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Aim of review: Perioperative hyperglycemia is very common and has been shown to be
associated with increased mortality and morbidity in surgical patients, however, optimal
control and management of perioperative glycemia remain uncertain.
Methods: We conducted a comprehensive review of current clinical strategies in perioper-
ative glycemic control, focused on preoperative, intraoperative and postoperative glycemic
control and their outcome results in the past 2 decades.
Recent findings: The major findings are: 1) Hyperglycemia occurs commonly during the
perioperative period and is associated with increased risk for morbidity and mortality. 2)
Recent clinical studies have shown that intensive or “tight” glycemic control perioperative-
ly increase the incidence of hypoglycemia and increase mortality. 3) New clinical guide-
lines favor a moderate or less stringent glucose management in patients undergoing sur-
gery.
Conclusion: Further studies targeting at optimal glycemic managements and improved
perioperative and long-term outcomes in surgical patients remain needed. (Funded by the
National Natural Science Foundation of China and Science and Technology Development
Fund of Shaanxi Province, China.)
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D
iabetes is a global problem with enormous
medical, social and economic impact. The
worldwide prevalence of diabetes has risen

from 108 million (4.7% of the world population)
in 1980 to 422 million (8.5% of the world popu-
lation) in 2014. In the United States, in 2012,
29.1 million people or 9.3% of the population,
have been diagnosed with diabetes mellitus (DM)
(1); in 2013, diabetes had the highest health care
spending among 155 medical conditions, with an
estimated $101.4 billion in spending (2). It is esti-

mated that more than half of diabetic patients un-
dergo at least one surgical treatment in the life-
time (3). A recent study showed that 35.8% of pa-
tients in ICU had DM, and among them 26% had
undiagnosed DM (4). Perioperative hyperglyce-
mia is common, and it occurs in almost 30% to
40% of all surgical patients (5-7). Two- thirds of
patients with DM developed perioperative hyper-
glycemia. In addition, patients without DM devel-
oped perioperative hyperglycemia from 13% to
67% (8). Hyperglycemia affected up to 80% of
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patients undergoing cardiac surgery (9, 10), 40%
of patients with acute coronary syndrome and
heart failure (11), and up to 70%-90% of patients
with kidney transplant postoperatively (12, 13).

Perioperative Hyperglycemia and Its Risk

Hyperglycemia has been found to be associated
with increased morbidity and mortality in hospi-
talized patients (14), and is recognized as a high
risk factor for postoperative complications (8,15-
17). These complications include increased rates
of infection and major adverse cardiac events
(MACEs), prolonged length of ICU stay, and in-
creased mortality. Umpierrez et al. provided a
statewide analysis including 47 hospitals, demon-
strating the association of perioperative hyper-
glycemia and worse surgical outcomes (7).
Colorectal surgery patients with postoperative
blood glucose (BG) greater than 140 mg/dl was
associated with 3 times increased rate of surgical
site infection (SSI), compared to those having
postoperative BG less than 140 mg/dl (18). In
addition, patients with DM, mean BG over 200
mg/dL during the initial postoperative 48-h peri-
od had a 3.6-fold increase in the risk of SSI com-
pared to those with mean BG under 200 mg/dL
in a multivariate analysis (19). In a study, for pa-
tients with DM undergoing CABG, a change in
the upper limit of glucose control from 145 mg/
dL to 180 mg/dL resulted in a significantly high-
er rate of SSI. Subgroup analysis presented that
unlike non-diabetic patients, a less stringent tar-
get was independently associated with a signifi-
cant increase in the incidence of SSI from 2.2%
to 6.9% for the diabetic patients (20). A study of
diabetic patients who underwent total knee ar-
throplasty (TKA) found that, after multivariate
analysis, a preoperative hemoglobin A1c
(HbA1c) ≥ 8 % and/or fasting blood glucose
(FBG) ≥ 200 mg/dl were associated with higher
incidence of SSI (21). Perioperative hyperglyce-
mia in cardiac surgical patients has been associat-
ed with an increased rate of deep sternal wound
infections, systemic blood infections, stroke,
mortality, and acute kidney injury (AKI) (22-25).
In addition, perioperative hyperglycemia has al-
so been found to significantly increase the risk
of AKI in the postoperative period of non-cardi-
ac surgical patients (5). In patients who under-

went isolated CABG, perioperative mean glu-
cose over 180 mg/dl was a significant risk factor
for postoperative atrial fibrillation (AF) (26). A
study of postoperative glycemic control in cardi-
ac patients found that good glucose control, as
determined by time in range (TIR), was correlat-
ed with significantly shorter cardiopulmonary
bypass time (CPB), length of stay in the ICU and
mechanical ventilation, and lower incidence of
wound infection (27). A study focused on type 1
DM (T1DM) patients through a median follow-
up of 4.7 years, confirmed that poor glycemic
control (preoperative HbA1c > 8.1% ) before
CABG was associated with increased long- term
risk of death or MACE (28).

However, there are studies showing different
results. In a large cohort of 20,171patients with
total hip and knee arthroplasty procedures, after
adjusting for body mass index, type of surgery,
ASA score and operative time, there was no asso-
ciation between HbA1c values (a marker of poor
or good glycemic control) and prosthetic joint in-
fections (29). In a cohort study (n=763), neither
preoperative HbA1c nor postoperative glycemic
variability was found to be associated with MAC-
Es after isolated cardiac valvular surgery (30).

Hyperglycemia has also been associated with
increased risk of complications and poor out-
comes in transplant patients. Kidney transplant
recipients with pre- transplant DM (BG> 145
mg/dl) and new-onset DM after transplantation
have been shown to have a significantly reduced
graft and patients survival (31- 33). During kid-
ney transplant, early perioperative hyperglyce-
mia has been associated with increased acute re-
jection episodes in patients without pre- trans-
plant DM (13) and with increased post- opera-
tive infections (BG> 200 mg/dl) (34). A study
with follow-up up to 40 months at Mayo Clinic
showed that impaired fasting glucose (≥ 110 mg/
dl and < 126 mg/dl) or new- onset DM after
transplantation (FBG > 126 md/dl) was associat-
ed with increased risk of coronary artery disease
(CAD), peripheral vascular disease (PVD), and
cerebrovascular accidents (CVA) (35). Liver
transplant recipients with post- operative hyper-
glycemia have worse patient and graft survival
because of infections, rejection, and late- onset
hepatic artery thrombosis (36-38). A study of liv-
er transplant showed that intraoperative “poor
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glycemic control” (BG≥150 mg/dl and mean
BG 184 mg/dl) resulted in increased rates of 30-
day post- transplant infections and post- opera-
tive 1- year mortality (39). In the field of heart
transplant, some studies reported similar rate of
acute rejections, graft vasculopathy, infections
and survival in recipients with DM (40- 42),
while others reported higher rates of infections,
transplant CAD and decreased survival in pa-
tients

Optimal Glucose Control

The optimal glucose management strategy dur-
ing the perioperative setting remains undeter-
mined. Optimal glucose control parameters are
challenging to define due to multiple confound-
ing factors throughout the perioperative period.
There are three perioperative periods for BG
control, as following (Table 1).

Preoperative BG control
In a nationwide, cohort study including 764 pa-
tients with T1DM after CABG, with a median
follow- up of 4.7 years, the hazard ratio (HR)
(95% confidence intervals (CI)) for death or
MACE in patients with preoperative HbA1c lev-
els of 7.1% to 8.0% , 8.1% to 9.0% , 9.1% to
10.0%, and >10.0% were 1.34 (0.82 to 2.21),
1.59 (1.00 to 2.54), 1.73 (1.03 to 2.90), and
2.25 (1.29 to 3.94), respectively, compared with
the reference category (HbA1c levels ≤ 7.0% ).
They concluded that in patients with T1DM,
poor glycemic control (preoperative HbA1c ≥
8.1% ) before CABG was associated with in-
creased long- term risk of death or MACE (28).
Another study aimed to determine the associa-
tion between preoperative medium-term (60-90
days) glycemic control, as reflected by glycosyl-
ated hemoglobin levels (HbA1c), and the inci-
dence of major complications (mediastinitis,
perioperative infarction, heart failure, stroke
and kidney failure dialysis) and mortality in type
II diabetic patients after CABG. This study
showed that aggressive glycemic control three
months before surgery, achieving HbA1c ≤ 7%,
resulted in decreased morbidity and mortality
(47). A 47 patients study found that, the uncon-
trolled diabetic group (9.1 ≤ HbA1c ≤ 10.1) be-
fore surgery had increased total protein oxida-

tion, fibrosis, sympathetic nerve damage and de-
creased levels of antioxidative enzyme manga-
nese superoxide dismutase (MnSOD), neurogen-
ic and angiogenic markers nerve growth factor
(NGF), neurotrophin (NT)- 3, platelet- derived
growth factor (PDGF)- β after CPB compared
with the controlled diabetic group (6.0 ≤
HbA1c ≤ 6.2) or patients without DM (5.6 ≤
HbA1c ≤6.0). The investigators concluded that
CPB led to higher oxidative stress in the pa-
tients with uncontrolled DM before surgical in-
tervention, even after normal glucose levels
were maintained intraoperatively. Thus, con-
trolled HbA1c before surgery plus acute intraop-
erative glucose control may be a more suitable
treatment for patients with DM undergoing car-
diac surgery (48). A study of 528 patients with
spinal cord injury (SCI) indicated that hypergly-
cemia on admission (BG ≥126 mg/dl) was a sig-
nificant risk predictor of poor functional out-
come. The authors suggested that hyperglyce-
mia during acute SCI may be a useful prognostic
factor with a negative impact on motor func-
tion, highlighted the importance of achieving
tight glycemic control after central nervous sys-
tem injury (49). In a study of 603 patients un-
dergoing elective cardiac surgery, a preoperative
BG >140 mg/dl was predictive of AKI follow-
ing surgery (50). Additionally, several studies
found that an preoperative HbA1c > 6 % has
been consistently associated with higher inci-
dence of postoperative AKI (51-53).

Intraoperative BG control
A randomized clinical trial including 120 non-di-
abetic patients underwent elective CABG sur-
gery, found that insulin infusion to maintain BG
level between 110 mg/dl and 126 mg/dl in the
intraoperative period leads to no hypoglycemic
events and a decrease of early postoperative
complications (54). A retrospective review of
adult liver recipients found that intraoperative
strict glycemic control (mean BG <150 mg/dl)
with intravenous insulin bolus or continuous in-
fusion, was associated with decreased rates of in-
fection at 30 days post- transplant and 1- year
mortality compared to those with poor control
(mean BG >150 mg/dl), though the incidence
of most postoperative complications were simi-
lar (39). A retrospective review including 880
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patients reported that the incidence of AKI was higher in patients with a intraoperative BG >

Table 1. Major Published Randomized Controlled Trials of Glycemic Control.

Study

van den Ber-

ghe et al. (10)

Gandhi et al.

(57)

NICE-SUGAR

(60)

NICE-SUGAR

(61)

Vlasselaers et

al. (66)

Mesotten et al.

(67)

Macrae et al.

(69)

SPECS (70)

VADT (74)

ADVANCE (75)

ACCORD (76)

Design

RCT

RCT

Large

RCT

Large

RCT

RCT

RCT

Large

RCT

RCT

Large

RCT

Mega

RCT

Mega

RCT

Patient Population

1548 patients in surgical

intensive care unit (ICU)

adult patients undergoing

on-pump cardiac surgery

6104 patients who admis-

sion to ICU

6026 critically ill patients

in the ICU

317 infants (<1 yr) and

383 children (≥1 yr) in

the pediatric ICU(PICU)

700 patients aged 16

years or younger in PICU

1369 children (≤16 yrs)

who were admitted to the

PICU

980 children (0- 36

months), undergoing sur-

gery with cardiopulmo-

nary bypass

1791 military veterans

who had a suboptimal re-

sponse to therapy for

type 2 diabetes

11,140 patients with type

2 diabetes

10,251 patients (mean

age, 62.2 years) with a

median glycated hemoglo-

bin level of 8.1%

End Point

Mortality, complications

Composite of death, sternal infections, pro-

longed ventilation, cardiac arrhythmias,

stroke, and renal failure within 30 days af-

ter surgery

Death from any cause within 90 days after

randomization

Death from any cause within 90 days after

randomization

Duration of PICU stay and inflammation

Intelligence, further neurodevelopmental

testing encompassed tests

The number of days alive and free from me-

chanical ventilation at 30 days after ran-

domization

The rate of health care–associated infec-

tion in the cardiac ICU, mortality, length of

stay, organ failure, and hypoglycemia.

The time from randomization to the first oc-

currence of a major cardiovascular event, a

composite of myocardial infarction, stroke,

death, and amputation for ischemic gan-

grene

Composites of major macrovascular events

and major microvascular events,assessed

both jointly and separately

A composite of nonfatal myocardial infarc-

tion, nonfatal stroke, or death from cardio-

vascular causes

Results

Intensive insulin therapy reduced mor-

bidity and mortality among critically ill pa-

tients in the surgical intensive care unit.

Intensive insulin therapy did not reduce

perioperative death or morbidity, but

with a increased incidence of death and

stroke in the intensive treatment group.

Intensive glucose control increased mor-

tality among adults in the ICU.

Intensive glucose control led to moder-

ate and severe hypoglycemia, both of

which were associated with an in-

creased risk of death.

Targeting of blood glucose concentra-

tions to age-adjusted normal fasting con-

centrations improved short- term out-

come of patients in PICU.

Children who had been treated with

tight glucose control did not have a

worse measure of intelligence than

those who had received usual care.

Tight glycemic control in critically ill chil-

dren had no significant effect on major

clinical outcomes, although the inci-

dence of hypoglycemia was higher with

tight glucose control

Tight glycemic control achieved a low

hypoglycemia rate, but did not signifi-

cantly change the infection rate, mortali-

ty, length of stay, or measures of organ

failure

Intensive glucose control had no signifi-

cant effect on the rates of major cardio-

vascular events, death, or microvascu-

lar event.

Yielded a 10% relative reduction in the

combined outcome of major macrovas-

cular and microvascular events, primari-

ly as a consequence of a 21% relative

reduction in nephropathy.

Increased mortality and did not signifi-

cantly reduce major cardiovascular

events.
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150 mg/dl than those with a intraoperative
BG = 110–150 mg/dl, and coefficient of varia-
tion of glucose was an independent risk factors
for postoperative AKI after off- pump CABG
(55). It seems that BG <150 mg/dl is a good in-
traoperative glucose management strategy. How-
ever, a prospective, randomized, double- blind
trial performed in Thailand found that intensive
treatment with target glucose levels of 80 - 150
mg/dl lead to significantly higher incidence of
hypoglycemia and similar morbidity and mortali-
ty rates compared with the conventional group
(BG < 249 mg/dl) in cardiopulmonary bypass
surgery patients (56). In another randomized,
controlled trial from Mayo Clinic, Gandhi et al.
reported that intensive insulin therapy (intraop-
erative BG = 4.4 (80 mg/dL) - 5.6 mmol/L (100
mg/dL)) during cardiac surgery did not reduce
perioperative death or morbidity, but increased
incidence of death and stroke compared with
conventional treatment group (not given insulin
during surgery unless intraoperative BG >
11.1mmol/L (200 mg/dL)) (57).

Postoperative BG Control
In a retrospective study including 372 patients,
authors studied continuous postoperative insulin
infusion for 24 h for gynecologic oncology pa-
tients with DM and hyperglycemia with a target
blood glucose of <139 ml/dl and the SSI rates.
They found that, after multivariate analysis, in-
tensive glycemic control for 24 h after gyneco-
logic oncology surgery in patients with DM and
postoperative hyperglycemia lowered the SSI
rate by 35% (58). As described above, in pa-
tients with CABG, postoperative atrial fibrilla-
tion (AF) often occurred in patients with high
postoperative BG and a strong positive correla-
tion existed between the time of the maximum
postoperative BG and AF onset time (P = 0.746)
(26). A study focused on CABG patients in the
local Southeast Asian population found that, a
less stringent target from 4-8 mmol/L (72 – 145
mg/dl) to 4-10 mmol/L (72 – 180 mg/dl) was in-
dependently associated with a significant in-
crease in the incidence of SSI from 2.2% to
6.9% for the diabetic patients (20).

Many studies have been completed assessing
postoperative glycemic control, thus far, the
most important ones are the Leuven Surgical Tri-

al reported in 2001 by Van den Berghe et al. and
the NICE- SUGAR trial reported in 2009 by
NICE- Sugar study investigators led by Simon
Finfer et al. In 2001, the prospective, random-
ized, controlled Leuven Surgical Trial triggered
the treatment protocol that favored intensive
glucose control (10). There were 1,548 patients
in the surgical ICU in the study, 63% of them un-
derwent cardiac surgery, and 13% of them were
DM patients. Insulin infusions were adjusted to
maintain a range of 180 to 200 mg/dl for the
conventional group and 80 to 110 mg/dL for the
intensive group. Compared with conventional
glucose control, intensive glucose control
showed reduced length of ICU stay, mechanical
ventilation, sepsis, and led to a reduction in mor-
tality (10). Since then, many investigators have
examined hyperglycemia treatment protocols, in
particular, the intensive glycemic control (3,8,9,
14,59). A turning point occurred in 2009 when
the landmark clinical trial, NICE- SUGAR study
was published. This prospective, multicenter,
randomized controlled trial included 6,104 pa-
tients (37% surgical patients) and found that in-
tensive glucose control (BG = 81-108 mg/dl) ac-
tually increased 90-day mortality in medical and
surgical ICU patients compared with convention-
al glucose control (BG < 180 mg/dl), al-
though there was no significant difference be-
tween the two treatment groups in the ICU or
hospital stay, mechanical ventilation and renal-
replacement therapy (60). In a subsequent study,
the NICE- SUGAR study investigators examined
the associations between moderate and severe
hypoglycemia (blood glucose, 41 to 70 mg/dl
[2.3 to 3.9 mmol/l] and ≤ 40 mg/dl [2.2 mmol/
l], respectively) and death among 6,026 patients
in ICU and they found that intensive glucose
control in critically ill patients led to moderate
and severe hypoglycemia, both of which were as-
sociated with an increased risk of death (61).

Optimal Glucose Control for Special Patients

A retrospective cohort study (n = 9,838) of se-
lected adverse pregnancy outcomes among un-
treated gestational diabetic women found that,
after adjustment for confounders, women with
fasting BG > 95 mg/dl, 1-hour BG > 191 mg/dl,
or 2-hour BG > 162 mg/dl were at significantly
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greater risks for preeclampsia or eclampsia, pre-
term delivery, primary cesarean delivery, shoul-
der dystocia, higher birth weight, ponderal in-
dex, large for gestational age, transient tachy-
pnea, and neonatal hypoglycemia than women
without gestational DM (62).

Hyperglycemia is also prevalent in pediatric
patients with critical illness or following cardiac
surgery and it is associated with worse out-
comes, even in those children with previously
normal glucose homeostasis (63,64). The degree
of hyperglycemia has been associated with ad-
verse outcome in pediatric cardiac surgery pa-
tients (65). A study by Vlasselaers et al., includ-
ing 700 critically ill pediatric patients, studied
whether glycemic control in the pediatric cardi-
ac surgery population during the perioperative
period is as beneficial as shown in the adult pop-
ulation. Patient were randomized to receive gly-
cemic control to obtain age- adjusted normogly-
cemia (50-80 mg/dl (2.8-4.4 mmol/L) in infants
and 70-100 mg/dl (3.9-5.6 mmol/L) in children)
or to tolerating hyperglycemia up to 215 mg/dL
(11.9 mmol/L). Glycemic control in this pediat-
ric ICU population reduced the inflammatory re-
sponse, the postoperative levels of troponin and
heart- type fatty acid binding protein (H- FABP,
used for the early diagnosis of myocardial infarc-
tion), the rate of secondary infections, ICU stay,
and improved ICU survival. The occurrence of
hypoglycemia increased in the glycemic control
group, but did not have a negative effect on the
acute outcomes (66). Additionally, glycemic con-
trol had a positive effect on cognitive executive
functions after 4 years follow up, such as motor
coordination and cognitive flexibility (67). The
same investigators group showed that targeting
age- adjusted normoglycemia during and after
cardiac surgery in neonates (50- 80 mg/dl) pro-
tected the myocardium and reduced the inflam-
matory response (68). However, two large ran-
domized control trials, the CHiP and the SPECS
trials, showed no clinical benefits from tight gly-
cemic control in pediatric patients following car-
diac surgery against their primary endpoints (69,
70), although different results have been report-
ed in other trials in pediatric patients (66,71).
There are wary among ICU physicians about the
risk of severe hypoglycemia associated with tight
glycemic control in pediatric patients. Previous

studies showed that hypoglycemia was not asso-
ciated with a risk of neurocognitive disability in
a 4-year follow-up study (67), but was associat-
ed with an increased mortality (72).

The prevalence of T2DM increases with age.
In addition, elderly patients with DM have high-
er rates of comorbidities, involving the heart,
kidneys, brain, peripheral arteries and others
(73). Lately 3 large clinical trials, Action in Dia-
betes and Vascular Disease: Preterax and Diami-
cron MR Controlled Evaluation (ADVANCE),
Veterans Affairs Diabetes Trial (VADT), and Ac-
tion to Control Cardiovascular Risk in Diabetes
(ACCORD), evaluated the intensive glucose con-
trol vs the standard glucose control (HbA1c
goals were: 6.0% vs 7.0% – 7.9% ) (74- 76).
None of the 3 trials showed any benefit of inten-
sive glucose lowering on the reduction of cardio-
vascular risk with following-up to 5 years, with
the ACCORD trial being terminated early due
to excess mortality among the intensively treat-
ed group (74- 76). A tighter glycemic control
with HbA1c < 7.0% may not be appropriate for
older patients due to the risk of severe hypogly-
cemia. Currently an HbA1c target between
7.5% - 9% will increase benefits and reduce
harms for the majority of older patients. Periop-
eratively, high- quality evidence about glycemic
control in older patients is lacking. The more
conservative control, in particular, to monitor
and prevent server hypoglycemia should be
made in older patients undergoing surgery.

The concept of enhanced recovery after sur-
gery (ERAS) was first advanced among colorec-
tal surgeries in the early 2000s. ERAS promotes
implementing a bundle of care interventions tar-
geted to improve recovery following surgery.
Recognizing the association of hyperglycemia
with poor outcomes, many ERAS programs in-
clude glycemic control interventions. A recent
meta- analysis showed that in patients undergo-
ing colorectal surgery, surgical care bundle with
core interventions including antibiotic adminis-
tration, appropriate hair removal, glycemic con-
trol and normothermia, significantly reduced the
risk of SSI (77).

Conclusions

In summary, more than a decade has passed
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since Leuven study in 2001 (10). Previous stud-
ies and guideline recommendations had favored
tight glycemic control until the landmark NICE
SUGAR study in 2009 (60), which ended a
“sweet dream” with the major findings: namely
intensive glucose control increased the incidence
of moderate to severe hypoglycemia and in-
creased mortality among adults in the ICU.

Since then, guidelines have been changed to fa-
voring less stringent BG control (Table 2). For
adult cardiac surgery patients, the Society of
Thoracic Surgeons (STS) recommends continu-
ous insulin infusion with a treatment goal of glu-
cose <180 mg/dl during surgery (78). The Amer-
ican Diabetes Association (ADA) and American
Association of Clinical Endocrinologists (AACE)

Table 2. Current Recommendations for Glycemic Control.

Society, Guidelines

American Association of

Clinical Endocrinologists

(AACE) and American Dia-

betes Association (ADA),

Consensus Statement on

Inpatient Glycemic Control

(2009) (14)

American Association of

Clinical Endocrinologists

(AACE) and American Dia-

betes Association (ADA),

Consensus Statement on

Inpatient Glycemic Control

(2009) (14)

The Society of Thoracic

Surgeons Practice Guide-

line (2009) (78)

The Amerivan College of

Physicians (ACP) Guide-

line (2011) (79)

Patient Group

Critical ill

patients

Noncritical ill

patients

Cardiac sur-

gery patients

Adults with

inpatient hy-

perglycemia

Target Range

140 - 180

mg/dl

140 - 180

mg/dl

＜180

mg/dl

140 - 200

mg/dl

Rational

Insulin therapy should be initiated for treatment of persistent hyperglycemia, start-

ing at a threshold of no greater than 180 mg/dl (10.0 mmol/L).

Once insulin therapy has been started, a glucose range of 140 –180 mg/dl (7.8–

10.0 mmol/L) is recommended for the majority of critically ill patients.

Intravenous insulin infusions are the preferred method for achieving and maintain-

ing glycemic control in critically ill patients.

Validated insulin infusion protocols with demonstrated safety and efficacy, and

with low rates of occurrence of hypoglycemia, are recommended.

With IV insulin therapy, frequent glucose monitoring is essential to minimize the

occurrence of hypoglycemia and to achieve optimal glucose control.

For the majority of noncritically ill patients treated with insulin, the premeal BG tar-

get should generally be 140 mg/dl (7.8 mmol/L) in conjunction with random BG

values 180 mg/dl (10.0 mmol/L), provided these targets can be safely achieved.

More stringent targets may be appropriate in stable patients with previous tight

glycemic control.

Less stringent targets may be appropriate in terminally ill patients or in patients

with severe comorbidities.

Scheduled subcutaneous administration of insulin, with basal, nutritional, and cor-

rection components, is the preferred method for achieving and maintaining glu-

cose control.

Prolonged therapy with sliding scale insulin (SSI) as the sole regimen is discouraged.

Noninsulin antihyperglycemic agents are not appropriate in most hospitalized pa-

tients who require therapy for hyperglycemia.

Clinical judgment and ongoing assessment of clinical status must be incorporated

into day-to-day decisions regarding treatment of hyperglycemia.

Reduces mortality, morbidity, hospital length of stay;

Lowers the incidence of wound infections;

Enhances long-term survival.

ACP recommends not using intensive insulin therapy to strictly control blood glu-

cose in non- surgical intensive care unit (SICU)/medical intensive care unit (MI-

CU) patients with or without diabetes mellitus (Grade: strong recommendation,

moderate-quality evidence).

ACP recommends not using intensive insulin therapy to normalize blood glucose

in SICU/MICU patients with or without diabetes mellitus (Grade: strong recom-

mendation, high-quality evidence).

ACP recommends a target blood glucose level of 7.8 to 11.1 mmol/L (140 to 200

mg/dL) if insulin therapy is used in SICU/MICU patients (Grade: weak recommen-

dation, moderate-quality evidence).

Review Article
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recommend initiating insulin therapy for glu-
cose >180 mg/dl with a target level of 140 to
180 mg/dl. Under this guideline, they suggest
that more stringent targets may be appropriate
in stable patients with previous tight glycemic
control (14). The American College of Physi-
cians recommends against intensive insulin con-
trol and suggests a target glucose of 140 to 200
mg/dl (79). The Critical Care Society recom-
mends that a blood glucose ≥ 150 mg/dl triggers
interventions to maintain blood glucose below
that level and absolutely < 180 mg/dl (80). The
latest clinical trials showed that in patients with
T1 DM who received multiple daily insulin injec-
tions, the use of continuous glucose monitoring
(CGM) compared with usual care limited hyper-
glycemia and hypoglycemia, improved diabetes
control and reduced glucose variability (81,82).

However, it remains to be examined on whether
CGM improves the long- term outcomes and
whether it is practical (its potential utility) for
both T1 and T2 DM patients. Future clinical
studies in the area of perioperative glycemia con-
trol should have a balanced approach that treat
and control hyperglycemia while monitoring
and preventing, in particular, moderate (BG 41-
70 mg/dl) and severe hypoglycemia (BG ≤ 40
mg/dl). In addition, the mechanism studies
should address whether hyperglycemia is a surro-
gate maker or a true cause for adverse out-
comes.

This work was supported by the National Natural Science Foundation of China

(81671195), Science and Technology Development Fund of Shaanxi Province,

China (2016SF-185).

The authors declare no other conflicts of interest.

References

1. Centers for Disease Control and Prevention. Na-
tional Diabetes Statistics Report, 2017. (Accessed Oc-
tober 16, 2017, at https://www.cdc.gov/diabetes/pdfs/
data/statistics/national-diabetes-statistics-report.pdf).
2. Dieleman JL, Baral R, Birger M, Bui AL, Bulchis
A, Chapin A, et al. US Spending on Personal Health
Care and Public Health, 1996-2013. JAMA 2016;316
(24):2627-46.
3. Sun JZ, Cao LH, Qian YN. Glycemia control and
complications prevention in patients with diabetes. J
Clin Anesthesiol 2011;27:303-5.(Article in Chinese)
4. Carpenter DL, Gregg SR, Xu K, Buchman TG,
Coopersmith CM. Prevalence and Impact of Un-
known Diabetes in the ICU. Crit Care Med 2015;43:
e541-50.
5. Frisch A, Chandra P, Smiley D, Peng L, Rizzo M,
Gatcliffe C, et al. Prevalence and clinical outcome of
hyperglycemia in the perioperative period in noncar-
diac surgery. Diabetes Care 2010;33:1783-8.
6. Kwon S, Thompson R, Dellinger P, Yanez D, Farro-
hki E, Flum D. Importance of perioperative glycemic
control in general surgery: a report from the Surgical
Care and Outcomes Assessment Program. Ann Surg
2013;257:8-14.
7. Umpierrez GE, Isaacs SD, Bazargan N, You X, Tha-
ler LM, Kitabchi AE. Hyperglycemia: an independent
marker of inhospital mortality in patients with undi-
agnosed diabetes. J Clin Endocrinol Metab 2002;87:
978-82.
8. Kiran RP, Turina M, Hammel J, Fazio V. The clini-
cal significance of an elevated postoperative glucose
value in nondiabetic patients after colorectal surgery:
evidence for the need for tight glucose control? Ann
Surg 2013;258:599-604.
9. Schmeltz LR, DeSantis AJ, Thiyagarajan V,
Schmidt K, O'Shea-Mahler E, Johnson D, et al. Re-
duction of surgical mortality and morbidity in diabet-
ic patients undergoing cardiac surgery with a com-
bined intravenous and subcutaneous insulin glucose
management strategy. Diabetes Care 2007;30:823-8.
10. van den Berghe G, Wouters P, Weekers F, Ver-
waest C, Bruyninckx F, Schetz M, et al. Intensive in-
sulin therapy in critically ill patients. N Engl J Med
2001;345:1359-67.
11. Kosiborod M, Inzucchi SE, Krumholz HM, Xiao

L, Jones PG, Fiske S, et al. Glucometrics in patients
hospitalized with acute myocardial infarction: defin-
ing the optimal outcomes-based measure of risk. Cir-
culation 2008;117:1018-27.
12. Chakkera HA, Weil EJ, Castro J, Heilman RL,
Reddy KS, Mazur MJ, et al. Hyperglycemia during
the immediate period after kidney transplantation.
Clin J Am Soc Nephrol 2009;4:853-9.
13. Thomas MC, Moran J, Mathew TH, Russ GR,
Rao MM. Early peri- operative hyperglycaemia and
renal allograft rejection in patients without diabetes.
BMC Nephrol 2000;1:1
14. Moghissi ES, Korytkowski MT, DiNardo M, Ein-
horn D, Hellman R, Hirsch IB, et al. American associ-
ation of clinical endocrinologists and American diabe-
tes association consensus statement on inpatient gly-
cemic control. Diabetes Care 2009;32:1119-31.
15. Clement S, Braithwaite SS, Magee MF, Ahmann
A, Smith EP, Schafer RG, et al. Management of diabe-
tes and hyperglycemia in hospitals. Diabetes Care
2004;27:553-91.
16. Smiley DD, Umpierrez GE. Perioperative glucose
control in the diabetic or nondiabetic patient. South
Med J 2006;99:580-9.
17. Kotagal M, Symons RG, Hirsch IB, Umpierrez GE,
Dellinger EP, Farrokhi ET, et al. Perioperative hypergly-
cemia and risk of adverse events among patients with
andwithout diabetes.Ann Surg 2015;261:97-103.
18. Ata A, Lee J, Bestle SL, Desemone J, Stain SC.
Postoperative hyperglycemia and surgical site infec-
tion in general surgery patients. Arch Surg 2010;145:
858-64.
19. McConnell YJ, Johnson PM, Porter GA. Surgical
site infections following colorectal surgery in patients
with diabetes: association with postoperative hyper-
glycemia. J Gastrointest Surg 2009;13:508-15.
20. Ng RR, Myat Oo A, Liu W, Tan TE, Ti LK, Chew
ST. Changing glucose control target and risk of surgi-
cal site infection in a Southeast Asian population. J
Thorac Cardiovasc Surg 2015;149:323-8.
21. Hwang JS, Kim SJ, Bamne AB, Na YG, Kim TK.
Do Glycemic Markers Predict Occurrence of Compli-
cations After Total Knee Arthroplasty in Patients
With Diabetes? Clin Orthop Relat Res 2015;473:
1726-31.

22. Furnary AP, Gao G, Grunkemeier GL, Wu Y, Zerr
KJ, Bookin SO, et al. Continuous insulin infusion re-
duces mortality in patients with diabetes undergoing
coronary artery bypass grafting. J Thorac Cardiovasc
Surg 2003;125:1007-21.
23. Estrada CA, Young JA, Nifong LW, Chitwood
WR Jr. Outcomes and perioperative hyperglycemia
in patients with or without diabetes mellitus undergo-
ing coronary artery bypass grafting. Ann Thorac Surg
2003;75(5):1392-9.
24. McAlister FA, Majumdar SR, Blitz S, Rowe BH,
Romney J, Marrie TJ. The relation between hypergly-
cemia and outcomes in 2,471 patients admitted to
the hospital with community- acquired pneumonia.
Diabetes Care 2005;28:810-5.
25. Duncan AE, Abd-Elsayed A, Maheshwari A, Xu
M, Soltesz E, Koch CG. Role of intraoperative and
postoperative blood glucose concentrations in pre-
dicting outcomes after cardiac surgery. Anesthesiolo-
gy 2010;112:860-71.
26. Tatsuishi W, Adachi H, Murata M, Tomono J,
Okonogi S, Okada S, et al. Postoperative Hyperglyce-
mia and Atrial Fibrillation After Coronary Artery By-
pass Graft Surgery. Circ J 2015;79:112-8.
27. Omar AS, Salama A, Allam M, Elgohary Y, Mo-
hammed S, Tuli AK, et al. Association of time in
blood glucose range with outcomes following cardiac
surgery. BMC Anesthesiol 2015;15:14.
28. Nystr?m T, Holzmann MJ, Eliasson B, Kuhl J,
Sartipy U. Glycemic Control in Type 1 Diabetes and
Long-Term Risk of Cardiovascular Events or Death
After Coronary Artery Bypass Grafting. J Am Coll
Cardiol 2015;66:535-43.
29. Maradit Kremers H, Lewallen LW, Mabry TM,
Berry DJ, Berbari EF, Osmon DR. Diabetes Mellitus,
Hyperglycemia, Hemoglobin A1C and the Risk of
Prosthetic Joint Infections in Total Hip and Knee Ar-
throplasty. J Arthroplasty 2015;30:439-43.
30. Bardia A, Khabbaz K, Mueller A, Mathur P, No-
vack V, Talmor D, et al. The Association Between Pre-
operative Hemoglobin A1C and Postoperative Glyce-
mic Variability on 30-Day Major Adverse Outcomes
Following Isolated Cardiac Valvular Surgery. Anesth
Analg 2017;124:16-22.
31. Kasiske BL, Snyder JJ, Gilbertson D, Matas AJ.

Perioperative Glycemia Control: Have We Reached the Target?Qian Ding et al.

289



Journal of Anesthesia and Perioperative Medicine

JAPM WWW.JAPMNET.COM November, 2017 Volume 4 Number 6

Diabetes mellitus after kidney transplantation in the
14 United States. Am J Transplant 2003;3:178-85.
32. Montori VM, Basu A, Erwin PJ, Velosa JA, Gabri-
el SE, Kudva YC. Posttransplantation diabetes: a sys-
tematic review of the literature. Diabetes Care 2002;
25:583-92.
33. Cosio FG, Pesavento TE, Kim S, Osei K, Henry
M, Ferguson RM. Patient survival after renal trans-
plantation: impact of post- transplant diabetes. Kid-
ney Int 2002;62:1440-6.
34. Thomas MC, Mathew TH, Russ GR, Rao MM,
Moran J. Early peri-operative glycaemic control and
allograft rejection in patients with diabetes mellitus:
a pilot study. Transplantation 2001;72:1321-4.
35. Cosio FG, Kudva Y, van der Velde M, Larson TS,
Textor SC, Griffin MD, et al. New onset hyperglyce-
mia and diabetes are associated with increased cardio-
vascular risk after kidney transplantation. Kidney Int
2005;67:2415-21.
36. Moon JI, Barbeito R, Faradji RN, Gaynor JJ, Tza-
kis AG. Negative impact of newonset diabetes melli-
tus on patient and graft survival after liver transplan-
tation: long- term follow up. Transplantation 2006;
82:1625-8.
37. Wallia A, Parikh ND, Molitch ME, Mahler E,
Tian L, Huang JJ, et al. Posttransplant hyperglycemia
is associated with increased risk of liver allograft re-
jection. Transplantation 2010;89:222-6.
38. Park C, Hsu C, Neelakanta G, Nourmand H,
Braunfeld M, Wray C, et al. Severe intraoperative hy-
perglycemia is independently associated with surgical
site infection after liver transplantation. Transplanta-
tion 2009;87:1031-6.
39. Ammori JB, Sigakis M, Englesbe MJ, O'Reilly M,
Pelletier SJ. Effect of intraoperative hyperglycemia
during liver transplantation. J Surg Res 2007;140:
227-33.
40. Higgins J, Pflugfelder PW, Kostuk WJ. Increased
morbidity in diabetic cardiac transplant recipients.
Can J Cardiol 2009;25:e125-9.
41. Russo MJ, Chen JM, Hong KN, Stewart AS, As-
cheim DD, Argenziano M, et al. Survival after heart
transplantation is not diminished among recipients
with uncomplicated diabetes mellitus: an analysis of
the United Network of Organ Sharing database. Cir-
culation 2006;114:2280-7.
42. Lang CC, Beniaminovitz A, Edwards N, Mancini
DM. Morbidity and mortality in diabetic patients fol-
lowing cardiac transplantation. J Heart Lung Trans-
plant 2003;22:244-9.
43. Marelli D, Laks H, Patel B, Kermani R, Marmure-
anu A, Patel J, et al. Heart transplantation in patients
with diabetes mellitus in the current era. J Heart
Lung Transplant 2003;22:1091-7.
44. Kilic A, Weiss ES, George TJ, Arnaoutakis GJ, Yuh
DD, Shah AS, et al. What predicts long-term survival
after heart transplantation? An analysis of 9,400 ten-
year survivors. Ann Thorac Surg 2012;93:699-704.
45. Yusen RD, Christie JD, Edwards LB, Kucheryava-
ya AY, Benden C, Dipchand AI, et al. The registry of
the international society for heart and lung transplan-
tation: thirtieth adult lung and heart- lung transplant
report – 2013; focus theme: age. Am J Transplant
2013;32:965-78.
46. Hackman KL, Bailey MJ, Snell GI, Bach LA. Dia-
betes is a major risk factor for mortality after lung
transplantation. Am J Transplant 2014;14:438-45.
47. Santos JM, Favaloro RR, Lowenstein D, Sanabria
H, Raffaelli H, Hershson A. Medium- term glycemic
control in diabetics before coronary bypass surgery.
Medicina (B Aires). 2015;75(5):277-81.
48. Matyal R, Sakamuri S, Huang T, Owais K, Parikh
S, Khabbaz K, et al. Oxidative Stress and Nerve Func-
tion After Cardiopulmonary Bypass in Patients With
Diabetes. Ann Thorac Surg 2014;98:1635-44.
49. Kobayakawa K, Kumamaru H, Saiwai H, Kubota
K, Ohkawa Y, Kishimoto J, et al. Acute hyperglyce-

mia impairs functional improvement after spinal cord
injury in mice and humans. Sci Transl Med 2014;6:
256ra137.
50. Palomba H, de Castro I, Neto AL, Lage S, Yu L.
Acute kidney injury prediction following elective cardi-
ac surgery: AKICS score.Kidney Int 2007;72:624-31.
51. Halkos ME, Lattouf OM, Puskas JD, Kilgo P,
Cooper WA, Morris CD, et al. Elevated preoperative
hemoglobin A1c level is associated with reduced long-
term survival after coronary artery bypass surgery.
Ann Thorac Surg 2008;86:1431-7.
52. Hudson CC, Welsby IJ, Phillips-Bute B, Mathew
JP, Lutz A, Chad Hughes G, et al. Glycosylated hemo-
globin levels and outcome in non-diabetic cardiac sur-
gery patients. Can J Anaesth 2010;57:565-72.
53. Oezkur M, Wagner M, Weismann D, Krannich
JH, Schimmer C, Riegler C, et al. Chronic hypergly-
cemia is associated with acute kidney injury in pa-
tients undergoing CABG surgery—a cohort study.
BMC Cardiovasc Disord 2015;15:41.
54. Azarfarin R, Sheikhzadeh D, Mirinazhad M, Bile-
hjani E, Alizadehasl A. Do nondiabetic patients un-
dergoing coronary artery bypass grafting surgery re-
quire intraoperative management of hyperglycemia?
Acta Anaesthesiol Taiwan 2011;49:41-5.
55. Song JW, Shim JK, Yoo KJ, Oh SY, Kwak YL. Im-
pact of intraoperative hyperglycaemia on renal dys-
function after off-pump coronary artery bypass. Inter-
act Cardiovasc Thorac Surg 2013;17:473-8.
56. Rujirojindakul P, Liabsuetrakul T, McNeil E,
Chanchayanon T, Wasinwong W, Oofuvong M, et al.
Safety and efficacyof intensive intraoperative glycaemic
control in cardiopulmonary bypass surgery: a ran-
domisedtrial.ActaAnaesthesiolScand2014;58:588-96.
57. Gandhi GY, Nuttall GA, Abel MD, Mullany CJ,
Schaff HV, O'Brien PC, et al. Intensive intraoperative
insulin therapy versus conventional glucose manage-
ment during cardiac surgery: a randomized trial. Ann
Intern Med 2007;146:233-43.
58. Al-Niaimi AN, Ahmed M, Burish N, Chackmak-
chy SA, Seo S, Rose S, et al. Intensive postoperative
glucose control reduces the surgical site infection
rates in gynecologic oncology patients. Gynecol On-
col 2015;136:71-6.
59. Reddy P, Duggar B, Butterworth J. Blood glucose
management in the patient undergoing cardiac sur-
gery: a review. World J Cardiol 2014;6:1209-17.
60. NICE-SUGAR Study Investigators, Finfer S, Chit-
tock DR, Su SY, Blair D, Foster D, et al. Intensive ver-
sus conventional glucose control in critically ill pa-
tients. N Engl J Med 2009;360:1283-97.
61. NICE- SUGAR Study Investigators, Finfer S, Liu
B, Chittock DR, Norton R, Myburgh JA, et al. Hypo-
glycemia and Risk of Death in Critically Ill Patients.
N Engl J Med 2012;367:1108-18.
62. Sacks DA, Black MH, Li X, Montoro MN, Law-
rence JM. Adverse Pregnancy Outcomes Using The
International Association of the Diabetes and Preg-
nancy Study Groups Criteria. Obstet Gynecol 2015;
126:67-73.
63. Faustino EV, Apkon M. Persistent hyperglycemia
in critically ill children. J Pediatr 2005;146:30-4.
64. Yates AR, Dyke PC 2nd, Taeed R, Hoffman TM,
Hayes J, Feltes TF, et al. Hyperglycemia is a marker
for poor outcome in the postoperative pediatric car-
diac patient. Pediatr Crit Care Med 2006;7:351-5.
65. Yung M, Wilkins B, Norton L, Slater A, Paediat-
ric Study Group, Australian and New Zealand Inten-
sive Care Society. Glucose control, organ failure,and
mortality in pediatric intensive care. Pediatr Crit Care
Med 2008;9:147-52.
66. Vlasselaers D, Milants I, Desmet L, Wouters PJ,
Vanhorebeek I, van den Heuvel I, et al. Intensive in-
sulin therapy for patients in paediatric intensive care:
a prospective, randomised controlled study. Lancet
2009;373:547-56.
67. Mesotten D, Gielen M, Sterken C, Claessens K,

Hermans G, Vlasselaers D, et al. Neurocognitive de-
velopment of children 4 years after critical illness
and treatment with tight glucose control: a random-
ized controlled trial. JAMA 2012;308:1641-50.
68. Vlasselaers D, Mesotten D, Langouche L, Van-
horebeek I, van den Heuvel I, Milants I, et al. Tight
glycemic control protects the myocardium and reduc-
es inflammation in neonatal heart surgery. Ann Tho-
rac Surg 2010;90:22-9.
69. Macrae D, Grieve R, Allen E, Sadique Z, Morris
K, Pappachan J, et al. A randomized trial of hypergly-
cemic control in pediatric intensive care. N Engl J
Med 2014;370:107-18.
70. Agus MS, Steil GM, Wypij D, Costello JM,
Laussen PC, Langer M, et al. Tight glycemic control
versus standard care after pediatric cardiac surgery. N
Engl J Med 2012;367:1208-19.
71. Jeschke MG, Kulp GA, Kraft R, Finnerty CC, Ml-
cak R, Lee JO, et al. Intensive insulin therapy in severe-
ly burned pediatric patients: a prospective random-
ized trial. Am J Respir Crit Care Med 2010;182:351-9.
72. Faustino EV, Bogue CW. Relationship between hy-
poglycemia and mortality in critically ill children. Pe-
diatr Crit Care Med 2010;11:690-8.
73. Lipska KJ, Krumholz H, Soones T, Lee SJ. Poly-
pharmacy in the Aging Patient: A Review of Glyce-
mic Control in Older Adults With Type 2 Diabete. JA-
MA 2016;315(10):1034-45.
74. Duckworth W, Abraira C, Moritz T, Reda D,
Emanuele N, Reaven PD, et al. Glucose control and
vascular complications in veterans with type 2 diabe-
tes. N Engl J Med 2009; 360(2):129–39.
75. ADVANCE Collaborative Group, Patel A, Mac-
Mahon S, Chalmers J, Neal B, Billot L, et al. Inten-
sive blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl J Med 2008;358
(24):2560-72.
76. Action to Control Cardiovascular Risk in Diabe-
tes Study Group, Gerstein HC, Miller ME, Byington
RP, Goff DC Jr, Bigger JT, et al. Effects of intensive
glucose lowering in type 2 diabetes. N Engl J Med
2008;358(24):2545-59.
77. Tanner J, Padley W, Assadian O, Leaper D, Kier-
nan M, Edmiston C. Do surgical care bundles reduce
the risk of surgical site infections in patients undergo-
ing colorectal surgery? A systematic review and co-
hort meta- analysis of 8,515 patients. Surgery 2015;
158:66-77.
78. Lazar HL, McDonnell M, Chipkin SR, Furnary
AP, Engelman RM, Sadhu AR, et al. The society of
thoracic surgeons practice guideline series: blood glu-
cose management during adult cardiac surgery. Ann
Thorac Surg 2009;87:663-9.
79. Qaseem A, Humphrey LL, Chou R, Snow V,
Shekelle P, Clinical Guidelines Committee of the
American College of Physicians. Use of intensive insu-
lin therapy for the management of glycemic control
in hospitalized patients: a clinical practice guideline
from the American College of Physicians. Ann Intern
Med 2011;154:260-7.
80. Jacobi J, Bircher N, Krinsley J, Agus M, Braith-
waite SS, Deutschman C, et al. Guidelines for the use
of an insulin infusion for the management of hyper-
glycemia in critically ill patients. Crit Care Med 2012;
40:3251-76.
81. Beck RW, Riddlesworth T, Ruedy K, Ahmann A,
Bergenstal R, Haller S, et al. Effect of Continuous
Glucose Monitoring on Glycemic Control in Adults
With Type 1 Diabetes Using Insulin Injections: The
DIAMOND Randomized Clinical Trial. JAMA 2017;
317:371-8.
82. Lind M, Polonsky W, Hirsch IB, Heise T,
Bolinder J, Dahlqvist S, et al. Continuous Glucose
Monitoring vs Conventional Therapy for Glycemic
Control in Adults With Type 1 Diabetes Treated With
Multiple Daily Insulin Injections: The GOLD Ran-
domized Clinical Trial. JAMA 2017;317:379-87.

Review Article

290


	JAPM 2017 ISSUE 6 Final 48
	JAPM 2017 ISSUE 6 Final 49
	JAPM 2017 ISSUE 6 Final 50
	JAPM 2017 ISSUE 6 Final 51
	JAPM 2017 ISSUE 6 Final 52
	JAPM 2017 ISSUE 6 Final 53
	JAPM 2017 ISSUE 6 Final 54
	JAPM 2017 ISSUE 6 Final 55
	JAPM 2017 ISSUE 6 Final 56

