units
nd on the Floor Recommendations: Class I

● A target blood glucose level � 180 mg/dL should
be achieved in the peak postprandial state (level
of evidence � B).

● A target blood glucose level � 110 mg/dL should
be achieved in the fasting and pre-meal states
after transfer to the floor (level of evidence � C).

● Oral hypoglycemic medications should be re-
started in patients who have achieved target
blood glucose levels if there are no contraindica-
tions. Insulin dosages should be reduced accord-
ingly (level of evidence � C).

● According to the American Association of Clinical
Endocrinologists, a reasonable goal for a noncriti-
cally ill patient on a regular hospital ward is � 110
mg/dL pre-meal and � 180 mg/dL postprandial or
randomly [24]. The best method to achieve this
control is with scheduled subcutaneous basal and,
or bolus insulin therapy, such as glargine or
determir (basal) and lispro, aspart, or glulisine
(bolus). Patients with type 2 diabetes who have
used oral diabetes medications preoperatively can
be restarted on those medications once they have
reached their targeted glucose goals and are eat-
ing a regular diet. Metformin should not be re-

started until stable renal function has been docu-



I
R

s
d
W
t
m
t
d
e
d
s
t
m
t
w
r
i

I

I
d
s
c
t
c
i
i
s
T
g
m
c
p

R

1

1

1

1

1

1

1

1

1

1

668 REPORT FROM STS WORKFORCE ON EVIDENCE BASED SURGERY LAZAR ET AL Ann Thorac Surg
BLOOD GLUCOSE MANAGEMENT 2009;87:663–9

M
ISC

ELLA
N

EO
U

S

mented. Thiazolidineadiones (eg, pioglitazone,
rosiglitazone) can be re-started in patients with-
out congestive heart failure or liver dysfunction.

X. Preparation for Hospital Discharge
ecommendations: Class I

● Prior to discharge, all patients with diabetes and
those who have started a new glycemic control
regimen, should receive in-patient education re-
garding glucose monitoring, medication adminis-
tration (including subcutaneous insulin injection
if necessary), nutrition, and lifestyle modification
(level of evidence � C).

● Upon discharge, changes in therapy for glycemic
control should be communicated to primary care
physicians, and follow-up appointments should
be arranged with an endocrinologist when appro-
priate (level of evidence � C).

All patients with hyperglycemia after cardiac surgery
hould be assessed by an inpatient diabetes team to
ecide on a glycemic control program after discharge.
hen hyperglycemia is discovered for the first time in

he perioperative period, or if insulin is first being ad-
inistered, or when a new insulin protocol is instituted,

he patient should receive specialized education prior to
ischarge. This can be provided by a certified diabetes
ducator, and supplemented by nurses or registered
ieticians with expertise in diabetes. Education should be
tarted at least 2 days prior to discharge, including
echniques of glucose monitoring, administration of

edications, nutrition, exercise, and lifestyle modifica-
ion [25, 26]. Appropriate follow-up should be arranged
ith primary care physicians prior to discharge. Refer-

ing physicians should be informed of any changes made
n the diabetes management plan.

X. Future Areas of Study

mportant issues in the management of hyperglycemia
uring cardiac surgery remain to be elucidated. Future
tudies will determine: (1) the optimal level of glycemic
ontrol and which, if any, specific time in the periopera-
ive period is most crucial for maintaining glycemic
ontrol; (2) whether the level of glucose achieved is as
mportant as the amount of insulin delivered; and (3) the
mportance of preoperative HbA1c levels and whether
urgery should be delayed in patients with higher values.
hese studies will increase our understanding of hyper-
lycemia during cardiac surgery and help us to deter-
ine the most optimal methods to achieve glycemic

ontrol and improve clinical outcomes in these high-risk
atients.
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