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Objective: A systematic review of the effects of tight glycemic control with a continuous insulin infusion
to achieve blood glucose levels � 200 mg/dL on surgical site infections and readmission rates in adult
patients with diabetes after cardiac surgery.
Methods: A quantitative systematic review of the literature. Databases, including PubMed, CINAHL,
EMBASE, and CENTRAL, were searched for relevant studies from database inception through August
2014. Randomized and quasi-experimental studies were included.
Results: A meta-analysis of ten studies demonstrated that glycemic control with a continuous insulin
infusion to achieve blood glucose levels � 200 mg/dL significantly reduced surgical site infection rates
(odds ratio 0.35, 95% confidence interval 0.25-0.49; Z ¼ 6.0, P < 0.00001) compared with standard
diabetes management.
Conclusions: Maintaining blood glucose levels � 200 mg/dL with a continuous insulin infusion in all
stages of the perioperative period in cardiac surgery patients with diabetes can reduce the incidence of
surgical site infections.

� 2015 Elsevier Inc. All rights reserved.
Introduction

As of 2012, 29.1 million people, representing 9.3% of the United
States’ (US) population, have been diagnosedwith diabetesmellitus
(DM).1 Patients with DM have a 2- to 4- fold greater risk for
developing coronary heart disease (CHD) compared to patients
without DM and suffer more multi-vessel CHD that leads to inva-
sive revascularization procedures including coronary artery bypass
surgery (CABG).2

Of the approximately 397,000 CABG procedures performed in
the US,3 as many as 31% of patients develop hospital acquired
inical Endocrinologists; ADA,
dex; CABG, coronary artery
dence interval; DM, diabetes
anna Briggs Institute Meta-
ment; NA, not applicable; N,
R, relative risk; SCIP, surgical
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infections within 30 days of the operation.4 DM, obesity, high
preoperative serum glucose levels (>200 mg/dL), and female
gender are among the risk factors for surgical site infections
following CABG surgery.5 Serum glucose levels > 200 mg/dL in the
immediate (<48 h) postoperative period contribute to increased
risk of surgical site infections.6,7 Poor glycemic control prior to
surgery contributes to poor control after hospital discharge and
increases the incidence of complications such as poor wound
healing and higher rates of surgical site infections, and ultimately
readmission to the hospital and increased mortality.8

Increased hospital readmissions can be used as indicators of
poor quality care and are major concerns for health care organi-
zations due to substantial incurred losses in revenue.9,10 A read-
mission can be the result of incomplete treatment, poor care of the
underlying problem, poor discharge coordination of services,
incomplete discharge planning, and/or inadequate access to
care.11,12 Hannan et al13 showed a 16.5% all-cause readmission rate
within 30 days of CABG surgery and Li et al14 showed a 13.2%
readmission rate. The authors of both studies identified post-
operative infection as the most common reason for readmission.
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To address the problem of poor glycemic control in acutely ill
patients with diabetes, the American Association of Clinical Endo-
crinologists (AACE) and the American Diabetes Association (ADA)
recommend intravenous insulin infusions for achieving and
maintaining tight glycemic control in critically ill patients who have
DM.15 The recommendation is to initiate the insulin infusion at a
blood glucose threshold no greater than 180 mg/dL for the treat-
ment of persistent hyperglycemia in critically ill inpatients with a
target blood glucose of 140e180 mg/dL for the majority of these
patients.15,16 The 2015 ADA practice guidelines16 suggest that a
target of 110e140 mg/dL may be appropriate for select critically ill
patients when there is no increased risk of hypoglycemia and rec-
ommended the use of subcutaneous insulin with basal and
corrective doses in non-critically ill patients, with the goal of a pre-
prandial glucose of <140 mg/dL. However, there are no uniform
guidelines defining a desired target range for optimal postoperative
blood glucose. The Surgical Care Improvement Project (SCIP), which
was developed in 2003 as a national quality partnership of orga-
nizations committed to improving the safety of surgical care
through the reduction of postoperative complications, developed a
core measure to maintain blood glucose at a level � 180 mg/dL
during the perioperative and postoperative period based on evi-
dence of decreased surgical site infections with this target.17,18 The
Society of Thoracic Surgeons also recommends a target of �180
mg/dL in the immediate postoperative period.19 In contrast, the
Portland Diabetic Project20 evaluated the effects of the Portland
Protocol, a now widely used intravenous insulin protocol to
maintain blood glucose < 150 mg/dL, in a randomized controlled
trial (RCT) of 5510 cardiac surgery patients with DM. It was
demonstrated that the use of this protocol was safe and led to a 77%
reduction in surgical site infections.20

Despite the current recommendations, the most recent sys-
tematic review of the effects of tight glycemic control in the post-
operative period after surgical procedures was published in 200921

and included five RCTs involving 773 adult patients with DM who
underwent a variety of surgical procedures. The authors concluded
that there was insufficient evidence to support the use of tight
glycemic control with continuous insulin infusions to reduce sur-
gical site infections.

Due to the absence of consistent evidence of the effects of tight
glycemic control during the postoperative period after cardiac
surgery, the purpose of this systematic review was to identify and
synthesize the best available evidence on the effectiveness of tight
glycemic control interventions using a continuous insulin infusion
to achieve blood glucose levels �200 mg/dL on decreasing surgical
site infections and readmission rates in adult patients with DM
undergoing cardiac surgery.

Methods

We considered studies on the effectiveness of tight glycemic
control interventions in which a continuous insulin infusion was
used to control blood glucose to levels�200 mg/dL, for inclusion in
this review. The goal of tight glycemic control in the adult patient
with DM after cardiac surgery is to obtain a steady serum glucose
level to reduce the risk of postoperative complications such as
surgical site infections. While current guidelines recommend a
target glucose of �180 mg/dL,16,18,19 some of the studies these
guidelines were based on include target ranges up to 200 mg/dL;
therefore, a serum glucose target of �200 mg/dL was chosen for
this review to capture all studies evaluating tight glycemic control
interventions.

We considered studies that compared tight glycemic control
interventions with continuous insulin infusions to standard care.
Standard care included the administration of bolus dose insulin
subcutaneously on a sliding scale regimen for elevated glucose
levels or the administration of diabetes medications in oral form to
control serum glucose levels.

Studies included the following outcome measures:

� Surgical site infections within one year after cardiac surgery.
For this review a surgical site infectionwas defined as purulent
drainage from the deep incision; an organism isolated from an
aseptically obtained wound culture; wound dehiscence; the
need for surgical wound revision; or the presence of fever
(>38 �C), localized pain or tenderness, an abscess, or any other
observable evidence of infection on direct examination, reop-
eration, histopathology, or radiologic examination.4,22

� All cause readmission rates to the same hospital, a different
hospital, or another acute care facility within one-year post
discharge from the index admission in which the patient
underwent cardiac surgery.

Search strategy

To find both published and unpublished studies, we conducted a
comprehensive search of the literature in three steps: 1) We con-
ducted an initial limited search of PubMed and CINAHL using the
following initial key words: diabetes, glycemic control, cardiac
surgery, insulin, and surgical wound infection. To develop a
comprehensive list of key words, we analyzed the text words con-
tained in the title and abstract and the index terms used to describe
an article. 2) We conducted a second search across all included da-
tabases using all identified keywords and index terms. The data-
bases searched included: PubMed, CINAHL, EMBASE, Cochrane
Central Register of Controlled Trials (CENTRAL), Health Source:
Nursing/Academic Edition, and Scopus. The search for unpublished
studies included: New York Academy of Medicine, ProQuest
Dissertation & Thesis, Google Scholar, Virginia Henderson Interna-
tional Library, and the European Society of Cardiology. 3) We
searched the reference lists of all identified articles for additional
studies. We considered studies published in the English language
from the inception of each database through August 2014 for in-
clusion in this review. Fig. 1 details the PubMed search strategy.

Study selection

The comprehensive search of the literature yielded 1755
potentially relevant articles. We removed 14 duplicate records and
excluded 1701 additional articles after review of the titles and key
words. We retrieved 40 full text articles for further review, because
additional information beyond the abstract was needed to deter-
mine if the article met the inclusion criteria for this review. After
reviewing the full text papers for eligibility, we excluded 27 studies
that did not meet the inclusion criteria. We identified 13 articles for
inclusion in this systematic review. Fig. 2 outlines the stages of the
process for identifying relevant studies for inclusion in this sys-
tematic review.

Assessment of methodological quality

Two authors independently assessed each quantitative paper
selected for retrieval for methodological quality prior to inclusion
in the review. We used standardized critical appraisal instruments
from the Joanna Briggs Institute Meta-Analysis of Statistics
Assessment and Review Instrument (JBI-MAStARI).23

Data extraction

Two authors independently extracted data from the inclu-
ded studies using the standardized data collection tool from



Fig. 1. PubMed search strategy.
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JBI-MAStARI.23 The data extracted included specific details about
the population, intervention, study methods, and outcomes of
significance to the review question and specific objectives. Any
discrepancy between the authors in the assessment or data
extraction process was resolved through discussion.

Data synthesis

Quantitative data were, when possible, pooled in statistical
meta-analysis using the Cochrane Collaboration’s Review Manager
5 software.24 Effect sizes expressed as odds ratios (OR) and their
95% confidence intervals (CI) were calculated using a random
effects model for analysis. We used the standard Chi2 and the I2 to
assess for statistical heterogeneity; in addition, subgroup analyses
based on the different study designs included in this review were
explored. Where statistical pooling was not possible, the findings
were presented in narrative form.

Results

Thirteen articles describing 11 studies, four RCTs and seven
cohort studies, were included in this review. Three articles7,25,26

detailed the results from a 17-year prospective cohort study at
different time points (1993, 1997, and 2003). All studies



Fig. 2. Flow diagram illustrating the process of identifying articles for inclusion.

L. Boreland et al. / Heart & Lung xxx (2015) 1e114
investigated tight glycemic control using a continuous insulin
infusion on reducing surgical site infections in the adult patient
with DM undergoing cardiac surgery. Ten of these studies7,27e35

included a control group that received standard care. Eight
studies7,27e33 described standard care as the use of subcutaneous
insulin dosed by sliding scale; two studies34,35 did not provide
details on the standard care received in the control group. One
cohort study36 used a single arm without a control group. Table 1
displays the characteristics and results of the included RCTs and
Table 2 displays the characteristics and results of the cohort studies.

The studies included samples that ranged from 24 to 4864
patients. The populations were 62e80%menwith an average age of
57e67.4 years and a mean body mass index ranging from 25.2 to
30.2 kg/m2. Seven of the included studies were conducted in the
US,7,29e31,33,34,36 one in Saudi Arabia,28 one in Jordan,32 one in
Israel,35 and one in Brazil.27 Seven of the included studies7,30e34,36

defined the surgical site infection as a sternal wound infection
within one-year post cardiac surgery. One study28 reported the
outcome of wound infections without specifying the site. Three
studies27,29,35 reported postoperative infection outcomes that
included surgical site infection data in combination with other
sources of infection, such as pneumonia and urinary tract in-
fections. While this was not the outcome identified at the outset of
this review, we decided to include these studies to get a more
complete understanding of the effects of tight glycemic control
interventions on postoperative infections. Only two of the included
studies27,35 evaluated the effects of tight glycemic control in-
terventions on readmission rates.
Quality assessment

The results of the quality assessment of the four included RCTs
are presented in Table 3. de Barcellos et al27 used building block
allocation time stratified by sex for participant randomization. The
authors clearly identified the blinding of participants, allocators
and those assessing outcomes. The authors of the other three
RCTs28e30 did not report the method of participant randomization.
Methods for blinding were unclear or not mentioned in two
RCTs28,29 and blinding was not used in one RCT.30 We agreed to
include these studies because the other aspects of quality were
satisfied.

The results of the quality assessment for the seven cohort
studies are presented in Table 4. The authors of all of the included
cohort studies used objective criteria for assessing outcomes. We
were unable to determine if the samples used in these single
center cohort studies were representative of the population as a
whole as they were all convenience samples of mostly male
patients with limited information provided regarding racial/ethnic
characteristics and other comorbid conditions. Samples included
patients with DM not on medication, on oral medication, or on
insulin at the time of admission, indicating that the patients were
at different points in the disease course; the authors of two
studies33,35 did not provide data related to this factor. Follow up
occurred for one year in four studies7,32,33,35; the authors of the
other three studies31,34,36 did not include the length of follow up
used. The authors of two studies34,36 provided minimal details on
the statistical analysis used. Given the limited number of studies
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identified for inclusion, the limitations in quality assessment due
to inadequate reporting of study methods, and the fact that bias is
inherent in any cohort study, we decided not to exclude studies
based on quality. While bias may exist, the outcomes of the
included studies add to the discussion on the effectiveness of tight
glycemic control on reducing surgical site infections in patients
with DM undergoing cardiac surgery.

Tight glycemic control to reduce surgical site infections

Four RCTs and seven cohort studies that reported on the
outcome of surgical site infections rates were combined in the
meta-analysis. One cohort study36 was not included in the analysis
but is presented in narrative form due to the absence of a control
group and reporting of dichotomous outcome data. As it was not
possible to extrapolate results on surgical site infections alone from
all studies, the meta-analysis reported on postoperative infections,
which include surgical site infections.

Six postoperative infections were reported in the four combined
RCT intervention groups (n¼ 215), inwhich all received continuous
insulin infusions to maintain blood glucose levels � 200 mg/dL.
Twenty-six postoperative infections were reported in the com-
bined RCT control groups (n ¼ 163), in which all received subcu-
taneous insulin as needed. The meta-analysis (Fig. 3) of the four
RCTs that compared tight glycemic control interventions using
continuous insulin infusions with subcutaneous insulin by sliding
scale showed an overall OR of 0.13 (95% CI 0.02e0.82; Z ¼ 2.17,
p ¼ 0.03).

While clinical heterogeneity was present in the intervention
protocols, there was no statistical heterogeneity as indicated by
Chi2 (7.28, df ¼ 3, p ¼ 0.06) but a moderately high level of het-
erogeneity as indicated by I2 (59%). Three of the studies27e29

demonstrated a statistically significant reduction in post-
operative infections. The study by Li et al30 was the only study in
which the results trended toward the subcutaneous insulin by
sliding scale group over the continuous insulin infusion group, but
these results were not statistically significant (OR 1.25, 95% CI
0.20e7.85). In this study,30 there were two sternal wound in-
fections in both the intervention and control groups (3.9% versus
4.8% respectively; p ¼ 0.587) and one (2%) leg wound infection in
the intervention group compared to none in the control group
(p ¼ 0.548).

There were 59 postoperative infections in the combined cohort
intervention groups (n ¼ 5994), who received continuous insulin
infusions tomaintain blood glucose levels� 200mg/dL. Therewere
111 postoperative infections in the combined cohort control groups
(n ¼ 3369) (Fig. 3). The control group participants in four of the
cohort studies7,31e33 received subcutaneous insulin as needed, but
the authors of two studies34,35 did not provided details related to
the control group. The results of all of the cohort studies7,31e35

included in this meta-analysis favored the continuous insulin
infusion group with an overall OR of 0.37 (95% CI 0.27e0.52;
Z¼ 5.71, p< 0.00001). While therewas clinical heterogeneity in the
intervention protocols used, there was no significant statistical
heterogeneity (Chi2 ¼ 0.61, df ¼ 5, p ¼ 0.99; I2 ¼ 0%).

In the combined RCT and cohort study subgroups, there were 65
postoperative infections in the intervention (continuous insulin
infusion) group (n ¼ 6209) and 137 postoperative infections in the
control (subcutaneous insulin/usual care) group (n ¼ 3532) (Fig. 3).
Continuous insulin infusions to maintain a blood glucose of
�200 mg/dL demonstrated a statistically significant reduction in
overall postoperative infection rates (OR 0.35, 95% CI 0.25e0.49;
Z ¼ 6.0, p < 0.00001). There was no statistical heterogeneity in the
combined meta-analysis of both subgroups (Chi2 ¼ 9.49, df ¼ 9,
p ¼ 0.39; I2 ¼ 5%).



Table 2
Description of cohort studies.

Author, year Setting/inclusion
period

Patient population Intervention Control Results

Abelev et al, 201131 New York, NY USA.
January 1999e

January 2008

517 patients with DM who
underwent CABG.

Mean age: 65.6 years
Men: 67.7%
Mean BMI: 28.5 kg/m2

(n ¼ 285)
Continuous insulin infusion started postoperatively

and continued for a minimum of 24 h.
Target glucose 90e150 mg/dL.

(n ¼ 232)
Subcutaneous insulin per sliding scale.
Target glucose <150 mg/dL.
If glucose >150 mg/dL within the first

4 postoperative hours, continuous
insulin infusion was started and
continued for a minimum of 3 days.

There were 2 (0.7%) surgical site
infections in the intervention
compared to 3 (1%) in the
control group (p ¼ 0.66).

Carr et al, 200536 Boston, MA, USA.
November 2002e

August 2004

737 patients (314 with known
DM) who underwent CABG.

Mean age: 67.4 years
Men: 79.3%

(n ¼ 737)
Continuous insulin infusion started intraoperatively

for glucose > 125 mg/dL.
Trigger for continuous insulin infusion initiation in

the ICU was decreased in 3 phases. Phase 1 trigger
was glucose >150 mg/dL, phase 2 > 125 mg/dL,
and phase 3 > 110 mg/dL.

Target glucose <130 mg/dL.

No control group. Annual postoperative surgical site
infection rate per 100 cardiac
surgeries fell from 1.6% prior to
the use of the protocol to zero in
phase 3 of the protocol (p ¼ 0.003).

Harahsheh et al, 201232 Amman, Jordan.
(Inclusion period not

identified by study
authors)

265 patients with DM who
underwent CABG.

Mean age: 59.1 years
Men: 71.7%

(n ¼ 120)
Continuous insulin infusion started intraoperatively

and continued until discharge from the ICU.
Target glucose 120e150 mg/dL.

(n ¼ 145)
Subcutaneous insulin per sliding scale.
Target glucose not specified.

There were no deep surgical site
infections in the intervention group
compared to 2 (1.3%) in the control
group. There were 4 (3.3%)
superficial surgical site infections
in the intervention group compared
with 9 (6.2%) in the control group
(p < 0.05).

Hruska et al, 200533 Cincinnati, OH, USA.
January 1997e

December 1998

246 patients with DM who
underwent CABG.

Mean age: 64 years
Men: 65%

(n ¼ 102)
Continuous insulin infusion started intraoperatively

and continuing for 48 h postoperatively.
Target glucose 120e160 mg/dL.

(n ¼ 144)
Subcutaneous insulin per sliding scale.
Target glucose not specified.

In patients with a history of DM,
there were 2 surgical site infections
in the intervention group compared
with 11 in the control group. There
was a significant decreased in
surgical site infection in patients
with DM compared to those
without DM (p ¼ 0.0092).

Kramer et al, 201034 Portland, ME, USA.
January, 2004e

December, 2006

3065 patients who underwent
cardiac surgery. (The number
of patients with DM was not
identified by study author.)

(n ¼ 1388)
Continuous insulin infusion started intraoperatively

and continued until the morning of postoperative
day 3.

Target glucose 80e120 mg/dL.

(n ¼ 1677)
Usual care, which was not defined by

the study authors.

Postoperative surgical site infections
were lower in the intervention
group compared to the control
group (1% versus 2.6%, p < 0.001).

Leibowitz et al, 201035 Jerusalem, Israel.
January 2008e

June 2009.

406 patients with DM or
random glucose >150 mg/dL
who underwent cardiac
surgery.

Mean age: 63.7 years
Male: 63.8%
Mean BMI: 27.8 kg/m2

(n ¼ 203; patients with DM, n ¼ 72)
Continuous insulin infusion started postoperative

and continued until taking food by mouth or
discharge from the ICU.

Target glucose 110e150 mg/dL.

(n ¼ 203 patients with DM, n ¼ 79)
Usual care, which was not defined by

the study authors.

There was a lower incidence of any
infection in the intervention group
compared with the control group
(10 [5%] versus 23 [11%], p ¼ 0.018).
This difference remained significant
in patients with a history of DM
(5 [7%] versus 16 [20%], respectively;
p ¼ 0.018).

In the total population there was no
difference in 30 day readmission
rates (intervention 31 [15%], control
36 [18%]; p ¼ 0.5). In patients with
a history of DM, the intervention was
associated with a trend toward a
lower 30 day readmission rate when
compared to the control (9 [12%]
versus 19 [24%], respectively;
p ¼ 0.052).
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One cohort study36 was not included in the meta-analysis due to
changes in many factors throughout the study period (changes in
antibiotic prophylaxis, surgeon, operating room draping, and the
trigger for initiation of intravenous insulin). The study authors did
not provide the number of surgical site infections, but reported the
infection rates during each phase of the study. The annual surgical
site infection rates per 100 cardiac surgeries fell from 1.6% prior to
the use of the continuous insulin infusion protocol to zero in phase
3 of the protocol (p ¼ 0.003). However, given the many changes in
clinical care, it is difficult to evaluate this outcome.

We used a funnel plot to explore the potential for publication
bias (Fig. 4). The treatment effect estimates for the included studies
are plotted on the horizontal axis against the standard error (SE) of
the estimates on the vertical axis. The symmetry of the individual
effect estimates around the overall treatment effect indicates that
there may be minimal publication bias in the included studies.

Tight glycemic control to reduce readmissions

Only two of the included studies27,35 included readmissions as
outcome measures. There was one readmission in the subcutane-
ous insulin group compared to none in the continuous insulin
infusion group during a 30 day follow up in an RCT.27 The contin-
uous insulin infusion intervention did not lead to statistically sig-
nificant differences in 30 day readmission rates between groups
(intervention 31 [15%], control 36 [18%]; p¼ 0.5) in a cohort study.35

In this study,35 the continuous insulin infusion intervention was
associated with a trend toward a lower 30 day readmission rate in
the subgroup of patients with a history of DM when compared to
the control (9 [12%] versus 19 [24%] respectively; p ¼ 0.052).

Discussion

We identified four RCTs and seven cohort studies that evaluated
the effects of tight glycemic control with continuous insulin
infusions to maintain blood glucose �200 mg/dL on the rates of
surgical site infections among patients with DM during the early
postoperative period after cardiac surgery. A meta-analysis of 10 of
these studies provides evidence that this intervention significantly
reduced surgical site infection rates compared with standard DM
management. Only one study30 failed to show a reduction in sur-
gical site infections. This may have been due to the small sample
size in the study, the inability of one third of the intervention group
to achieve the target glucose levels, or the early discontinuation of
the insulin infusion after the patient began oral feedings when less
control over oral intake occurred.

The results of the included studies suggest that the beneficial
effects of continuous insulin infusion on surgical site infection may
vary depending on the phase of the perioperative period in which
the insulin infusion was initiated, the duration of the infusion, or
the target glucose levels. The three studies27e29 that demonstrated
the most benefit included protocols in which the insulin infusion
was started prior to surgery. In one study28 the insulin infusionwas
started the evening prior to surgery and continued for three days
postoperatively. In two studies27,29 the insulin infusionwere started
prior to the induction of anesthesia and continued for 12 hours
postoperatively. All three of these interventions had small sample
sizes (�150 patients) but were able to demonstrate statistically
significant reductions in surgical site infections. The intervention
detailed across the articles by Zerr et al25 and Furnary et al7,26 also
used a protocol in which the insulin infusion was started prior to
anesthesia and continued until postoperative day three and was
able to demonstrate a statistically significant reduction in surgical
site infections within one year in a large sample of patient
(n ¼ 4864). Furnary et al7 noted that the patients who had glucose



Table 4
Critical appraisals of cohort studies.

Study Sample is
representative
of patients in the
population as a
whole.

The patients are
at a similar point
in the course of
their condition.

Bias has een
minimiz d in
relation
selectio of cases
and con ols.

Confounding factors
were identified and
strategies to deal
with them were
stated.

Outcomes were
assessed using
objective criteria.

Follow up was
carried out over
a sufficient
time period.

Outcomes of people
who withdrew were
described and included
in the analysis.

Outcomes were
measured in a
reliable way.

Appropriate
statistical analysis
was used.

Abelev et al, 201131 U N N/A N Y U N Y Y
Carr et al, 200536 U N N/A N Y U Y Y U
Harahsheh, 201232 U N N/A Y Y Y Y Y Y
Hruska et al, 200533 U U N/A Y Y Y Y Y Y
Kramer et al, 200834 U N N/A N Y U N Y U
Leibowitz et al, 201035 U U N/A Y Y Y N Y Y
Zerr et al, 199725; Furnary
et al, 1999,26 20047

U N N/A Y Y Y Y Y Y

% Yes 0 0 N/A 57.1 100 57.1 57.1 100 71.4

Y, Yes; N, No; U, Unclear; N/A, Not applicable.

Table 3
Critical appraisal of randomized control trials.

Study Assignment
to treatment
groups was
truly random.

Participants
were blinded
to treatment
allocation.

Allocation to
groups was
concealed
from allocator.

Outcomes of people
who withdraw
were described
and included in
the analysis.

Those assessing
outcomes were
blinded to the
treatment
allocation.

Groups were
comparable
at entry.

Groups were treated
identically other
than for the named
intervention.

Outcomes were
measured in the
same way for
all groups.

Outcomes were
measured in a
reliable way.

Appropriate
statistical
analysis
was used.

de Barcellos et al, 200727 Y Y Y Y Y Y Y Y Y Y
Emam et al, 201028 U U U Y U Y Y Y Y Y
Lazar et al, 200429 U U U U U Y Y Y Y Y
Li et al, 200630 U N N Y N Y Y Y Y Y
% 25.0 25.0 25.0 75.0 25.0 100 100 100 100 100

Y, Yes; N, No; U, Unclear.
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Fig. 3. Effects of tight glycemic control with a continuous insulin infusion compared with subcutaneous insulin on postoperative infections in patients with DM undergoing cardiac
surgery.
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levels >150 mg/dL on postoperative day two had the highest risk
for deep sternal wound infections. Emam et al28 confirmed the
importance of maintaining adequate glucose control during the
first 48 postoperative hours to reduce the risk of surgical site
infections.

The studies included in this systematic review highlight the
importance of postoperative glucose control to reduce the inci-
dence of postoperative infections. Preoperative glucose control has
also been linked to worse postoperative outcomes.19 However,
none of the studies evaluated the effects of the degree of preop-
erative glycemic control and the use of a continuous insulin infu-
sion postoperatively on surgical site infections or readmissions.
Emam et al28 started continuous insulin infusions on all patients
the evening prior to surgery but those with preoperative
glucose >150 mg/dL were started even earlier in the preoperative
period (specific time point not indicated by study authors).
Although there were no surgical site infections in patients receiving
the infusions, it is not known whether the earlier insulin infusion
start time influenced these results. Halkos et al37 demonstrated
that a preoperative hemoglobin A1c level �8.6% was associated
with an increase in surgical site infections and mortality. However,
tight glycemic control was not routinely achieved postoperatively.
Lazar et al38 demonstrated that when glucose was maintained
<180 mg/dL in the postoperative period, preoperative hemoglobin
Fig. 4. Funnel plot of tight glycemic control interventions.
A1c levels were not predictive of 30 day morbidity and mortality.
Therefore, further research is needed to determine the effects of
preoperative control on postoperative outcomes.

Targeting a lower glucose range does not necessarily improve
outcomes. Studies comparing intensive glycemic control (target
blood glucose < 120 mg/dL) in critically ill patients to a control
group whose target was <180 mg/dL were effective in achieving
treatment outcomes; however, the lower targets carried a greater
risk for hypoglycemia and subsequent higher mortality.36,39,40

Lazar et al38 found that aggressive glycemic control in patients
with DM undergoing CABG surgery with a target blood glucose of
90e120 mg/dL resulted in more episodes of hypoglycemia without
any improvement in other clinical outcomes when compared with
a target glucose of 120e180 mg/dL. The ability to frequently
monitor blood glucose measurements during the first 48 h of the
postoperative period is crucial to safe achievement of lower blood
glucose targets.36

Two studies27,35 showed lower readmission rates after cardiac
surgery when continuous insulin infusions were instituted to target
postoperative blood glucose �200 mg/dL. However, we cannot
conclude that this reduction in readmissions was the direct results
of the tight glycemic control intervention or other factors related to
postoperative patient care. Therefore, further studies are needed to
address this outcome.
Limitations

Limitations of this review included limiting the search to articles
published in English. Although international studies were included,
it is unknown if there are additional studies in other languages that
could have added to the evidence base. The most recent study
identified was published in 2012 and the most recent RCT was
published in 2007; however, questions remain as to the most effect
target glucose range and insulin infusion protocol to achieve
optimal postoperative outcomes. Many of the included studies
were conducted on small samples and in single centers that may
limit the generalizability or statistical power of the findings. The
samples included mostly middle-aged men, consistent with
demographic characteristics of the typical patient undergoing
CABG surgery, but may overlook women and aged individuals who
may undergo CABG.

The clinical heterogeneity that is present in the protocols used
in the included studies could suggest that the effect sizes may vary
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according to different aspects of the protocol such as when in the
perioperative period the insulin infusion was started, the duration
of the infusion, and the target glucose level used. While this clinical
heterogeneity may weaken the results of the meta-analysis, we
believe the findings from this systematic review provide useful
information for stakeholders concerned with reducing surgical site
infection rates in patients with DM undergoing cardiac surgery.

The findings of this review suggest the benefit of maintaining
blood glucose levels�200mg/dLwith continuous insulin infusions.
The authors of many of the studies highlighted the need to arrive at
a generally accepted range; however, the variations among study
protocols make it difficult to recommend one target range or
infusion protocol. Beyond the evidence to support maintaining
blood glucose to a level �200 mg/dL, a target range for optimal
control of blood glucose that balances the need for normoglycemia
versus the risk of hypoglycemia, an optimal level remains to be
defined.
Implications for practice

Continuous insulin infusion protocols to achieve postoperative
glucose levels �200 mg/dL in patients undergoing cardiac surgery
should be implemented into practice. There may be a need for a
learning period as clinicians gains confidence in the safety of
achieving lower target glucose levels to prevent adverse outcomes.
Hyperglycemia can be a greater risk for negative outcomes,
including increased mortality and longer ICU lengths of stay, than
mild hypoglycemic episodes.41 Careful monitoring and follow up of
blood glucose must occur to prevent moderate to severe hypogly-
cemia (blood glucose 70e41 mg/dL or � 40 mg/dL, respectively)
with the use of continuous insulin infusion protocols as these levels
have also been associated with increased length of stay and mor-
tality in critically ill patients.39,41,42 Failure to properly implement
an established protocol leaves the patient with DM who undergoes
cardiac surgery at high risk for poor outcomes.
Implications for research

The evidence presented in this systematic review underscores
the need for continued research to identify an ideal target glucose
range and clinical protocol for optimal control of blood glucose to
reduce surgical site infections and readmission rates in patients
with DM undergoing cardiac surgery. The Society of Thoracic Sur-
geons is expected to update their perioperative glycemic control
guidelines in the near future; however, there have been no addi-
tional RCTs published since their last guideline19 was developed in
2009 to inform future recommendations in this area. While the
benefits of maintaining postoperative glucose �200 mg/dL are
clearly supported by this review an optimal range has not been
determined; some studies have demonstrated worse outcomes
with even tighter glucose targets (<120 mg/dL).36,39,40 In addition,
the Portland Protocol20 is one of the most widely adapted post-
operative glycemic control protocols. While the benefits have been
documented in a large prospective cohort study,7,25,26 this study
was conducted in a single center limiting the generalizability of the
findings. Future research should include well designed, large,
multicenter RCTs on diverse patient populations to determine an
ideal range for control of blood glucose as well as the optimal
protocol including timing for starting the insulin infusion, fre-
quency of glucose checks, dose adjustments, and the duration of
infusion to reduce postoperative complications. Additional
research is needed to identify methods for maintaining optimal
blood glucose control after discontinuation of the continuous
insulin infusion in patients with DM undergoing cardiac surgery.
Conclusion

Maintaining blood glucose levels �200 mg/dL with continuous
insulin infusions in patients with DM who undergo cardiac surgery
reduces the incidence of surgical site infections. While there is
great variability in the management of tight glycemic control pro-
tocols, the use of continuous insulin infusions during all phases of
the perioperative period were superior to subcutaneous insulin
injections in controlling blood glucose levels.
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