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ABSTRACT

Background

People with diabetes mellitus are at increased risk of postoperative complications. Data from randomised clinical trials and meta-analyses
point to a potential benefit of intensive glycaemic control, targeting near-normal blood glucose, in people with hyperglycaemia (with and
without diabetes mellitus) being submitted for surgical procedures. However, there is limited evidence concerning this question in people
with diabetes mellitus undergoing surgery.

Objectives

To assess the effects of perioperative glycaemic control for people with diabetes undergoing surgery.

Search methods

For this update, we searched the databases CENTRAL, MEDLINE, LILACS, WHO ICTRP and ClinicalTrials.gov. The date of last search for all
databases was 25 July 2022. We applied no language restrictions.

Selection criteria

We included randomised controlled clinical trials (RCTs) that prespecified different targets of perioperative glycaemic control for
participants with diabetes (intensive versus conventional or standard care).

Data collection and analysis

Two authors independently extracted data and assessed the risk of bias. Our primary outcomes were all-cause mortality, hypoglycaemic
events and infectious complications. Secondary outcomes were cardiovascular events, renal failure, length of hospital and intensive care

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 1
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


mailto:didacmauricio@gmail.com
https://doi.org/10.1002%2F14651858.CD007315.pub3

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

unit (ICU) stay, health-related quality of life, socioeconomic effects, weight gain and mean blood glucose during the intervention. We
summarised studies using meta-analysis with a random-effects model and calculated therisk ratio (RR) for dichotomous outcomes and the
mean difference (MD) for continuous outcomes, using a 95% confidence interval (Cl), or summarised outcomes with descriptive methods.
We used the GRADE approach to evaluate the certainty of the evidence (CoE).

Main results

Atotal of eight additional studies were added to the 12 included studies in the previous review leading to 20 RCTs included in this update.
Atotal of 2670 participants were randomised, of which 1320 were allocated to the intensive treatment group and 1350 to the comparison
group. The duration of the intervention varied from during surgery to five days postoperative. No included trial had an overall low risk
of bias.

Intensive glycaemic control resulted in little or no difference in all-cause mortality compared to conventional glycaemic control (130/1263
(10.3%) and 117/1288 (9.1%) events, RR 1.08, 95% CI 0.88 to 1.33; 12 = 0%; 2551 participants, 18 studies; high CoE).

Hypoglycaemic events, both severe and non-severe, were mainly experienced in the intensive glycaemic control group. Intensive glycaemic
control may slightly increase hypoglycaemic events compared to conventional glycaemic control (141/1184 (11.9%) and 41/1226 (3.3%)
events, RR 3.36, 95% Cl 1.69 to 6.67; 12 = 64%; 2410 participants, 17 studies; low CoE), as well as those considered severe events (37/927
(4.0%) and 6/969 (0.6%), RR 4.73, 95% Cl 2.12 to 10.55; 12 = 0%; 1896 participants, 11 studies; low CoE).

Intensive glycaemic control, compared to conventional glycaemic control, may result in little to no difference in the rate of infectious
complications (160/1228 (13.0%) versus 224/1225 (18.2%) events, RR 0.75, 95% Cl 0.55 to 1.04; P = 0.09; |2 = 55%); 2453 participants, 18
studies; low CoE).

Analysis of the predefined secondary outcomes revealed that intensive glycaemic control may resultin a decrease in cardiovascular events
compared to conventional glycaemic control (107/955 (11.2%) versus 125/978 (12.7%) events, RR 0.73, 95% Cl 0.55 to 0.97; P = 0.03; 12 =
44%; 1454 participants, 12 studies; low CoE). Further, intensive glycaemic control resulted in little or no difference in renal failure events
compared to conventional glycaemic control (137/1029 (13.3%) and 158/1057 (14.9%), RR 0.92, 95% CI 0.69 to 1.22; P = 0.56; |12 = 38%); 2086
participants, 14 studies; low CoE).

We found little to no difference between intensive glycaemic control and conventional glycaemic control in length of ICU stay (MD -0.10
days, 95% CI -0.57 to 0.38; P = 0.69; 12 = 69%); 1687 participants, 11 studies; low CoE), and length of hospital stay (MD -0.79 days, 95% ClI
-1.79 to 0.21; P = 0.12; 12 = 77%; 1520 participants, 12 studies; very low CoE). Due to the differences within included studies, we did not
pool data for the reduction of mean blood glucose. Intensive glycaemic control resulted in a mean lowering of blood glucose, ranging from
13.42 mg/dL to 91.30 mg/dL. One trial assessed health-related quality of life in 12/37 participants in the intensive glycaemic control group,
and 13/44 participants in the conventional glycaemic control group; no important difference was shown in the measured physical health
composite score of the short-form 12-item health survey (SF-12). One substudy reported a cost analysis of the population of an included
study showing a higher total hospital cost in the conventional glycaemic control group, USD 42,052 (32,858 to 56,421) compared to the
intensive glycaemic control group, USD 40,884 (31.216 to 49,992). It is important to point out that there is relevant heterogeneity between
studies for several outcomes.

We identified two ongoing trials. The results of these studies could add new information in future updates on this topic.

Authors' conclusions

High-certainty evidence indicates that perioperative intensive glycaemic control in people with diabetes undergoing surgery does not
reduce all-cause mortality compared to conventional glycaemic control. There is low-certainty evidence that intensive glycaemic control
may reduce the risk of cardiovascular events, but cause little to no difference to the risk of infectious complications after the intervention,
while it may increase the risk of hypoglycaemia. There are no clear differences between the groups for the other outcomes. There
are uncertainties among the intensive and conventional groups regarding the optimal glycaemic algorithm and target blood glucose
concentrations. In addition, we found poor data on health-related quality of life, socio-economic effects and weight gain. It is also relevant
to underline the heterogeneity among studies regarding clinical outcomes and methodological approaches. More studies are needed
that consider these factors and provide a higher quality of evidence, especially for outcomes such as hypoglycaemia and infectious
complications.

PLAIN LANGUAGE SUMMARY

What are the effects of intensive control of blood sugar before, during and after surgery in people with diabetes?
Key messages

- Intensive blood sugar control leads to lower levels, which may increase the risk of 'hypoglycaemia' (low blood sugar levels below what
is healthy).

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 2
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- Intensive control does not reduce mortality. Moreover, it may not reduce the risk of infections or kidney problems, or time in the hospital
or intensive care unit. However, intensive control may reduce the risk of cardiovascular problems.

- More studies are needed to understand the effect of this intervention across different types of surgeries.
What is already known?

The perioperative period is the time surrounding an individual's surgical procedure, involving ward admission, anaesthesia and recovery
after surgery, covering the preoperative (before operation), intraoperative (during operation) and postoperative (after operation) phases
of surgery. People with diabetes mellitus are at more risk of complications after surgery than the general population. Diabetes is a well-
known risk factor for complications after surgery, causing more extended hospital stays, higher healthcare resource utilisation and even
more deaths. One of the most important medical complications is the increased risk of infections in the period around a surgical procedure.
However, it is still unclear whether targeting more intensive blood glucose control (glycaemic control) during the perioperative period is
better than targeting conventional blood glucose to reduce surgical risk in people with diabetes mellitus.

What did we want to find out?

The results of the previous review were not clear on how to handle blood glucose control during surgery in people with diabetes. Therefore,
we have performed an update to obtain the most recent scientific evidence available on glucose management in people undergoing
surgery.

What did we find?

We identified eight new studies that add to the previous 12 included in the last review, so a total of 20 trials are now included in this review.
Allthe trials evaluated intensive control of blood sugar. We included 1320 participants with diabetes randomised to perioperative intensive
glucose control and 1350 participants with diabetes randomised to conventional or regular glucose control in our analyses. The trials were
conducted on all continents. The mean duration of the intervention period varied from during surgery to five days. The mean age of the
participants was 63 years.

What were the main results of our review?

Despite lower blood sugar concentrations during the perioperative period, intensive glucose control may lead to little or no reduction in
relevant postoperative outcomes such as risk of infection, kidney problems, and hospital and intensive care unit stay. Likewise, intensive
glycaemic control results in little or no difference in all-cause mortality.

Compared with conventional glucose control, intensive glucose control may reduce the risk of cardiovascular problems.
Intensive glucose control may slightly increase the risk of hypoglycaemia events, including serious ones.
What are the limitations of the evidence?

We have high confidence in the results for mortality, but our confidence is low or very low for the other results. This is because of limitations
in the studies, and imprecise and inconsistent results.

How up-to-date is the evidence?

This evidence is current to 25 July 2022

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 3
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay L £207 @ y3uAdod

(ma1nay) L198.4ns SuloSaapun sajaqelp yiim ajdoad 10j 1043u0d djwaedf)S annesadoriad

SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings: perioperative control for people with diabetes undergoing surgery

Perioperative glycaemic control for people with diabetes undergoing surgery

Patients: people with diabetes undergoing surgery

Settings: hospital

Intervention: intensive blood glucose control

Comparison: conventional blood glucose control

Outcomes Anticipated absolute effects (95% CI) Relative effect  N° of partici- Certainty of Comment
(95% ClI) pants the evidence
Risk with con- Risk with intensive (studies) (GRADE)
ventional glu- glucose control
cose control 9
All-cause mortality 91 per 1000 98 per 1000 (80to 121) RR1.08(0.88to 2551 (18) DODD The pooled relative ef-
1.33) highb.c.d fect was based on 15
(death from any cause) studies; 3 studies could
not be included as they
Follow-up: from 28 days to 1 year had zero events in both
the intervention and
control groups.
Severe hypoglycaemic episodes 6 per 1000 29 per 1000 (13 to 65) RR4.73(2.12to 1896 (11) DBOO The pooled relative ef-
10.55) lowc.e,f fect was based on 8
(number of severe hypoglycaemic studies; 3 studies could
episodes) not be included as they
had zero events in both
Follow-up: from 28 days to 1 year the intervention and
control groups.
Infectious complications 183 per 1000 137 per 1000 (101 to RRO0.75(0.55t0 2453 (18) ©ODO The pooled relative ef-
190) 1.04) lowc:g:h fect was based on 16

(infectious complication after surgery
(e.g. pneumonia, urinary tract infec-
tion))

Follow-up: from 28 days to 1 year

studies; 2 studies could
not be included as they
had zero events in both
the intervention and
control groups.
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Cardiovascular events 244 per 1000 178 per 1000 (134 to RRO0.73 (0.55t0 1454 (12) DODO The pooled relative ef-
237) 0.97) low¢h,i fect was based on 11
(incidents that may cause damage to studies; one study could
the cardiovascular system) not be included as it had
zero events in both the
Follow-up: from 28 days to 1 year intervention and control
groups.
Renal failure 149 per 1000 138 per 1000 (103 to RR0.92 (0.69to 2086 (14) ©ODO —
182) 1.22) lowS.8.i

(number of individuals with an eleva-
tion of serum creatinine greater than 2
mg/dL or requiring dialysis)
Follow-up: from 28 days to 1 year
Length of ICU stay The mean length  The mean length of — 1687 (11) DO —

of ICU stay ICU stay in the inter-
(days admitted to the ICU unit) ranged across vention groups was lowhk

control groups 0.1 days shorter (0.57
Follow-up: from 28 days to 1 year from1.2to 7.4 days shorter to 0.38

days days longer)
Length of hospital stay The mean length ~ The mean length of — 1520 (12) T Ielo) -

of hospital stay hospital stay in the
(days admitted to the hospital) ranged across intervention groups very lownk|

Follow-up: from 28 days to 1 year

control groups
from 5.0 to 19.6
days

was 0.79 days short-
er (1.79 days shorter to
0.21 days longer)

Cl: confidence interval; ICU: intensive care unit; MD: mean difference; RR: risk ratio

GRADE Working Group quality of evidence grades
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
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Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate
of effect

dMean baseline risk from the included studies.

bNot downgraded for risk of bias: studies with an unclear risk of selection bias did not have major impact on certainty. A sensitivity analysis omitting these studies showed a
similar effect estimate (RR 1.09, 95% Cl 0.88 to 1.36).

¢Optimal information sizes are estimated to assess the precision of the effect estimates according to a threshold of an anticipated 25% relative risk reduction.

dNot downgraded for imprecision: according to the control group event rate (0.1) and an anticipated 25% relative risk reduction, the optimal information size has been reached.
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eDowngraded by one level due to the impact of risk of bias: the trial informing the outcome was open for participants and personnel, and many did not provide details on blinding
of outcome assessment.

fDowngraded by one level for imprecision: optimal information size probably not met; with a 0.05 control group event rate and an anticipated 25% relative risk reduction, about
3500 participants would be required.

9Downgraded by one level for imprecision: optimal information size probably not met; with a 0.10 control group event rate and an anticipated 25% relative risk reduction, about
3000 participants would be required.

hbowngraded by one level due to risk of bias: all included studies were at an overall high risk of bias.

iDowngraded by one level for imprecision: optimal information size probably not met; with a 0.10 control group event rate and an anticipated 25% relative risk reduction, about
2000 participants would be required.

JDowngraded by one level for indirectness: heterogeneous definition of the outcome measure.

kDowngraded by one level for inconsistency: unexplained statistical heterogeneity within effect estimates from trials informing this outcome (12 = 69% for length of ICU stay, 12
=T7% for length of hospital stay) with large differences in point estimates.

IDowngraded by one level for imprecision: lower 95% Cl boundary includes the possibility of an important benefit.
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BACKGROUND

Description of the condition

Diabetes mellitus is a chronic disease that occurs when the
pancreas does not secrete enough insulin or the body does not
use insulin effectively, leading to hyperglycaemia. Different types
of diabetes mellitus have been identified according to aetiological
criteria that focus on the impact that various factors, such as
genetics, insulin resistance, environmental markers and immune
system inflammation, have on the progressive loss of the B-cell
mass and/or function. The most prevalent types of diabetes are
type 1 and type 2, which are heterogeneous in their presentation
and progression, and challenging to diagnose and treat. Treatment
depends on the typology and must be individualised. Currently,
non-pharmacological actions (diet and exercise) are combined with
oral hypoglycaemic agents (in type 2 diabetes) and/or insulin (ADA
2021).

The World Health Organization (WHO) considers diabetes mellitus
to be a silent epidemic and estimates that more than 400
million people worldwide suffer from this condition, with a higher
prevalence in low- and middle-income countries. In 2019, diabetes
was the ninth leading cause of death with an estimated 1.5
million deaths directly caused by diabetes; 48% of deaths are
premature (under the age of 70 years). Deaths due to diabetes are
associated with complications arising from the impact of chronic
hyperglycaemia at the micro- and macrovascular levels. Diabetes is
asignificant cause of blindness, kidney failure, heart attacks, stroke
and lower limb amputation (WHO 2021).

People with diabetes mellitus are particularly vulnerable to
surgical procedures due to the complex idiosyncrasy of the
perioperative period. This period ranges from ward admission
(preoperative), to anaesthesia and surgery (intraoperative), to
recovery (postoperative). During the perioperative process, it is
important to be aware of the interference of the disease in multiple
organ systems and the well-known potential complications, such
as increased length of hospital stay, higher health care resource
utilisation, and greater perioperative morbidity (particularly due to
infection) and mortality (Drayton 2022).

The increased risk of infection in the perioperative period
is thought to be due to a combination of the long-term
effects of hyperglycaemia on blood vessels (occlusion) and
neutrophil dysfunction due to immune-mediated impairment.
Hyperglycaemia also compromises phagocytosis, thus lowering the
barriers to infection. Although the perioperative period is relatively
short and many of the implications of hyperglycaemia are difficult
to reverse, there is literature suggesting that improving glycaemic
control enhances immune function and consequently reduces the
risk of infection (AHRQ 2001; Smiley 2006).

Description of the intervention

In the perioperative glycaemic management of people with
diabetes, itis common practice to suspend or administer a minimal
dose of hypoglycaemic drugs and start an intravenous infusion of
glucose at a low rate while the individual is in fasting status. This
infusion is prolonged until the person is able to start eating, at
which point the usual drug regimen is restored. Often, a sliding-
scale insulin regimen or a schedule of regular, subcutaneous
insulin dosages after capillary blood glucose measurements are

also continued through the perioperative period. However, the use
of a sliding scale may result in wide variations in serum glucose,
questioning the rationale for this method (AHRQ 2001).

The importance of measuring the relationship between glycaemic
control and the risk of complications before, during and after
surgery for people with diabetes lies in the possibility of
getting a better prediction of risk for individual people and of
improving clinical surveillance during surgery. Pomposelli 1998
studied the relationship between glycaemic perioperative control
and postoperative nosocomial infection in 100 participants with
diabetes undergoing elective surgery and found that a single blood
glucose level greater than 220 mg/dL on the first postoperative
day was a sensitive (87.5%) predictor of postoperative infection,
with 2.7 times higher infection rates and, if minor infections were
excluded, 5.7 times higher (serious) infection rates. Furnary 1999
studied the relationship in 1499 individuals undergoing coronary
artery bypass grafting and reported that a continuous insulin
infusion protocol aimed at maintaining blood glucose within 150
mg/dL to 200 mg/dL was associated with a significant reduction
in perioperative blood glucose levels, which led to a significant
reduction in the incidence of deep sternal wounds. Golden 1999
studied a cohort of 411 adults undergoing coronary artery surgery
and found that, compared with participants with postoperative
glucose levels within 121 mg/dL to 206 mg/dL, the risk of infection
(defined as at least one of the following events 36 hours after
surgery: pneumonia, urinary tract infection, wound infection or
other infections with either positive culture or associated fever)
was increased by 17% for those with blood glucose levels between
207 mg/dL and 229 mg/dL, by 78% in individuals with blood
glucose levels between 253 mg/dL and 352 mg/dL, and by 86%
for blood glucose levels between 230 mg/dL and 252 mg/dL.
Van den Berghe 2001studied whether the normalisation of blood
glucose levels with insulin therapy improved the prognosis in
a sample of 1548 critically ill participants receiving mechanical
ventilation in a surgical intensive care unit (ICU) (783 and 765
assigned to conventional and intensive treatment, respectively).
They reported that, at 12 months, intensive insulin therapy showed
a significant mortality reduction from 8.0% with conventional
treatment to 4.6%, even greater when analysing deaths due
to multiple organ failure with a proven septic focus. Intensive
insulin therapy also reduced overall in-hospital mortality by 34%,
bloodstream infections by 46%, acute renal failure requiring
dialysis or haemofiltration by 41%, the median number of red cell
transfusions by 50% and critical illness polyneuropathy by 44%.

Controlled clinical trials studying the benefits of intensive
glycaemic control versus conventional glycaemic control reported
inconsistent findings. Thus, for example, Van den Berghe
2001demonstrated significant benefits in mortality reduction
associated with intensive insulin therapy. However, Gandhi 2007
did not find significant benefits when analysing 371 adults
undergoing on-pump cardiac surgery.

Adverse effects of the intervention

The main adverse event that may be expected when introducing
an intensive insulin regimen aimed at reaching normoglycaemia
is hypoglycaemia. There is increasing evidence pointing to a
potential link between hypoglycaemia and the risk of cardio/
cerebrovascular events in people with diabetes (Gandhi 2007,
Seaquist 2013). Actually, hypoglycaemia is clearly associated with
an increased risk of cardiovascular events in people treated

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 7
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

with glucose-lowering medications that increase the risk of
hypoglycaemia (mainly insulin and sulphonylureas); this risk has
also been shown to be present in inpatients during hospitalisation
periods (International Hypoglycaemia Study Group 2019). Although
more research insight is needed to clarify the pathogenetic
pathway through which hypoglycaemia may lead to cardiovascular
disease events, several mechanisms may be involved, i.e. blood
coagulation abnormalities, sympathoadrenal response (cardiac
arrhythmia and haemodynamic changes), endothelial dysfunction
and inflammatory response (International Hypoglycaemia Study
Group 2019; Seaquist 2013).

How the intervention might work

Hyperglycaemia has been identified as an independent risk factor
for perioperative surgical complications, including death (Gandhi
2005). Hyperglycaemia is known to impact immune status, wound
healing and vascular function. It is therefore conceivable that
normalising an individual's blood glucose levels could reduce the
morbidity and mortality associated with surgical interventions.

Why it is important to do this review

Currently, the available data point to a positive effect of improved
glycaemic control on infections and other medical complications
after surgical procedures. Although our previous systematic
review demonstrated no clear differences for most outcomes
when intensive perioperative glycaemic control was compared
to conventional glycaemic control in participants with diabetes
mellitus (Buchleitner 2012), a post hoc analysis indicated that
intensive glycaemic control was associated with a higher number
of participants experiencing episodes of hypoglycaemia. Since the
publication of the previous version of our review in 2012, several
new eligible trials have been published. These events have thus
triggered an update of this review. We have attempted to identify,
appraise and synthesise all newly published research evidence
relevant to assessing the effect of intensive glycaemic control
on surgical adverse events and other outcomes, to update our
previous findings in order to inform decision-making and the
development of guidelines for the perioperative management of
people with diabetes undergoing major surgery.

OBJECTIVES

To assess the effects of perioperative glycaemic control for patients
with diabetes undergoing surgery.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled clinical trials (RCTs).

Types of participants

Participants of any age, sex or ethnicity with previously diagnosed
type 1 or 2 diabetes mellitus and submitted to perioperative
glycaemic control. We contacted the authors of trials reporting on
people with and without diabetes and asked them for separate data
on people with diabetes to include in this review.

Diagnostic criteria for diabetes mellitus

In order to be consistent with changes in the classification of,
and diagnostic criteria for, diabetes mellitus over the years, the
diagnosis should have been established using the standard criteria
valid at the time of the trial commencing (for example, ADA 2003;
ADA 2010; Alberti 1998; WHO 1999). Ideally, the diagnostic criteria
should have been described. We used the trial authors' definition
of diabetes mellitus if necessary. We planned to subject diagnostic
criteria to a sensitivity analysis.

Definition of perioperative period

We considered the perioperative period as the time elapsed
between admission, anaesthesia, surgery and recovery.

Changes in diagnostic criteria may have produced significant
variability in the clinical characteristics of the participants included
as well as in the results obtained (which have been investigated
through sensitivity analysis).

Types of interventions

We planned to investigate the following comparison of intervention
versus control/comparator.

Intervention

o Perioperative glycaemic control protocol proposed by the
trial authors that involves a more intensive control than
conventional care.

Comparison

+ Perioperative glycaemic control protocol defined as standard or
conventional care by the trial authors.

Concomitant interventions had to be identical in both the
intervention and comparator groups to establish fair comparisons.
If a trial included multiple arms, we included any arm that met the
inclusion criteria for this review.

Minimum duration of intervention

The minimal clinically meaningful duration of the intervention
ranged from just the duration of the surgical procedure up to 90
days of follow-up.

Minimum duration of follow-up

The minimal duration of follow-up was one day (24 hours) after the
perioperative glycaemic intervention.

We defined any follow-up period going beyond the original time
frame for the primary outcome measure as specified in the power
calculation of the trials' protocol as an extended follow-up period
(also called an open-label extension study) (Buch 2011; Megan
2012).

Summary of specific exclusion criteria

We excluded trials in the following categories:

« Participants with different morbidities that could influence the
results or some kind of co-medication.

» No separate data available in studies involving people with and
without diabetes.
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« Paediatric population.

« Emergency surgeries.

« People who had off-pump cardiopulmonary bypass procedures.
« Study designs other than RCTs.

Types of outcome measures

We did not exclude a trial if it failed to report one or several of our
primary or secondary outcome measures. If none of our primary or
secondary outcomes were reported in the trial, we did not include
thetrial but provided some basic information in an additional table.

We extracted the following outcomes, using the methods and time
points specified below (Lefebvre 2022).

Primary outcomes

o All-cause mortality

« Severe hypoglycaemic episodes
« Hypoglycaemic episodes

« Infectious complications

Secondary outcomes

« Cardiovascular events

« Renal failure

« Length of ICU stay

« Length of hospital stay

« Health-related quality of life

« Socioeconomic effects

« Weight gain

« Mean blood glucose during the intervention

Method of outcome measurement

« All-cause mortality: defined as death from any cause

« Hypoglycaemic episodes: number of overall, severe and non-
severe hypoglycaemic episodes (subdivided by time of day of
occurrence)

« Infectious complications: any kind of infectious complication
(e.g. pneumonia, urinary tract infection)

« Cardiovascular events: defined as any incidents that may cause
damage to the cardiovascular system

« Renal failure: defined as an elevation of the serum creatinine
greater than 2 mg/dL or need for dialysis

« Length of ICU stay: defined as days admitted to the ICU

« Length of hospital stay: defined as days admitted to the hospital
unit

o Health-related quality of life: evaluated by a validated
instrument such as QOLS (Quality of Life Scale) or WHOQOL
(World Health Organization Quality of Life Questionnaire), SF36
(36-Item Short Form Survey), etc.

« Socioeconomic effects: such as direct costs defined as
admission or readmission rates; the average length of stay;
visits to general practitioner; accident or emergency visits;
medication consumption; indirect costs defined as resources
lost due to illness by the participant or their family member

«  Weight gain: defined as the difference between the weight (kg)
before and after the intervention

« Mean blood glucose during the intervention: defined as the
mean of total glucose values (mg/dL) obtained from the start to
the end of the intervention

Timing of outcome measurement

« All-cause mortality, hypoglycaemic episodes, infectious
complications, cardiovascular events, renal failure, health-
related quality of life, socioeconomic effects, weight gain
and mean blood glucose: any time after participants were
randomised to the intervention/comparator groups

« Length of ICU and hospital stay: at ICU and hospital discharge

Search methods for identification of studies
Electronic searches

For this update, we searched the following sources from 1 January
2012 to 25 July 2022 and placed no restrictions on the language of
publication:

« Cochrane Central Register of Controlled Trials (CENTRAL) via the
Cochrane Register of Studies Online (CRSO) (last searched on 25
July 2022);

+ MEDLINE OvidSP (Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE; from
1946 to present) (last searched on 25 July 2022);

+ LILACS (last searched on 25 July 2022);

« ClinicalTrials.gov (www.clinicaltrials.gov) (last searched on 25
July 2022);

« World Health Organization International Clinical Trials Registry
Platform (ICTRP) (www.who.int/trialsearch/) (last searched on
25 July 2022).

We did not include Embase in our search, as RCTs indexed in
Embase are now prospectively added to CENTRAL via a highly
sensitive screening process (Cochrane 2022). For detailed search
strategies, see Appendix 1.

In addition to the Boolean searches described above, our
Information Specialist carried out a PubMed 'Similar articles'
search. This search was based on 12 records of included studies
from the previous review (see Appendix 1). It was conducted on
12 September 2018 and subsequently imported into CRS Web
(Cochrane Register of Studies), where the Cochrane RCT classifier
was applied and records removed (Marshall 2018), when they were
categorised by the classifier as having less than 74% probability of
being an RCT. We screened the records with a probability = 75%
together with the search results from the Boolean searches.

Searching other resources

We tried to identify other potentially eligible trials or ancillary
publications by searching the reference lists of included trials,
systematic reviews and meta-analyses. In addition, we contacted
authors of included trials to identify any additional information
on the retrieved trials and establish whether we may have missed
further trials.

We did not use abstracts or conference proceedings for data
extraction unless full data were available from trial authors
because this information source does not fulfil the CONSORT
requirements, which consist of "an evidence-based, minimum set
of recommendations for reporting randomized trials" (CONSORT
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2016; Scherer 2007). We presented information on abstracts or
conference proceedings in the Characteristics of studies awaiting
classification table.

Data collection and analysis
Selection of studies

Two review authors (MH, GG) independently screened the abstract,
title, or both, of every record retrieved by the literature searches
to determine which trials we should assess further. We obtained
the full texts of all potentially relevant records. We resolved any
disagreements through consensus or by recourse to a third review
author (DM). If we could not resolve a disagreement, we categorised
the trial as a 'study awaiting classification' and contacted the trial
authors for clarification. We presented an adapted PRISMA flow
diagram to show the process of trial selection (Page 2020). We listed
allarticles excluded after full-text assessment in a Characteristics of
excluded studies table and provided the reasons for exclusion.

Data extraction and management

For studies that fulfilled our inclusion criteria, two review authors
(ER, FB) independently extracted key information on participants,
interventions and comparators. We described interventions
according to the 'template for intervention description and
replication' (TIDieR) checklist (Hoffmann 2014; Hoffmann 2017).

We reported data on efficacy outcomes and adverse events using
standardised data extraction sheets from the CMED Group. We
resolved any disagreements by discussion or, if required, by
consultation with a third review author (DM) (for details see
Characteristics of included studies; Table 1; Table 2; Appendix 1;
Appendix 2; Appendix 3; Appendix 4; Appendix 5; Appendix 6;
Appendix 7; Appendix 8; Appendix 9; Appendix 10; Appendix 11;
Appendix 12; Appendix 13; Appendix 14; Appendix 15; Appendix 16).

We provided information, including the study identifier for
potentially relevant ongoing trials in the Characteristics of
ongoing studies table and in Appendix 9 '"Matrix of trial endpoint
(publications and trial documents)'. We attempted to find the
protocol for each included study, and we reported in Appendix 9
the primary, secondary and other outcomes from these protocols,
alongside the date from the study publications.

We emailed all authors of included trials to enquire whether they
would be willing to answer questions regarding their trials. We
presented the results of this survey in Appendix 17. We thereafter
sought relevant missing information on the trial from the primary
trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents or
multiple reports of a primary trial, we maximised the information
yield by collating all available data, and we used the most complete
data set aggregated across all known publications. We listed
duplicate publications, companion documents, multiple reports
of a primary trial and trial documents of included trials (such
as trial registry information) as secondary references under the
study ID of the included trial. Furthermore, we also listed duplicate
publications, companion documents, multiple reports of a trial
and trial documents of excluded trials (such as trial registry
information) as secondary references under the study ID of the
excluded trial.

Data from clinical trials registers

If data from included studies were available as study results in
clinical trials registers, such as ClinicalTrials.gov or similar sources,
we made full use of this information and extracted the data. If
there was also a full publication of the study, we collated and
critically appraised all available data. If an included study was
marked as a completed study in a clinical trial register but no
additional information was available (study results, publication, or
both), we added this study to the Characteristics of studies awaiting
classification table.

Assessment of risk of bias in included studies

Two review authors (IS, FB) independently assessed the risk
of bias for each included trial. We resolved disagreements by
consensus or by consulting a third review author (DM). In the
case of disagreement, we consulted the remainder of the review
author team and made a judgement based on consensus. If
adequate information was unavailable from the trial publications,
trial protocols or other sources, we contacted the trial authors for
more detail to request missing data on risk of bias items.

We used the Cochrane risk of bias assessment tool (Higgins 2019b),
assigning assessments of low, high or unclear risk of bias (for
details see Appendix 2; Appendix 3). We evaluated individual
bias items as described in the Cochrane Handbook for Systematic
Reviews of Interventions according to the criteria and associated
categorisations contained therein (Higgins 2019b).

Summary assessment of risk of bias

We presented a risk of bias graph and a risk of bias summary figure.

We distinguished between self-reported and investigator-assessed
and adjudicated outcome measures.

We considered the following self-reported outcomes.
+ Health-related quality of life
We considered the following outcomes to be investigator-assessed.

« All-cause mortality

« Hypoglycaemic episodes

« Cardiovascular events

+ Renalfailure

+ Length of ICU stay

« Length of hospital stay

« Socioeconomic effects

+ Weight gain

» Mean blood glucose during the intervention

Risk of bias for a trial across outcomes

Some risk of bias domains, such as selection bias (random
sequence generation and allocation sequence concealment), affect
the risk of bias across all outcome measures in a trial. In case of
a high risk of selection bias, we marked all endpoints investigated
in the associated trial as being at high risk. Otherwise, we did
not perform a summary assessment of the risk of bias across all
outcomes for a study.
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Risk of bias for an outcome within a trial and across domains

We assessed the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both trial-level entries
and outcome-specific entries). We considered a low risk of bias to
denote a low risk of bias for all key domains, an unclear risk to
denote an unclear risk of bias for one or more key domains and a
high risk to denote a high risk of bias for one or more key domains.

Risk of bias for an outcome across trials and across domains

To facilitate our assessment of the certainty of the evidence for
key outcomes, we assessed the risk of bias across studies and
domains for the outcomes included in the summary of findings
table. We defined the evidence as being at low risk of bias when
most information came from trials at low risk of bias, unclear risk of
bias when most information came from studies at a low or unclear
risk of bias, and high risk of bias when a sufficient proportion of
information came from studies at high risk of bias.

Measures of treatment effect

When at least two included trials were available for a comparison
and a given outcome, we tried to express dichotomous data as a
risk ratio (RR) with 95% confidence interval (Cl). For continuous
outcomes measured on the same scale (e.g. weight gain in kg)
we estimated the intervention effect using the mean difference
(MD) with 95% ClI. For continuous outcomes that measured the
same underlying concept (e.g. health-related quality of life), but
used different measurement scales, we calculated the standardised
mean difference (SMD). If data had been available, we would have
expressed time-to-event outcomes as a hazard ratio (HR) with 95%
Cl.

Unit of analysis issues

We took into account the level at which randomisation occurred,
such as cross-over trials, cluster-randomised trials and multiple
observations for the same outcome. If more than one comparison
from the same trial was eligible for inclusion in the same meta-
analysis, we either combined groups to create a single pair-
wise comparison or appropriately reduced the sample size so
that the same participants did not contribute data to the meta-
analysis more than once (splitting the 'shared' group into two or
more groups). While the latter approach offers some solutions for
adjusting the precision of the comparison, it does not account
for correlation arising from the same set of participants being in
multiple comparisons (Higgins 2019a).

If we had included cluster-RCTs, we would have attempted some
re-analyses. We would have attempted to re-analyse cluster-RCTs
that had not appropriately adjusted for the potential clustering
of participants within clusters in their analyses. In these cases,
the variance of the intervention effects was inflated by a design
effect. Calculation of a design effect involves the estimation of an
intracluster correlation coefficient (ICC). We would have obtained
estimates of ICCs by contacting trial authors or imputing the ICC
values by using either an estimate from other included trials that
report ICCs or external estimates from empirical research (e.g. Bell
2013). In these cases, we also planned to examine the impact of
clustering using sensitivity analyses.

Dealing with missing data

If possible, we obtained missing data from the authors of the
included trials. We carefully evaluated important numerical data
such as screened, randomly assigned participants as well as
intention-to-treat, as-treated and per-protocol populations. We
investigated attrition rates (e.g. dropouts, losses to follow-up and
withdrawals), and we critically appraised issues concerning missing
data and the use of imputation methods (e.g. last observation
carried forward).

In trials where the standard deviation (SD) of the outcome was not
available at follow-up, or we could not recreate it, we standardised
by the mean of the pooled baseline SD from those trials that
reported this information.

Where included trials did not report means and SDs for outcomes,
and we did not receive the necessary information from trial
authors, we imputed these values by estimating the mean and
variance from the median, range and size of the sample (Hozo
2005).

We investigated the impact of imputation on meta-analyses by
performing sensitivity analyses, and we reported for every outcome
that trials had imputed SDs.

Assessment of heterogeneity

In the event of substantial clinical, methodological or statistical
heterogeneity, we did not report trial results as the pooled
effect estimate in a meta-analysis. We identified heterogeneity
(inconsistency) by visually inspecting the forest plots and by using
a standard Chi?2 test with a significance level of a=0.1 (Deeks 2019).
In view of the low power of this test, we also considered the I2
statistic, which quantifies inconsistency across studies, to assess
the impact of heterogeneity on the meta-analysis (Higgins 2002;
Higgins 2003). When we identified heterogeneity, we attempted
to determine potential reasons for this by examining individual
characteristics of the study and subgroups.

Assessment of reporting biases

If we included 10 or more studies that investigated a particular
outcome, we used funnel plots to assess small study effects.
Several explanations may account for funnel plot asymmetry,
including true heterogeneity of effect with respect to study size,
poor methodological design (and hence bias of small studies) and
selective non-reporting (Kirkham 2010). Therefore, we interpreted
the results carefully (Sterne 2011).

Data synthesis

We planned to undertake (or display) a meta-analysis only if we
judged the participants, interventions, comparisons and outcomes
to be sufficiently similar to ensure a result that was clinically
meaningful. Unless good evidence showed homogeneous effects
across trials of different methodological quality, we primarily
summarised data with a low risk of bias using a random-effects
model (Wood 2008). We interpreted random-effects meta-analyses
with due consideration to the whole distribution of effects and
presented a confidence interval. We performed statistical analyses
according to the statistical guidelines presented in the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2019).
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Subgroup analysis and investigation of heterogeneity

We did not expect that specific characteristics from the included
studies could introduce clinical heterogeneity and did not carry out
subgroup analyses to explore interactions (Altman 2003).

Sensitivity analysis

We planned to restrict the analyses (when applicable) to the
following factors to explore theirimpact on effect sizes:

« Published data: excluding unpublished data.

« Risk of bias: excluding studies at an overall high or unclear risk
of bias.

« Long-lasting or large studies to establish how much they
dominate the results: excluding smaller studies.

Summary of findings and assessment of the certainty of the
evidence

Certainty of the evidence

We presented the overall certainty of the evidence for each
outcome specified below, according to the GRADE approach, which
takes into account issues related not only to internal validity (risk
of bias, inconsistency, imprecision, publication bias) and external
validity (such as directness of results). Two review authors (IS,
FB) independently rated the certainty of the evidence for each
outcome. We resolved any differences in assessment by discussion
or consulting a third review author (DM).

We included an appendix entitled 'Checklist to aid consistency
and reproducibility of GRADE assessments' to help with the
standardisation of the summary of findings tables (Meader 2014).
Alternatively, we used the GRADEpro Guideline Development
Tool (GDT) software and presented evidence profile tables as
an appendix (GRADEproGDT 2015). We presented results for the
outcomes as described in the Types of outcome measures section.
If meta-analysis was not possible, we presented the results in a
narrative format in the summary of findings table. We justified all
decisions to downgrade the quality of trials using footnotes and
made comments to aid the reader's understanding of the Cochrane
Review where necessary.

Summary of findings table

We presented a summary of the evidence in a summary of
findings table. This provided key information about the best
estimate of the magnitude of the effect, in relative terms and as
absolute differences, for each relevant comparison of alternative
management strategies, the numbers of participants and studies
addressing each important outcome and a rating of overall
confidence in effect estimates for each outcome. We created the
summary of findings table based on the methods described in

the Cochrane Handbook for Systematic Reviews of Interventions
(Schiinemann 2019) and Review Manager 5 software (Review
Manager 2020).

The intervention presented in the summary of findings table
was intensive glucose control. The comparator was conventional
glucose control.

We reported the following outcomes, listed according to priority.

« All-cause mortality

« Severe hypoglycaemic episodes
« Infectious complications

« Cardiovascular events

« Renalfailure

« Length of ICU stay

« Length of hospital stay

RESULTS

Description of studies

For a detailed description of trials, see Table 1 and the
Characteristics of included studies, Characteristics of excluded
studies, Characteristics of studies awaiting classification and
Characteristics of ongoing studies sections.

Results of the search

The database search yielded a total of 4231 records. After the
removal of duplicates, we had 3706 records for title and abstract
screening. We excluded 3648 by title and abstract. We screened a
total of 58 records for eligibility. After obtaining full-text articles,
we excluded 40 studies for the following reasons: irrelevance to
our research topic, not an RCT, not on participants with diabetes
and undergoing surgery, not a more intensive versus conventional
intervention, suspended study or outcome data for people with
diabetes were not available separately. No unpublished studies
were identified. We identified two registered ongoing trials
(NCT02032953; NCT04742023), and listed eight records as trials
awaiting classification.

Finally, incorporating eight additional studies with the 12 studies
from the previous review, in this update 20 trials met our inclusion
criteria (Abdelmalak 2013; Cao 2010; Chan 2009; De La Rosa 2008;
Desai 2012; Duncan 2018; Gandhi 2007; Glucontrol 2009; Hermayer
2012; Lazar 2004; Lazar 2011; Li 2006; NICE SUGAR 2009; Parekh
2016; Rassias 1999; Subramaniam 2009; Umpierrez 2015; Wahby
2016; Wallia 2017; Yuan 2015).

All included studies were published in English. For a detailed
description of the search results and selection procedure, see
Figure 1.
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Figure 1.
12 included studies (103 For this update 4231 records were 0 additional records identified through
publications) from previous identified through database searching non-database sources (contacts with

version (Issue 9, 2012) of
review

experts, manufacturers, handsearching

CENTRAL: 1887 of literature)

MEDLINE: 1116

LILACS: 137

WHO ICTRP: 480
ClinicalTrials.gov: 418
Pubmed similar articles: 193

|
!

[3?06 records after duplicates removed ]

3648 non-relevant
records excluded
[3?06 records screened ] (title /abstract)

40 full-text articles
excluded

Reasons:

1. NotRCT: 6

2. Not people with
diabetes undergoing
surgery: 8

3. Not more intensive
control vs control: 12
4. Not perioperative
intervention: 2

5. No data on
subpopulation with
diabetes: 10

6. Suspended trial: 2

58 full-text articles/records assessed for eligibility

Oadditional publications/records identified through handsearching of
reference lists of included trials, systematic reviews/meta-analyses and
HTA reports

2 potentially relevant
ongoing trials

18 trials (11 publications/ 7 records)
included:

20 completed trials (20 publications/ 0 records) included in qualitative ‘

8 trials awaiting
assessment

synthesis

(meta-analysis)

20 trials (20 publications/ 0 records) included in quantitative synthesis ‘

Included studies Source of data

A detailed description of the included trials is presented elsewhere ~ The results of nine trials were published as original papers
(see Characteristics of included studies). The followingis a succinct  in scientific journals between 1999 and 2016, and additional
overview. data were obtained from entries at https://clinicaltrials.gov/. We
contacted 26 trial authors to request separate data from people
with diabetes; 12 of the authors replied, and 11 of them provided
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relevantinformation and the requested data. For the exact data, see
Appendix 17.

Comparisons

All included trials compared an intensive glycaemic control
with lower perioperative blood glucose values to less intensive
glycaemic control with higher perioperative blood glucose values.

There were considerable differences between studies regarding
perioperative intensive glycaemic control. The vast majority of the
trials used a continuous infusion of insulin in a saline solution
(Cao 2010; Chan 2009; De La Rosa 2008; Gandhi 2007; Hermayer
2012; Li 2006; NICE SUGAR 2009; Umpierrez 2015; Wahby 2016;
Wallia 2017; Yuan 2015). One study used an algorithm for an
intravenous bolus of insulin in addition to a continuous infusion of
insulin (Lazar 2011), and in one study the choice of bolus therapy
or insulin infusion was left to the discretion of the anaesthesia
team members (Parekh 2016). In three studies, the study protocol
controlled the insulin infusion, but the saline infusion and others
were controlled by an anaesthesiologist (Glucontrol 2009; Rassias
1999; Subramaniam 2009). In two of the trials, it was the treatment
protocol that determined insulin and glucose infusion (Abdelmalak
2013; Desai 2012). Finally, two studies used a glucose-insulin-
potassium infusion to control the blood glucose of participants
(Duncan 2018; Lazar 2004).

Blood glucose target levels varied between the studies from a very
strict control (blood glucose target equal or less than 120 mg/
dL) (Abdelmalak 2013; Cao 2010; De La Rosa 2008; Desai 2012;
Duncan 2018; Gandhi 2007; Glucontrol 2009; Hermayer 2012; Lazar
2011; NICE SUGAR 2009; Yuan 2015), to less strict control (blood
glucose target equal to or less than 200 mg/dL) (Lazar 2004; Li 2006;
Wallia 2017). Four studies used an intermediate glucose control
(blood glucose target equal to or less than 160 mg/dL) (Chan
2009; Subramaniam 2009; Umpierrez 2015; Wahby 2016). One study
targeted blood glucose between strict and intermediate control
(blood glucose target between 80 mg/dL and 160 mg/dL) (Parekh
2016), and in one study no blood glucose target was defined: insulin
infusion was started only whenever blood glucose levels exceeded
150 mg/dL (Rassias 1999).

In the majority of the trials, blood glucose was measured hourly
until blood glucose was stable, following two-hour measurements.
In six studies blood glucose was measured more often, every half
hour (Abdelmalak 2013; Gandhi 2007; Lazar 2011; Parekh 2016),
every 15 to 30 minutes (Rassias 1999), and every 10 to 15 minutes
(Duncan 2018). In one study variable times of measurement were
used following the algorithms of the glucommander (Umpierrez
2015), and one study did not mention how often blood glucose
measurements were done (Cao 2010).

We can observe variations in the time points during the
perioperative period when participants were undergoing the
intervention. In nine trials the intervention happened in the
intensive care unit (ICU), i.e. in the postoperative period when
the treatment was started within 24 hours after the surgery (Cao
2010; De La Rosa 2008; Desai 2012; Glucontrol 2009; Li 2006; NICE
SUGAR2009; Umpierrez 2015; Wallia 2017; Yuan 2015). Another nine
studies began after induction of anaesthesia and the intervention
was continued postoperatively (Abdelmalak 2013; Chan 2009;
Duncan 2018; Hermayer 2012; Lazar 2004; Lazar 2011; Parekh 2016;
Subramaniam 2009; Wahby 2016). Intensive glycaemic control was

performed only during the surgery in two other studies (Gandhi
2007; Rassias 1999).

We also noticed variations between studies in the control group
intervention. In 11 studies the difference from the intervention
group was a higher blood glucose target only (Abdelmalak 2013;
Cao 2010; Chan 2009; De La Rosa 2008; Desai 2012; Duncan
2018; Glucontrol 2009; NICE SUGAR 2009; Umpierrez 2015; Wahby
2016; Wallia 2017). In one trial, the blood glucose target in the
control group was less intensive and during surgery an anaesthetist
treated blood glucose at their discretion using intravenous insulin
(Parekh 2016). In one study, an intravenous insulin bolus was used
to control blood glucose instead of continuous insulin infusion;
postoperatively, after the intervention was finished, the blood
glucose was controlled in the same way as in the intervention group
(Gandhi 2007). In three studies, blood glucose in the control group
was controlled using subcutaneous insulin bolus (Hermayer 2012;
Lazar 2004; Yuan 2015). Two trials used the same glucose target
as in the intervention group (Li 2006; Subramaniam 2009); the two
groups differed in blood glucose measurements. Participants in the
control group received less frequent blood glucose measurements
(every two hours instead of every hour in Li 2006 and every four
hours instead of every hour in Subramaniam 2009). This difference
in measurement determines the administration of insulin and
better control of the blood glucose, therefore we considered the
intervention more intensive than the control group. In the control
groups of these studies, a subcutaneous insulin bolus method was
used. One trial did not define blood glucose targets, but the control
group received a regular insulin bolus if blood glucose transcended
200 mg/dL, compared with a blood glucose of more than 150 mg/
dL in the intervention group (Rassias 1999).

Overview of trial populations

The 20 included studies had a total of 2670 participants with
diabetes undergoing surgery that were randomised to the different
comparison groups. The total sample sizes ranged from 26 to 6104
participants per study, and when restricted to participants with
diabetes only from 13 to 475 participants per study. Randomised
participants finishing the trial were between 93% and 100%.

Trial design

All 20 included studies had a parallel and superiority design. All
trials made use of a control group where a less intensive blood
glucose target was determined or a less intensive way of treatment
was implemented. There were four trials with a multicentre design
with the number of centres ranging from two to 42 (Duncan 2018;
Glucontrol 2009; NICE SUGAR 2009; Umpierrez 2015).

All trials were reported as open-label. Neither participants nor
personnel were blinded. The outcome assessors were reported to
be blinded in various trials (Abdelmalak 2013; Cao 2010; Chan 2009;
De La Rosa 2008; Duncan 2018; Gandhi 2007; Glucontrol 2009). In
therest of the included trials blinding of outcome assessors was not
reported.

Included trials were performed between 1996 and 2016.
Intervention duration ranged from the duration of surgery to five
days postoperative. The majority of the studies did not report the
exact duration of the intervention, only that the intervention was
stopped after discharge at the ICU. One study did not report any
details on the duration of the intervention (Yuan 2015). Follow-up
duration ranged between discharge from ICU stay and five years.
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Three studies did not report their follow-up period (Li 2006; Rassias
1999; Yuan 2015). None of the trials had run-in periods.

Three trials were terminated early, one because of a high rate of
unintended protocol violations (Glucontrol 2009), and one because
of slow recruitment, the implementation of a more aggressive
blood glucose control protocol in the hospital and an increase in
minimally invasive surgery techniques (Subramaniam 2009). One
trial was stopped after the second interim analysis at which all
three interventions crossed the futility boundary for the primary
outcome (Abdelmalak 2013)

Settings

Most of the trials were performed in the United States (Abdelmalak
2013; Desai 2012; Gandhi 2007; Hermayer 2012; Lazar 2004; Lazar
2011; Parekh 2016; Subramaniam 2009; Umpierrez 2015; Wallia
2017), one in Canada, one in Egypt, one in Brazil, one in Lebanon
and one in Colombia, respectively (Chan 2009; De La Rosa 2008;
Duncan 2018; Rassias 1999; Wahby 2016). Three studies were
performed in China (Cao 2010; Li 2006; Yuan 2015). One study
was performed in study centres in Austria, Belgium, France, Israel,
The Netherlands, Slovenia and Spain (Glucontrol 2009), and one in
study centres in Austria, New Zealand, Canada and America (NICE
SUGAR 2009).

Participants

The mean age of the participants included was 63 years, ranging
from 56 to 73 years (where age was not available for the surgical
population with diabetes, that of the total study population was
used). Females represented less than 50% in most trials; only in
two of them were men less than 50% (Cao 2010, Yuan 2015), and in
another study female representation was around 50% (Chan 2009).

Slightly less than half of the studies exclusively included
participants with diabetes (Cao 2010; Hermayer 2012; Lazar 2004;
Lazar 2011; Li 2006; Parekh 2016; Rassias 1999; Wahby 2016;
Yuan 2015); the other studies included both participants with and
without diabetes (Abdelmalak 2013; Chan 2009; De La Rosa 2008;
Desai 2012; Duncan 2018; Gandhi 2007; Glucontrol 2009; NICE
SUGAR 2009; Subramaniam 2009; Umpierrez 2015; Wallia 2017). In
five studies, the surgery was a coronary artery bypass graft (Desai
2012; Lazar 2004; Lazar 2011; Li 2006; Wahby 2016), and in two a
possible combination with other cardiac procedures (Duncan 2018;
Umpierrez2015). Inthree studies, the participants were undergoing
cardiac surgery (Gandhi 2007; Rassias 1999; Subramaniam 2009);
one of these also included major lower extremity amputation
(Subramaniam 2009). In five trials, cardiopulmonary bypass
surgery was performed (Chan 2009; Duncan 2018; Lazar 2004;
Lazar 2011; Rassias 1999). In two studies, participants underwent
gastrectomy for gastric tumours (Cao 2010; Yuan 2015). In three
studies, the inclusion criteria were to be admitted to the ICU (De
La Rosa 2008; Glucontrol 2009; NICE SUGAR 2009); in this regard,
De La Rosa 2008 required a minimum stay of two days. Three
studies included participants undergoing renal transplantation
(Hermayer 2012; Parekh 2016) and liver transplantation (Wallia
2017). One study enrolled participants having elective major non-
cardiac surgery with two or more hours of general anaesthesia
(Abdelmalak 2013).

Five trials were from low-and middle-income countries (Cao 2010;
Chan 2009; De La Rosa 2008; Wahby 2016; Yuan 2015), representing
26% of the total included participants.

Ethnicity was reported in seven studies. In five studies more than
70% of participants were white/Caucasian (Abdelmalak 2013; Desai
2012; Gandhi 2007; Umpierrez 2015; Wallia 2017). Parekh 2016
differentiated Caucasians from Icelanders, representing 17% and
45%, respectively. Also, Hermayer 2012 distinguished between
White and African-Americans (37% and 64%, respectively).

Only six of the 20 included studies reported the duration of diabetes
of the participants. In these studies, the duration of the disease
was balanced between the control and intervention groups. In the
control group versus the intervention group, the mean duration
of diabetes (in years) was 10.5 versus 10.6 (Abdelmalak 2013), 5.5
versus 6 (Cao 2010), 18.6 versus 21.1 (Parekh 2016), 10.9 versus 10.8
(Umpierrez 2015), and 6.2 versus 5.8 (Yuan 2015), respectively.

The mean body mass index (BMI) (kg/m2) was well-balanced
between the intervention and control groups. In the intervention
group, the mean BMI ranged from 21.1 to 33.5 and in the control
groups from 21.6 to 32.1. BMI was not recorded in five studies
(Duncan 2018; Hermayer 2012; Lazar 2004; Lazar 2011; Wahby
2016).

The mean HbAlc at baseline was reported in nine studies
(Abdelmalak 2013; Cao 2010; Desai 2012; Gandhi 2007; Hermayer
2012; Lazar 2011; Parekh 2016; Umpierrez 2015; Yuan 2015), with a
mean value ranging from 6.5% to 8.4% in the intervention group
and from 6.7% to 8.3% in the control group. In Cao 2010 these data
are extracted from the total trial population.

Fifteen out of 20 studies reported co-morbidities. Cardiovascular
disease is reported in all studies, including hypertension, heart
failure, myocardial infarction and atrial fibrillation. In this
regard, Umpierrez 2015 only considers arterial hypertension.
Cerebrovascular disease is reported in most of the studies (Duncan
2018; Gandhi 2007; Hermayer 2012; Li 2006; Subramaniam 2009;
Wahby 2016; Yuan 2015), and peripheral vascular disease in two
(Duncan 2018; Li 2006). With regard to respiratory disease, it
was reported in six studies (Cao 2010; Duncan 2018; Lazar 2004;
Li 2006; NICE SUGAR 2009; Yuan 2015). Data on renal disease
were also collected in Cao 2010, De La Rosa 2008, Duncan 2018,
Gandhi 2007, Li 2006, NICE SUGAR 2009, Subramaniam 2009,
Wahby 2016 and Yuan 2015, and liver disease in Cao 2010, De La
Rosa 2008, NICE SUGAR 2009 and Yuan 2015. Other co-morbidities
covered included cancer (De La Rosa 2008), coronary artery bypass
grafting (Subramaniam 2009), coagulopathy (NICE SUGAR 2009),
and dyslipidaemia (Hermayer 2012; Umpierrez 2015). Abdelmalak
2013 encompasses any type of co-morbidity.

Thirteen of the 20 studies reported concomitant medication.
Ten described the treatment for diabetes (Cao 2010; Duncan
2018; Gandhi 2007; Lazar 2004; Lazar 2011; Li 2006; Parekh
2016; Subramaniam 2009; Umpierrez 2015; Yuan 2015). Other
medical regimes are described, such as angiotensin-converting-
enzyme (ACE) inhibitors and beta-blockers (Desai 2012; Duncan
2018; Gandhi 2007; Lazar 2011; Subramaniam 2009), steroids
(Duncan 2018; NICE SUGAR 2009), aspirin (Desai 2012; Gandhi
2007; Subramaniam 2009) or cox-2 inhibitors (Duncan 2018),
lipid-lowering medication (Desai 2012; Duncan 2018; Lazar 2011;
Subramaniam 2009), diuretics (Li 2006), vasopressors/inotropes
(Glucontrol 2009; Li 2006), and antiarrhythmic medication (Duncan
2018; Gandhi 2007).
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Several exclusion criteria were applied. The most common
exclusion criteria include co-morbidities, such as kidney and
hepatic disease, severe obesity or medication (antibiotics,
steroids), which may influence the results. Other criteria mentioned
were emergency surgery (Rassias 1999; Wahby 2016), palliative
surgery (Cao 2010; Yuan 2015) or off-pump surgery (Duncan
2018; Gandhi 2007; Wahby 2016), ketoacidosis (De La Rosa 2008;
NICE SUGAR 2009), history of hyperglycaemia (Umpierrez 2015),
pregnancy (De La Rosa 2008; Umpierrez 2015), or imminent risk of
death (Glucontrol 2009; NICE SUGAR 2009; Umpierrez 2015). Three
studies did not report exclusion criteria (Lazar 2004; Li 2006; Wallia
2017).

Diagnosis

Four of the 20 trials reported the diagnostic criterion for diabetes.
The diagnosis in Yuan 2015 was made according to the American
Diabetes Association (ADA) criteria and for Cao 2010 the WHO
criteria were followed. NICE SUGAR 2009 reported that the
diagnosis of diabetes was withdrawn from the report in the
participants' medical history. Li 2006 confirmed newly diagnosed
diabetes with a fasting blood glucose level equal to or greater than
200 mg/dL associated with an elevated glycosylated haemoglobin
Alc (HbAlc).

Interventions

In all studies, treatment in the intervention group aimed to achieve
tight glycaemic control by intravenous insulin infusion. In one
study target blood glucose was achieved by adjusting the glucose
infusion while maintaining a fixed insulin infusion rate (Duncan
2018). In the other studies, the target blood glucose was achieved
by adjusting the insulin infusion rate. The control group was treated
with an intravenous insulin infusion adapted to a higher glucose
target (Abdelmalak 2013; Cao 2010; Chan 2009; De La Rosa 2008;
Desai 2012; Gandhi 2007; Glucontrol 2009; Lazar 2011NICE SUGAR
2009; Rassias 1999; Umpierrez 2015; Wallia 2017), or with boluses of
subcutaneous insulin (Hermayer 2012; Lazar 2004; Li 2006; Parekh
2016; Subramaniam 2009; Wahby 2016; Yuan 2015).

Inthe study Abdelmalak 2013 the tight glucose control intervention
was part of a factorial design with two additional arms, namely
dexamethasone versus placebo and deep versus light anaesthesia.

In studies that set a specific duration of the intervention, this
ranged from a few hours to five days. In three studies the
intervention happened during surgery in the operating room
(Abdelmalak 2013; Gandhi2007; Rassias 1999), and in seven studies
the intervention was performed during the ICU stay (De La Rosa
2008; Desai 2012; Glucontrol 2009; Li 2006; NICE SUGAR 2009;
Umpierrez 2015; Wallia 2017). In seven studies the intervention
started during surgery and was either extended to ICU (Chan
2009; Duncan 2018; Lazar 2004; Lazar 2011; Subramaniam 2009),
or until extubation (Wahby 2016) or discharge (Hermayer 2012).
In one study the intervention began before surgery and was
prolonged during surgery (Parekh 2016), and in another study, the
intervention was dispensed postoperatively (Yuan 2015). In one
study the intervention began in the ICU and lasted until oral intake
or enteral nutrition was established (Cao 2010).

Outcomes

Eleven of the 20 included studies were registered in
ClinicalTrials.gov (Abdelmalak 2013; Chan 2009; Duncan 2018;

Gandhi 2007; Glucontrol 2009; Hermayer 2012; Lazar 2011; NICE
SUGAR 2009; Parekh 2016; Umpierrez 2015; Wallia 2017). In all
of these trials, the outcomes defined in the publication showed
consistency with the trial registration. In the publication of De La
Rosa 2008, a registration number was provided, but it could not be
found, possibly due to an error in some digit in the register.

All the studies specified the primary outcome in the publication,
except for Rassias 1999 and Wahby 2016, in which it was not clearly
stated. In the case of secondary outcomes, these were not listed in
these two studies, norin Desai 2012 and Yuan 2015.

All-cause mortality and infection were the most commonly defined
primary outcomesin publications. All-cause mortality was reported
in 18 studies as a primary outcome (Abdelmalak 2013; Cao 2010;
Chan 2009; De La Rosa 2008; Desai 2012; Duncan 2018; Gandhi
2007; Glucontrol 2009; Lazar 2004; Lazar 2011; Li 2006; NICE
SUGAR 2009; Parekh 2016; Subramaniam 2009; Umpierrez 2015;
Wahby 2016; Wallia 2017; Yuan 2015). Infection complications
were available in 18 studies (Abdelmalak 2013; Cao 2010; Chan
2009; De La Rosa 2008; Desai 2012; Duncan 2018; Gandhi 2007;
Lazar 2004; Lazar 2011; Li 2006; NICE SUGAR 2009; Parekh 2016;
Rassias 1999; Subramaniam 2009; Umpierrez 2015; Wahby 2016;
Wallia 2017; Yuan 2015). Most of the trials provided information
on hypoglycaemic episodes, except three (Lazar 2004; Li 2006;
Rassias 1999). All-cause mortality, infectious complications and
hypoglycaemic episodes were well-defined in all trials that
collected these data, with the exception of Wahby 2016: while they
provided the number of participants with hypoglycaemia, they did
not specify the blood glucose values that defined it.

Renal failure was available in 13 trials (Abdelmalak 2013; Chan
2009; De La Rosa 2008; Desai 2012; Duncan 2018; Gandhi 2007;
Glucontrol 2009; NICE SUGAR 2009; Parekh 2016; Subramaniam
2009; Umpierrez 2015; Wahby 2016; Yuan 2015), and cardiovascular
events in 14 trials (Abdelmalak 2013; Desai 2012; Duncan 2018;
Gandhi2007; Glucontrol 2009; Lazar 2004; Lazar 2011; Li 2006; NICE
SUGAR 2009; Parekh 2016; Subramaniam 2009; Umpierrez 2015;
Wahby 2016; Yuan 2015). Only two studies assessed weight gain
(Lazar 2004; Lazar 2011). Three studies reported the length of ICU
stay (De La Rosa 2008; Duncan 2018; Li 2006), four studies reported
the length of hospital stay (Cao 2010; Parekh 2016; Subramaniam
2009; Wallia 2017), eight studies reported both ICU and hospital
length of stay (Chan 2009; Desai 2012; Gandhi 2007; Glucontrol
2009; Lazar 2004; Lazar 2011; NICE SUGAR 2009; Umpierrez
2015), and five studies did not report information in this regard
(Abdelmalak 2013; Hermayer 2012; Rassias 1999; Wahby 2016; Yuan
2015). With the exception of one trial (Wahby 2016), the included
trials reported on the mean blood glucose during the intervention.
However, Subramaniam 2009 showed a figure with blood glucose
concentrations but did not specify the data. Some of the included
studies reported other complications within outcomes, such as
neurological dysfunction (Chan 2009; Duncan 2018; Wahby 2016)
or stroke (Gandhi 2007; Parekh 2016), prolonged mechanical
ventilation (Gandhi 2007; Li 2006; Wahby 2016), respiratory failure
(Umpierrez 2015), delayed or loss graft function (Hermayer 2012;
Parekh 2016), use of inotropic agent support (Li 2006; Wahby 2016),
mechanical circulatory support (Duncan 2018), 30-day readmission
(Wallia 2017) and, lastly, delayed gastric emptying, obstruction,
bleeding, anastomotic leak and hepatic dysfunction (Yuan 2015).

Outcomes for renal failure and length of stay (ICU and hospital)
were well-defined in the 13 trials. Mean blood glucose during
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intervention was well-defined in most of the included trials (Cao
2010; Chan 2009; De La Rosa 2008; Duncan 2018; Gandhi 2007;
Glucontrol 2009; Hermayer 2012; Lazar 2004; Lazar 2011; Li 2006;
NICE SUGAR 2009; Parekh 2016; Rassias 1999; Subramaniam 2009;
Umpierrez 2015; Wahby 2016; Wallia 2017; Yuan 2015), however
Wahby 2016 did not report the related date and, conversely,
Abdelmalak 2013 and Desai 2012 reported the data but did not
provide specific outcome definition. Adverse events, other than
hypoglycaemic episodes, were well-defined in the outcomes of all
included studies.

Only one study, Desai 2012, assessed quality of life using the Short
Form-12 questionnaire. However, these data were not included in
the publication. We requested specific data from the author and
incorporated these into the results.

In the search results, we found a sub-study (Cardona 2017) with the
same sample as Umpierrez 2015 (minus 14 participants who were
excluded because of incomplete financial data), incorporating the
economic data related to the participants' hospitalisation.

The duration of follow-up differed between included trials and
depended on the outcome measurements. Therefore, the follow-up
ranged from discharge from the ICU (Glucontrol 2009) to five years
(Lazar 2004).

For more information on outcomes see Appendix 11.
Ongoing trials

We found two ongoing RCTs (NCT02032953; NCT04742023). See
Characteristics of ongoing studies for a detailed description.

Excluded studies

We excluded 39 studies after evaluating the full text: six studies
had the wrong study design (not RCTs); eight studies performed
the intervention on participants who did not suffer from diabetes;
12 studies did not evaluate a more intensive glycaemic control
versus moderate glycaemic control; two studies did not report on
a perioperative intervention; 10 studies were excluded because
separate data for participants with diabetes undergoing surgery
were not obtained after contacting the authors, and two records
were excluded because they were suspended trials. For further
details see Characteristics of excluded studies.

Risk of bias in included studies

The risk of bias assessment of the included trials is detailed in
the Characteristics of included studies section. Figure 2 and Figure
3 provide an overview of judgements about each domain for
individual trialsand across all included trials. We discuss the details
about the judgements specifically for each domain.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included trials (blank cells indicate that the particular outcome was not measured in some trials).
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Three studies described appropriate

2018; Gandhi 2007; Glucontrol 2009; NICE SUGAR 2009; Parekh

2016; Umpierrez 2015).
randomisation sequences but failed to describe how they ensured

concealment (Cao 2010; Wahby 2016; Wallia 2017).

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)

We judged almost half of the included studies to be at low risk
of selection bias (Abdelmalak 2013; De La Rosa 2008; Duncan
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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The rest of the included trials did not provide enough details
to judge their randomisation sequences. Six studies were simply
described as randomised (Hermayer 2012; Lazar 2004; Lazar
2011; Li 2006; Rassias 1999; Yuan 2015). Two used block
randomisation but did not specify if it was permuted and, in
consequence, allocation to the blocks may be predictable (Desai
2012; Subramaniam 2009). Finally, a trial used randomisation
sequences that were susceptible to manipulation (Chan 2009).

Blinding

Regarding performance bias, all-cause mortality, cardiovascular
events and renal failure were outcomes unlikely influenced by
lack of blinding. On the other hand, the rest of the outcomes
(hypoglycaemic events and other major complications, length
of stay and mean blood glucose) may be influenced by lack of
blinding, and we judged studies to be at high risk of performance
bias as it was not feasible to blind the intervention and, in
consequence, the trials were open for participants and trial
personnel.

Only six studies blinded the measurement of outcomes and were
at low risk of detection bias (Abdelmalak 2013; Cao 2010; Chan
2009; Gandhi 2007; Glucontrol 2009; Lazar 2011). The rest did not
blind the outcome assessor (Hermayer 2012; NICE SUGAR 2009;
Parekh 2016), or did not provide details (De La Rosa 2008; Desai
2012; Duncan2018; Lazar 2004; Li2006; Rassias 1999; Subramaniam
2009; Umpierrez 2015; Wahby 2016; Wallia 2017; Yuan 2015), and, in
consequence, we judged them to be at high risk of detection bias.

Incomplete outcome data

Wejudged 14 trials at low risk of attrition bias (Cao 2010; Chan 2009;
De La Rosa 2008; Duncan 2018; Gandhi 2007; Hermayer 2012; Lazar
2004; Lazar 2011; NICE SUGAR 2009; Rassias 1999; Umpierrez 2015;
Wahby 2016; Wallia 2017; Yuan 2015).

Two trials did not recruit the number of participants to reach the
sample size calculated (Parekh 2016; Subramaniam 2009), one trial
modified the planned enrolment (Abdelmalak 2013), and one did
not report details on the analyses to deal with this issue.

We judged a further three trials to be at unclear risk of attrition
bias. Desai 2012 described cross-over between treatment arms
(approximately for 20% of randomised participants), which led
to a per-protocol analysis. Glucontrol 2009 stopped the study
prematurely due to the high rate of unintended protocol violations.
Li 2006 reported many protocol deviations and cross-over between
groups that were excluded from final analyses.

Selective reporting

We categorised the risk of outcome reporting bias according
to the Outcome Reporting Bias In Trials (ORBIT) classification

(Appendix 10). We suspected that three trials likely assessed the
hypoglycaemic episodes but did not report results regarding this
outcome (Hermayer 2012; Lazar 2004; Li 2006). An additional trial
disclosed mortality as the primary outcome in its registration
record but reported the results as a secondary outcome (Cao 2010).

Ten trials reported insufficient information on registration or the
outcomes assessed to judge if they were biased in this domain
(Chan 2009; De La Rosa 2008; Desai 2012; Hermayer 2012; Lazar
2011; Subramaniam 2009; Umpierrez 2015; Wahby 2016; Wallia
2017; Yuan 2015). These trials reported results for all the outcomes
described in the methods section.

Other potential sources of bias

We did not identify any other source of bias that could impact the
internal validity of the included trials.

Effects of interventions

See: Summary of findings 1 Summary of findings: perioperative
control for people with diabetes undergoing surgery

See Summary of findings 1.

Baseline characteristics

For details of baseline characteristics, see Appendix 7 and Appendix
8.

Perioperative intensive glycaemic control versus conventional
glycaemic control

Primary outcomes
All-cause mortality

Twelve of the studies included measured all-cause mortality as a
primary outcome (Abdelmalak 2013; Chan 2009; De La Rosa 2008;
Desai2012; Duncan 2018; Glucontrol 2009; Lazar 2011; Li 2006; NICE
SUGAR 2009; Umpierrez 2015; Wahby 2016; Yuan 2015); two trials
reported death from any cause as a secondary outcome (Cao 2010;
Parekh 2016), and four included studies reported this outcome in
their study (Gandhi 2007; Lazar 2004; Subramaniam 2009; Wallia
2017).

Intensive glycaemic control resulted in little or no difference in all-
cause mortality compared to the conventional glycaemic control
(130/1263 (10.3%) and 117/1288 (9.1%) events, respectively, risk
ratio (RR) 1.08, 95% confidence interval (Cl) 0.88 to 1.33; |12 = 0%;
2551 participants, 18 studies; Analysis 1.1). We did not identify
noticeable asymmetry in the funnel plot (Figure 4). The certainty of
the evidence for this outcome was high.

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 20
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Hypoglycaemic episodes

Seventeen studies reported the number of participants with
measured hypoglycaemic episodes (Abdelmalak 2013; Cao 2010;
Chan2009; De La Rosa 2008; Desai 2012; Duncan 2018; Gandhi 2007;
Glucontrol 2009; Hermayer 2012; Lazar 2011; NICE SUGAR 2009;
Parekh 2016; Subramaniam 2009; Umpierrez 2015; Wahby 2016;
Wallia 2017; Yuan 2015), and 11 studies provided measurement
of severe hypoglycaemic episodes (Abdelmalak 2013; Desai 2012;
Duncan 2018; Glucontrol 2009; Hermayer 2012; NICE SUGAR 2009;
Parekh 2016; Subramaniam 2009; Umpierrez 2015; Wallia 2017,
Yuan 2015).

Intensive glycaemic control may slightly increase severe
hypoglycaemic episodes compared to the conventional treatment

group (37/927 (4%) and 6/969 (0.6%) events, respectively, RR 4.73,
95% Cl 2.12 to 10.55; I2 = 0%; 1896 participants, 11 studies; Analysis
1.3). The certainty of the evidence is low due to risk of bias and
imprecision.

Intensive glycaemic control resulted in a slight increase in
hypoglycaemic episodes compared to conventional care (141/1184
(11.9%) and 41/1226 (3.3%) events, respectively, RR 3.36, 95%
Cl 1.69 to 6.67; 12 = 64%; 2410 participants, 17 studies; Analysis
1.4). The certainty of the evidence is low due to risk of bias and
inconsistency. We did not identify noticeable asymmetry in the
funnel plot (Figure 5).

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 21
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Infectious complications

A total of 18 trials included infection as one of their outcomes
(Abdelmalak 2013; Cao 2010; Chan 2009; De La Rosa 2008; Desai
2012; Duncan 2018; Gandhi 2007; Lazar 2004; Lazar 2011; Li 2006;
NICE SUGAR 2009; Parekh 2016; Rassias 1999; Subramaniam 2009;
Umpierrez 2015; Wahby 2016; Wallia 2017; Yuan 2015).

Intensive glycaemic control may result in little to no difference
in the rate of infectious complications compared to conventional
glycaemic control (160/1228 (13%) and 224/1225 (18.3%) events,
respectively, RR 0.75, 95% CI 0.55 to 1.04; 12 = 55%; 2453
participants, 18 studies; Analysis 1.7). The certainty of the evidence
is low due to risk of bias and inconsistency. We did not identify
noticeable asymmetry in the funnel plot (Figure 6).

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 22
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Secondary outcomes Intensive glycaemic control may result in a decrease in
cardiovascular events compared to the conventional treatment
group (127/729 (17.4%) and 117/725 (24.4%) events, respectively,
Twelve studies reported cardiovascular events (Abdelmalak 2013;  RR0.73,95% Cl 0.55 to 0.97; 12 = 44%; 1454 participants, 12 studies;
Cao 2010; Desai 2012; Gandhi 2007; Glucontrol 2009; Lazar 2004;  Analysis 1.9). The certainty of the evidence is low due to risk of bias
Lazar 2011; Parekh 2016; Subramaniam 2009; Umpierrez 2015;  and imprecision. We did not identify noticeable asymmetry in the
Wahby 2016; Yuan 2015). funnel plot (Figure 7).

Cardiovascular events

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 23
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Renal failure

A total of 14 studies included renal failure as an outcome in their
trials (Abdelmalak 2013; Chan 2009; De La Rosa 2008; Desai 2012;
Duncan 2018; Gandhi 2007; Glucontrol 2009; Hermayer 2012; NICE
SUGAR 2009; Parekh 2016; Subramaniam 2009; Umpierrez 2015;
Wahby 2016; Yuan 2015). Various definitions were used for renal
failure (Appendix 11), mostly depending on creatine levels or the
need for dialysis.

Intensive glycaemic control may result in little or no difference in
the number of renal failure events compared to the conventional
treatment group (137/1029 (13.3%) and 158/1057 (14.9%) events,
respectively, RR 0.92, 95% CI 0.69 to 1.22; 12 = 38%; 2086
participants, 14 studies; Analysis 1.11). We did not identify
noticeable asymmetry in the funnel plot (Figure 8). The certainty of
the evidence is low due to indirectness and imprecision.

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)
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Length of ICU Intensive glycaemic control likely results in little to no difference

Data on the length of ICU stay were available from 11 studies (Chan in the number of days in the ICU compared to the control group

2009; De La Rosa 2008; Desai 2012; Duncan 2018; Gandhi 2007; ~ (mean difference (MD) -0.10 days, 95% CI -0.57 to 0.38; P = 0.69; I2=

Glucontrol 2009; Lazar 2004; Lazar 2011; Li 2006; NICE SUGAR 2009; 69%; 1687 participants, 11 studies; Analysis 1.13). The certainty of
Umpierrez 2015). the evidence is low due to inconsistency and risk of bias. We did not

identify noticeable asymmetry in the funnel plot (Figure 9).

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 25
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Length of hospital stay Intensive glycaemic control may result in little to no difference in
Data on the total length of hospital stay were provided by 12 the mean length of hospital stay compared to the control group, but

- > . i o ] )
studies (Cao 2010; Chan 2009; Desai 2012; Gandhi 2007; Glucontrol the evidence is ver}/ .uncertaln (MD .0'79 days,. 95%Cl-1.79 to 0"21’
2009: Lazar 2004: Lazar 2011: NICE SUGAR 2009: Parekh 2016: 12 =77%; 1520 participants, 12 studies; Analysis 1.15). The certainty

Subramaniam 2009; Umpierrez 2015; Wallia 2017). of the evidence is very low due to risk of bias, inconsistency and
’ ’ imprecision. We did not identify noticeable asymmetry in the funnel

plot (Figure 10).
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[en)
|
1

SE(MD [days])
O I

®

10 f ;

© %

1 O

O

O

MD [days]

-10

Mean blood glucose during intervention

Mean blood glucose during intervention was available from 17
studies (Abdelmalak 2013; Cao 2010; Chan 2009; De La Rosa 2008;
Desai 2012; Duncan 2018; Gandhi 2007; Hermayer 2012; Lazar 2004;
Lazar 2011; Li 2006; NICE SUGAR 2009; Parekh 2016; Rassias 1999;
Umpierrez 2015; Wallia 2017; Yuan 2015). One study could not be
included in the analysis due to missing SD values (Chan 2009). We
obtained data on mean blood glucose during the intervention from
one study by approximating mean values at zero and six hours
from the figure and the SD from the reported standard error of
the mean. We assumed the SD values at 0 and 6 hours in the ICU
(not reported) to be approximately equal to the associated time
value. We estimated overall mean and SD values in each group by
the pooled value computed from the five measures (Lazar 2004).
In another trial, we obtained data on mean glucose during the
intervention by the pooled value computed from the two measures
(values at the end of cardiopulmonary bypass and at 18 hours)
(Lazar 2011). In one study we obtained the pooled SD per day from
the mean and P value, assuming equal variances in both groups,
and we estimated the overall mean and SD values by the pooled
value computed from the five days (Li 2006). In another study,
we estimated the overall mean by averaging the approximated
values obtained from the graphical evolution of glucose levels
during interventions. Overall SD was assumed to be comparable
to the baseline glucose SD (Rassias 1999). The studies showed
important differences regarding this outcome and, in consequence,
we could not combine the individual results in a meta-analysis.
Within the included studies, intensive glycaemic control resulted in

5 10

the reduction of mean blood glucose with a mean lowering of blood
glucose effect ranging from 13.42 mg/dL to 91.30 mg/dL.

Health-related quality of life

Only one study assessed health-related quality of life with the
SF-12 norm-based physical component score (Desai 2012). This
means that a physical health composite score is composed using
the scores of the 12 questions of the questionnaire that range from
0 to 100, indicating the lowest and the highest level of health,
respectively. This composite score was compared to a national
norm, such as a mean score of 50 (SD 10). In the intervention group
the mean value of the physical health component score was 45 (SD
13) and in the control group 48 (SD 9). These data were available
from only 12/37 (32.4%) participants in the intervention group and
13/44 (29.5%) participants in the control group.

Socioeconomic effects

The Umpierrez 2015 study population is the only one for which
socioeconomic data were available through the publication of a
specific sub-study by Cardona 2017.

In this post hoc cost analysis, the hospitalisation costs, utilisation
of resources and perioperative complications were described for a
total of 143 participants with diabetes, 72 and 71 participants in the
conventional and intensive glycaemic control group, respectively.
Costs by category and cost differences between the treatment
arms were calculated. Hospital costs and utilisation of resources
included pharmacy, radiology, laboratory, consultations and ICU
costs. The adjustment ratios were determined from the Medicare

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)
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Hospital Cost Report published by the Centers of Medicare and
Medicaid Services and data available from the participating
hospitals. The data were expressed in USD dollars with a mean
(min-max).

The total hospital costs were higher in the conventional glycaemic
control group, 42,052 USD (32,858 to 56,421), compared to the
intensive glycaemic control group, 40,884 USD (31.216 to 49,992).
The utilisation of resources was also higher in the conventional
glycaemic control group (2138 USD (1711 to 2968)) compared to the
group with intensive glycaemic control (1911 USD (1569 to 2773)).
However, these differences in costs between conventional and
intensive glycaemic control groups were not statistically significant
for hospital costs (P =0.18) or resource utilisation (P = 0.26).

Weight gain

Only two studies provided data on weight gain. In one study, the
weight gain was 11.0 kg (SD 7.5) in the intervention group and
10.6 kg (SD 5.8) in the control group (Lazar 2011). The other study
reported the mean maximum weight gain, which was 3.1 kg (SD 0.2)
in the intervention group and 6.0 kg (SD 0.4) in the control group
(Lazar 2004).

Sensitivity analyses

To assess the impact of risk of bias on the certainty of the
evidence for all-cause mortality, we performed a sensitivity analysis
eliminating trials with an unclear risk of selection bias. Pooled data
from eight trials with a low risk of selection bias (Abdelmalak 2013;
De La Rosa 2008; Duncan 2018; Gandhi 2007; Glucontrol 2009; NICE
SUGAR 2009; Parekh 2016; Umpierrez 2015) showed a similar effect
to when we assessed the whole set of included trials, with a RR of
1.09 (95% C1 0.88 to 1.36; 12 = 0%; 1421 participants, 8 studies; high
certainty of evidence; Analysis 1.2).

We also performed sensitivity analyses restricted to data published
in the reports of the included trials, with similar results to those in
the main analyses.

Sensitivity analysis restricted to published data for all-cause
mortality showed a RR of 0.76 in favour of intensive glycaemic
control (95% C10.34 to 1.72; 1> = 0%; 7 studies, 820 participants; high
certainty of evidence; Analysis 1.2). The primary authors from seven
trials provided data (Cao 2010; Gandhi 2007; Lazar 2011; Li 2006;
Parekh 2016; Wahby 2016; Yuan 2015).

Sensitivity analysis restricted to published data for severe
hypoglycaemic events included three studies (Hermayer 2012;
Parekh 2016; Yuan 2015). Excluding Parekh 2016 from the pooled
analysis due to reporting zero events in both the intervention
and control group, analysis of the two remaining trials showed a
RR of 1.59 (95% CI 0.05 to 52.32; 12 = 73%; 365 participants; low
certainty of evidence; Analysis 1.5). For any hypoglycaemic events,
sensitivity analysis included seven studies (Cao 2010; Gandhi 2007;
Hermayer 2012; Lazar 2011; Parekh 2016; Wahby 2016; Yuan 2015),
and resulted in a pooled RR of 2.24 (95% CI 0.56 to 8.94; 12 = 68% ;
834 participants; low certainty of evidence; Analysis 1.6).

For infectious complications, sensitivity analysis restricted to
published data showed a RR of 0.54 (95% CI 0.38 to 0.75; 1 = 24%; 9
studies, 1001 participants; low certainty of evidence; Analysis 1.8).

Sensitivity analysis restricted to published data for cardiovascular
events resulted in a RR of 0.80 (95% Cl 0.50 to 1.25; I = 50%; 6
studies, 727 participants; moderate certainty of evidence; Analysis
1.10).

Sensitivity analysis for renal failure restricted to published data
(Gandhi 2007; Hermayer 2012; Parekh 2016; Wahby 2016; Yuan
2015) showed a RR of 0.79 (95% CI 0.42 to 1.45; 12 = 47%; 5 trials, 559
participants; Analysis 1.12).

Sensitivity analysis restricted to published data for the length of ICU
stay (Gandhi 2007; Lazar 2011; Li 2006) resulted in a MD of 0.18 days
(95% C1-0.07 to 0.43; 12 = 0%; 3 trials, 248 participants; Analysis 1.14)

Sensitivity analysis restricted to published data for hospital stay
(Ca02010; Gandhi2007; Lazar2011; Parekh 2016) showed evidence
of a reduction of hospital stay in favour of the intensive treatment
group (MD -1.09 days, 95% CI -1.82 to -0.35; I? = 10%; 4 trials, 394
participants; low certainty of evidence; Analysis 1.16).

DISCUSSION

Summary of main results

This review update aimed to investigate the effects of intensive
perioperative glycaemic control versus conventional glycaemic
control in people with diabetes mellitus. A total of 20 randomised
controlled trials and two potentially relevant ongoing trials met the
inclusion criteria. The review included studies on 2670 participants
with diabetes, 1320 allocated to intensive perioperative glycaemic
control and 1350 to conventional glycaemic control.

We were able to demonstrate that intensive glycaemic control may
decrease the occurrence of cardiovascular events. This beneficial
effect was accompanied by a slight increase in the number of
individuals experiencing hypoglycaemic and severe hypoglycaemic
episodes in the intensive glycaemic control group. However, we
should point out that moderate statistical heterogeneity between
studies was present for these outcomes. Overall, we should
underline that heterogeneity among studies was present for several
outcomes. Additionally, there was heterogeneity regarding the
methodology in the design of the intervention, the definition of
intensive glycaemic control, and the definition and assessment of
study variables (e.g. hypoglycaemia, infection and renal failure).

The outcome of all-cause mortality was the only one considered to
have a high certainty of evidence. We judged the other outcomes
to have low- or very low-certainty evidence, and all trials had an
unclear or high risk of bias in several of the risk of bias domains.

We could not demonstrate that the intervention led to any
clear reductions on important endpoints, such as all-cause
mortality, infectious complications and renal failure. Furthermore,
no relevant effects were observed on the length of hospital stay.

Considering the socioeconomic effects, we included data from a
sub-study on the same population from an included study in this
review. Data showed positive effects, but no firm conclusions could
be drawn.

Overall completeness and applicability of evidence

We performed an extensive search for trials, included publications
in any language and placed no restrictions on the outcomes

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 28
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included in the trials. Where needed we tried to obtain additional
information. The trials were conducted in five different continents
with a large preponderance of studies performed in the USA. Most
of the included trials did not define the diagnostic criteria for
diabetes mellitus and also few trials provided information about
the duration of diabetes of the participants.

The participants included in these trials may not be representative
of the general population of people with diabetes. We should
point out that 11 studies included participants undergoing
cardiovascular surgical interventions (Chan 2009; Desai 2012;
Duncan 2018; Gandhi 2007; Lazar 2004; Lazar 2011; Li 2006; Rassias
1999; Subramaniam 2009; Umpierrez 2015; Wahby 2016). Also, it
should be kept in mind that, in most trials, participants with the
most severe surgical or pre-surgical conditions were excluded. All
these issues preclude the generalisation of the currently available
results to many other patients with diabetes or for many types of
surgical procedures that have not been included in this review.

Nine studies exclusively included participants with diabetes (Cao
2010; Hermayer 2012; Lazar 2004; Lazar 2011, Li 2006; Parekh 2016;
Rassias 1999; Wahby 2016; Yuan 2015), while the other studies
included both patients with and without diabetes (Abdelmalak
2013; Chan2009; De La Rosa 2008; Desai2012; Duncan 2018; Gandhi
2007; Glucontrol 2009; NICE SUGAR 2009; Subramaniam 2009;
Umpierrez 2015; Wallia 2017) and, when applicable, we contacted
the authors to obtain separate data on patients with diabetes. We
had to exclude some potentially relevant studies because, despite
contacting the authors, we were not provided with specific data
for the subgroup of participants with diabetes mellitus undergoing
surgery (Abdelmalak 2011; Abdelmalak 2019; Albacker 2008; Arabi
2008; Bilotta 2009; Carvalho 2011; Giakoumidakis 2013; He 2007;
Kalfon 2014; Kumar 2020; Kurnaz 2017; Mitchell 2006; Mohod
2019; Okabayashi 2014; Rujirojindakul 2014; Santana-Santos 2019;
Wang 2008). Therefore, potentially available relevant information
stemming from participants in other RCTs is missing from this
review.

The target blood glucose concentrations and the regimens used
in the intensive study groups differed among trials. Further, the
duration and time of initiation of interventions were also different.
Therefore, the available information from trials does not allow
the establishment of an optimal glycaemic target, an optimal
treatment regimen or an adequate duration of the perioperative
intervention.

Finally, the review deals with a heterogeneous group of studies.
Our meta-analyses were limited by the inability to use individual
participant data to assess whether distinct clinical characteristics
may have influenced the effect estimates of the intervention.
Although the analysis shows homogeneity only for all-cause
mortality and length of ICU stay, we have determined to include all
outcomes in the meta-analysis in order to explore the data and gain
further insights in the review. The reader should take into account
this heterogeneity in interpreting the results.

Quality of the evidence

None of the included studies was classified as having a low risk of
biasin allthe assessed domains. Concerning the design of the trials,
it was not feasible to establish double-blinding of investigators
and participants. This may have influenced the performance of
investigators, especially in relation to the hypoglycaemic episodes

and assessment of infection. For this reason, we judged most trials
to be at high risk of performance bias for these outcomes. On the
other hand, we considered the blinding of outcome assessment
to be of low or uncertain risk of bias for most variables. This
can be considered a lesser concern as all reported outcomes
were not subject to individual interpretation. Additionally, many
trials had an unclear risk of bias for randomisation and allocation
concealment.

The major reasons for downgrading the certainty of the evidence
were the impact of the risk of bias (mainly the lack of blinding),
inconsistency (due to unexplained statistical heterogeneity within
effect estimates from trials included), or imprecision. As a result
of this assessment, we were confident about the estimates of
effect for all-cause mortality but not for the other outcomes, which
had problems related to the risk of bias, severe inconsistency and
imprecision.

Potential biases in the review process

As part of this update, we contacted the authors of the eligible
trials to request possible missing data, clarification and separate
data on participants with diabetes undergoing surgery if necessary.
Some authors were not contacted because all information was
available in the published article. A total of 12 trials (Appendix 17)
could not beincluded because the authors did not provide outcome
data for a subpopulation of patients with diabetes, and a large
amount of possible additional information could not be captured.
Additionally, we identified two ongoing studies.

The design of the intervention and the glycaemic targets also
varied substantially between trials. Further, the definitions of the
trial outcomes varied among trials, and some of the trials did not
include data on relevant outcomes such as hypoglycaemic events
or infectious complications.

Agreements and disagreements with other studies or
reviews

The present review is an update of a previously published
systematic review (Buchleitner 2012). The addition of eight new
studies in this updated review yielded different and relevant
insights, including a decrease in infection rates in participants
under intensive perioperative blood glucose control.

Other reviews on strict blood glucose control in the perioperative
period have been published. The most recent systematic review
dealt with patients with diabetes undergoing cardiac surgery (Jin
2020). Its main conclusion was that intensive blood glucose control
is associated with a lower risk of atrial fibrillation and sternal
wound infection. This review included six RCTs, three of which were
also assessed in the present review (Lazar 2004; Lazar 2011; Wahby
2016). One of the other three included studies was considered to
be awaiting classification in our review (Zadeh 2016). The other
two studies were excluded from this review due to methodological
concerns or not fulfilling the criteria for inclusion in the current
review (Asida 2013; Kirdemir 2008).

Another recent meta-analysis dealt with patients with and
without diabetes (Kang 2018), and its main conclusion was that
compared to liberal control, perioperative tight glucose control
was associated with a significant reduction in short-term mortality,
cardiac surgery mortality, mortality in patients with diabetes and
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certain postoperative complications (acute kidney injury, sepsis,
surgical site infection, atrial fibrillation).

From a clinical point of view, the burden of the potentially
associated late complications of diabetes in participants with
diabetes mellitus puts these people at a clearly different baseline
risk of intra- and postoperative morbidity and mortality as
compared with participants without diabetes mellitus. Therefore,
we strongly believe that trials addressing the main question of the
current review should be designed exclusively for participants with
diabetes and that systematic reviews should clearly differentiate
between participants with and without diabetes.

Finally, the review by Sathya et al in patients with diabetes and
under different targets for blood glucose during the perioperative
period concluded that a moderately intensive perioperative
glycaemic target (150 mg/dL to 200 mg/dL (5.6 mmol/L to
8.3 mmol/L)) was associated with a reduction in postoperative
mortality and stroke compared with a liberal target (Sathya 2013).
Of the studies included in this review, only three were RCTs
(Kirdemir 2008; Lazar 2004; Lazar 2011). The reviews by Kang (Kang
2018) and Sathya (Sathya 2013) further reported an increased risk
of hypoglycaemia with strict blood glucose strategies.

AUTHORS' CONCLUSIONS

Implications for practice

We analysed 20 randomised controlled trials addressing the effect
of perioperative intensive glycaemic management compared to
conventional glucose control in people with diabetes mellitus
undergoing a surgical procedure. More stringent glycaemic control
reduced mean blood glucose with a mean lowering of blood
glucose effect ranging from 13.42 mg/dL to 91.30 mg/dL. There
is high-certainty evidence that more stringent perioperative
glycaemic control results in little or no difference in overall
mortality in people with diabetes undergoing surgery. However,
low-certainty evidence indicates that people managed with
more stringent perioperative glucose-lowering regimens are at
a slightly increased risk of developing hypoglycaemic events,
including a slightly increased risk of severe hypoglycaemic
events. Additionally, low-certainty evidence indicates that people
undergoing more stringent glycaemic perioperative management
may have a reduced risk of cardiovascular events. No meaningful
differences in length of hospital or intensive care unit stay were
found, and there were no apparent differences in the other
outcomes of perioperative intensive compared to conventional
blood glucose control regimens. Only one study provided data
on health-related quality of life in a small number of individuals,
for which no difference was noted. Regarding the socioeconomic
effects, one study evaluated hospital cost and resource utilisation;
this study did not reveal differences between intensive and
conventional glucose control.

It must be pointed out that the algorithms in the intervention
and comparison arms varied substantially, including the target
blood glucose concentrations. We could not analyse any results
regarding the different types of surgical procedures. Apart from
the heterogeneity in the design and delivery of the intervention,

a relevant degree of heterogeneity was present regarding several
study outcomes. Therefore, the interpretation of the findings of this
review should consider the heterogeneity that affects the design
and conduct of the studies, and their outcomes.

Implications for research

We are uncertain whether stringent perioperative glycaemic control
in people with diabetes results in benefits for every type of surgical
procedure. Furthermore, it is not well established which is the
optimal blood glucose algorithm and glycaemic target range. Low-
certainty evidence exists for different clinically relevant outcomes,
especially for hypoglycaemic events. Data on health-related quality
of life and socioeconomic effects are very scarce. Future studies
should focus on these issues.
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Abdelmalak 2013

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria: age = 40 years old. Major non-cardiac surgical procedures scheduled to take = 2
hours done under general anaesthesia. Written informed consent.

Exclusion criteria: recent intravenous or oral steroid therapy (within 30 days); inhaled steroids are
permitted. Any contraindications to the proposed interventions. ASA Physical Status > 4. Non Eng-
lish-speaking people. Procedures done under regional anaesthesia.

Diagnostic criteria: —

Setting: Department of General Surgery, Cleveland Clinic

Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Interventions Intervention(s): intensive glucose management with target glucose concentrations of 80 mg/dL to 110
mg/dL
Comparator(s): conventional glucose management with target glucose concentrations of 180 mg/dL
to 200 mg/dL
Duration of intervention: intraoperatively (shortly after induction of anaesthesia) and continued
through the first 2 postoperative hours
Duration of follow-up: 30 days and 1 year (mortality only)

Run-in period: none
Number of study centres: 1
Treatment before trial: —

Outcomes Reported outcome(s) in full text of publication: primary outcome was a collapsed composite end-
point (any vs none) defined as the occurrence of at least one of the 15 major complications before hos-
pital discharge, including sepsis, severe surgical site infection, myocardial infarction, heart failure,
stroke, unstable ventricular arrhythmias, pulmonary embolism, pneumonia, respiratory failure, dialysis
dependent renal failure, large pleural or peritoneal effusions, major bleeding, major wound and surgi-
cal site healing complications, vascular graft thrombosis and 30-day mortality. One-year mortality da-
ta were obtained from electronic medical records, the United States Social Security Index, or both, and
confirmed by direct telephone contact with the participant/family.

Study registration Trial identifier:NCT00995501; NCT00433251
Trial terminated early: the trial was stopped for futility at 37.7% of planned maximum 970

Publication details Language of publication: English
Funding: commercial funding: financial support for the submitted work from Aspect Medical (now Co-
vidien), Cleveland Clinic Research Project Committee, Anesthesiology Institute (departmental funds),
Abbott Laboratories Inc. (limited support; supplied reagents for CRP analysis), W.H.W.T received grant
support (money to the institution) in support of other studies from Abbott Laboratories. This is an in-
vestigator-initiated trial independent of the study sponsors.

Publication status: peer-reviewed journal
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Abdelmalak 2013 (continued)

Stated aim of study

Quote: "We tested the primary hypotheses that major perioperative morbidity is reduced by: intensive
intraoperative glucose control"

Notes Information exclusively on diabetes participants was provided by trial authors

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: “Randomization codes were generated by the PLAN procedure in SAS

tion (selection bias) statistical software”

Allocation concealment Low risk Quote: “Randomization codes [...] implemented using a concealed-allocation

(selection bias) web-based system that was accessed by research physicians just before the
planned surgery”

Blinding of participants Low risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

All-cause mortality Comment: outcome measure unlikely influenced by lack of blinding

Blinding of participants Unclear risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Hypoglycaemic episodes Comment: outcome measure likely influenced by lack of blinding

Blinding of participants Low risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Adverse events other than Comment: outcome measure unlikely influenced by lack of blinding

hypoglycaemic episodes

Blinding of participants Low risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Cardiovascular events Comment: outcome measure unlikely influenced by lack of blinding

Blinding of participants Low risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Renal failure Comment: outcome measure likely influenced by lack of blinding

Blinding of participants Low risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Infection events Comment: outcome measure likely influenced by lack of blinding

Blinding of participants High risk Quote: “Clinicians were blinded to the dexamethasone but not to the glucose

and personnel (perfor- control [...]. However, patients [...] were fully blinded.”

mance bias)

Mean blood glucose dur- Comment: outcome measure likely influenced by lack of blinding

ing intervention

Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes

sessment (detection bias)
Infection events

were fully blinded.”

Comment: described as blinded for outcome assessment
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Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
All-cause mortality
Comment: described as blinded for outcome assessment
Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
Hypoglycaemic episodes
Comment: described as blinded for outcome assessment
Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
Adverse events other than
hypoglycaemic episodes Comment: described as blinded for outcome assessment
Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
Cardiovascular events
Comment: described as blinded for outcome assessment
Blinding of outcome as- Low risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
Renal failure
Comment: described as blinded for outcome assessment
Blinding of outcome as- High risk Quote: “[...] investigators responsible for assessing postoperative outcomes
sessment (detection bias) were fully blinded.”
Mean blood glucose dur-
ing intervention Comment: described as blinded for outcome assessment
Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-
(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-
All-cause mortality cause of concerns from the trial’s Executive Committee on the possible futility
of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.
Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-
(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-
Hypoglycaemic episodes cause of concerns from the trial’s Executive Committee on the possible futility
of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.
Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-
(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-
Adverse events other than cause of concerns from the trial’s Executive Committee on the possible futility
hypoglycaemic episodes of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.
Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-
(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-
Cardiovascular events cause of concerns from the trial’s Executive Committee on the possible futility
of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.
Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-

(attrition bias)
Renal failure

ple size calculation (970 participants) due to a slow recruitment but also be-
cause of concerns from the trial’s Executive Committee on the possible futility
of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.
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Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-

(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-

Infection events cause of concerns from the trial’s Executive Committee on the possible futility
of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.

Incomplete outcome data  Unclear risk Comment: the trial modified the planned enrolment obtained from the sam-

(attrition bias) ple size calculation (970 participants) due to a slow recruitment but also be-

Mean blood glucose dur- cause of concerns from the trial’s Executive Committee on the possible futility

ing intervention of intervention. Recruitment problems also led to a modification of inclusion
criteria. The trial finally included 381 participants.

Selective reporting (re- Low risk Comment: the trial register record discloses all the outcomes in the trial re-

porting bias) port

Other bias Low risk Nothing detected

Cao 2010
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: adult people with type 2 DM who were to undergo open elective gastrectomy for
gastric cancer

Exclusion criteria: age < 16 years; severe obesity (BMI > 30 kg/m?) or severe malnutrition (BMI < 15
kg/m?); expected SICU stay after surgery less than 24 h; tumour was unresectable or the person with
late-stage cancer underwent palliative surgery; pregnancy; took corticosteroids, steroids, growth hor-
mone or immunosuppressive drugs within 2 weeks prior to the study; person received neoadjuvant
chemotherapy; person was diagnosed with gastric stump cancer or recurrent gastric cancer

Diagnostic criteria: type 2 DM according to 1999 World Health Organization
Setting: affiliated hospital of medical college Qingdao University

Age group: adults

Gender distribution: females and males

Country where trial was performed: China

Co-morbidities: gastric cancer. Hypertension (I: 18.5%; C: 17.2%); coronary artery disease (I: 2.2%;
C:1.1%); cardiac insufficiency (I: 7.6%; C: 5.7%); pulmonary disease (I: 4.3%; C: 5.7%); renal insufficiency
(I: 1%; C: 2.3%); liver insufficiency (I: 4.3%; C:3.4%); any preoperative comorbidity (I: 38.0%; C: 35.6%)

Co-medications: antibiotic prophylaxis: cefamandole 1 g/dose was administered intravenously 30
minutes before the initial surgical incision and then 1 g/8 hours for 2 days postoperatively

Interventions

Intervention(s): intensive insulin therapy (maintenance of blood glucose at a level between 4.4 mmol/
L and 6.1 mmol/L)

Comparator(s): conventional insulin therapy (maintenance of blood glucose at a level between 10
mmol/L and 11.1 mmol/L)

Duration of intervention: until oral intake or enteral nutrition was established during postoperative
period

Duration of follow-up: 28 days
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Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: insulin (65.2%), oral antidiabetic agents (27.2%)
Comparator: insulin (72.4 %), oral antidiabetic agents (21.8%)

None: I: 7/92 (7.6%), C: 5/87 (5.7%)

Outcomes Reported outcome(s) in full text of publication: the primary outcome was postoperative short-term
complication rate. The secondary outcomes included postoperative 28-day mortality rate, HOMA-IR
score and HLA-DR

Study registration Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English

Funding: non-commercial funding (this study was partially supported by the Health Science and Tech-
nology Development Project of Shandong (2005 HZ024))

Publication status: peer-reviewed journal

Stated aim of study

Quote: "This study was to compare the effect of intensive insulin therapy (IIT) to conventional insulin
therapy (CIT) on postoperative outcomes among type 2 diabetes mellitus (DM) patients who under-
went D2 gastrectomy for gastric cancer"

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: “A simple randomization method (300 random numbers were generat-

tion (selection bias) ed through a random number table) [...] was used for allocating the patients
to different groups [...].”

Allocation concealment Unclear risk Quote: “A simple randomization method (300 random numbers were generat-

(selection bias) ed through a random number table) with concealment was used for allocating
[...]”
Comment: described as concealed but additional details were unavailable; as
the randomisation sequence is susceptible to manipulation, additional details
would be required

Blinding of participants Low risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to

and personnel (perfor- use a single-centre, unblinded design”

mance bias)

All-cause mortality Comment: outcome measure unlikely influenced by lack of blinding

Blinding of participants High risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to

and personnel (perfor-
mance bias)
Hypoglycaemic episodes

use a single-centre, unblinded design”

Comment: outcome measure likely influenced by lack of blinding
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Cao 2010 (continued)

Blinding of participants High risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to
and personnel (perfor- use a single-centre, unblinded design”
mance bias)
Adverse events other than Comment: outcome measure likely influenced by lack of blinding
hypoglycaemic episodes
Blinding of participants Low risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to
and personnel (perfor- use a single-centre, unblinded design”
mance bias)
Cardiovascular events Comment: outcome measure unlikely influenced by lack of blinding
Blinding of participants High risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to
and personnel (perfor- use a single-centre, unblinded design”
mance bias)
Length of ICU and hospital Comment: outcome measure unlikely influenced by lack of blinding
stay
Blinding of participants High risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to
and personnel (perfor- use a single-centre, unblinded design”
mance bias)
Infection events Comment: outcome measure likely influenced by lack of blinding
Blinding of participants High risk Quote: “To avoid the serious harm of severe hypoglycaemia, we decided to
and personnel (perfor- use a single-centre, unblinded design”
mance bias)
Mean blood glucose dur- Comment: outcome measure likely influenced by lack of blinding
ing intervention
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Infection events sion-making and important outcome measurements”.
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
All-cause mortality sion-making and important outcome measurements”.
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Hypoglycaemic episodes sion-making and important outcome measurements”.
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Adverse events other than sion-making and important outcome measurements”.
hypoglycaemic episodes
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Cardiovascular events sion-making and important outcome measurements”.
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“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”

Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Length of ICU and hospital sion-making and important outcome measurements”.
stay
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Blinding of outcome as- Low risk Quote: “[...] to minimize the bias, the staff responsible for adjustment of in-
sessment (detection bias) sulin dose and monitoring of blood glucose levels was unaware of clinical deci-
Mean blood glucose dur- sion-making and important outcome measurements”
ing intervention
“The wound was evaluated daily and 15 and 28 days after surgery by the same
surgeon who was blinded to the treatment assignments”
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
All-cause mortality
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Hypoglycaemic episodes
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Adverse events other than
hypoglycaemic episodes
Incomplete outcome data ~ Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Cardiovascular events
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Length of ICU and hospital
stay
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Infection events
Incomplete outcome data  Low risk Comment: sample size calculation for 172 participants; 179 participants were
(attrition bias) randomised, and no dropouts were described
Mean blood glucose dur-
ing intervention
Selective reporting (re- High risk Comment: trial register record (ChiCTR-TRC-10001126) includes mortality as
porting bias) main outcome, but it was changed in the trial report
Other bias Low risk Nothing detected
Chan 2009
Study characteristics
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Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants Inclusion criteria: adults from both genders who were older than 21 years of age and who were under-
going open-heart cardiac surgery with CPB

Exclusion criteria: renal dysfunction, reoperation, use of inotropic support, neurological dysfunction,
chronic pulmonary obstructive disease, emergency or urgency

Diagnostic criteria: —

Setting: Instituto do Coragao (InCor), Hospital das Clinicas
Age group: adults

Gender distribution: females and males

Country where trial was performed: Brazil

Co-medications: general anaesthesia: sufentanil, atracurium and isoflurane. Others: midazolam,
methylprednisolone, second-generation cephalosporin, lactated Ringer's solution. If needed: red blood
cell blood transfusion, aminocaproic acid.

Interventions Intervention(s): intensive protocol, with target glucose level between 80 mg/dL and 130 mg/dL

Comparator(s): control group (less intensive), with target glucose level between 160 mg/dL and 200
mg/dL

Duration of intervention: during surgery and for 36 hours after surgery in the intensive care unit
Duration of follow-up: 30 days after surgery
Run-in period: none

Number of study centres: 1

Outcomes Reported outcome(s) in full text of publication: primary outcomes were clinical outcomes, which in-
cluded the duration of mechanical ventilation from the operation room until extubation in the inten-
sive care unit (ICU), the length of stay in the ICU, occurrence of infection (diagnosis of pneumonia, uri-
nary tract infection, sepsis, septic shock, wound infection, blood stream infection, catheter infection),
occurrence of hypoglycaemia (glucose level <50 mg/dL), renal dysfunction (characterised as an in-
crease in the level of creatinine higher than 50% of the baseline value), neurological dysfunction (diag-
nosis by hospital neurologist who was blinded to the protocol), red blood cell transfusion during the
first 30 days after surgery, the length of stay in the hospital and mortality by 30 days after surgery

Study registration Trial identifier:NCT00370643

Trial terminated early: no

Publication details Language of publication: English
Funding: non-commercial funding (E.J. Zerbini Foundation)

Publication status: peer-reviewed journal

Stated aim of study Quote: "In light of this suggestion, we aimed to investigate whether different targets of intraoperative
and postoperative glucose (80 - 130 mg/dL, 4.4 - 7.2 mEq/L or 160 - 200 mg/dL, 8.8 - 11.1 mEq/L) could
affect postoperative clinical outcomes after cardiac surgery with cardiopulmonary bypass"

Notes Information exclusively on diabetes participants was provided by trial authors
Risk of bias
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Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Quote: "The patients were randomized into two groups through a lottery sys-
tion (selection bias) tem"
Comment: no details
Allocation concealment Unclear risk Comment: the system used to generate the randomisation sequence is sus-
(selection bias) ceptible to manipulation; details to prevent it were not described
Blinding of participants Low risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure unlikely influenced by lack of blinding
mance bias)
All-cause mortality
Blinding of participants High risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure likely influenced by lack of blinding
mance bias)
Hypoglycaemic episodes
Blinding of participants High risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure likely influenced by lack of blinding
mance bias)
Adverse events other than
hypoglycaemic episodes
Blinding of participants Low risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure unlikely influenced by lack of blinding
mance bias)
Renal failure
Blinding of participants High risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure likely influenced by lack of blinding
mance bias)
Length of ICU and hospital
stay
Blinding of participants High risk Comment: the trial was registered as open-label according the ClinicalTrial-
and personnel (perfor- s.gov record; outcome measure likely influenced by lack of blinding
mance bias)
Infection events
Blinding of outcome as- Low risk Quote: “The physicians and nurse who obtained the clinical data were blinded
sessment (detection bias) to the randomisation of the group”
Infection events
Blinding of outcome as- Low risk Quote: “The physicians and nurse who obtained the clinical data were blinded
sessment (detection bias) to the randomisation of the group”
All-cause mortality
Blinding of outcome as- Low risk Quote: “The physicians and nurse who obtained the clinical data were blinded
sessment (detection bias) to the randomisation of the group”
Hypoglycaemic episodes
Blinding of outcome as- Low risk Quote: “The physicians and nurse who obtained the clinical data were blinded
sessment (detection bias) to the randomisation of the group”
Adverse events other than
hypoglycaemic episodes
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Blinding of outcome as-
sessment (detection bias)
Renal failure

Low risk

Quote: “The physicians and nurse who obtained the clinical data were blinded
to the randomisation of the group”

Blinding of outcome as-
sessment (detection bias)
Length of ICU and hospital
stay

Low risk

Quote: “The physicians and nurse who obtained the clinical data were blinded
to the randomisation of the group”

Incomplete outcome data
(attrition bias)
All-cause mortality

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Incomplete outcome data
(attrition bias)
Renal failure

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Incomplete outcome data
(attrition bias)

Length of ICU and hospital
stay

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Incomplete outcome data
(attrition bias)
Infection events

Low risk

Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 109 participants; no dropouts were described accord-
ing to the report

Selective reporting (re-
porting bias)

Unclear risk

Comment: study was not powered for the primary outcomes. All primary out-
comes mentioned in the study protocol (NCT00370643) are reported in the re-
sults. Secondary outcomes in the protocol are not the same as the one report-
ed in the publication. In the publication it is described in the abstract but not
in the methods, and not reported - just stated that it is not different between
the two groups.

Other bias

Low risk

Nothing detected

De La Rosa 2008

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: participants aged 15 years or older admitted to the ICU between 12 July 2003 and 21
December 2005 with an expected ICU stay of at least 2 days

Exclusion criteria: pregnancy, diabetic ketoacidosis, hyperosmolar non-ketotic state, readmission to
the ICU during the same hospitalisation, advanced stage cancer (solid or haematological), decision to
withhold or withdraw aggressive therapies and inclusion in another clinical trial
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De La Rosa 2008 (continued)

Diagnostic criteria: on the basis of their medical history
Setting: mixed ICU in the Hospital Pablo Tobén Uribe
Age group: adolescents and adults

Gender distribution: females and males

Country where trial was performed: Colombia

Interventions

Intervention(s): intensive insulin therapy
Comparator(s): standard insulin therapy
Duration of intervention: during ICU stay
Duration of follow-up: 28 days

Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: insulin: 2.1%, oral antidiabetic agents: —
Comparator: insulin: 3.6%, oral antidiabetic agents: —

Outcomes Reported outcome(s) in full text of publication: the primary outcome was 28-day all-cause mortality.
Secondary outcomes were: ICU mortality; hospital mortality; incidence of infections in the ICU (ventila-
tor-associated pneumonia, urinary infections, catheter-related infections and primary bacteraemias);
ICU length of stay; days of mechanical ventilation and incidence of severe hypoglycaemia

Study registration Trial identifiers: NCT 43740413031; 094-2 in 000966421

Trial terminated early: no

Publication details

Language of publication: English

Funding: Instituto Colombiano para el desarrollo de la Ciencia y la Tecnologia 'Francisco Jose de
Caldas' (COLCIENCIAS), Grant: 4374-04-13013. (Bogota, Colombia) and Hospital Pablo Tobon Uribe
(Medellin, Colombia)

Publication status: peer-reviewed journal

Stated aim of study

Quote: "...we conducted a randomised clinical trial to assess the efficacy and safety of intensive insulin
therapy compared with standard glucose control in patients hospitalised for medical problems, surgi-
cal non-cardiovascular procedures or trauma in a mixed medical/surgical ICU"

Notes Trial ID provided in abstract not correct

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Patients were randomly assigned into study groups with 1:1 ratio ac-

tion (selection bias) cording to a computer-generated random number list with permuted blocks of
six. They were stratified by diabetes diagnosis"

Allocation concealment Low risk Quote: "The procedure was managed in the central pharmacy in charge of

(selection bias) group assignment. Personnel involved in the treatment and investigation were
unaware of the randomised schedule and the block size"
Comment: central allocation
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De La Rosa 2008 (continued)

Blinding of participants Low risk
and personnel (perfor-

mance bias)

All-cause mortality

Comment: defined as non-blinded; outcome measure unlikely influenced by
lack of blinding

Blinding of participants High risk
and personnel (perfor-

mance bias)

Hypoglycaemic episodes

Comment: defined as non-blinded; outcome measure likely influenced by lack
of blinding

Blinding of participants High risk
and personnel (perfor-

mance bias)

Adverse events other than
hypoglycaemic episodes

Comment: defined as non-blinded; outcome measure likely influenced by lack
of blinding

Blinding of participants High risk Comment: defined as non-blinded; outcome measure likely influenced by lack
and personnel (perfor- of blinding

mance bias)

Renal failure

Blinding of participants High risk Comment: defined as non-blinded; outcome measure likely influenced by lack
and personnel (perfor- of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants High risk Comment: defined as non-blinded; outcome measure likely influenced by lack
and personnel (perfor- of blinding

mance bias)

Infection events

Blinding of participants High risk Comment: defined as non-blinded; outcome measure likely influenced by lack
and personnel (perfor- of blinding

mance bias)

Quiality of life

Blinding of participants High risk Comment: defined as non-blinded; outcome measure likely influenced by lack
and personnel (perfor- of blinding

mance bias)

Mean blood glucose dur-
ing intervention

Blinding of outcome as- Unclear risk
sessment (detection bias)
Infection events

Comment: the researchers described as blinded the assessment for infection
acquired at the intensive care unit, but details were not provided for the rest of
the outcomes

Blinding of outcome as- Low risk
sessment (detection bias)
All-cause mortality

Comment: the researchers described as blinded the assessment for infection
acquired at the intensive care unit, but details were not provided for the rest of
the outcomes; outcome measure unlikely influenced by lack of blinding

Blinding of outcome as- Unclear risk
sessment (detection bias)
Hypoglycaemic episodes

Comment: the researchers described as blinded the assessment for infection
acquired at the intensive care unit, but details were not provided for the rest of
the outcomes

Blinding of outcome as- Unclear risk
sessment (detection bias)

Comment: the researchers described as blinded the assessment for infection
acquired at the intensive care unit, but details were not provided for the rest of
the outcomes
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De La Rosa 2008 (continued)
Adverse events other than
hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: the researchers described as blinded the assessment for infection
sessment (detection bias) acquired at the intensive care unit, but details were not provided for the rest of
Renal failure the outcomes
Blinding of outcome as- Unclear risk Comment: the researchers described as blinded the assessment for infection
sessment (detection bias) acquired at the intensive care unit, but details were not provided for the rest of
Length of ICU and hospital the outcomes
stay
Blinding of outcome as- Unclear risk Comment: the researchers described as blinded the assessment for infection
sessment (detection bias) acquired at the intensive care unit, but details were not provided for the rest of
Mean blood glucose dur- the outcomes
ing intervention
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
All-cause mortality
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Hypoglycaemic episodes
Incomplete outcome data ~ Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Adverse events other than
hypoglycaemic episodes
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Renal failure
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Length of ICU and hospital
stay
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Infection events
Incomplete outcome data  Low risk Comment: sample size calculation for 504 participants that were finally ran-
(attrition bias) domised. No dropouts described in the trial report
Mean blood glucose dur-
ing intervention
Selective reporting (re- Unclear risk Comment: the trial publication reports an incorrect study ID (NCT00096421;
porting bias) https://clinicaltrials.gov/ct2/show/NCT00096421). The outcomes described in
the methods were reported in the trial's publication results section.

Other bias Low risk Nothing detected
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Desai 2012

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: all diabetic participants who underwent first-time, isolated nonemergency CABG.
Nondiabetic participants who underwent first-time, isolated, nonemergency CABG who were found to
have had 3 consecutive BG readings greater than 150 mg/dL or any 1 BG reading greater than 200 mg/
dL perioperatively, which is aligned with the current STS guidelines. Participants who were started on
an insulin infusion while in the operating room.

Exclusion criteria: participants who underwent open surgery other than isolated CABG. Participants
who were found not to require an insulin infusion post-CABG. Participants who underwent a concomi-
tant procedure in addition to CABG (e.g. CABG + valve repair).

Diagnostic criteria: —

Setting: Inova Fairfax Hospital

Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Interventions

Intervention(s): strict strategy (BG 90 mg/dL to 120 mg/dL)
Comparator(s): liberal strategy (121 mg/dL to 180 mg/dL)
Duration of intervention: during ICU stay

Duration of follow-up: —

Run-in period: none

Number of study centres: 1

Treatment before trial: —

Outcomes

Reported outcome(s) in full text of publication: the primary endpoints were 2-fold: superiority hy-
pothesised for glucose control and target management and non-inferiority hypothesised for compli-
cations and outcomes. Superiority endpoints included time to target glucose range, amount of insulin
given, number of readings in target range and number of participants with hypoglycaemic events (BG
<60 mg/dL and BG <40 mg/ dL). Non-inferiority endpoints included perioperative renal failure, deep
sternal wound infection, pneumonia, length of stay, artrial fibrillation and operative mortality (death
within 30 days).

Study registration

Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English
Funding: non-commercial funding

Publication status: peer-reviewed journal

Stated aim of study

Quote: "The purpose of this study was to test the hypothesis that a liberal blood glucose strategy (121
to 180 mg/dL) is not inferior to a strict blood glucose (90 to 120 mg/dL) for outcomes in patients after
first-time isolated coronary artery bypass grafting and is superior for glucose control and target blood
glucose management"”

Notes

Information exclusively on diabetes participants was provided by trial authors
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Desai 2012 (Continued)

Risk of bias

Bias Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk
tion (selection bias)

Quote: "A block randomisation process was used to randomly assign pa-
tients..."

Comment: the trial report does not describe in detail how the random se-
quence was generated. As blocks are not defined as ‘permuted’ allocation to
the blocks may be predictable.

Allocation concealment Unclear risk
(selection bias)

Comment: the trial report does not describe how the random sequence was
concealed. As blocks are not defined as ‘permuted’ allocation to the blocks
may be predictable.

Blinding of participants Low risk
and personnel (perfor-

mance bias)

All-cause mortality

Comment: open trial, nurse staff was aware of treatment group allocation;
outcome measure unlikely influenced by lack of blinding

Blinding of participants High risk
and personnel (perfor-

mance bias)

Hypoglycaemic episodes

Comment: open trial, nurse staff was aware of treatment group allocation;
outcome measure likely influenced by lack of blinding

Blinding of participants High risk
and personnel (perfor-

mance bias)

Adverse events other than
hypoglycaemic episodes

Comment: open trial, nurse staff was aware of treatment group allocation;
outcome measure likely influenced by lack of blinding

Blinding of participants Low risk
and personnel (perfor-

mance bias)

Cardiovascular events

Comment: open trial, nurse staff was aware of treatment group allocation;
outcome measure unlikely influenced by lack of blinding

Blinding of participants Low risk Comment: open trial, nurse staff was aware of treatment group allocation;
and personnel (perfor- outcome measure unlikely influenced by lack of blinding

mance bias)

Renal failure

Blinding of participants High risk Comment: open trial, to nurse staff was aware of treatment group allocation;
and personnel (perfor- outcome measure likely influenced by lack of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants High risk Comment: open trial, nurse staff was aware of treatment group allocation;
and personnel (perfor- outcome measure likely influenced by lack of blinding

mance bias)

Infection events

Blinding of participants High risk
and personnel (perfor-

mance bias)

Mean blood glucose dur-

ing intervention

Comment: open trial, nurse staff was aware of treatment group allocation;
outcome measure likely influenced by lack of blinding
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Blinding of outcome as- Unclear risk Comment: open trial, nurse staff was aware of treatment group allocation

sessment (detection bias)

Infection events

Blinding of outcome as- Low risk Comment: open trial, nurse staff was aware of treatment group allocation;

sessment (detection bias) outcome measure unlikely influenced by lack of blinding

All-cause mortality

Blinding of outcome as- Unclear risk Comment: open trial, nurse staff was aware of treatment group allocation

sessment (detection bias)

Hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: open trial, nurse staff was aware of treatment group allocation

sessment (detection bias)

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Low risk Comment: open trial, nurse staff was aware of treatment group allocation;

sessment (detection bias) outcome measure unlikely influenced by lack of blinding

Cardiovascular events

Blinding of outcome as- Low risk Comment: open trial, nurse staff was aware of treatment group allocation;

sessment (detection bias) outcome measure unlikely influenced by lack of blinding

Renal failure

Blinding of outcome as- Unclear risk Comment: open trial, nurse staff was aware of treatment group allocation

sessment (detection bias)

Length of ICU and hospital

stay

Blinding of outcome as- Unclear risk Comment: open trial, nurse staff was aware of treatment group allocation

sessment (detection bias)

Mean blood glucose dur-

ing intervention

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

All-cause mortality (approximately for 20% of participants) that was not specified and led to a per-
protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Hypoglycaemic episodes (approximately for 20% of participants) that was not specified and led to a per-
protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Adverse events other than (approximately for 20% of participants) that was not specified and led to a per-

hypoglycaemic episodes protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Cardiovascular events (approximately for 20% of participants) that was not specified and led to a per-
protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Renal failure
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(approximately for 20% of participants) that was not specified and led to a per-
protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Length of ICU and hospital (approximately for 20% of participants) that was not specified and led to a per-

stay protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Infection events (approximately for 20% of participants) that was not specified and led to a per-
protocol analysis

Incomplete outcome data  Unclear risk Comment: sample size calculation for 108 participants. 189 participants were

(attrition bias) randomised, but the authors described cross-over between treatment arms

Mean blood glucose dur- (approximately for 20% of participants) that was not specified and led to a per-

ing intervention protocol analysis

Selective reporting (re- Unclear risk Comment: the researchers reported that the trial was registered at ClinicalTri-

porting bias) als.gov, but they did not specify the study ID. The outcomes described in the
methods section were reported in the publication's results section

Other bias Low risk Nothing detected

Duncan 2018

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial

Participants

Inclusion criteria: adults between 18 and 90 years old scheduled for elective coronary artery bypass
grafting, valve repair or replacement, or a combination of these procedures with cardiopulmonary by-
pass between August 2007 and April 2015

Exclusion criteria: off-pump cardiac surgery, anticipated hypothermic circulatory arrest, elevated
baseline cardiac troponin | (greater than 0.5 ng/ ml-1, Montreal) or troponin T (greater than 0.1 ng/ml-
1 Cleveland), kidney disease requiring renal replacement therapy or active infection requiring ongoing
antibiotic therapy

Age group: adults
Gender distribution: females and males

Setting: Cleveland Clinic, Cleveland, Ohio & Royal Victoria Hospital, Montreal
Countries where trial was performed: USA and Canada

Diagnostic criteria: —
Co-morbidities:

Diabetes: I: 226 (32%), C: 249 (34%)

COPD/asthma: I: 107 (16%), C: 85 (12%)

Pulmonary hypertension: I: 101 (15%), C: 102 (14%)
Stroke: I: 41 (6%), C: 32 (5%)

Hypertension: I: 533 (77%), C: 561 (79%)

Heart failure: I: 146 (21%), C: 137 (19%)
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Myocardial infarction: I: 193 (28%), C: 173 (24%)
Dialysis: I: 4 (1%), C: 4 (1%)

Peripheral vascular disease: I: 51 (7%), C: 42 (6%)
Smoking: I: 197 (29%), C: 180 (25%)

ASA physical status Il: I: 2 (0%), C: 0 (0%)

ASA physical status IlI: I: 334 (49%), C: 349 (49%)
ASA physical status IV: I: 348 (51%), C: 363 (51%)
ASA physical status V: I: 2 (0%), C: 1 (0%)

Co-medications: ACE inhibitor, antiarrhythmics, R-blockers, calcium blockers, cox-2 inhibitors, statins,
steroids, diabetic medications (sulfonylureas or meglitinides, biguanides, thiazolidinediones, insulin)

Interventions

Intervention(s): hyperinsulinaemic normoglycaemia, a fixed high-dose insulin and concomitant vari-
able glucose infusion titrated to glucose concentrations of 80 mg/dL to 110 mg/dL

Comparator(s): standard glycaemic management, low-dose insulin infusion targeting glucose greater
than 150 mg/dL (the standard protocol includes a blood glucose goal of 70 mg/dL to 150 mg/dL; see
appendix 1; it is a complex protocol where supplemental boluses are given if acute increases (greater
than 30 mg/dL) occur)

Duration of intervention: duration of surgery and ICU stay

Duration of follow-up: within 30 days of surgery and 1-year all-cause mortality

Run-in period: —

Number of study centres: 2

Treatment before trial: diabetic medication I: 194 (30%), C: 193 (29%). Sulfonylureas or meglitinides
I: 52 (8%), C: 58 (9%). Biguanides (metformin) I: 126 (20%), C: 124 (19%). Thiazolidinediones I: 16 (3%),
C:11 (2%). Insulin I: 70 (11%), C: 68 (10%).

Titration period: I: every 10 to 15 minutes throughout surgery, C: every 30 to 90 minutes throughout
surgery

Outcomes

Reported outcome(s) in full text of publication: the primary outcome was a collapsed composite
(any vs none) of the following major postoperative complications occurring within 30 days of surgery:
(1) all-cause postoperative mortality; (2) failure to wean from cardiopulmonary bypass or postoper-
ative low cardiac index (less than 1.8 |/min-1/m-2) requiring mechanical circulatory support with in-
tra-aortic balloon counter-pulsation, ventricular assist device and/or extracorporeal mechanical oxy-
genation; (3) serious postoperative infection including any of the following infectious complications:
mediastinitis, sternal wound infection requiring surgical debridement, sepsis or pneumonia requiring
mechanical ventilatory support; (4) acute postoperative kidney injury requiring renal replacement ther-
apy; and (5) new postoperative focal (aphasia, decrease in limb function, hemiparesis) or global (dif-
fuse encephalopathy with greater than 24 hours of severely altered mental status or failure to awaken
postoperatively) neurologic deficit. The secondary outcomes included postoperative atrial fibrillation,
defined as the occurrence of new-onset postoperative atrial fibrillation after cardiac surgery, duration
of hospitalisation (days) and intensive care unit stay (days), and 1-year all-cause mortality.

Study registration

Trial identifier:NCT00524472
Trial terminated early: no

Publication details

Language of publication: English

Funding: Dr. Duncan received funding from Fresenius Kabi (Bad Homburg vor der Hohe, Germany)
for research unrelated to the current investigation. Dr. Abd-Elsayed is a consultant for Medtronic (Min-
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neapolis, Minnesota), Halyard (Atlanta, Georgia), Axsome (New York, New York), and SpineLoop (New-
port Beach, California), and has shares in Ultimaxx Health (Frisco, Texas).

Publication status: peer-reviewed journal

Stated aim of study

Quote: "This investigation tested the hypothesis that intraoperative hyperinsulinaemic normogly-
caemia improves a composite of 30-day postoperative mortality and serious cardiac, renal, neurologic,
and infectious complications in patients recovering from cardiac surgery"

Notes Information exclusively on diabetes participants was provided by trial authors
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomization was performed by the Plan procedure in SAS software,
version 9.4 (SAS Institute Inc., USA), a web-based system"

Allocation concealment
(selection bias)

Low risk Quote: "Allocation was initially concealed in sealed, sequentially numbered
envelopes, and later in a web-based system, both accessed shortly before in-
duction of anesthesia"

Comment: envelopes were not described as opaque, but presumably conceal-
ment was ensured through the web-based system

Blinding of participants
and personnel (perfor-
mance bias)

All-cause mortality

Low risk Quote: "It was not feasible to blind anesthesia and surgical personnel to the
intraoperative glucose management strategy; however, primary outcomes
and postoperative clinical and laboratory results were evaluated by research
personnel blinded to group allocation"

Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure unlikely influenced by lack of
blinding for personnel

Blinding of participants
and personnel (perfor-
mance bias)
Hypoglycaemic episodes

Unclear risk Quote: "it was not feasible to blind anesthesia and surgical personnel to the
intraoperative glucose management strategy; however, primary outcomes
and postoperative clinical and laboratory results were evaluated by research
personnel blinded to group allocation"

Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure likely influenced by lack of blind-
ing for personnel

Blinding of participants
and personnel (perfor-
mance bias)

Adverse events other than
hypoglycaemic episodes

Low risk Quote: "it was not feasible to blind anesthesia and surgical personnel to the
intraoperative glucose management strategy; however, primary outcomes
and postoperative clinical and laboratory results were evaluated by research
personnel blinded to group allocation"

Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure unlikely influenced by lack of
blinding for personnel

Blinding of participants
and personnel (perfor-
mance bias)
Cardiovascular events

Low risk Quote: "It was not feasible to blind anesthesia and surgical personnel to the
intraoperative glucose management strategy; however, primary outcomes
and postoperative clinical and laboratory results were evaluated by research
personnel blinded to group allocation"

Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure unlikely influenced by lack of
blinding for personnel
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Blinding of participants Low risk Quote: "It was not feasible to blind anesthesia and surgical personnel to the
and personnel (perfor- intraoperative glucose management strategy; however, primary outcomes
mance bias) and postoperative clinical and laboratory results were evaluated by research
Renal failure personnel blinded to group allocation"
Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure unlikely influenced by lack of
blinding for personnel
Blinding of participants High risk Quote: "it was not feasible to blind anesthesia and surgical personnel to the
and personnel (perfor- intraoperative glucose management strategy; however, primary outcomes
mance bias) and postoperative clinical and laboratory results were evaluated by research
Length of ICU and hospital personnel blinded to group allocation"
sta
g Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure likely influenced by lack of blind-
ing for personnel
Blinding of participants Unclear risk Quote: "it was not feasible to blind anesthesia and surgical personnel to the
and personnel (perfor- intraoperative glucose management strategy; however, primary outcomes
mance bias) and postoperative clinical and laboratory results were evaluated by research
Infection events personnel blinded to group allocation"
Comment: the trial was registered as blinded for participants, according the
ClinicalTrials.gov record; outcome measure likely influenced by lack of blind-
ing for personnel
Blinding of participants High risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
and personnel (perfor- sults were evaluated by research personnel blinded to group allocation”.
mance bias)
Mean blood glucose dur- Comment: the trial was registered as blinded for participants, according the
ing intervention ClinicalTrials.gov record; outcome measure likely influenced by lack of blind-
ing for personnel
Blinding of outcome as- Unclear risk Postoperative clinical and laboratory results were evaluated by research per-
sessment (detection bias) sonnel blinded to group allocation
Infection events
Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"
Blinding of outcome as- Low risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
All-cause mortality
Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"; outcome measure unlikely influenced by
potential lack of blinding
Blinding of outcome as- Unclear risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
Hypoglycaemic episodes
Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"
Blinding of outcome as- Low risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-

sessment (detection bias)

sults were evaluated by research personnel blinded to group allocation”.
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Duncan 2018 (Continued)
Adverse events other than
hypoglycaemic episodes

Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"

Blinding of outcome as- Low risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
Cardiovascular events
Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"; outcome measure unlikely influenced by
potential lack of blinding
Blinding of outcome as- Low risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
Renal failure
Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"; outcome measure unlikely influenced by
potential lack of blinding
Blinding of outcome as- High risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
Length of ICU and hospital
stay Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"
Blinding of outcome as- Unclear risk Quote: “[...] primary outcomes and postoperative clinical and laboratory re-
sessment (detection bias) sults were evaluated by research personnel blinded to group allocation”.
Mean blood glucose dur-
ing intervention Quote: "We could not blind anesthesia or surgical personnel to intraopera-
tive glycaemic management; however, most outcomes occurred several hours
to days postoperatively and were recorded by research personnel who were
blinded to treatment assignment"
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
All-cause mortality outcome. Recruitment was continued until reaching one of these predefined
thresholds. The efficacy boundary was reached at the third interim analysis
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
Hypoglycaemic episodes outcome. Recruitment was continued until reaching one of these predefined
thresholds. The efficacy boundary was reached at the third interim analysis
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
Adverse events other than outcome. Recruitment was continued until reaching one of these predefined
hypoglycaemic episodes thresholds. The efficacy boundary was reached at the third interim analysis
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-

(attrition bias)
Cardiovascular events

terim analyses were predefined to assess efficacy and futility of the primary
outcome. Recruitment was continued until reaching one of these predefined
thresholds. The efficacy boundary was reached at the third interim analysis
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Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
Renal failure outcome. Recruitment was continued until reaching one of these predefined
thresholds. The efficacy boundary was reached at the third interim analysis
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
Length of ICU and hospital outcome. Recruitment was continued until reaching one of these predefined
stay thresholds. The efficacy boundary was reached at the third interim analysis
Incomplete outcome data  Low risk Comment: sample size calculation for 2790 participants, and a series of in-
(attrition bias) terim analyses were predefined to assess efficacy and futility of the primary
Mean blood glucose dur- outcome. Recruitment was continued until reaching one of these predefined
ing intervention thresholds. The efficacy boundary was reached at the third interim analysis
Selective reporting (re- Low risk Quote: registered at ClinicalTrials.gov (NCT00524472) on 31 August 2007
porting bias)
Comment: the trial register record discloses all the outcomes in the trial re-
port
Other bias Low risk Nothing detected
Gandhi 2007
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: adults undergoing elective cardiac surgery

Exclusion criteria: participants who had off-pump cardiopulmonary bypass procedures
Diagnostic criteria: —

Setting: St. Mary's Hospital

Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Co-morbidities: chronic renal failure: I: 1%, C: 2%; history of myocardial infarction: I: 11%, C: 16%;
stroke or transient ischaemic attack: I: 11%, C: 7%

Interventions

Intervention(s): intensive insulin therapy
Comparator(s): conventional insulin therapy
Duration of intervention: during the surgery
Duration of follow-up: 30 days

Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: insulin 22%, oral diabetic medication 54%, both: 16%
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Comparator: insulin 28%, oral diabetic medication 31%, both: 19%

Outcomes

Reported outcome(s) in full text of publication: the primary outcome variable was a composite of
death, sternal wound infections, prolonged pulmonary ventilation, cardiac arrhythmias (new-onset
atrial fibrillation, heart block requiring permanent pacemaker or cardiac arrest), stroke and acute renal
failure within 30 days after surgery. Secondary outcome measures were length of stay in the ICU and
hospital

Study registration

Trial identifier:NCT00282698

Trial terminated early: no

Publication details

Language of publication: English

Funding: Novo Nordisk, Princeton, New Jersey, and Mayo Foundation and Mayo Clinic College of Medi-
cine, Rochester, Minnesota funded the study

Publication status: peer-reviewed journal

Stated aim of study

Quote: "...we conducted a randomized, controlled trial at 1 center to determine whether maintenance
of near normoglycaemia during cardiac surgery by using intraoperative intravenous insulin infusion re-
duced perioperative death and morbidity when added to rigorous postoperative glycaemic control "

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: “Randomization was computer generated with permuted blocks of 4,
tion (selection bias) with stratification according to surgeon, surgical procedure (...), and diabetes”
Allocation concealment Low risk Quote: "The randomisation assignments were concealed in opaque, sealed,
(selection bias) tamper-proof envelopes that were opened sequentially by study personnel af-
ter participants signed the patient consent form"
Blinding of participants Low risk Comment: described as an open trial; outcome measure unlikely influenced
and personnel (perfor- by lack of blinding
mance bias)
All-cause mortality
Blinding of participants High risk Comment: described as an open trial; outcome measure likely influenced by
and personnel (perfor- lack of blinding
mance bias)
Hypoglycaemic episodes
Blinding of participants High risk Comment: described as an open trial; outcome measure likely influenced by
and personnel (perfor- lack of blinding
mance bias)
Adverse events other than
hypoglycaemic episodes
Blinding of participants Low risk Comment: described as an open trial; outcome measure unlikely influenced
and personnel (perfor- by lack of blinding
mance bias)
Cardiovascular events
Blinding of participants Low risk Comment: described as an open trial; outcome measure unlikely influenced
and personnel (perfor- by lack of blinding
mance bias)
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Renal failure

Blinding of participants High risk Comment: described as an open trial; outcome measure likely influenced by
and personnel (perfor- lack of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants Low risk Comment: described as an open trial; outcome measure unlikely influenced
and personnel (perfor- by lack of blinding

mance bias)

Infection events

Blinding of participants High risk Comment: described as an open trial; outcome measure likely influenced by
and personnel (perfor- lack of blinding

mance bias)

Mean blood glucose dur-

ing intervention

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Infection events

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

All-cause mortality

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Hypoglycaemic episodes

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Cardiovascular events

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Renal failure

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Length of ICU and hospital

stay

Blinding of outcome as- Low risk Quote: “Personnel who assessed outcomes were not aware of patient treat-
sessment (detection bias) ment assignment or of the study hypothesis”

Mean blood glucose dur-

ing intervention

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias)
All-cause mortality

that was adjusted to 200 participants to ensure a sufficient number of out-
comes. 400 participants were randomised, with minimal dropouts that were
balanced between groups
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Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Hypoglycaemic episodes comes. 400 participants participants randomised, with minimal dropouts that
were balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Adverse events other than comes. 400 participants were randomised, with minimal dropouts that were

hypoglycaemic episodes balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Cardiovascular events comes. 400 participants were randomised, with minimal dropouts that were
balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Renal failure comes. 400 participants were randomised, with minimal dropouts that were
balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Length of ICU and hospital comes. 400 participants were randomised, with minimal dropouts that were

stay balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Infection events comes. 400 participants were randomised, with minimal dropouts that were
balanced between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 177 participants per treatment group

(attrition bias) that was adjusted to 200 participants to ensure a sufficient number of out-

Mean blood glucose dur- comes. 400 participants were randomised, with minimal dropouts that were

ing intervention balanced between groups

Selective reporting (re- Low risk Comment: all outcomes published in the protocol (NCT00282698) are report-

porting bias) ed in the publication. In the publication, primary outcomes from the protocol
are considered a composite, and not all secondary outcomes described as sec-
ondary in the publication

Other bias Low risk Nothing detected

Glucontrol 2009
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: adult participants (older than 18 years) admitted to the participating ICUs

Exclusion criteria: life expectancy lower than 24 hours, and the absence of consent

Diagnostic criteria: —

Setting: medical and surgical ICU

Age group: adults
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Glucontrol 2009 (continued)

Gender distribution: females and males

Countries where trial was performed: Austria, Belgium, France, Israel, The Netherlands, Slovenia,
Spain

Interventions

Intervention(s): intensive insulin therapy (4.4 mmol/L to 6.1 mmol/L)
Comparator(s): intermediate target (7.8 mmol/L to 10.0 mmol/L)
Duration of intervention: during ICU stay

Duration of follow-up: 28 days

Run-in period: none

Number of study centres: 21

Treatment before trial: —

Outcomes

Reported outcome(s) in full text of publication: the primary outcome variable was the all-cause ab-
solute mortality during the ICU stay. Secondary outcome variables included hospital and 28-day mor-
tality, ICU and hospital, length of stay (LOS), incidence of organ failures assessed by the daily SOFA
score, rate of hypoglycaemia and the SOFA score on the day of hypoglycaemia, duration of mechani-
cal ventilation, inotrope/vasopressor and renal replacement therapy, number of packed red blood cells
transfusion (PRBC), febrile days and days with therapeutic anti-infective agents

Study registration

Trial identifier:NCT00107601

Trial terminated early: yes (due to a high rate of unintended protocol violations)

Publication details

Language of publication: English

Funding: non-commercial funding. Supported by a grant from the ‘Communauté Frangaise Wal-
lonie-Bruxelles’ (Belgium)

Publication status: peer-reviewed journal

Stated aim of study

Quote: "The present study was undertaken to test the hypothesis that IIT improves survival of patients

treated in medico-surgical intensive care units (ICU), as compared with a glucose control target of 7.8 -

10.0 mmol/L, lower than in the Leuven trials [...] Specifically, this study was designed to detect whether
IIT was associated with a 4% decrease of the absolute ICU mortality"

Notes Information exclusively on diabetes participants was provided by trial authors
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The central computerised randomisation (blocks of eight patients)
tion (selection bias) was stratified by centre and concealed"
Allocation concealment Low risk Quote: “The central computerised randomization (blocks of eight patients)
(selection bias) was stratified by centre and concealed”
Comment: probably adequate concealment
Blinding of participants Low risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure unlikely influenced by lack of blinding
mance bias)
All-cause mortality
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Blinding of participants High risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure likely influenced by lack of blinding
mance bias)
Hypoglycaemic episodes
Blinding of participants High risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure likely influenced by lack of blinding
mance bias)
Adverse events other than
hypoglycaemic episodes
Blinding of participants Low risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure unlikely influenced by lack of blinding
mance bias)
Cardiovascular events
Blinding of participants Low risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure unlikely influenced by lack of blinding
mance bias)
Renal failure
Blinding of participants High risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure likely influenced by lack of blinding
mance bias)
Length of ICU and hospital
stay
Blinding of participants High risk Quote: “Inherently related to the intervention under investigation, the study
and personnel (perfor- was not blinded, ...”; outcome measure likely influenced by lack of blinding
mance bias)
Mean blood glucose dur-
ing intervention
Blinding of outcome as- Low risk Quote: "The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
All-cause mortality were performed blindly”
Blinding of outcome as- Low risk Quote: "The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
Hypoglycaemic episodes were performed blindly”
Blinding of outcome as- Low risk Quote: “The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
Adverse events other than were performed blindly”
hypoglycaemic episodes
Blinding of outcome as- Low risk Quote: “The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
Cardiovascular events were performed blindly”
Blinding of outcome as- Low risk Quote: “The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
Renal failure were performed blindly”
Blinding of outcome as- Low risk Quote: “The central data manager and the statistician were blinded to treat-
sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis
Length of ICU and hospital were performed blindly”
stay
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Blinding of outcome as- Low risk Quote: “The central data manager and the statistician were blinded to treat-

sessment (detection bias) ment assignment"; “The assessment of outcome and the statistical analysis

Mean blood glucose dur- were performed blindly”

ing intervention

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

All-cause mortality calculated from the BG readings available at the time of the interim analysis
[...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Hypoglycaemic episodes calculated from the BG readings available at the time of the interim analysis
[...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Adverse events other than calculated from the BG readings available at the time of the interim analysis

hypoglycaemic episodes [...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Cardiovascular events calculated from the BG readings available at the time of the interim analysis
[...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Renal failure calculated from the BG readings available at the time of the interim analysis
[...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Length of ICU and hospital calculated from the BG readings available at the time of the interim analysis

stay [...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Incomplete outcome data  Unclear risk Quote: “...the trial was stopped early due to a high rate of unintended proto-

(attrition bias) col violations.” “Specifically, the proportion of BG values in the assigned range

Mean blood glucose dur- calculated from the BG readings available at the time of the interim analysis

ing intervention [...] were deemed as a high rate of unintended protocol violation rate”
Comment: the researchers did not report a sample size calculation for this tri-
al. The trial randomised 1101 participants

Selective reporting (re- Low risk Comment: all outcomes described in the methods are reported in the results.

porting bias) Study powered for the primary outcome. Outcomes in the publication same as
in the protocol (NCT00107601)
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Other bias Low risk Nothing detected
Hermayer 2012
Study characteristics
Methods Study design: parallel randomised controlled clinical trial

Participants

Inclusion criteria: renal transplant candidates admitted to Medical University of South Carolina
(MUSC) who were 18 years of age or greater and who had a DM diagnosis (type 1 and type 2), a fasting
blood glucose (BG) over 100 mg/dL per admission screening labs, and a random BG over 120 mg/dL per
admission screening labs. These participants were willing and able to provide informed consent and
were awaiting a living or cadaveric kidney transplant.

Exclusion criteria: people with a history of an active gastrointestinal bleed 3 months previously, peo-
ple who were scheduled to receive a simultaneous pancreas transplant, people with a history of a func-
tioning pancreatic transplant, people currently managed on an insulin pump, people who were unable
or unwilling to provide informed consent, and people who were unable to commit to the study proto-
col, including the outpatient follow-up phase of care

Diagnostic criteria: —

Setting: diabetes management service (DMS) at the Medical University of South Carolina
Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Interventions

Intervention(s): intensive intravenous insulin (blood glucose (BG) 70 mg/dL to 110 mg/dL)
Comparator(s): subcutaneous insulin (BG 70 mg/dL to 180 mg/dL)

Duration of intervention: intraoperatively and 72 hours postoperatively

Duration of follow-up: median 1.5 years

Run-in period: none

Number of study centres: 1

Treatment before trial: —

Outcomes Reported outcome(s) in full text of publication: primary endpoint was delayed graft function (DGF).
Secondary endpoints were glycaemic control, graft survival and acute rejection episodes
Study registration Trial identifier: NCT00609986

Publication details

Language of publication: English
Funding: supported by the American Diabetes Association Clinical Investigator Award 7-07-CR-22

Publication status: peer-reviewed journal

Stated aim of study

Quote: "To compare the effects of blood sugar control, using iv insulin (BG target 70 -110 mg/dL) or sc
insulin (BG target 70 -180 mg/dL) in patients with impaired glucose tolerance or DM undergoing renal
transplantation"
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Notes

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Quote: “This study was a randomized, unblinded, controlled clinical trial”
tion (selection bias) Comment: described as randomised but no additional details provided
Allocation concealment Unclear risk Quote: “This study was a randomized, unblinded, controlled clinical trial”
(selection bias) Comment: described as randomised but no additional details provided
Blinding of participants High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
and personnel (perfor- "staff and study personnel were not blinded as to the patient’s treatment
mance bias) group assignments"
Hypoglycaemic episodes Comment: described as an open trial; outcome measure likely influenced by
lack of blinding
Blinding of participants High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
and personnel (perfor- "staff and study personnel were not blinded as to the patient’s treatment
mance bias) group assignments"
Adverse events other than Comment: described as an open trial; outcome measure likely influenced by
hypoglycaemic episodes lack of blinding
Blinding of participants Unclear risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
and personnel (perfor- "staff and study personnel were not blinded as to the patient’s treatment
mance bias) group assignments"
Renal failure Comment: described as an open trial; outcome measure unlikely influenced
by lack of blinding
Blinding of participants High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
and personnel (perfor- "staff and study personnel were not blinded as to the patient’s treatment
mance bias) group assignments"
Mean blood glucose dur- Comment: described as an open trial; outcome measure likely influenced by
ing intervention lack of blinding
Blinding of outcome as- High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
sessment (detection bias) "staff and study personnel were not blinded as to the patient’s treatment
Hypoglycaemic episodes group assignments"
Comment: described as an open trial; outcome measure likely influenced by
lack of blinding
Blinding of outcome as- High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
sessment (detection bias) "staff and study personnel were not blinded as to the patient’s treatment
Adverse events other than group assignments"
hypoglycaemic episodes Comment: described as an open trial; outcome measure likely influenced by
lack of blinding
Blinding of outcome as- Unclear risk Quote: “This study was a randomized, unblinded, controlled clinical trial";
sessment (detection bias) "staff and study personnel were not blinded as to the patient’s treatment
Renal failure group assignments"
Comment: described as an open trial; outcome measure unlikely influenced
by lack of blinding
Blinding of outcome as- High risk Quote: “This study was a randomized, unblinded, controlled clinical trial";

sessment (detection bias)
Mean blood glucose dur-
ing intervention

"staff and study personnel were not blinded as to the patient’s treatment
group assignments"
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Comment: described as an open trial; outcome measure likely influenced by
lack of blinding

Incomplete outcome data  Low risk Comment: sample size calculation for 90 participants. Although 104 partici-

(attrition bias) pants were randomised 11 participants did not receive surgery and were sub-

Hypoglycaemic episodes sequently excluded from analyses, and data for 93 participants were finally
analysed

Incomplete outcome data  Low risk Comment: sample size calculation for 90 participants. Although 104 partici-

(attrition bias) pants were randomised 11 participants did not receive surgery and were sub-

Adverse events other than sequently excluded from analyses, and data for 93 participants were finally

hypoglycaemic episodes analysed

Incomplete outcome data  Low risk Comment: sample size calculation for 90 participants. Although 104 partici-

(attrition bias) pants were randomised 11 participants did not receive surgery and were sub-

Renal failure sequently excluded from analyses, and data for 93 participants were finally
analysed

Incomplete outcome data  Low risk Comment: sample size calculation for 90 participants. Although 104 partici-

(attrition bias) pants were randomised 11 participants did not receive surgery and were sub-

Mean blood glucose dur- sequently excluded from analyses, and data for 93 participants were finally

ing intervention analysed

Selective reporting (re- Low risk Comment: trial protocol or register record unavailable, but all the outcomes

porting bias) described in the methods were reported. A surrogate endpoint was chosen as
the primary outcome

Other bias Low risk Nothing detected

Lazar 2004
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: participants with diabetes mellitus undergoing primary or reoperative CABG per-
formed on cardiopulmonary bypass

Exclusion criteria: —

Diagnostic criteria: —

Setting: Boston Medical Center

Age group: adults

Gender distribution: females and males

Country/countries where trial was performed: USA

Co-morbidities: congestive heart failure: I: 28%, C: 39%; myocardial infarction: I: 71%, C: 71%; hyper-
tension: I: 78%, C: 68%j; chronic obstructive pulmonary disease: I: 8%, C: 4%; left main disease: I: 19%,
C:25%

Co-medications: inotropic agents, 3-blockers. Some participants treated with nitroglycerin and he-
parin (see table 3). Inotropic use during or after surgery: no information on their use in study groups.

Interventions

Intervention: tight glycaemic control (serum glucose 125 mg/dL to 200 mg/dL) with glucose-in-
sulin-potassium (GIK)
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Comparator: standard therapy (serum glucose <250 mg/dL) using intermittent subcutaneous insulin
(no-GIK)

Duration of intervention: beginning before anaesthesia and continuing for 12 hours after surgery
Duration of follow-up: 2 years and extended follow-up of 5 years

Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: insulin: 32%; oral diabetic medication: 60%; diet: 5%; nitroglycerin: 32%; IV heparin: 58%

Comparator: insulin: 27%, oral diabetic medication: 59%, diet: 13%. IV nitroglycerin: 33, IV heparin: I:
62%

Outcomes

Reported outcome(s) in full text of publication: to determine whether tight perioperative glycaemic
control in diabetic CABG participants with a modified GIK solution would optimise myocardial metabo-
lism and improve perioperative outcomes. They also sought to determine whether the early beneficial
effects of tight glycaemic control would result in improved survival, a decreased incidence of ischaemic
events, and reduced wound complications.

Study registration

Trial identifier: protocol E 327/A65 from the Boston University Medical Center Institutional Review
Board

Trial terminated early (for benefit/because of adverse events): no

Publication details

English publication in a peer-reviewed journal, supported by non-commercial funding
Language of publication: English

Funding: non-commercial funding. Supported by a clinical research award form the American Diabetes
Association

Publication status: peer-reviewed journal

Stated aim of study

Quote: "This study was therefore undertaken to determine whether tight perioperative glycaemic con-
trol in diabetic CABG patients with a modified GIK solution would optimise myocardial metabolism and
improve perioperative outcomes. We also sought to determine whether the early beneficial effects of
tight glycaemic control would result in improved survival, a decreased incidence of ischemic events,
and reduced wound complications"

Notes —
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: “Patients were randomly assigned to ...”
tion (selection bias) Comment: no additional details provided on randomisation sequence genera-
tion
Allocation concealment Unclear risk Quote: “Patients were randomly assigned to ...”
(selection bias) Comment: no additional details provided on concealment
Blinding of participants Low risk Quote: “Clinicians were not blinded to the treatment groups, ...”
and personnel (perfor- Comment: outcome measure unlikely influenced by lack of blinding
mance bias)
All-cause mortality
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Blinding of participants
and personnel (perfor-
mance bias)

Adverse events other than
hypoglycaemic episodes

High risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure likely influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)
Cardiovascular events

Low risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure unlikely influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)

Length of ICU and hospital
stay

High risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure likely influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)

Infection events

High risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure likely influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)

Weight gain

High risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure likely influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)

Mean blood glucose dur-
ing intervention

High risk

Quote: “Clinicians were not blinded to the treatment groups, ...”
Comment: outcome measure likely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Infection events

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
All-cause mortality

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Adverse events other than
hypoglycaemic episodes

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
Cardiovascular events

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Length of ICU and hospital
stay

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
Weight gain

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment
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Blinding of outcome as-
sessment (detection bias)
Mean blood glucose dur-
ing intervention

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Incomplete outcome data  Low risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

All-cause mortality

Incomplete outcome data  Low risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Adverse events other than

hypoglycaemic episodes

Incomplete outcome data  Low risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Cardiovascular events

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Length of ICU and hospital

stay

Incomplete outcome data  Low risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Infection events

Incomplete outcome data  Low risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Weight gain

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 141 participants; no attrition

Mean blood glucose dur-

ing intervention

Selective reporting (re- Unclear risk Quote: "One hundred forty-one patients were enrolled into the study and

porting bias) completed the protocol without any study-related complications"
Comment: no protocol available and no power calculation was done. All
outcomes stated in the methods are reported in the results. Hypoglycaemic
episodes would be expected to be an outcome due to the characteristics of the
intervention, but was not. However, authors state that there were not study-re-
lated complications

Other bias Low risk Nothing detected

Lazar 2011
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: participants with diabetes mellitus undergoing CABG surgery on cardiopulmonary

bypass
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Exclusion criteria: severe hyperglycaemia (serum glucose > 400 mg/dL), which could not be controlled
on a stable insulin regimen preoperatively, chronic renal failure (creatinine level = 2.5 mg/dL), acute re-
nal failure (urine output <20 mL/hour for 3 hours), and those participants requiring concomitant pro-
cedures in addition to CABG surgery

Diagnostic criteria: —

Setting: Boston Medical Center

Age group: adults

Gender distribution: females and males
Country where trial was performed: USA

Co-morbidities: angina class IV: I: 33%, C: 33%; CHF: I: 13%, C: 14%; MI: |: 57%; C: 57%; HTN: I: 93%, C:
100%; left main disease: I: 15%; C: 21%

Co-medications: cardioprotective medication (3-blockers, statins, ACE inhibitors)

Interventions Intervention(s): aggressive group (serum glucose 90 mg/dL to 120 mg/dL)
Comparator(s): moderate group (serum glucose 120 mg/dL to 180 mg/dL)
Duration of intervention: during surgery and the next 18 hours in the ICU
Duration of follow-up: 30 days
Run-in period: none
Number of study centres: 1
Treatment before trial:

Intervention: 3-blockers: 100%; statins: 100%; ACE inhibitors: 60%; hyperlipidaemia treatment: 100%;
insulin: 38%; oral diabetic agents: 52%, diet control: 5%; insulin and oral diabetic agents: 5%

Comparator: 3-blockers: 100%,; statins: 100%; ACE inhibitors: 59%; hyperlipidaemia treatment: 100%;
insulin: 31%; oral diabetic agents: 48%, diet control: 10%; insulin and oral diabetic agents: 11%

Outcomes Reported outcome(s) in full text of publication: to determine whether more aggressive glycaemic
control would result in more optimal clinical outcomes and less morbidity than can be achieved with
moderate control in participants with diabetes mellitus undergoing CABG surgery

Study registration Trial identifier:NCT00460499

Trial terminated early: no

Publication details Language of publication: English
Funding: —

Publication status: peer-reviewed journal

Stated aim of study Quote: "This study sought to determine whether aggressive glycaemic control (90 - 120 mg/dL) would
result in more optimal clinical outcomes and less morbidity than moderate glycaemic control (120 -
180 mg/dL) in diabetic patients undergoing coronary artery bypass graft (CABG) surgery"

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 73

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://clinicaltrials.gov/ct2/show/NCT00460499

- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Lazar 2011 (Continued)

Random sequence genera-  Unclear risk Quote: "This was a prospective, randomized single center trial..."

tion (selection bias) Comment: no additional details provided on randomisation sequence genera-
tion

Allocation concealment Unclear risk Quote: “This was a prospective, randomized single center trial ...”

(selection bias) Comment: no additional details provided on randomisation sequence con-
cealment

Blinding of participants Low risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure unlikely influenced by lack of blinding

All-cause mortality

Blinding of participants High risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure likely influenced by lack of blinding

Hypoglycaemic episodes

Blinding of participants High risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure likely influenced by lack of blinding

Adverse events other than

hypoglycaemic episodes

Blinding of participants Low risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure unlikely influenced by lack of blinding

Cardiovascular events

Blinding of participants Low risk Quote: “Clinicians were not blinded to the treatment groups, ...”.

and personnel (perfor-

mance bias) Comment: outcome measure unlikely influenced by lack of blinding

Renal failure

Blinding of participants High risk Quote: “Clinicians were not blinded to the treatment groups, ...”.

and personnel (perfor-

mance bias) Comment: outcome measure likely influenced by lack of blinding

Length of ICU and hospital

stay

Blinding of participants High risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure likely influenced by lack of blinding

Infection events

Blinding of participants High risk Quote: “Clinicians were not blinded to the treatment groups, ...”

and personnel (perfor-

mance bias) Comment: outcome measure likely influenced by lack of blinding

Mean blood glucose dur-

ing intervention

Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,

sessment (detection bias) but the trial registration record disclosed that outcome assessment was

Infection events masked

Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,

sessment (detection bias) but the trial registration record disclosed that outcome assessment was

All-cause mortality masked
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Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,
sessment (detection bias) but the trial registration record disclosed that outcome assessment was
Hypoglycaemic episodes masked
Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,

sessment (detection bias)
Adverse events other than
hypoglycaemic episodes

but the trial registration record disclosed that outcome assessment was
masked

Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,
sessment (detection bias) but the trial registration record disclosed that outcome assessment was
Cardiovascular events masked
Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,
sessment (detection bias) but the trial registration record disclosed that outcome assessment was
Renal failure masked
Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,
sessment (detection bias) but the trial registration record disclosed that outcome assessment was
Length of ICU and hospital masked
stay
Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment,
sessment (detection bias) but the trial registration record disclosed that outcome assessment was
Mean blood glucose dur- masked
ing intervention
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
All-cause mortality al. The trial randomised 82 participants
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Hypoglycaemic episodes al. The trial randomised 82 participants
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Adverse events other than al. The trial randomised 82 participants
hypoglycaemic episodes
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Cardiovascular events al. The trial randomised 82 participants
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Renal failure al. The trial randomised 82 participants
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Length of ICU and hospital al. The trial randomised 82 participants
stay
Incomplete outcome data  Low risk Quote: “All patients completed the protocol, and none were lost to follow-up.”
(attrition bias) Comment: the researchers did not report a sample size calculation for this tri-
Mean blood glucose dur- al. The trial randomised 82 participants
ing intervention
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Selective reporting (re-
porting bias)

Unclear risk Comment: one of the primary outcomes reported in the trial publication (inci-
dence of major adverse events) was not disclosed at its trial register record

Other bias Unclear risk Quote: "Supported by a research grant by Eli Lilly..."
Comment: Eli Lilly is a manufacturer of insulin. Also in the protocol an esti-
mated enrolment of 400 is reported, however the study only enrolled 82 par-
ticipants
Li 2006
Study characteristics
Methods Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: participants with diabetes mellitus undergoing CABG for the first time
Exclusion criteria: none

Diagnostic criteria: in most cases before admission for surgery. Newly diagnosed diabetes was con-
firmed by a fasting blood glucose level of 2 200 mg/dL associated with an elevated level of haemoglo-
bin AlC

Setting: Mackay Memorial Hospital

Age group: adults

Gender distribution: females and males

Country where trial was performed: Republic of China/Taiwan

Co-morbidities: hypertension: I: 84%, C: 88%; congestive heart failure: I: 57%, C: 59%; renal insufficien-
cy: I: 10%, C: 14%,; stroke: I: 8%, C: 17%; peripheral vascular disease: I: 4%, C: 2%; chronic obstructive

pulmonary disease: |: 6%, C: 9%; previous myocardial infarction: I: 51%, C: 62%; left main stenosis: I:
25%, C: 31%

Interventions

Intervention(s): continuous insulin infusion (CII)
Comparator(s): glucometer-guided insulin (GGI)
Duration of intervention: 5 days postoperative
Duration of follow-up: —

Run-in period: none

Number of study centres: 1

Treatment before trial: diabetic control: insulin: I: 5.9%, C: 11.9%, oral hypoglycaemic agents: I:
86.3%, C: 78.6%; diuretics: I: 17.6%, C: 28.6%; inotropic agents: I: 7.8%, C: 4.8%

Outcomes Reported outcome(s) in full text of publication: the primary endpoints were incidence of operative
mortality and sternal wound infection of operative mortality and sternal wound infection; the sec-
ondary endpoint was the adequacy of blood glucose control

Study registration Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English
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Funding: non-commercial funding

Publication status: peer-reviewed journal

Stated aim of study

Quote: "Postulating that continuous insulin infusion would provide better control of postoperative
blood glucose levels, we designed this prospective, randomized study to test that hypothesis"

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: “[...] the patients were randomly assigned to 1 of 2 groups for diabetic
tion (selection bias) control”
Comment: no additional details provided on randomisation sequence genera-
tion
Allocation concealment Unclear risk Quote: “[...] the patients were randomly assigned to 1 of 2 groups for diabetic
(selection bias) control”
Comment: no additional details provided on randomisation sequence con-
cealment
Blinding of participants Low risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure unlikely influenced by
All-cause mortality lack of blinding
Blinding of participants High risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure likely influenced by lack
Adverse events other than of blinding
hypoglycaemic episodes
Blinding of participants Low risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure unlikely influenced by
Cardiovascular events lack of blinding
Blinding of participants High risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure likely influenced by lack
Length of ICU and hospital of blinding
stay
Blinding of participants High risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure likely influenced by lack
Infection events of blinding
Blinding of participants High risk Comment: open trial. The researchers report that as consequence of the trial
and personnel (perfor- not being blinded, 7 participants were withdrawn due to clinicians' concerns
mance bias) about participants’ glucose levels; outcome measure likely influenced by lack
Mean blood glucose dur- of blinding
ing intervention
Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment
sessment (detection bias)
Infection events
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Blinding of outcome as-
sessment (detection bias)
All-cause mortality

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment

sessment (detection bias)

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Low risk Comment: the trial report did not provide any detail on blinded assessment;

sessment (detection bias) outcome measure unlikely influenced by lack of blinding

Cardiovascular events

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment

sessment (detection bias)

Length of ICU and hospital

stay

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment

sessment (detection bias)

Mean blood glucose dur-

ing intervention

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

All-cause mortality protocol deviations (see blinding of participants and personnel) and cross-
overs between groups that were excluded from final analyses

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

Adverse events other than protocol deviations (see blinding of participants and personnel) and cross-

hypoglycaemic episodes overs between groups that were excluded from final analyses

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

Cardiovascular events protocol deviations (see blinding of participants and personnel) and cross-
overs between groups that were excluded from final analyses

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

Length of ICU and hospital protocol deviations (see blinding of participants and personnel) and cross-

stay overs between groups that were excluded from final analyses

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

Infection events protocol deviations (see blinding of participants and personnel) and cross-
overs between groups that were excluded from final analyses

Incomplete outcome data  Unclear risk Comment: the researchers did not report a sample size calculation for this tri-

(attrition bias) al. The trial randomised 100 participants, but the researchers described many

Mean blood glucose dur- protocol deviations (see blinding of participants and personnel) and cross-

ing intervention overs between groups that were excluded from final analyses

Selective reporting (re- Unclear risk Comment: no protocol available; the trial report presented results on all out-

porting bias) come measures that were pre-specified in the methods section as relevant. No
power calculation was made for the primary outcome

Other bias Low risk Nothing detected
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NICE SUGAR 2009

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: medical and surgical participants admitted to the ICU of 42 hospitals, expected to
require treatment in the ICU on 3 or more consecutive days

Exclusion criteria: imminent death, diabetic ketoacidosis or hyperosmolar state, in ICU for more than
24 hours, expected to be eating before 3rd day after admission, no informed consent, enrolled in the
NICE-SUGAR previously, suffered hypoglycaemia without full neurological recovery

Diagnostic criteria for diabetes: on the basis of their medical history
Setting: 38 academic tertiary care hospitals and 4 community hospitals
Age group: adults

Gender distribution: females and males

Countries where trial was performed: Australia, New Zealand, Canada and USA

Interventions

Intervention(s): intensive glucose control

Comparator(s): conventional glucose control

Duration of intervention: until participant was eating or discharged from ICU
Duration of follow-up: 90 days

Run-in period: none

Number of study centres: 42 hospitals

Treatment before trial (insulin): I: 29.8%, C: 27.3%

Outcomes

Reported outcome(s) in full text of publication: the primary outcome measure was death from any
cause within 90 days after randomisation. Secondary outcome measures were survival time during the
first 90 days, cause-specific death and durations of mechanical ventilation, renal-replacement thera-
py, and stays in the ICU and hospital. Tertiary outcomes were death from any cause within 28 days af-
ter randomisation, place of death (ICU, hospital ward or other), incidence of new organ failure, positive
blood culture, receipt of red-cell transfusion and volume of the transfusion

Study registration

Trial identifier:NCT00220987

Trial terminated early: no (certain participants yes)

Publication details

Language of publication: English

Funding: supported by grants from the Australian National Health and Medical Research Council, the
Health Research Council of New Zealand, and the Canadian Institutes for Health Research. Dr. Finfer re-
ports receiving reimbursement for travel to present research results at scientific meetings from Eli Lilly,
Cardinal Health, and CSL Bioplasma and for serving on steering committees for studies sponsored by
Eli Lilly and Eisai (paid to the George Institute for International Health); he also reports that the George
Institute for International Health, an independent, not-for-profit institute affiliated with the Universi-
ty of Sydney, has received research funding from Servier, Novartis, Eisai, Merck Sharp & Dohme, Pfizer
Australia, Fresenius Kabi Deutschland, and Sanofi-Aventis

Publication status: peer-reviewed journal
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Stated aim of study Quote: "We designed the normoglycaemia in Intensive Care Evaluation-Survival Using Glucose Algo-
rithm Regulation (NICE-SUGAR) trial to test the hypothesis that intensive glucose control reduces mor-
tality at 90 days"

Notes Information exclusively on diabetes participants was provided by trial authors

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: “Patients were randomly assigned to a treatment group by the clini-
tion (selection bias) cians treating them or by local study coordinators, with the use of a minimiza-

tion algorithm”
Quote: (from the protocol): “The George Institute for International Health will
take responsibility for the web-based randomisation. This will be available 24

hours a day.”
Allocation concealment Low risk Quote: “Patients were randomly assigned to a treatment group by the clin-
(selection bias) icians treating them or by local study coordinators, with the use of a mini-

mization algorithm accessed through a secure Web site. The treatment assign-
ments were concealed before randomization”

Blinding of participants Low risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

All-cause mortality Comment: outcome measure unlikely influenced by lack of blinding
Blinding of participants High risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Hypoglycaemic episodes Comment: outcome measure likely influenced by lack of blinding

Blinding of participants High risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Adverse events other than Comment: outcome measure likely influenced by lack of blinding

hypoglycaemic episodes

Blinding of participants Low risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Renal failure Comment: outcome measure unlikely influenced by lack of blinding
Blinding of participants High risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Length of ICU and hospital Comment: outcome measure likely influenced by lack of blinding

stay

Blinding of participants High risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Infection events Comment: outcome measure likely influenced by lack of blinding

Blinding of participants High risk Quote: “The treatment assignments were concealed before randomization,
and personnel (perfor- but subsequently, clinical staff were aware of them”

mance bias)

Comment: outcome measure likely influenced by lack of blinding
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NICE SUGAR 2009 (Continued)
Mean blood glucose dur-
ing intervention

Blinding of outcome as- High risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Infection events
Comment: the trial report did not provide any detail on blinded assessment;
outcome measure likely influenced by lack of blinding

Blinding of outcome as- Low risk Quote: “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

All-cause mortality
Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as- High risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Hypoglycaemic episodes
Comment: the trial report did not provide any detail on blinded assessment;
outcome measure likely influenced by lack of blinding

Blinding of outcome as- High risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Adverse events other than

hypoglycaemic episodes Comment: the trial report did not provide any detail on blinded assessment;
outcome measure likely influenced by lack of blinding

Blinding of outcome as- Low risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Renal failure
Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as- High risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Length of ICU and hospital

stay Comment: the trial report did not provide any detail on blinded assessment;
outcome measure likely influenced by lack of blinding

Blinding of outcome as- High risk Quote “The primary outcome measure is mortality and therefore not subject

sessment (detection bias) to ascertainment bias”

Mean blood glucose dur-

ing intervention Comment: the trial report did not provide any detail on blinded assessment;
outcome measure likely influenced by lack of blinding

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

All-cause mortality assigned to intensive glucose control and 7% of controls, with balanced rea-
sons between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

Hypoglycaemic episodes assigned to intensive glucose control and 7% of controls, with balanced rea-
sons between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias)
Adverse events other than
hypoglycaemic episodes

were randomised, but the treatment was discontinued in 10% of participants
assigned to intensive glucose control and 7% of controls, with balanced rea-
sons between groups
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Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

Renal failure assigned to intensive glucose control and 7% of controls, with balanced rea-
sons between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

Length of ICU and hospital assigned to intensive glucose control and 7% of controls, with balanced rea-

stay sons between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

Infection events assigned to intensive glucose control and 7% of controls, with balanced rea-
sons between groups

Incomplete outcome data  Low risk Comment: sample size calculation for 6100 participants. 6014 participants

(attrition bias) were randomised, but the treatment was discontinued in 10% of participants

Mean blood glucose dur- assigned to intensive glucose control and 7% of controls, with balanced rea-

ing intervention sons between groups

Selective reporting (re- Low risk Comment: study was powered for the primary outcome. All outcomes de-

porting bias) scribed in the methods and protocol (NCT00220987) are reported in the results

Other bias Low risk Nothing detected

Parekh 2016
Study characteristics
Methods Study design: parallel randomised controlled clinical trial

Participants

Inclusion criteria: adults with a diagnosis of diabetes mellitus who were admitted for deceased donor
renal transplantation

Exclusion criteria: children and adult candidates enrolled in a concurrent study evaluating the effect
of a medication or other intervention on graft function

Diagnostic criteria: —

Setting: University of California San Francisco Medical Center
Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Interventions

Intervention(s): moderately intense glucose control: insulin infusion if blood glucose > 120 mg/dL no
earlier than 4 hours before the anticipated start of the transplant. Operation: glucose goal between 80
mg/dL and 160 mg/dL. Postoperative: insulin infusion with glucose goal of 100 mg/dL to 180 mg/dL
during 24 hours.

Comparator(s): standard control preoperative: insulin sliding scale when serum blood glucose > 200
mg/dL. Operation: intravenous insulin if the glucose was above 200 mg/dL. Postoperative: standard
sliding scale for 24 hours.

Duration of intervention: pre- and postoperative 24 hours

Duration of follow-up: up to 1 year
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Parekh 2016 (continued)

Run-in period: none
Number of study centres: 1

Treatment before study (medication for diabetes): I: 76.6%, C: 80%

Outcomes

Reported outcome(s) in full text of publication: the primary outcome for the trial was poor graft
function defined by the need for dialysis within 7 days of transplant or a failure of the serum creatinine
to drop by more than 10% for 3 consecutive days. Secondary outcomes were DGF (delayed graft func-
tion; need for dialysis within 7 days of transplant), perioperative death, stroke and seizure, as well as
serum creatinine and estimated glomerular filtration rate (GFR), using the Modification of Diet in Renal
Disease (MDRD) study calculation, at 30 days, 6 months and 1 year. Graft-specific outcomes were biop-
sy-proven rejection and graft loss.

Study registration

Trial identifier: NCT01643382
Trial terminated early: yes

Quote: "the trial was then stopped after 60 patients or 75% of the planned total recruitment as the cri-
terion for stopping the trial based on the primary outcome was met"

Publication details

Language of publication: English
Funding: supported by the American Diabetes Association Clinical Investigator Award 7-07-CR-22

Publication status: peer-reviewed journal

Stated aim of study

Quote: "determine whether moderately intense glucose control during allograft reperfusion would re-
duce the incidence of poor graft function"

Notes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: “The randomization was generated per computer algorithm”

tion (selection bias)

Allocation concealment Low risk Quote: “[...] the randomization scheme was hidden in an electronic file until
(selection bias) each patient was enrolled”

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

All-cause mortality

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Hypoglycaemic episodes

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-

and personnel (perfor-
mance bias)

Adverse events other than
hypoglycaemic episodes

enced by lack of blinding
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Parekh 2016 (continued)

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Cardiovascular events

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Renal failure

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Infection events

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Mean blood glucose dur-

ing intervention

Blinding of outcome as- Unclear risk Comment: described as an open-label trial; outcome measure likely influ-
sessment (detection bias) enced by lack of blinding

Infection events

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

All-cause mortality

Blinding of outcome as- Unclear risk Comment: described as an open-label trial; outcome measure likely influ-
sessment (detection bias) enced by lack of blinding

Hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: described as an open-label trial; outcome measure likely influ-
sessment (detection bias) enced by lack of blinding

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

Cardiovascular events

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

Renal failure

Blinding of outcome as- Unclear risk Comment: described as an open-label trial; outcome measure likely influ-
sessment (detection bias) enced by lack of blinding

Length of ICU and hospital

stay

Blinding of outcome as- Unclear risk Comment: described as an open-label trial; outcome measure likely influ-

sessment (detection bias)

enced by lack of blinding
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Mean blood glucose dur-
ing intervention

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

All-cause mortality mary outcome criterion was met, but the report only describes criteria for
stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Hypoglycaemic episodes mary outcome criterion was met, but the report only describes criteria for
stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Adverse events other than mary outcome criterion was met, but the report only describes criteria for

hypoglycaemic episodes stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Cardiovascular events mary outcome criterion was met, but the report only describes criteria for
stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Renal failure mary outcome criterion was met, but the report only describes criteria for
stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Length of ICU and hospital mary outcome criterion was met, but the report only describes criteria for

stay stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Infection events mary outcome criterion was met, but the report only describes criteria for
stopping early for safety

Incomplete outcome data  Unclear risk Comment: sample size calculation for 80 participants. The trial only ran-

(attrition bias) domised 60 patients according a pre-specified rule to stop the trial as the pri-

Mean blood glucose dur- mary outcome criterion was met, but the report only describes criteria for

ing intervention stopping early for safety.

Selective reporting (re- Low risk Comment: the trial register record only disclosed the primary outcome that

porting bias) was reported

Other bias Low risk Nothing detected

Rassias 1999

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: participants with diabetes scheduled to undergo elective cardiac surgery with car-

diopulmonary bypass
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Rassias 1999 (continued)

Exclusion criteria: emergency surgery, conditions known to cause immunosuppression (other than di-
abetes mellitus), age < 18 years or inability to provide written informed consent

Diagnostic criteria: —

Setting: Dartmouth-Hitchcock Medical Center

Age group: adults

Gender distribution: females and males

Countries where trial was performed: USA, Lebanon

Co-medication: —

Interventions

Intervention(s): aggressive insulin therapy

Comparator(s): standard insulin therapy

Duration of intervention: during surgery and on the first postoperative day
Duration of follow-up: —

Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: half of their usual subcutaneous NPH insulin dosage the morning of surgery and started
on an infusion of 5% dextrose with 0.45% sodium chloride solution at 50 mL/h. Oral hypoglycaemics
were not given.

Comparator: half of their usual subcutaneous NPH insulin dosage the morning of surgery and started
on an infusion of 5% dextrose with 0.45% sodium chloride solution at 50 mL/h. Oral hypoglycaemics
were not given.

Outcomes Reported outcome(s) in full text of publication: glucose levels and leukocyte function (polymor-
phonuclear neutrophils)
Study registration Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English
Funding: non-commercial funding

Publication status: peer-reviewed journal

Stated aim of study

Quote: "We conducted a clinical study to examine the effect of aggressive insulin therapy on PMN func-
tion in diabetic cardiac surgery patients"

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Patients were prospectively randomized into one of two treatment
tion (selection bias) groups..."
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Comment: described as randomised but no additional details provided about
the sequence generation

Allocation concealment Unclear risk Comment: described as randomised but no additional details provided about
(selection bias) the sequence concealment

Blinding of participants High risk Quote: “The anesthesia and surgery team was not blinded as to the choice of
and personnel (perfor- insulin therapy.”

mance bias)

Adverse events other than Comment: outcome measure likely influenced by lack of blinding
hypoglycaemic episodes

Blinding of participants High risk Quote: “The anesthesia and surgery team was not blinded as to the choice of
and personnel (perfor- insulin therapy.”

mance bias)

Infection events Comment: outcome measure likely influenced by lack of blinding

Blinding of participants High risk Quote: “The anesthesia and surgery team was not blinded as to the choice of
and personnel (perfor- insulin therapy.”

mance bias)

Mean blood glucose dur- Comment: outcome measure likely influenced by lack of blinding

ing intervention

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment
sessment (detection bias)

Infection events

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment
sessment (detection bias)

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: the trial report did not provide any detail on blinded assessment
sessment (detection bias)

Mean blood glucose dur-

ing intervention

Incomplete outcome data  Low risk Comment: sample size calculation for 26 participants, who were finally ran-
(attrition bias) domised. The researchers did not describe any dropouts

Adverse events other than

hypoglycaemic episodes

Incomplete outcome data  Low risk Comment: sample size calculation for 26 participants, who were finally ran-
(attrition bias) domised. The researchers did not describe any dropouts

Infection events

Incomplete outcome data  Low risk Comment: sample size calculation for 26 participants, who were finally ran-
(attrition bias) domised. The researchers did not describe any dropouts

Mean blood glucose dur-

ing intervention

Selective reporting (re- Low risk Comment: trial protocol or register record unavailable. The researchers re-
porting bias) ported a unique outcome from which they calculated the sample size

Other bias Low risk Nothing detected
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Subramaniam 2009

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial with randomisation ratio of 1:1

Participants

Inclusion criteria: adult participants (= 18 years) with an ASA physical status of I-IV, undergoing periph-
eral vascular bypass surgery, abdominal aortic surgery or major lower extremity amputation (above or
below the knee) and were expected to stay in the hospital for at least 48 hours

Exclusion criteria: participants with brittle diabetes (as previously diagnosed by endocrinologist), vari-
cose vein ligation, continuous insulin infusion pumps, planned stent procedures for vascular disease,
or an ASA physical status of V were excluded from the study

Diagnostic criteria: —

Setting: Beth Israel Deaconess Medical Center

Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Co-morbidities: hypertension (I: 81%, C: 78%); coronary artery disease (I: 51%, C: 58%); congestive
heart failure (I: 11%, C: 9%); coronary artery bypass grafting (I: 30%, C: 21%); chronic renal failure (I:
13%, C: 12%); stroke (I: 8%, C: 9%); chronic obstructive pulmonary disease (I: 20%, C: 25%)

Co-medications: metoprolol

Interventions

Intervention(s): continuous insulin infusion

Comparator(s): standard intermittent sliding-scale insulin bolus

Duration of intervention: intervention began at the start of surgery and continued for 48 hours
Duration of follow-up: until 30 days

Run-in period: none

Number of study centres: 1

Treatment before trial: insulin: I: 65%, C: 53%; metformin: I: 15%, C: 19%,; glyburide: I: 37%, C: 30%;
statin: I: 67%, C: 57%; aspirin: |I: 85%, C: 84%; ACE inhibitor: I: 56%, C: 57%; B-blocker: I: 73%, C: 80%

Outcomes Reported outcome(s) in full text of publication: the primary endpoint was defined as a composite
rate of the following intraprocedural and postprocedural major cardiovascular events at hospital dis-
charge: all-cause of death, myocardial infarction, acute congestive heart failure

Study registration Trial identifier: —

Trial terminated early: yes (slow recruitment, increasing numbers of minimally invasive stent proce-
dures and the planned hospital-wide implementation of a more aggressive perioperative glucose man-
agement strategy)

Publication details

Language of publication: English
Funding: non-commercial funding

Publication status: peer-reviewed journal

Stated aim of study

Quote: "In the current study, we tested the hypothesis that a strategy of tight perioperative blood glu-
cose control using a continuous insulin infusion in patients undergoing vascular surgery decreases ma-
jor cardiovascular events (MACEs) when compared with conventional management"
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Notes

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Quote: "Patients were randomly assigned, using a 1:1 block randomisation
tion (selection bias) scheme..."
Comment: described as randomised but no additional details provided about
the sequence generation. As blocks are not defined as ‘permuted’ allocation to
the blocks may be predictable.
Allocation concealment Unclear risk Comment: described as randomised but no additional details provided about
(selection bias) the sequence concealment. As blocks are not defined as ‘permuted’ allocation
to the blocks may be predictable.
Blinding of participants Low risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure unlikely influenced by lack of blinding
All-cause mortality
Blinding of participants High risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure likely influenced by lack of blinding
Hypoglycaemic episodes
Blinding of participants High risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure likely influenced by lack of blinding
Adverse events other than
hypoglycaemic episodes
Blinding of participants Low risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure unlikely influenced by lack of blinding
Cardiovascular events
Blinding of participants Low risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure unlikely influenced by lack of blinding
Renal failure
Blinding of participants High risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure likely influenced by lack of blinding
Length of ICU and hospital
stay
Blinding of participants High risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure likely influenced by lack of blinding
Infection events
Blinding of participants High risk Comment: the trial was described as unblinded and researchers reported that
and personnel (perfor- some parts of the management protocol could be delivered at the discretion of
mance bias) anaesthesiologists; outcome measure likely influenced by lack of blinding
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Mean blood glucose dur-
ing intervention

Blinding of outcome as-
sessment (detection bias)
Infection events

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
All-cause mortality

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Hypoglycaemic episodes

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
Adverse events other than
hypoglycaemic episodes

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
Cardiovascular events

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Renal failure

Low risk

Comment: the trial report did not provide any detail on blinded assessment;
outcome measure unlikely influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
Length of ICU and hospital
stay

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Blinding of outcome as-
sessment (detection bias)
Mean blood glucose dur-
ing intervention

Unclear risk

Comment: the trial report did not provide any detail on blinded assessment

Incomplete outcome data
(attrition bias)
All-cause mortality

Unclear risk

Comment: sample size calculation for 1986 participants with a planned inter-
im analysis after the enrolment of 452. However, the trial stopped after the in-
clusion of 236 patients due to problems with recruitment and changes in the
research hospital regarding perioperative glucose management protocols

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Unclear risk

Comment: sample size calculation for 1986 participants with a planned inter-
im analysis after the enrolment of 452. However, the trial stopped after the in-
clusion of 236 patients due to problems with recruitment and changes in the
research hospital regarding perioperative glucose management protocols

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Unclear risk

Comment: sample size calculation for 1986 participants with a planned inter-
im analysis after the enrolment of 452. However, the trial stopped after the in-
clusion of 236 patients due to problems with recruitment and changes in the
research hospital regarding perioperative glucose management protocols

Incomplete outcome data
(attrition bias)
Cardiovascular events

Unclear risk

Comment: sample size calculation for 1986 participants with a planned inter-
im analysis after the enrolment of 452. However, the trial stopped after the in-
clusion of 236 patients due to problems with recruitment and changes in the
research hospital regarding perioperative glucose management protocols
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Subramaniam 2009 (Continued)

Incomplete outcome data  Unclear risk Comment: sample size calculation for 1986 participants with a planned inter-
(attrition bias) im analysis after the enrolment of 452. However, the trial stopped after the in-
Renal failure clusion of 236 patients due to problems with recruitment and changes in the

research hospital regarding perioperative glucose management protocols

Incomplete outcome data  Unclear risk Comment: sample size calculation for 1986 participants with a planned inter-
(attrition bias) im analysis after the enrolment of 452. However, the trial stopped after the in-
Length of ICU and hospital clusion of 236 patients due to problems with recruitment and changes in the
stay research hospital regarding perioperative glucose management protocols
Incomplete outcome data  Unclear risk Comment: sample size calculation for 1986 participants with a planned inter-
(attrition bias) im analysis after the enrolment of 452. However, the trial stopped after the in-
Infection events clusion of 236 patients due to problems with recruitment and changes in the

research hospital regarding perioperative glucose management protocols

Incomplete outcome data  Unclear risk Comment: sample size calculation for 1986 participants with a planned inter-
(attrition bias) im analysis after the enrolment of 452. However, the trial stopped after the in-
Mean blood glucose dur- clusion of 236 patients due to problems with recruitment and changes in the
ing intervention research hospital regarding perioperative glucose management protocols
Selective reporting (re- Unclear risk Comment: trial protocol or register record unavailable, but all the outcomes
porting bias) described in the methods section were reported

Other bias Low risk Nothing detected

Umpierrez 2015

Study characteristics

Methods Study design: parallel randomised controlled clinical trial

Participants Inclusion criteria: aged between 18 and 80 years undergoing primary or a combination of CABG and
other cardiac operations such as valve repair or aortic surgery who experienced perioperative hyper-
glycaemia, defined as a blood glucose > 140 mg/dL
Exclusion criteria: people with impaired renal function (serum creatinine = 3.0 mg/dL or glomerular
filtration rate <30 mL/min/1.73 m2), hepatic failure, or history of hyperglycaemic crises and those at
imminent risk of death (brain death or cardiac standstill) or pregnancy, or individual or next of kin un-
able to provide consent
Diagnostic criteria: —
Setting: Emory University Hospital, Emory Midtown Hospital, and Grady Memorial Hospital in Atlanta
Age group: adults, elderly people
Gender distribution: females and males
Country where trial was performed: USA

Interventions Intervention(s): continuous insulin infusion (Cll) adjusted to maintain a glucose target between 100
mg/dL and 140 mg/dL in the ICU
Comparator(s): Cll adjusted to maintain a glucose level between 141 mg/dL and 180 mg/dL in the ICU
Duration of intervention: until discontinuation of Cll (at ICU discharge)
Duration of follow-up: 90 days after hospital discharge

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 91

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Umpierrez 2015 (Continued)

Run-in period: none
Number of study centres: 3
Treatment before trial: —

Intervention: no antidiabetic agents 7 (9%); oral agents only 32 (45%); insulin alone 15 (20%); insulin +
oral agents 20 (26%)

Comparator: no antidiabetic agents 5 (7%); oral agents only 34 (48%); insulin alone 14 (20%); insulin +
oral agents 18 (25%)

Outcomes

Reported outcome(s) in full text of publication: the primary outcome was to determine differences
between intensive and conservative glucose control on a composite of hospital mortality and perioper-
ative complications, including sternal wound infection (deep and superficial), bacteraemia, respiratory
failure, pneumonia, acute kidney injury, and MACE (acute myocardial infarction, congestive heart fail-
ure and cardiac arrhythmias). The secondary outcome was to compare differences between intensive
and conservative glucose control.

Study registration

Trial identifier:NCT01361594

Trial terminated early: no

Publication details

Language of publication: English

Funding: a clinical research grant from the American Diabetes Association (7-03-CR-35) and a grant
from the Clinical and Translational Science Award program, National Institutes of Health, National Cen-
ter for Research Resources (UL1 RR025008)

Publication status: peer-reviewed journal

Stated aim of study

Quote: "The optimal level of glycaemic control needed to improve outcomes in cardiac surgery pa-
tients remains controversial"

Notes Information exclusively on diabetes participants was provided by trial authors
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: “A research pharmacist following a computer-generated block ran-
tion (selection bias) domization table coordinated randomization and treatment assignment”
Allocation concealment Low risk Quote: “A research pharmacist following a computer-generated block ran-
(selection bias) domization table coordinated randomization and treatment assignment”
Comment: likely the pharmacist participated in the trial independently

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding
mance bias)
All-cause mortality
Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding
mance bias)
Hypoglycaemic episodes
Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding
mance bias)
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Adverse events other than
hypoglycaemic episodes

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Cardiovascular events

Blinding of participants Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Renal failure

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Infection events

Blinding of participants High risk Comment: described as an open-label trial; outcome measure likely influ-
and personnel (perfor- enced by lack of blinding

mance bias)

Mean blood glucose dur-

ing intervention

Blinding of outcome as- Unclear risk Comment: described as an open-label trial

sessment (detection bias)

Infection events

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

All-cause mortality

Blinding of outcome as- Unclear risk Comment: described as an open-label trial

sessment (detection bias)

Hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: described as an open-label trial

sessment (detection bias)

Adverse events other than

hypoglycaemic episodes

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

Cardiovascular events

Blinding of outcome as- Low risk Comment: described as an open-label trial; outcome measure unlikely influ-
sessment (detection bias) enced by lack of blinding

Renal failure

Blinding of outcome as- Unclear risk Comment: described as an open-label trial

sessment (detection bias)
Length of ICU and hospital
stay
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Blinding of outcome as- Unclear risk Comment: described as an open-label trial

sessment (detection bias)

Mean blood glucose dur-

ing intervention

Incomplete outcome data  Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

(attrition bias)
All-cause mortality

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)
Cardiovascular events

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)
Renal failure

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)

Length of ICU and hospital
stay

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)
Infection events

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Incomplete outcome data
(attrition bias)

Mean blood glucose dur-
ing intervention

Low risk Comment: sample size calculation for 296 participants, adjusted to an expect-

ed low attrition rate (< 10%). Although 305 participants were randomised, 3

participants withdrew prior to the intervention initiation, and data for 302 par-

ticipants were finally analysed

Selective reporting (re-
porting bias)

Unclear risk Comment: all the outcomes in the trial register record were disclosed in the

trial report, but a composite outcome of major morbidity and 30-day mortality

was used as primary outcome

Other bias Low risk Nothing detected
Wahby 2016
Study characteristics
Methods Study design: parallel randomised controlled clinical trial
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Participants

Inclusion criteria: diabetic people planned for coronary artery bypass graft (CABG) surgery
Exclusion criteria: emergency CABG, off-pump surgery and combined valve and CABG surgery
Diagnostic criteria: —

Setting: Tanta University Hospital and National Heart Institute

Age group: —

Gender distribution: females and males

Country where trial was performed: Egypt

Interventions

Intervention(s): tight glycaemic control during operation to maintain blood glucose level between 110
mg/dL and 149 mg/dL

Comparator(s): conventional moderate glycaemic control to achieve blood glucose level between 150
mg/dL and 180 mg/dL during surgery

Duration of intervention: perioperative
Duration of follow-up: 30 days after surgery
Run-in period: none

Number of study centres: 1

Treatment before trial: —

Outcomes

Reported outcome(s) in full text of publication: operative mortality (defined as mortality within 30
days of operation or during hospitalisation due to cause related to operation), renal dysfunction (ele-
vated serum creatinine above 2 mg/dL postoperative or more than 25% of preoperative level), acute
renal failure required postoperative dialysis, postoperative permanent neurological deficit, sternal
wound infection, leg infection and need for postoperative inotropic support that was defined as the use
of dopamine 5 mg/kg/min; any dose of epinephrine, norepinephrine, dobutamine or milrinone. All par-
ticipants were followed up regarding duration of mechanical ventilation postoperatively. Prolonged
mechanical ventilation was defined as cumulative duration of 24 h or more of endotracheal intubation
starting from transfer of the participant to cardiac surgery ICU after completion of operation. The oc-
currence of postoperative atrial fibrillation (AF) and perioperative myocardial infarction were record-
ed. Perioperative myocardial infarction was defined as any participant having fresh ECG changes in-
cluding new Q-waves in two precordial leads, new bundle branch block, haemodynamic compromise
with new segmental wall motion dysfunction or elevation of CK MB over 100 U/L after undergoing open
heart surgery.

Study registration

Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English
Funding: —

Publication status: peer-reviewed journal

Stated aim of study

Quote: "we aimed to detect the effect of perioperative tight glycaemic control versus moderate gly-
caemic control on the outcome of diabetic patients undergoing CABG surgery"

Notes

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: “Patients were randomly assigned into 2 groups according to comput-
tion (selection bias) er allocated generation table (graph pad software)”

Allocation concealment Unclear risk Comment: described as randomised but no additional details provided about
(selection bias) the sequence concealment

Blinding of participants Low risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants'
mance bias) allocation; outcome measure unlikely influenced by lack of blinding

All-cause mortality

Blinding of participants High risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure likely influenced by lack of blinding

Hypoglycaemic episodes

Blinding of participants High risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure likely influenced by lack of blinding

Adverse events other than
hypoglycaemic episodes

Blinding of participants Low risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure unlikely influenced by lack of blinding

Cardiovascular events

Blinding of participants Low risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure unlikely influenced by lack of blinding

Renal failure

Blinding of participants High risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure likely influenced by lack of blinding

Infection events

Blinding of participants High risk Comment: open to personnel. The groups of interest were managed accord-
and personnel (perfor- ing a protocol with substantial differences that could reveal the participants’
mance bias) allocation; outcome measure likely influenced by lack of blinding

Mean blood glucose dur-
ing intervention

Blinding of outcome as- Unclear risk Comment: open trial
sessment (detection bias)
Infection events

Blinding of outcome as- Low risk Comment: open trial; outcome measure unlikely influenced by lack of blind-
sessment (detection bias) ing
All-cause mortality

Blinding of outcome as- Unclear risk Comment: open trial
sessment (detection bias)
Hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: open trial
sessment (detection bias)
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Wahby 2016 (continued)
Adverse events other than
hypoglycaemic episodes

Blinding of outcome as-
sessment (detection bias)
Cardiovascular events

Low risk

Comment:
ing

open trial; outcome measure unlikely influenced by lack of blind-

Blinding of outcome as-
sessment (detection bias)
Renal failure

Low risk

Comment:
ing

open trial; outcome measure unlikely influenced by lack of blind-

Blinding of outcome as-
sessment (detection bias)
Mean blood glucose dur-
ing intervention

Unclear risk

Comment:

open trial

Incomplete outcome data
(attrition bias)
All-cause mortality

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)
Cardiovascular events

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)
Renal failure

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)
Infection events

Low risk

Comment:

probably no attrition

Incomplete outcome data
(attrition bias)

Mean blood glucose dur-
ing intervention

Low risk

Comment:

probably no attrition

Selective reporting (re-
porting bias)

Unclear risk

Comment:

trial protocol or register record unavailable. The outcomes of inter-

est were described ambiguously

Other bias

Low risk

Nothing detected

Wallia 2017

Study characteristics

Methods

Study design: parallel randomised controlled clinical trial
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Participants

Inclusion criteria: age 18 to 80 years old; able to give informed consent personally or via a family mem-
ber with appropriate authorisation to do so if individual unable; expected survival after transplantation
of 1 year; BG level 180 mg/dL postoperatively regardless of diabetes status (with or without diabetes);
no previous liver transplantation

Exclusion criteria: inability of person or family member to give informed consent, not expected to sur-
vive for > 1 year following liver transplantation, previous liver transplantation, acute liver failure, living
related donor

Diagnostic criteria: —

Setting: Northwestern Memorial Hospital/Northwestern University Feinberg School of Medicine
Age group: adults

Gender distribution: females and males

Country where trial was performed: USA

Co-morbidities: —

Co-medications: —

Interventions

Intervention(s): intensive (insulin treatment to target blood glucose at 140 mg/dL)
Comparator(s): moderate (insulin treatment to target blood glucose at 180 mg/dL)

Duration of intervention: immediately postoperatively until participants were stable and had begun
to eat; mean duration of insulin infusion in hours: 56.5 + 78.6

Duration of follow-up: 1 year
Run-in period: none
Number of study centres: 1

Treatment before trial: —

Outcomes

Reported outcome(s) in full text of publication: the number of participants experiencing an episode
of rejection within 1 year after transplantation. The number of participants experiencing an infection
within 1 year after transplantation. The number of participants experiencing an infection within 1 year
after transplantation. Outcomes for inpatient: episodes of hypoglycaemia, including symptoms occur-
ring when hypoglycaemic, ICU length of stay, hospital length of stay, death. Outcomes for outpatients:
rehospitalisation, graft survival, death.

Study registration

Trial identifier:NCT01211730

Trial terminated early: no

Publication details

Language of publication: English
Funding: The American Diabetes Association Junior Faculty Award 1-13-JF-54

Publication status: peer-reviewed journal

Stated aim of study

Quote: "we designed a prospective, randomised, single-center, comparative effectiveness trial com-
paring 2 levels of glycaemic control (intensive, 140 mg/dL, vs moderate, 180 mg/dL) in patients who
had undergone liver transplantation to evaluate whether intensive glucose management in the inpa-
tient setting improved the outcomes after liver transplantation"

Notes

Information exclusively on diabetic participants was provided by trial authors
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Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Quote: "Randomization into the 2 groups was performed using a comput-

tion (selection bias) er-generated random number program (GraphPad Software, Inc., San Diego,
CA)H

Allocation concealment Unclear risk Comment: the randomisation was generated according a correct procedure,

(selection bias) but details on allocation concealment were not provided in the report

Blinding of participants Low risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure unlikely influenced by lack of blinding

mance bias)

All-cause mortality

Blinding of participants High risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure likely influenced by lack of blinding

mance bias)

Hypoglycaemic episodes

Blinding of participants High risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure likely influenced by lack of blinding

mance bias)

Adverse events other than

hypoglycaemic episodes

Blinding of participants High risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure likely influenced by lack of blinding

mance bias)

Length of ICU and hospital

stay

Blinding of participants High risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure likely influenced by lack of blinding

mance bias)

Infection events

Blinding of participants High risk Comment: the trial was registered as an open study, according the ClinicalTri-

and personnel (perfor- als.gov record; outcome measure likely influenced by lack of blinding

mance bias)

Mean blood glucose dur-

ing intervention

Blinding of outcome as- Unclear risk Comment: the report does not explicitly describe that outcomes were mea-

sessment (detection bias) sured in a blinded fashion

Infection events

Blinding of outcome as- Low risk Comment: the report does not explicitly describe that outcomes were mea-

sessment (detection bias) sured in a blinded fashion. However, the adjudication of the primary outcome

All-cause mortality followed pre-specified criteria, and unclear cases were adjudicated by blinded
reviewers; outcome measure unlikely influenced by lack of blinding

Blinding of outcome as- Unclear risk Comment: the report does not explicitly describe that outcomes were mea-

sessment (detection bias) sured in a blinded fashion

Hypoglycaemic episodes

Blinding of outcome as- Unclear risk Comment: the report does not explicitly describe that outcomes were mea-

sessment (detection bias)

sured in a blinded fashion
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Adverse events other than
hypoglycaemic episodes

Blinding of outcome as-
sessment (detection bias)
Length of ICU and hospital
stay

Unclear risk Comment: the report does not explicitly describe that outcomes were mea-
sured in a blinded fashion

Blinding of outcome as-
sessment (detection bias)
Mean blood glucose dur-
ing intervention

Unclear risk Comment: the report does not explicitly describe that outcomes were mea-
sured in a blinded fashion

Incomplete outcome data
(attrition bias)
All-cause mortality

Low risk Comment: sample size calculation for 136 participants. The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Low risk Comment: sample size calculation for 136 participants. The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Low risk Comment: sample size calculation for 136 participants. The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Incomplete outcome data
(attrition bias)

Length of ICU and hospital
stay

Low risk Comment: sample size calculation for 136 participants.The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Incomplete outcome data
(attrition bias)
Infection events

Unclear risk Comment: sample size calculation for 136 participants. The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Incomplete outcome data
(attrition bias)

Mean blood glucose dur-
ing intervention

Low risk Comment: sample size calculation for 136 participants. The trial randomised
164 participants and only 3 participants died early, but data were analysed for
the entire sample

Selective reporting (re-
porting bias)

Unclear risk Comment: the trial register record disclosed all outcomes in the trial report,
but the publication states the existence of a “principal secondary outcome”
not differentiated in the trial register

Other bias Low risk Nothing detected
Yuan 2015
Study characteristics
Methods Study design: parallel randomised controlled clinical trial

Participants

Inclusion criteria: adults with type 2 diabetes mellitus (DM) undergoing gastrectomy for gastric tu-
mours between September 2006 and March 2014

Exclusion criteria: participants were excluded if (1) a withdrawal request was made by the participant
or surrogate; (2) the participant underwent laparotomy or palliative surgery; (3) the participant was un-
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able to tolerate enteral nutrition, as shown by vomiting, diarrhoea or abdominal distention; or (4) the
nasojejunal tube became occluded or was pulled out

Diagnostic criteria: type 2 DM was diagnosed according to the criteria of the American Diabetes Asso-
ciation and gastric tumours were diagnosed endoscopically or by imaging modalities before surgery

Setting: First Affiliated Hospital of Zhengzhou University
Age group: adults
Gender distribution: females and males

Country where trial was performed: China

Interventions Intervention(s): intensive glycaemic (IG) management, with continuous insulin infusion to a target
blood glucose concentration 4.4 mmol/L to 6.1 mmol/L (80 mg/dL to 110 mg/dL)

Comparator(s): conventional glycaemic (CG) management, with intermittent bolus insulin to a target
blood glucose concentration <11.1 mmol/L (<200 mg/dL)

Duration of intervention: —

Duration of follow-up: —

Run-in period: none

Number of study centres: 1

Treatment before trial:

Intervention: insulin 71 (67%), oral antidiabetic agents 25 (23.6%), none 10 (9.4%)

Comparator: insulin 67 (63.2%), oral antidiabetic agents 30 (28.3%), none 9 (8.5%)

Outcomes Reported outcome(s) in full text of publication: outcomes included blood glucose concentrations,
insulin administration, and postoperative morbidity and mortality

Study registration Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English
Funding: supported by the National Nature Science Foundation of China, Grant No. 81201955

Publication status: peer-reviewed journal

Stated aim of study Quote: "This study assessed whether intensive glycaemic control was well-tolerated, safe, and im-
proved clinical outcomes in diabetic patients receiving enteral nutrition after gastrectomy"

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: “Patients were randomly assigned ...”

tion (selection bias) Comment: described as randomised but no additional details provided

Allocation concealment Unclear risk Quote: “Patients were randomly assigned ...”

(selection bias) Comment: described as randomised but no additional details provided
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Blinding of participants Low risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure un-
All-cause mortality likely influenced by lack of blinding
Blinding of participants High risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure
Hypoglycaemic episodes likely influenced by lack of blinding
Blinding of participants High risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure
Adverse events other than likely influenced by lack of blinding
hypoglycaemic episodes
Blinding of participants High risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure
Cardiovascular events likely influenced by lack of blinding
Blinding of participants Low risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure un-
Renal failure likely influenced by lack of blinding
Blinding of participants High risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure
Infection events likely influenced by lack of blinding
Blinding of participants High risk Comment: open to personnel. Participants in the control group were man-
and personnel (perfor- aged according a protocol (e.g. insulin administration every 4 to 6 hours) that
mance bias) revealed to which group each participant was allocated; outcome measure
Mean blood glucose dur- likely influenced by lack of blinding
ing intervention
Blinding of outcome as- Unclear risk Comment: open-label study
sessment (detection bias)
Infection events
Blinding of outcome as- Low risk Comment: open-label study; outcome measure unlikely influenced by lack of
sessment (detection bias) blinding
All-cause mortality
Blinding of outcome as- Unclear risk Comment: open-label study
sessment (detection bias)
Hypoglycaemic episodes
Blinding of outcome as- Unclear risk Comment: open-label study
sessment (detection bias)
Adverse events other than
hypoglycaemic episodes
Blinding of outcome as- Unclear risk Comment: open-label study
sessment (detection bias)
Cardiovascular events
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Blinding of outcome as- Low risk Comment: open-label study; outcome measure unlikely influenced by lack of
sessment (detection bias) blinding
Renal failure
Blinding of outcome as- High risk Comment: open-label study

sessment (detection bias)
Mean blood glucose dur-
ing intervention

Incomplete outcome data
(attrition bias)
All-cause mortality

Low risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)
Hypoglycaemic episodes

Low risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)

Adverse events other than
hypoglycaemic episodes

Low risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)
Cardiovascular events

Low risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)
Renal failure

Low risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)
Infection events

Unclear risk

Comment: probably no attrition

Incomplete outcome data
(attrition bias)

Mean blood glucose dur-
ing intervention

High risk

Comment: probably no attrition

Selective reporting (re-
porting bias)

Unclear risk

Comment: trial protocol or register record unavailable. The outcomes of inter-
est were described ambiguously

Other bias

Low risk

Nothing detected

—: not reported

ACE: angiotensin-converting-enzyme; ADA: American Diabetes Association; ASA: American Society of Anesthesiologists; BG: blood
glucose; BMI: body mass index; C: comparator; CABG: coronary artery bypass graft; CHF: congestive heart failure; Cll: continuous insulin
infusion; COPD: chronic obstructive pulmonary disease; CPB: cardiopulmonary bypass; DM: diabetes mellitus; ECG: electrocardiogram;
GGI: glucometer-guided insulin; HLA-DR: human leukocyte antigen - DR isotype; HOMA-IR: homeostatic model assessment for insulin
resistance; HTN: hypertension; I: intervention; ICU: intensive care unit; MI: myocardial infarction; NPR: neutral protamine Hagedorn; PMN:
polymorphonuclear cells; SICU: surgical intensive care unit; SOFA: sequential organ failure assessment; STS: Society of Thoracic Surgeons

Characteristics of excluded studies [ordered by study ID]

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 103
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



O

Cpchrane
Library

Trusted evidence.

Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

Study

Reason for exclusion

Abdelmalak 2019

No outcome data available for subpopulation of diabetic patients after contacting authors

Agus 2014 No surgical diabetic patients
Agus 2017 No surgical diabetic patients
Asida 2013 Not a RCT

Cao 2013 No surgical diabetic patients
Chuah 2015 No perioperative intervention
Cinotti 2014 No surgical diabetic patients

Duncan 2015

No intensive glucose control vs standard or conventional glucose control

Ellenberger 2018

No intensive glucose control vs standard or conventional glucose control

Giakoumidakis 2013 Not a RCT

Gupta 2020 No outcome data available for subpopulation of diabetic patients after contacting authors
Hsu 2012 No perioperative intervention

Huang 2013 No intensive glucose control vs standard or conventional glucose control

Kalfon 2014 No outcome data available for subpopulation of diabetic patients after contacting authors

Krishna 2019

No intensive glucose control vs standard or conventional glucose control

Kumar 2020 No outcome data available for subpopulation of diabetic patients after contacting authors
Kurnaz 2017 No outcome data available for subpopulation of diabetic patients after contacting authors
Laiq 2015 No intensive glucose control vs standard or conventional glucose control

LU 2019 Not a RCT

Makino 2019 No intensive glucose control vs standard or conventional glucose control

Mikaeili 2012 No surgical diabetic patients

Mohod 2019 No outcome data available for subpopulation of diabetic patients after contacting authors
Mularski 2012 Not a RCT

NCT00394303 Suspended trial

NCT00487162 Suspended trial

NCT03526536 Not a RCT

Okabayashi 2014

No outcome data available for subpopulation of diabetic patients after contacting authors
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Study

Reason for exclusion

Pasquel 2020

No intensive glucose control vs standard or conventional glucose control with different blood glu-

cose targets

Pezzella 2014

No outcome data available for subpopulation of diabetic patients after contacting authors

Polderman 2017

No intensive glucose control vs standard or conventional glucose control

Punke 2014

No intensive glucose control vs standard or conventional glucose control

Qu 2012

No surgical diabetic patients

Ramirez-Caceres 2019

No intensive glucose control vs standard or conventional glucose control

Rujirojindakul 2014

No outcome data available for subpopulation of diabetic patients after contacting authors

Santana-Santos 2019

No outcome data available for subpopulation of diabetic patients after contacting authors

Schroeder 2012 No intensive glucose control vs standard or conventional glucose control
Tohya 2018 No surgical diabetic patients

Wang 2017 No surgical patient population

Welsh 2016 No intensive glucose control vs standard or conventional glucose control
Xue 2018 Not a RCT

RCT: randomised controlled trial

Characteristics of studies awaiting classification [ordered by study ID]

Hweidi 2021

Methods

Type of study: interventional
Allocation: randomised
Masking: single-blind

Primary purpose: treatment

Participants

Conditions: diabetic patients undergoing coronary artery bypass graft (CABG) surgery
Gender: females and males
Age groups: adult patients

Enrolment: 144 participants

Interventions

Intervention: intraoperative blood glucose level of 110 mg/dL to 149 mg/dL

Comparator: maintained an intraoperative blood glucose level of 150 mg/dL to 180 mg/dL

Outcomes

Primary outcome: surgical site infection

Reason for awaiting classifica-

tion

We contacted the authors because of the need for extra information on the insulin protocol regi-

men received by the control group, currently without response
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Study details

Trusted evidence.
Informed decisions.
Better health.

Official title and purpose of
study

The effect of intraoperative glycaemic control on surgical site infections among diabetic patients
undergoing coronary artery bypass graft (CABG) surgery

Notes

Imran-ul-hassan 2021

Methods

Type of study: observational

Allocation: randomised

Intervention model: parallel assignment
Masking: not reported

Primary purpose: treatment

Participants

Conditions: diabetic patients following open heart surgery
Gender: females and males
Age groups: 18 years to 60 years

Enrolment: 60 participants

Interventions

Intervention: glucose level between 80 mg/dL and 110 mg/dL was targeted using continuous infu-
sion of insulin in saline

Comparator: no insulin

Outcomes

Primary outcome: pulmonary problem, cardiac problem, renal problem, neurological problem,
surgical problem, early mortality

Reason for awaiting classifica-
tion

We contacted the authors because of the need for extra information on the study design, currently
without response

Study details

Official title and purpose of
study

Outcome of strict peri-operative glycemic control in diabetic patients following open heart surgery

Notes

NCT00899483

Methods

Type of study: interventional

Allocation: randomised

Intervention model: parallel assignment
Masking: double (participant, outcomes assessor)

Primary purpose: treatment
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NCT00899483 (Continued)

Participants

Conditions: type Il diabetes mellitus patients, undergoing elective and urgent coronary artery by-
pass surgery

Gender: females and males
Age groups: 18 years to 80 years

Enrolment: 100 participants

Interventions

Intervention: administered with glucose potassium insulin solution to achieve glycaemia 4.0
mmol/L to 6.0 mmol/L

Comparator: normal departmental practice using dextrose insulin infusion

Outcomes

Primary outcome: the difference in the mean left ventricular end-systolic volume index (LVESVI)
after CABG and the amount of new permanent injury detected in the late CMRI study

Secondary outcome: glycaemic control

Reason for awaiting classifica-
tion

Unknown

Study details

Official title and purpose of
study

Can enhanced glycemic control in type Il diabetics improve myocardial protection during coronary
artery bypass grafting?

Notes

NCT01528189

Methods

Type of study: interventional

Allocation: randomised

Type of trial: endpoint classification: efficacy study
Intervention model: single group assignment
Masking: double (participant, outcomes assessor)

Primary purpose: treatment

Participants

Conditions: elective liver, pancreatic or colorectal surgery
Gender: females and males
Age groups: adult/senior

Enrolment: 540

Interventions

Intervention: hyperinsulinaemic normoglycaemic clamp

Comparator: standard glucose management

Outcomes Primary outcome: surgical site infection (30 days after surgery)
Secondary outcome: surgical morbidity in the 30 days following the operation
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NCT01528189 (Continued)

Reason for awaiting classifica-
tion

Unknown

Study details

Official title and purpose of
study

Effect of high dose insulin on infectious complications following major surgery

Notes

NCT02746432

Methods

Type of study: interventional

Allocation: randomised

Type of trial: endpoint classification: efficacy study

Intervention model: parallel assignment

Masking: quadruple (participant, care provider, investigator, outcomes assessor)

Primary purpose: treatment

Participants

Conditions: colorectal cancer
Gender: both
Age groups: adult/senior

Enrolment: 144

Interventions

Intervention: hyper-insulinaemic euglycaemic clamp

Comparator: routine intraoperative saline infusion

Outcomes

Primary outcomes: the anti-inflammatory effects of intraoperative hyper-insulinaemic eugly-
caemic therapy in people undergoing colorectal cancer surgery (1 month); effect on inflammatory
profile, namely levels of TNF-alpha, IL-8, IL-6, IL-10, IL-1B, IL-18, IFNy, MIp1-alpha, MMP-8, TGF-beta,
CRP

Secondary outcomes: the immunomodulatory effect of intraoperative hyper-insulinaemic eugly-
caemic infusion change (1 month) on CD4, CD8, T-cell, quantity and activity

Reason for awaiting classifica-
tion

Unknown

Study details

Official title and purpose of
study

Insulin therapy reduce post-operative inflammatory response after curative colorectal cancer re-
section: randomization controlled trial

Notes
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NCT03314272

Methods Type of study: interventional
Allocation: randomised
Type of trial: endpoint classification: efficacy study
Intervention model: parallel assignment
Masking: single (participants)

Primary purpose: treatment

Participants Conditions: diabetes
Gender: both
Age groups: adult/older adult

Enrolment: 59

Interventions Intervention: automated protocol consisting of an insulin infusion pump (Space Glucose Control
System)

Comparator: sliding scale protocol

Outcomes Primary outcomes: percentage of patients who will have a serum glucose level between 140 mg/
dL and 180 mg/dL during surgery. The reduction of this percentage to less than 10% with the fully
automated algorithm is clinically significant. Percentage of patients with hyperglycaemic events;
percentage of patients with hypoglycaemic events

Secondary outcomes: not provided

Other outcomes: not provided

Reason for awaiting classifica- ~ Publication pending
tion

Study details —

Official title and purpose of Automated vs conventional perioperative glycemic control in diabetic patients undergoing car-
study diopulmonary bypass surgery
Notes —
NCT03474666
Methods Type of study: interventional

Allocation: randomised

Intervention model: insulin initially as continuous infusion/subcutaneous for first 24 to 48 hours
followed by subcutaneous administration once participants eating until hospital discharge

Masking: none

Primary purpose: treatment

Participants Conditions: liver transplantation, surgical wound infection

Gender: females and males
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Age groups: adult

Enrolment: 41 patients

Interventions

Intervention: insulin initially as continuous infusion/subcutaneous for first 24 to 48 hours followed
by subcutaneous administration once participants eating until hospital discharge

Comparator: subcutaneous insulin as institutional protocol

Outcomes

Primary outcome: surgical site infection

Secondary outcome: hyperglycaemia, hypoglycaemia, duration of mechanical ventilation, ICU
stay, ward stay, death, surgical site infection or death, hospital length of stay

Reason for awaiting classifica-
tion

Publication pending

Study details

Official title and purpose of
study

Glycemic control and surgical site infection incidence among liver transplantation recipients

Notes Terminated (the data safety monitoring board recommended stopping the study)
Zadeh 2016
Methods Type of study: interventional

Allocation: randomised

Type of trial: endpoint classification: efficacy study
Intervention model: single group assignment
Masking: open-label

Primary purpose: treatment

Participants

Conditions: elective liver, pancreatic or colorectal surgery
Gender: females and males
Age groups: adult/senior

Enrolment: 75

Interventions

Intervention: modified tight glucose control

Comparator: conventional glucose control

Outcomes

Primary outcome: mortality, sternal wound infection, duration of mechanical ventilation, cardiac
arrhythmias (atrial fibrillation, cardiac arrest, heart block which requires pacemaker), cerebrovas-
cular attack and acute renal failure

Secondary outcome: length of ICU stay

Reason for awaiting classifica-
tion

Concerns about the trustworthiness of the data:

The same population sample was used in 2 publications (in 2016 and in 2020) by the same authors.
While it was stated in the 2020 publication that the study was conducted in 2017-2018, the results
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Zadeh 2016 (continued)

are almost identical, with only minor differences, to those reported in the 2016 publication: the
study conducted in 2016 was defined as an open-label trial, whereas the design in the 2020 publi-
cation was defined as double-blind, however no description of blinding was provided. Both articles
are identical, except for an additional variable that was added in the 2020 study. We contacted the
editors of both journals raising our concerns and asking them to investigate this matter.

Study details —

Official title and purpose of A study on the outcomes of modified tight glucose control for the management of glycemic control
study in diabetic patients undergoing cardiac surgery
Notes —

CABG: coronary artery bypass graft; CRP: C-reactive protein; ICU: intensive care unit; MMP: matrix metalloproteinase; TNF: tumour necrosis
factor; TGF: transforming growth factor

Characteristics of ongoing studies [ordered by study ID]

NCT02032953

Study name Enhancing the anabolic effect of perioperative nutrition with insulin while maintaining normogly-
caemia

Methods Type of study: interventional
Allocation: randomised
Type of trial: endpoint classification: efficacy study
Intervention model: parallel assignment
Masking: open-label
Primary purpose: treatment

Participants Conditions: colorectal surgery for non-metastatic colorectal adenocarcinoma
Gender: both
Age groups: adult/senior
Enrolment: 24

Interventions Intervention 1: insulin with travasol 35%
Intervention 2: insulin with travasol 20%
Comparator: insulin

Outcomes Net protein balance (6 hours after surgery)

Starting date Trial start date: December 2013
Trial completion date: estimated April 2022

Contact information Responsible party/principal investigator: Thomas Schricker, McGill University Health Centre/Re-
search Institute of the McGill University Health Centre

Study identifier NCT number: 02032953
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NCT02032953 (Continued)

Official title and purpose of
study

Enhancing the anabolic effect of perioperative nutrition with insulin while maintaining normo-
glycemia

Notes —
NCT04742023
Study name Post-operative complications and graft survival with conventional versus continuous glucose moni-
toring in patients with diabetes mellitus undergoing renal transplantation
Methods Type of study: interventional

Allocation: randomised

Type of trial: endpoint classification: efficacy study
Intervention model: single group assignment
Masking: single (participant)

Primary purpose: treatment

Participants

Conditions: diabetes mellitus
Gender: both male/ female
Age groups: adult/senior

Enrolment: estimated 40

Interventions

Intervention: insulin and continuous glucose monitor application

Comparator: insulin and continuous glucose monitor placebo applied

Outcomes

Primary outcome: average daily glucose

Secondary outcomes: number of hyperglycaemic episodes, number of hypoglycaemic episodes,
total insulin use

Starting date

Trial start date: February 2021

Trial completion date: estimated July 2022

Contact information

Responsible party/principal investigator: Northwell Health

Study identifier

NCT04742023

Official title and purpose of
study

Post-operative complications and graft survival with conventional versus continuous glucose moni-

toring in patients with diabetes mellitus undergoing renal transplantation

Notes

C: control group; CDC: Centers for Disease Control and Prevention; I: intervention group; ICU: intensive care unit; SOFA: sequential organ

failure assessment
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Comparison 1. Perioperative intensive vs conventional glycaemic control

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1 All-cause mortality 18 2551 Risk Ratio (M-H, Random, 1.08[0.88, 1.33]
95% Cl)

1.2 All-cause mortality (sensitivity 13 Risk Ratio (M-H, Random, Subtotals only

analysis: only published data; low risk 95% Cl)

of bias)

1.2.1 Only published data 7 820 Risk Ratio (M-H, Random, 0.76 [0.34, 1.72]
95% Cl)

1.2.2 Low risk of bias 8 1421 Risk Ratio (M-H, Random, 1.09[0.88, 1.36]
95% Cl)

1.3 Hypoglycaemic episodes (severe) 11 1896 Risk Ratio (M-H, Random, 4.73[2.12,10.55]
95% Cl)

1.4 Hypoglycaemic episodes (any) 17 2410 Risk Ratio (M-H, Random, 3.36[1.69, 6.67]
95% Cl)

1.5 Hypoglycaemic episodes (severe; 3 365 Risk Ratio (M-H, Random, 1.59[0.05,52.32]

sensitivity analysis: only published da- 95% Cl)

ta)

1.6 Hypoglycaemic episodes (any; sen- 7 834 Risk Ratio (M-H, Random, 2.2410.56, 8.94]

sitivity analysis: only published data) 95% Cl)

1.7 Infectious complications 18 2453 Risk Ratio (M-H, Random, 0.75[0.55, 1.04]
95% Cl)

1.8 Infectious complications (sensitivi- 9 1001 Risk Ratio (M-H, Random, 0.54[0.38,0.75]

ty analysis: only published data) 95% Cl)

1.9 Cardiovascular events 12 1454 Risk Ratio (M-H, Random, 0.73[0.55,0.97]
95% Cl)

1.10 Cardiovascular events (sensitivity 6 727 Risk Ratio (M-H, Random, 0.80[0.50, 1.25]

analysis: only published data) 95% Cl)

1.11 Renal failure 14 2086 Risk Ratio (M-H, Random, 0.92[0.69, 1.22]
95% Cl)

1.12 Renal failure (sensitivity analysis: 5 559 Risk Ratio (M-H, Random, 0.79[0.42, 1.45]

only published data) 95% Cl)

1.13 Length of ICU stay 11 1687 Mean Difference (IV, Ran- -0.10[-0.57,0.38]
dom, 95% CI)

1.14 Length of ICU stay (sensitivity 3 248 Mean Difference (IV, Ran- 0.18[-0.07,0.43]

analysis: only published data)

dom, 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.15 Length of hospital stay 12 1520 Mean Difference (IV, Ran- -0.79[-1.79, 0.21]

dom, 95% CI)

1.16 Length of hospital stay (sensitivity 4 394 Mean Difference (IV, Ran- -1.09[-1.82,-0.35]
analysis: only published data) dom, 95% Cl)

Analysis 1.1. Comparison 1: Perioperative intensive vs
conventional glycaemic control, Outcome 1: All-cause mortality

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A BCDETFG
Lazar 2004 0 72 0 69 Not estimable 2700020
Li 2006 2 51 1 42 0.8% 1.65[0.15, 17.54] _ ? 2 22 @®
Gandhi 2007 2 37 0 36 0.5% 4.871[0.24,98.02] | Y ) 'Y X
De La Rosa 2008 6 1 1 2 2.0% 1.09 [0.25, 4.83] JR — ®e ®?e
NICE SUGAR 2009 57 213 49 208 40.2% 1.14[0.82, 1.58] ™ ®e CTX.X]
Chan 2009 0 10 2 22 0.5% 0.4210.02, 7.99] R E— ?? ®22 0
Glucontrol 2009 1 55 7 69 5.7% 1.97[0.82, 4.75] | o + o+ FC )
Subramaniam 2009 0 62 0 64 Not estimable ?? 22 @
Cao 2010 4 92 5 87  2.7% 0.76[0.21, 2.73] J @® » (XY X
Lazar 2011 0 40 0 42 Not estimable D G ® 22
Desai 2012 1 37 1 44 0.6% 1.19[0.08, 18.36] _ ?2 2 22 @
Abdelmalak 2013 0 54 1 49 0.4% 0.30[0.01, 7.27] PR R LX) AC N
Yuan 2015 1 106 1 106 0.6% 1.00 [0.06, 15.78] RN — ? 2 ®?e
Umpierrez 2015 38 77 36 75 41.2% 1.03[0.74, 1.43] » ®e ®2 0
Parekh 2016 0 30 2 30 0.5% 0.20 [0.01, 4.00] P ®e 200
Wahby 2016 2 67 4 68 1.6% 0.51[0.10, 2.68] PR ® 2 ®?e
Wallia 2017 4 23 1 26 1.0% 452[0.54,37.61] _ ® ®>0
Duncan 2018 2 226 6 249 1.7% 0.37[0.07 , 1.80] I Y ) 'Y X
Total (95% CI) 1263 1288 100.0% 1.08 [0.88 , 1.33] ’
Total events: 130 117
Heterogeneity: Tau? = 0.00; Chi2 = 9.92, df = 14 (P = 0.77); I = 0% o802 o o =50
Test for overall effect: Z = 0.72 (P = 0.47) Favours intensive glycaemic control Favours conventional glycaemic control
Test for subgroup differences: Not applicable
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias): All-cause mortality
(D) Blinding of outcome assessment (detection bias): All-cause mortality
(E) Incomplete outcome data (attrition bias): All-cause mortality
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.2. Comparison 1: Perioperative intensive vs conventional glycaemic control,
Outcome 2: All-cause mortality (sensitivity analysis: only published data; low risk of bias)

Intensive glycaemic control

Conventional glycaemic control

Risk Ratio

Risk Ratio

Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
1.2.1 Only published data l
Cao 2010 4 92 5 87  40.5% 0.76[0.21, 2.73] 00000
Gandhi 2007 2 37 0 36 7.4% 4.871[0.24,98.02] [ X XXX
Lazar 2011 0 40 0 42 Not estimable 27270002 2
Li 2006 2 51 1 42 11.9% 1.65[0.15, 17.54] R 2?2@0®®2 2 @®
Parekh 2016 0 30 2 30 7.4% 0.20 [0.01, 4.00] [ 00000
Wahby 2016 2 67 4 54 24.1% 0.40[0.08, 2.12] JS @000 0
Yuan 2015 1 106 1 106  8.7% 1.00 [0.06 , 15.78] [ S 27000 @
Subtotal (95% CI) 423 397 100.0% 0.76 [0.34, 1.72] 0
Total events: 11 13
Heterogeneity: Tau? = 0.00; Chi? = 3.25, df = 5 (P = 0.66); I> = 0%
Test for overall effect: Z = 0.66 (P = 0.51)
1.2.2 Low risk of bias
Abdelmalak 2013 0 54 1 49 0.5% 0.30[0.01, 7.27] — ®
De La Rosa 2008 6 11 1 2 2.2% 1.09[0.25, 4.83] —_— .
Duncan 2018 2 226 6 249 1.9% 0.37[0.07, 1.80] RN @®
Gandhi 2007 2 37 0 36 0.5% 4.87[0.24, 98.02] — ®
Glucontrol 2009 11 55 7 69 6.2% 1.97[0.82, 4.75] | .
NICE SUGAR 2009 57 213 49 208  43.6% 1.14[0.82, 1.58] +
Parekh 2016 0 30 2 30 0.5% 0.20 [0.01, 4.00] ®
Umpierrez 2015 38 77 36 75 44.7% 1.03[0.74, 1.43] .
Subtotal (95% CI) 703 718 100.0% 1.09 [0.88 , 1.36]
Total events: 116 102
Heterogeneity: Tau? = 0.00; Chi2 = 6.54, df = 7 (P = 0.48); 2 = 0%
Test for overall effect: Z = 0.78 (P = 0.43)

0002 01 1 10 500

Risk of bias legend Favours intensive glycaemic control
(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): All-cause mortality

(D) Blinding of outcome assessment (detection bias): All-cause mortality

(E) Incomplete outcome data (attrition bias): All-cause mortality

(F) Selective reporting (reporting bias)

Favours conventional glycaemic control

(G) Other bias

Analysis 1.3. Comparison 1: Perioperative intensive vs conventional

glycaemic control, Outcome 3: Hypoglycaemic episodes (severe)
Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A BCDETF
Glucontrol 2009 3 55 1 69 12.9% 3.76 [0.40, 35.19] PR R
Subramaniam 2009 0 62 0 64 Not estimable
NICE SUGAR 2009 14 213 1 208 15.8% 13.67[1.81, 103.03] —_—
Desai 2012 1 37 0 44 6.4% 3.55[0.15, 84.69] F
Hermayer 2012 7 44 2 49 27.9% 3.90[0.85,17.78] J S —
Abdelmalak 2013 1 54 0 49 6.4% 2.73[0.11, 65.43] _ .
Yuan 2015 8 106 1 106 15.1% 8.00[1.02, 62.85] —
Umpierrez 2015 0 77 0 75 Not estimable
Parekh 2016 0 30 0 30 Not estimable
Wallia 2017 2 23 0 26 7.2% 5.63[0.28,111.43] _——
Duncan 2018 1 226 1 249 8.4% 1.10[0.07, 17.51] R N—
Total (95% CI) 927 969 100.0% 4.73 [2.12, 10.55] ’
Total events: 37 6
Heterogeneity: Tau2 = 0.00; Chi2 = 2.76, df = 7 (P = 0.91); I> = 0% 0.002 01 1 10 500

Test for overall effect: Z = 3.80 (P = 0.0001)
Test for subgroup differences: Not applicable

Favours intensive glycaemic control

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of outcome assessment (detection bias): Hypoglycaemic episodes
(D) Incomplete outcome data (attrition bias): Hypoglycaemic episodes

(E) Selective reporting (reporting bias)

(F) Other bias

Favours conventional glycaemic control
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Analysis 1.4. Comparison 1: Perioperative intensive vs conventional
glycaemic control, Outcome 4: Hypoglycaemic episodes (any)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDEF
Gandhi 2007 1 37 6 36 5.9% 0.16 [0.02, 1.28] | (XXX X))
De La Rosa 2008 0 11 1 2 38% 0.08[0.00, 1.58] JE— 020720
Chan 2009 0 10 0 22 Not estimable ®e® > ®
Glucontrol 2009 3 55 1 69 5.4% 3.76 [0.40 , 35.19] — 00200
Subramaniam 2009 8 62 2 64 7.8% 4.13[0.91, 18.68] [ . P0G [ ]
NICE SUGAR 2009 14 213 1 208 6.0% 13.67 [1.81,103.03] —_— CX XX K]
Cao 2010 6 92 1 87 5.8% 5.67[0.70 , 46.18] 4 709000
Lazar 2011 30 40 4 42 101% 7.88[3.05, 20.35] —.— N ?
Hermayer 2012 7 44 2 49 7.8% 3.90[0.85, 17.78] ) — N XX K )
Desai 2012 18 37 15 4 11.6% 1.43[0.84,2.42] Lo P0G [ ]
Abdelmalak 2013 1 54 0 49 3.4% 2.73[0.11, 65.43] PR S @200
Yuan 2015 8 106 1 106 5.9% 8.00[1.02, 62.85] I 2202 @
Umpierrez 2015 7 77 4 75 9.1% 1.70 [0.52, 5.58] i [ N NN )
Wahby 2016 3 67 1 68 54% 3.04[0.32, 28.54] . 22 @2 @
Parekh 2016 0 30 0 30 Not estimable 27200
Wallia 2017 1 23 1 26 62% 12.43[1.74, 89.05] —_— 22 @2 @
Duncan 2018 24 226 1 249 6.1% 26.44[3.61, 193.88] [ 02000
Total (95% CI) 1184 1226 100.0% 3.36 [1.69, 6.67] LS
Total events: 141 41
Heterogeneity: Tau? = 0.98; Chi = 38.44, df = 14 (P = 0.0004); I2 = 64% o000z PR 5o

Test for overall effect: Z = 3.46 (P = 0.0005)
Test for subgroup differences: Not applicable

Favours intensive glycaemic control

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of outcome assessment (detection bias): Hypoglycaemic episodes
(D) Incomplete outcome data (attrition bias): Hypoglycaemic episodes

(E) Selective reporting (reporting bias)

(F) Other bias

Favours conventional glycaemic control

Analysis 1.5. Comparison 1: Perioperative intensive vs conventional glycaemic control,
Outcome 5: Hypoglycaemic episodes (severe; sensitivity analysis: only published data)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDEF
Hermayer 2012 0 44 2 49 45.1% 0.22[0.01, 4.51] R —
Yuan 2015 8 106 1 106 54.9% 8.00[1.02, 62.85] ——
Parekh 2016 0 30 0 30 Not estimable
Total (95% CI) 180 185 100.0% 1.59 [0.05, 52.32]
Total events: 8 3

'
0.002 0.
Favours intensive glycaemic control

Heterogeneity: Tau? = 4.69; Chi2 = 3.71, df = 1 (P = 0.05); 2= 73%
Test for overall effect: Z = 0.26 (P = 0.80)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of outcome assessment (detection bias): Hypoglycaemic episodes
(D) Incomplete outcome data (attrition bias): Hypoglycaemic episodes

(E) Selective reporting (reporting bias)

(F) Other bias

+ + +
1 10 500
Favours conventional glycaemic control
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Analysis 1.6. Comparison 1: Perioperative intensive vs conventional glycaemic control,
Outcome 6: Hypoglycaemic episodes (any; sensitivity analysis: only published data)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
Gandhi 2007 1 37 6 36 16.5% 0.16[0.02, 1.28] N [ XX X ]
Cao 2010 6 92 1 87  16.4% 5.67[0.70 , 46.18] 4 @200
Lazar 2011 30 40 4 42 233% 7.88[3.05, 20.35] —.— 220
Hermayer 2012 0 44 2 49 11.7% 0.22[0.01, 4.51] PR 272700
Yuan 2015 8 106 1 106 16.6% 8.00[1.02, 62.85] | 2 2@ 2
Wahby 2016 3 67 1 68  15.5% 3.04[0.32, 28.54] N @20~
Parekh 2016 0 30 0 30 Not estimable L X X R
Total (95% CI) 416 418 100.0% 2.24[0.56 , 8.94]
Total events: 48 15
Heterogeneity: Tav?2 = 1.91; Chi2 = 15.53, df = 5 (P = 0.008); I2 = 68% ol o1l 1 1 =0
Test for overall effect: Z = 1.14 (P = 0.25) Favours intensive glycaemic control Favours conventional glycaemic control

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Hypoglycaemic episodes
(D) Blinding of outcome assessment (detection bias): Hypoglycaemic episodes

(E) Incomplete outcome data (attrition bias): Hypoglycaemic episodes

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.7. Comparison 1: Perioperative intensive vs conventional
glycaemic control, Outcome 7: Infectious complications

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B C D E
Abdelmalak 2013 9 54 4 49 55% 2.04[0.67,6.21] 4. (XX X X))
Cao 2010 15 92 37 87 11.1% 0.38[0.23, 0.65] —— ® 20006
Chan 2009 1 10 6 22 2.3% 0.37[0.05, 2.66] _— 2 2 @2 @
De La Rosa 2008 3 1 0 2 1.3% 1.75[0.12, 25.51] 1 LN I
Desai 2012 0 44 0 37 Not estimable 2?2 @2 @
Duncan 2018 9 226 17 249 8.1% 0.58[0.27, 1.28] — -t ®® 00
Gandhi 2007 3 37 1 36 1.9% 2.92[0.32,26.77] PR (XXX X )
Lazar 2004 0 72 9 69 1.2% 0.05[0.00,0.85] ¢—u—— P G . ? .
Lazar 2011 0 40 0 42 Not estimable 2 2@ 2 2
Li 2006 3 51 2 42 2.8% 1.24[0.22, 7.05] R P 2 2 @2 @®
NICE SUGAR 2009 32 213 22 208 11.3% 1.42[0.85, 2.36] Ja + o+ ® + o+
Parekh 2016 1 30 1 30 1.3% 1.00 [0.07 , 15.26] _ LN NN )
Rassias 1999 0 13 3 13 1.2% 0.14[0.01,252] ¢—- W 1 2 2 00 e
Subramaniam 2009 22 62 16 64 10.9% 1.42[0.83, 2.44] p—. 2 2 @2 @
Umpierrez 2015 4 77 7 75 5.0% 0.56 [0.17 , 1.82] JR COCN
Wahby 2016 27 67 51 68  13.6% 0.54[0.39, 0.74] - @200
Wallia 2017 10 23 16 26 10.7% 0.71[0.41, 1.23] —at ® 200
Yuan 2015 21 106 32 106 11.7% 0.66[0.41, 1.06] —a 2 2 ® 2 @®
Total (95% CI) 1228 1225 100.0% 0.75 [0.55, 1.04]
Total events: 160 224 %
Heterogeneity: Tau? = 0.17; Chi2 = 33.06, df = 15 (P = 0.005); I2 = 55% 0_61 Ofl 1 11) 160
Test for overall effect: Z = 1.72 (P = 0.09) Favours intensive glycaemic control Favours conventional glycaemic control

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Infection events
(D) Selective reporting (reporting bias)

(E) Other bias
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Analysis 1.8. Comparison 1: Perioperative intensive vs conventional glycaemic
control, Outcome 8: Infectious complications (sensitivity analysis: only published data)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cao 2010 15 92 37 87  24.4% 0.38[0.23, 0.65] -
Gandhi 2007 3 37 1 36 2.2% 2.92[0.32,26.77] —
Lazar 2004 0 72 9 69 1.4% 0.05[0.00,0.85] ¢—e——
Lazar 2011 0 40 0 42 Not estimable
Li 2006 3 51 2 42 3.5% 1.24[0.22,7.05] R P
Parekh 2016 1 30 1 30 1.5% 1.00[0.07, 15.26] E—
Rassias 1999 0 13 3 13 1.3% 0.14[0.01,252] ¢— |
‘Wahby 2016 27 67 51 68  38.6% 0.54[0.39, 0.74] »
Yuan 2015 21 106 32 106 27.0% 0.66 [0.41, 1.06] .
Total (95% CI) 508 493 100.0% 0.54 [0.38, 0.75] ‘
Total events: 70 136
Heterogeneity: Tau? = 0.05; Chi2 = 9.24, df = 7 (P = 0.24); 2= 24% 0‘61 Ofl 1§O 160
Test for overall effect: Z = 3.63 (P = 0.0003) Favours intensive glycaemic control Favours conventional glycaemic control

Test for subgroup differences: Not applicable

Analysis 1.9. Comparison 1: Perioperative intensive vs
conventional glycaemic control, Outcome 9: Cardiovascular events

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A BCDETFG
Lazar 2004 12 72 31 69  12.2% 0.37[0.21, 0.66] - 2709000 0
Gandhi 2007 17 37 16 36 13.9% 1.03[0.62, 1.71] . o+ o+
Subramaniam 2009 2 62 8 64 3.0% 0.26 [0.06, 1.17] —_— 272 @®®2 @
Glucontrol 2009 2 55 33 69  16.5% 0.84[0.56 , 1.26] o Y XXX EXX)
Cao 2010 1 92 1 87 1.0% 0.95 [0.06, 14.89] R E— 2200000
Lazar 2011 19 40 22 42 15.7% 0.91[0.59, 1.40] -+ 2?2 @ @2 2
Desai 2012 3 37 3 44 2.9% 1.19[0.26, 5.54] PR R 27202 @
Abdelmalak 2013 2 54 2 49 2.0% 0.91[0.13, 6.20] PR S 000200
Yuan 2015 3 106 1 106 1.5% 3.00[0.32, 28.38] — 2?2022 @®
Umpierrez 2015 30 77 31 75 17.0% 0.94 [0.64, 1.39] &+ CCNC NN R
Wahby 2016 16 67 29 54 14.2% 0.44[0.27 ,0.73] - 000> @
Parekh 2016 0 30 0 30 Not estimable 0000200
Total (95% CI) 729 725 100.0% 0.73 [0.55, 0.97]
Total events: 127 177 ‘l
Heterogeneity: Tau? = 0.08; Chi2 = 17.92, df = 10 (P = 0.06); 12 = 44% o oL 1z
Test for overall effect: Z = 2.16 (P = 0.03) Favours intensive glycaemic control Favours conventional glycaemic control
Test for subgroup differences: Not applicable
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias): Cardiovascular events
(D) Blinding of outcome assessment (detection bias): Cardiovascular events
(E) Incomplete outcome data (attrition bias): Cardiovascular events
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.10. Comparison 1: Perioperative intensive vs conventional glycaemic
control, Outcome 10: Cardiovascular events (sensitivity analysis: only published data)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
Cao 2010 1 92 1 87 2.6% 0.95[0.06, 14.89] [ S
Gandhi 2007 17 37 16 36 30.0% 1.03[0.62, 1.71] -
Lazar 2011 19 40 22 42 33.1% 0.91[0.59, 1.40] -
Parekh 2016 0 30 0 30 Not estimable
Wahby 2016 16 67 29 54 30.5% 0.44[0.27,0.73] -
Yuan 2015 3 106 1 106 3.8% 3.00[0.32, 28.38] — .
Total (95% CI) 372 355 100.0% 0.80 [0.50 , 1.25]
Total events: 56 69 ﬁ
Heterogeneity: Tau? = 0.11; Chi? = 8.04, df = 4 (P = 0.09); I2 = 50% om0l 1 20

Test for overall effect: Z = 0.99 (P = 0.32)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Cardiovascular events
(D) Blinding of outcome assessment (detection bias): Cardiovascular events

(E) Incomplete outcome data (attrition bias): Cardiovascular events
(F) Selective reporting (reporting bias)

(G) Other bias

Favours intensive glycaemic control

Favours conventional glycaemic control

Analysis 1.11. Comparison 1: Perioperative intensive vs conventional glycaemic control, Outcome 11: Renal failure

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total ‘Weight M-H, Random, 95% CI M-H, Random, 95% CI A BCDETFG
Gandhi 2007 3 37 2 36 2.5% 1.46 [0.26, 8.23] PR DR 000000
De La Rosa 2008 3 1 0 2 1.1% 1.75[0.12,25.51] - 1. 900
Chan 2009 0 10 2 22 0.9% 0.42 [0.02, 7.99] I 2700020
NICE SUGAR 2009 16 213 27 208 12.4% 0.58[0.32, 1.04] ] o+
Glucontrol 2009 44 55 47 69  22.8% 1.17[0.95, 1.45] - 20200
Subramaniam 2009 17 62 11 64 10.6% 1.60[0.81, 3.13] j - 2200220
Desai 2012 1 37 0 44 0.8% 3.55[0.15, 84.69] — 2727007220
Hermayer 2012 17 44 14 49 12.6% 1.35[0.76 , 2.41] Ja 2222000
Abdelmalak 2013 1 54 1 49 1.0% 0.91[0.06, 14.12] I P00 00
Yuan 2015 0 106 1 106 0.8% 0.33[0.01,809] _— ., | 2700020
Umpierrez 2015 16 77 15 75 11.5% 1.04[0.55, 1.95] e CCKCKC N R
Wahby 2016 2 67 8 54 3.2% 0.20 [0.04, 0.91] R 0900020
Parekh 2016 13 30 19 30 14.7% 0.68[0.42,1.12] —al 000200
Duncan 2018 4 226 1 249 5.1% 0.40[0.13, 1.24] PR o+ o+
Total (95% CI) 1029 1057 100.0% 0.92[0.69, 1.22]
Total events: 137 158 $
Heterogeneity: Tau? = 0.08; Chi2 = 21.03, df = 13 (P = 0.07); I = 38% obl o1 H o 100

Test for overall effect: Z = 0.58 (P = 0.56)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Renal failure

(D) Blinding of outcome assessment (detection bias): Renal failure

(E) Incomplete outcome data (attrition bias): Renal failure
(F) Selective reporting (reporting bias)

(G) Other bias

Favours intensive glycaemic control

Favours conventional glycaemic control
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Analysis 1.12. Comparison 1: Perioperative intensive vs conventional glycaemic
control, Outcome 12: Renal failure (sensitivity analysis: only published data)

Intensive glycaemic control Conventional glycaemic control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
Gandhi 2007 3 37 2 36 10.2% 1.46[0.26 , 8.23] PR EFU—
Hermayer 2012 17 44 14 49 35.2% 1.35[0.76, 2.41] m—
Parekh 2016 13 30 19 30  38.6% 0.68[0.42,1.12] -
‘Wahby 2016 2 67 8 54 12.6% 0.20 [0.04, 0.91] P —
Yuan 2015 0 106 1 106 3.5% 0.33[0.01, 8.09] I
Total (95% CI) 284 275 100.0% 0.79 [0.42, 1.45]
Total events: 35 44 ?
Heterogeneity: Tau? = 0.19; Chi2 = 7.48, df = 4 (P = 0.11); I2 = 47% bl o1 T o 100
Test for overall effect: Z = 0.77 (P = 0.44) Favours intensive glycaemic control Favours convetnional glycaemic control

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Renal failure
(D) Blinding of outcome assessment (detection bias): Renal failure

(E) Incomplete outcome data (attrition bias): Renal failure

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.13. Comparison 1: Perioperative intensive vs
conventional glycaemic control, Outcome 13: Length of ICU stay

Intensive glycaemic control Conventional glycaemic control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total Weight 1V, Random, 95% CI [days] IV, Random, 95% CI [days] A BCDETFG
Lazar 2004 0.7 0.3 72 1.37 0.9 69 22.7% -0.67 [-0.89, -0.45] " 22@222@
Li 2006 5.72 8.75 51 6.31 8.75 2 1.7% -0.59 [-4.16 , 2.98] - 22@222@
Gandhi 2007 2 2 37 2 2 36 12.7% 0.00 [-0.92, 0.92] 4+ [ X X XXX X
De La Rosa 2008 7.18 5.87 11 6.5 495 2 04% 0.68[-7.01, 8.37] P90 2®2 0
NICE SUGAR 2009 5 5.9 213 5 5.2 208 10.9% 0.00 [-1.06 , 1.06] 4 [CRON N NN
Chan 2009 2.8 15 10 45 4.4 22 4.4% -1.70 [-3.76, 0.36] — 1 270002 0
Glucontrol 2009 9.5 1.2 55 7.4 115 69 1.3% 2.10[-1.92, 6.12] — [ X X N NN X J
Lazar 2011 2.9 0.7 40 2.7 0.5 42 223% 0.20 [-0.06 , 0.46] . 2200@® 2 2
Desai 2012 2.35 5.05 37 1.2 1.02 4 62% 1.15[-0.50, 2.80] jl - 220222 @
Umpierrez 2015 4 5.4 77 5.1 13 75 21% -1.10 [-4.28 , 2.08] R - [ X N NN NN
Duncan 2018 2.7 3.9 226 26 4.1 249 155% 0.10[-0.62 , 0.82] 4 RN N NCORONY
Total (95% CI) 829 858 100.0% -0.10 [-0.57 , 0.38] ¢
Heterogeneity: Tau? = 0.25; Chi2 = 32.41, df = 10 (P = 0.0003); I = 69%
Test for overall effect: Z = 0.40 (P = 0.69) -iO _E % 1}]
Test for subgroup differences: Not applicable Favours intensive glycaemic control Favours conventional glycaemic control

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Length of ICU and hospital stay
(D) Blinding of outcome assessment (detection bias): Length of ICU and hospital stay

(E) Incomplete outcome data (attrition bias): Length of ICU and hospital stay

(F) Selective reporting (reporting bias)

(G) Other bias
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control, Outcome 14: Length of ICU stay (sensi

Analysis 1.14. Comparison 1: Perioperative intensive vs conventional glycaemic

Intensive glycaemic control

Conventional glycaemic control

Mean Difference

ity analysis: only published data)

Mean Difference

Risk of Bias

Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total ‘Weight IV, Random, 95% CI [days] IV, Random, 95% CI [days] A BCDETFG
Gandhi 2007 2 2 37 2 2 36 7.6% 0.00[-0.92, 0.92] [ X X X X X X ]
Lazar 2011 2.9 0.7 40 2.7 0.5 42 91.9% 0.20 [-0.06 , 0.46] 220002 2
Li 2006 5.72 8.75 51 6.31 8.75 42 05% -0.59 [-4.16 , 2.98] — 22@2°22@
Total (95% CI) 128 120 100.0% 0.18 [-0.07 , 0.43]

Heterogeneity: Tau? = 0.00; Chi2 = 0.35, df = 2 (P = 0.84); 2= 0%
Test for overall effect: Z = 1.40 (P = 0.16)
Test for subgroup differences: Not applicable

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Length of ICU and hospital stay
(D) Blinding of outcome assessment (detection bias): Length of ICU and hospital stay
(E) Incomplete outcome data (attrition bias): Length of ICU and hospital stay

(F) Selective reporting (reporting bias)

-

10 5
Favours intensive glycaemic control

5 10
Favours conventional glycaemic control

(G) Other bias
o . . N o .
Analysis 1.15. Comparison 1: Perioperative intensive vs
. o .
conventional glycaemic control, Outcome 15: Length of hospital stay
Intensive glycaemic control Conventional glycaemic control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean [days] SD [days] Total Mean [days]  SD [days] Total Weight IV, Random, 95% CI [days] 1V, Random, 95% CI [days] A B CDETFG
Lazar 2004 6.5 0.9 72 9.2 2.5 69  13.9% -2.70[-3.33, -2.07] - 22@22 2@
Gandhi 2007 8 6 37 8 3 36 8.7% 0.00[-2.17, 2.17] 4 (X X X XX X ]
NICE SUGAR 2009 16 14.8 213 15 12,6 208 7.3% 1.00 [-1.62, 3.62] J PP000PO®®
Chan 2009 9 3 10 17 18 22 15% -8.00([-15.75,-025] — . | 27200072 0
Subramaniam 2009 7.4 43 62 7.8 5 64 10.6% -0.40 [-2.03, 1.23] a4 2 2@ 2 2@
Glucontrol 2009 233 17.8 55 19.6 19.1 69 2.0% 3.70 (-2.81, 10.21] J 200000
Cao 2010 8 43 92 10 43 87  11.9% -2.00 [-3.26 , -0.74] - 2200000
Lazar 2011 10.1 3.5 40 10.8 35 42 11.0% -0.70 [-2.22, 0.82] —t 22 0@0@® 2 2
Desai 2012 4.68 1.75 37 452 1.79 4 135% 0.16 [-0.61, 0.93] + 22@222@
Umpierrez 2015 10.3 6.6 77 11.1 11.8 75 6.2% -0.80 [-3.85, 2.25] — [ X N N NN
Parekh 2016 4.1 1.9 30 5 24 30 12.5% -0.90 [-2.00, 0.20] = 200200
Wallia 2017 16.7 25.3 23 9.3 10.8 26 0.8% 7.40 [-3.74 , 18.54] - . , 72000
Total (95% CI) 748 772 100.0% -0.79 [-1.79, 0.21] ¢
Heterogeneity: Tau? = 1.77; Chi2 = 48.33, df = 11 (P < 0.00001); 12 = 77%
Test for overall effect: Z = 1.54 (P = 0.12) 10 =5 5 10

Test for subgroup differences: Not applicable

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Length of ICU and hospital stay

(D) Blinding of outcome assessment (detection bias): Length of ICU and hospital stay
(E) Incomplete outcome data (attrition bias): Length of ICU and hospital stay

(F) Selective reporting (reporting bias)
(G) Other bias

Favours intensive glycaemic control

Favours conventional glycaemic control
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Analysis 1.16. Comparison 1: Perioperative intensive vs conventional glycaemic
control, Outcome 16: Length of hospital stay (sensitivity analysis: only published data)

Intensive glycaemic control

Conventional glycaemic control

Mean Difference

Mean Difference

Risk of Bias

Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total ‘Weight IV, Random, 95% CI [days] IV, Random, 95% CI [days] A BCDETFG
Cao 2010 8 92 10 43 87  29.8% -2.00 [-3.26, -0.74] - 2200000
Gandhi 2007 8 37 8 3 36 11.0% 0.00 [-2.17 , 2.17] 4 4o+ XX )
Lazar 2011 10.1 40 10.8 35 42 214% -0.70 [-2.22, 0.82] - 2200 2 2
Parekh 2016 41 30 5 24 30 37.8% -0.90 [-2.00, 0.20] =l 200200
Total (95% CI) 199 195 100.0% -1.09 [-1.82, -0.35]

Heterogeneity: Tau? = 0.06; Chi2 = 3.34, df = 3 (P = 0.34); 2= 10%

Test for overall effect: Z = 2.89 (P = 0.004)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias): Length of ICU and hospital stay
(D) Blinding of outcome assessment (detection bias): Length of ICU and hospital stay
(E) Incomplete outcome data (attrition bias): Length of ICU and hospital stay

(F) Selective reporting (reporting bias)
(G) Other bias

>

10 5
Favours intensive glycaemic control

5 10
Favours conventional glycaemic control
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ADDITIONAL TABLES
Table 1. Overview of study population (participants with diabetes undergoing surgery)

Study (design)  Intervention(s) and Description of power and Screened/ Ran- Analysed Finishing Ran- Follow-up
comparator(s) sample size calculation eligible (N) domised (primary trial (N) domised
(N) outcome) finishing
(N) trial (%)
Duncan 2018 I: hyperinsulinaemic — — 226* 226* 226* 100* Follow -up
normoglycaemia 30 months
Parallel-group
RCT C: standard therapy - - 249" 249" 249" 100 415"
R R R R Follow-up 1
Total: 475 475 475 100 year: —
Wallia 2017 I: intensive (140) — — 23* 23* 23* 100* 1 year fol-
low-up: 49*
Parallel-group . moderate (180) - — 26* 26* 26* 100*
RCT
Total: 49* 49* 49* 100*
Wahby 2016 I tight glycaemiccon-  — — 67 67 67 100 30 days fol-
trol low up: 135
Parallel-group
RCT C: conventional mod- 68 68 68 100
erate glycaemic con-
trol
Total: 135 135 135 100
Parekh 2016 I: moderately intense With power of 80% andaPval- — 30 30 30 100 Follow up
control ue of 0.05 the sample size is 40 30 days: 58
Parallel-group recipients per study group (97%)
RCT C: standard glucose 30 30 30 100
) control Follow up 6
Study terminat- months: 51
ed earl 0
Y Total: 60 60 60 100 (83.3%)
Follow up
lyear:42
(70%)
Yuan 2015 I: intensive glycaemic — 248 106 106 105 99 —

Parallel-group
RCT

(IG) management
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Table 1. Overview of study population (participants with diabetes undergoing surgery) (continued)

C: conventional gly- 106 106 105 99
caemic (CG) manage-
ment
Total: 212 212 210 29
Umpierrez2015  I:intensive group 152* 7 77 7 100* —
Parallel-group ¢ conservative group 75 [EN s 100
RCT
Total: 152* 152* 152* 100*
Abdelmalak I: intensive glucose — — 54 54* 54* 100* Follow up
2013 management 30 days:
103*
Parallel-group . conventional glu- 49 49* 49* 100*
RCT cose management Follow up 1
year: 103
Study terminat- R R
ed early Total: 103 103 100
Hermayer2012  I:intensive glycaemic "The statistical error rates were 104 52 44 44 85 Follow-up
control established a priori at 0.15 and for at least
Parallel-group 0.20 for the type | and type Il 2 weeks (in-
RCT C: standard glycaemic error rates, respectively. The 52 49 49 94 terim analy-
control sample size for the clinical tri- sis): 51

al was based on feasibility of
enrollment along with power
to detect a clinically relevant
effect size in secondary end-
points (e.g. BG levels and bio-
markers) at the P 0.15 level of
significance. The upper bound
for the recruitment potential
of this single clinical site was
based on transplant volume.
The transplant center estimat-
ed approximately 150 renal
transplants per year; of these,
it was conservatively estimat-
ed that approximately 30% of
these patients would be have
diabetes, eligible, and willing to
participate in this study. Thus,
approximately 45 patients per
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Table 1. Overview of study population (participants with diabetes undergoing surgery) (continued)

year would be the expected ac-
crual annual rate. This rate for a
projected accrual period of 27
months would be expected to
yield approximately 90 partici-
pants in the trial. Using the fea-
sible sample size of 90 partici-
pants, there was 80% power to
detect an effect size of 0.48 for
the secondary outcomes (i.e. a
0.48-SD difference in continu-
ous outcomes)"

Total: 104 93 93 89
Desai 2012 I: strict blood glucose — 223* 44* 44 44* 100* Follow up
control 30 days: 81*
Parallel-group
RCT C: liberal blood glu- 37* 37* 37* 100*
cose control
Total: 81* 81* 81* 100
Lazar 2011 I: aggressive glucose — — 40 40 40 100 Follow up
control 30 days: 82
Parallel-group
RCT C: moderate glucose 42 42 42 100
control
Total: 82 82 82 100
Cao 2010 I: intensive insulin "The minimum required sam- 220 92 92 92 100 Follow up
therapy ple size was determined by us- 28 days: 179
Parallel-group ing an appropriate formula that
RCT C: conventional insulin ~ would provide 80% power to 87 87 87 100
therapy detect a 16% difference in the
postoperative complication
rate at a 0.05 level (two sided
test)"
Total: 179 179 179 100
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Table 1. Overview of study population (participants with diabetes undergoing surgery) (continued)

Glucontrol 2009  I:intensive insulin — — 55 55* 55* 100* Follow up
therapy 28 days:
Parallel-group 124*
RCT C:intermediate glu- 69 69* 69 100*
Study terminat- cose control
ed early
Total: 124* 124*
NICE SUGAR I: intensive glucose — — 213* 213* 203* 95* Follow up
2009 control 90 days:
402*
Parallel-group (. conventional glu- 208" 208" 199" 96*
RCT cose control
Total: 421* 421* 402* 95
Subramaniam I: continuous insulin — — 62 62 62 100 Follow up
2009 infusion 30 days: 126
Parallel-group  ¢. standard intermit- 64 64 64 100
RCT tentinsulin bolus
Study terminat-
ed early Total: 126 126 100
Chan 20099 I: intensive Insulin — — 10* 10* 10* 100* Follow up
treatment 30 days: 32*
Parallel-group
RCT C: conventional insulin 22* 22* 22* 100*
treatment
Total: 32* 32* 32* 100
De La Rosa 2008 I intensive insulin — — 11" 11* 11* 100* Follow up
therapy 28 days: 13*
Parallel-group
RCT C: standard insulin 2% 2% 2% 100*
therapy
Total: 13* 13* 13* 100*
Gandhi 2007 I: intensive treatment — — 38 37 37 97 Follow up
30 days: 73
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Table 1. Overview of study population (participants with diabetes undergoing surgery) (continued)

RCT C: conventional treat- 40 36 36 90
ment
Total: 78 73 73 94
Li 2006b I: continuous insulin — 51 51 51 100 —
infusion (CII)
Parallel-group
RCT C: glucometer-guided 49 42 42 86
insulin (GGI)
Total: 100 93 93 93
Lazar 2004 I: tight glycaemic con-  — 72 72 72 100 Follow up
trol with GIK 30 days: 141
Parallel-group
RCT C: standard therapy 69 69 69 100 Follow up 5
years: 120
Total: 141 141 141 100
Rassias 1999 I: aggressive insulin "Using published data, we de- 13 13 13 100 —
therapy termined that group sizes of
Parallel-group 13 patients per study group
RCT C: standard insulin would give us 84% power to de- 13 13 13 100
therapy tect a significant (20%) increase
in Polymorphonuclear neu-
trophils function in the treat-
ment groups after surgery at a
5% level of significance"
Total: 26 26 26 100
Grand total Allinterventions 1320 1316
All comparators 1350 1333
Allinterventions and 2670 2649

comparators

aFrom the total population 11 participants withdrew from both groups after randomisation.
bSeven participants in the control group dropped out of the study after surgery and were switched to the intervention regimen because their personal surgeon considered their
degree of blood glucose control to be unacceptable.
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Number of randomised participants in Glucontrol 2009 and Subramaniam 2009 not available; ITT population used instead.

*Data provided by study authors.
—: not reported
C: control group; GIK: glucose-insulin-potassium; I: intervention group; ITT: intention-to-treat: RCT: randomised controlled trial.

Table 2. Overview of study population (total participants of studies)

Study (de- Interven- Description of power and sample size cal-  Screened/ Ran- Analysed Finishing Ran- Follow-up
sign) tion(s) and culation eligible (N) domised (primary trial (N) domised
compara- (N) outcome) finishing
tor(s) (N) trial (%)
Duncan I: hyperinsuli- ~ "A maximum of 2,790 patients was required ~ — 709 709 709 100 Follow up
2018 naemic nor- to detect a 30% relative reduction in the 30 days:
moglycaemia  composite of any major complications (i.e.,
Paral- any vs. none) from an expected 15% inci- 1439
lel-group C: standard dence of complications in the standard 730 730 730 100
RCT therapy group at the overall 0.05 significance level Follow up 1
with 90% power" year: 1335
Total: 1439 1439 1439 100
Wallia 2017 I: intensive "Based on our cross-sectional analyses, 733 82 82 82 100 1 year fol-
(140 group) the 1-year rejection rate in the 140-mg/dL low-up: 164
Paral- group was assumed to be 20% and in the
lel-group C: moderate 180-mg/dL group was assumed to be 44%. 82 82 82 100
RCT (180 group) Using these rates, we estimated that a to-
tal sample size of 136 patients, 68 in each
group, would give us 80% power (a =0.05, 2-
sided) to detect a statistically significant dif-
ference between these groups. We estimat-
ed a potential withdrawal rate of 20%, giv-
ing a total of 82 patients in each group, for a
total of 164 patients to be randomized"
Total: 164 164 164 100
Wahby 2016  I: tight gly- — — 67 67 67 100 30 days fol-
caemic con- low-up: 67
Paral- trol
lel-group
RCT C: conven- 68 68 68 100 30 days fol-
tional moder- low-up: 68

ate glycaemic
control
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Table 2. Overview of study population (total participants of studies) (continued)

Total: 135 135 135 100
Parekh 2016  I: moderately ~ "With a power of 80% and P-value of.05,we 327 (69) 30 30 30 100 Follow up
intense con- estimated a needed sample size of 40 recip- 30 days: 58
Paral- trol ients per study group"
lel-group Follow up 6
RCT C: standard 30 30 30 100 months: 51
Study termi- tglulcose con- Follow up 1
nated early ro year: 42
Total: 60 60 60 100
Yuan 2015 I: intensive — 248 106 106 105 99 —
glycaemic (IG)
Paral- management
lel-group
RCT C: conven- 106 106 105 99
tional gly-
caemic (CG)
management
Total: 212 212 210 29
Umpierrez I: intensive "Sample size was based on previous stud- 855 152 151 151 99 Follow-up
2015 group ies by van den Berghe et al. and Umpierrez 90 days
et al. We estimated an incidence rate of the after dis-
Paral- C: conserva- primary end point in the control group of 153 151 151 99 charge
lel-group tive group 20% and odds ratio for the intensive versus
RCT conservative glucose control group of 0.35. 151
We expected a low attrition rate of, 10% in
the ICU; using two sided Fisher exact test,
with a=0.05, we estimated that the sample
size required for 80% power to be 148 pa-
tients per group (a total of 296 patients) for
the primary end point. For all analyses, re-
ported P values are two-sided, and P values
0.05 were considered significant. All analy-
ses were performed using SAS software ver-
sion 9.2 (SAS Institute, Cary, NC)"
Total: 305 302 302 929
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Table 2. Overview of study population (total participants of studies) (continued)

Abdelmalak
2013

Paral-
lel-group
RCT

Study termi-
nated early

I: intensive
glucose man-
agement

C: conven-
tional glucose
management

"A maximum of 970 total patients were re-
quired to have 90% power at the 0.05 signif-
icance level to detect a 40% relative reduc-
tion on the primary outcome for the most
effective intervention (whichever of the
three), assuming effects of 20% and 10%
for the other two interventions. If only one
of the three factors had any effect, we had
90% power to detect a slightly narrower
37% relative reduction”

2222

196

196

196

100

185

185

185

100

Follow up
30 days: 381

Follow up 1
year: 381

Total:

381

381

381

100

Hermayer
2012

Paral-
lel-group
RCT

I: intensive
glycaemic
control

C: standard
glycaemic
control

"The statistical error rates were established
a priori at 0.15 and 0.20 for the type | and
type Il error rates, respectively. The sample
size for the clinical trial was based on fea-
sibility of enrollment along with power to
detect a clinically relevant effect size in sec-
ondary endpoints (e.g. BG levels and bio-
markers) at the P 0.15 level of significance.
The upper bound for the recruitment poten-
tial of this single clinical site was based on
transplant volume. The transplant center
estimated approximately 150 renal trans-
plants per year; of these, it was conserva-
tively estimated that approximately 30% of
these patients would have diabetes, eligi-
ble, and willing to participate in this study.
Thus, approximately 45 patients per year
would be the expected accrual annual rate.
This rate for a projected accrual period of
27 months would be expected to yield ap-
proximately 90 participants in the trial. Us-
ing the feasible sample size of 90 partici-
pants, there was 80% power to detect an ef-
fect size of 0.48 for the secondary outcomes
(i.e. a 0.48-SD difference in continuous out-
comes)"

104

52

44

44

85

52

49

49

94

Follow-up
for at least
2 weeks (in-
terim analy-
sis): 51

Total:

104

93

93

89

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



"P17 ‘suos 73 AS)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L £20Z ® y3uAdod

(ma1nay) L198.4ns SuloSaapun sajaqelp yiim ajdoad 10j 1043u0d djwaedf)S annesadoriad

TE€T

Table 2. Overview of study population (total participants of studies) (continued)

Desai 2012 I: strict blood "The a priori sample size of this study 223 91 91 91 118 Follow up
glucose con- (N=200) was determined to be sufficient us- 30 days: 189
Paral- trol ing a medium effect size, an alpha level of
lel-group 0.05, and 80% power.20 Observed power
RCT C: liberal was found to be robust for significant re- 98 98 98 84
blood glucose  sults, but not robust for nonsignificant re-
control sults as expected, given the much small-
er observed effect sizes for those compar-
isons"
Total: 189 189 189 100
Lazar 2011 I: aggressive — — 40 40 40 40 Follow up
glucose con- 30 days: 82
Paral- trol
lel-group
RCT C: moderate 42 42 42 42
glucose con-
trol
Total: 82 82 82 82
Cao 2010 I:intensivein-  "The minimum required sample size was 220 92 92 92 100 Follow up
sulintherapy  determined by using an appropriate for- 28 days: 179
Paral- mula that would provide 80% power to de-
lel-group C: conven- tect a 16% difference in the postoperative 87 87 87 100
RCT tionalinsulin  complication rate at a 0.05 level (two-sided
therapy test)"
Total: 179 179 179 100
Glucontrol I:intensivein-  "The power of the sample size of 1,078 pa- T747 550 536 536 97 Follow up
2009 sulin therapy  tients to detect a 4% difference in ICU mor- 28 days:
tality with an alpha error rate of 5% and be- 1078
Paral- C: intermedi- ta error rate of 20% was 32%. 551 542 542 98
lel-group ate glucose o
RCT control The expected mortality in the “control”
group (group 1) was based on the data
Study termi- recorded in the preliminary survey and was
nated early used to calculate the sample size needed to

detect a 4% decrease in mortality with an
alpha error rate of 5% and beta error rate of
20% (n = 1,496 patients in each group). A to-
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Table 2. Overview of study population (total participants of studies) (continued)

tal of 1,750 patients per group were deemed
necessary to account for drop-outs"

Total: 1101 1078 1078 928
NICE SUGAR I:intensive "The study was originally designed to enroll 40,171 3054 3054 3010 99 90 days fol-
2009 glucose con- 4000 patients. On the basis of data report- low-up
trol ed by Van den Berghe et al. in 2006, 13 the
Paral- sample size was increased to 6100, there- 6022
lel-group C: conven- by providing a statistical power of 90% to 3050 3050 3012 99
RCT tional glucose ~ detect an absolute difference in mortali-
control ty between the two groups of 3.8 percent-
age points, assuming a baseline mortality of
30% at a two-sided alpha level of less than
0.05"
Total: 6104 6104 6022 29
Subramani-  I: continuous "A conservative estimate of 5% rate of 252 117 114 114 97 Follow up
am 2009 insulin infu- MACEs in patients undergoing vascular 30 days: 236
sion surgery was assumed for the current study.
Paral- Assuming a 10% dropout rate, this study
lel-group C: standard needed 993 patients in each group to show 125 122 122 98
RCT intermittent a 50% reduction in MACEs for 80% (1-Beta)
i i ower and a statistical significance of P 0.05
Study termi- insulin bolus p . ; al sig ) i
ted earl (alfa) in patients receiving continuous intra-
nated earty venous insulin infusion compared with con-
ventional therapy. An interim analysis was
planned at 452 patients"
Total: 242 236 236 98
Chan 2009 I: intensive — 300 54 54 47 87 Follow-up
Insulin treat- 30 days: 98
Paral- ment
lel-group
RCT C: conven- 55 55 51 93
tionalinsulin
treatment
Total: 109 109 98 20
De La Rosa I:intensive in-  "We estimated that the enrollment of 504 1643 254 254 252 99 Follow up
2008 sulin therapy patients would provide a power of 80% to 28 days: 502
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Table 2. Overview of study population (total participants of studies) (continued)

- i 0% |
Paral C: standard detectan absglute redgctlon of 10% in the 250 250 250 100
lel-group insulin thera- 28-day mortality rate with an alpha error
RCT (two-sided test) of 0.05. We assumed a 25%
Py mortality rate in the control group"
Total: 504 504 502 29
Gandhi2007  I:intensive "On the basis of a composite outcome 199 188 185 93 Follow up
treatment rate of 40% in the conventional treatment 30 days: 371
Paral- group. We needed to enroll 177 patients
lel-group C: conven- per treatment group to have 90% power (2- 201 191 186 93
RCT tional treat- sided " level of 0.05) of finding a 40% de-
ment crease in the composite outcome with in-
tensive insulin therapy (decrease from 40%
to 24%). Because we expected that approx-
imately 10% of patients would not experi-
ence hyperglycemia during surgery, we ran-
domly assigned 200 patients per treatment
group to ensure a sufficient number with
outcome information"
Total: 400 379 371 93
Li 2006 I: continuous — 51 51 51 100 —
insulin infu-
Paral- sion (Cll)
lel-group
RCT C: glucome- 49 42 42 86
ter-guided in-
sulin (GGI)
Total: 100 93 93 93
Lazar 2004 I: tight gly- — 72 72 72 100 Follow up
caemic con- 30 days: 141
Paral- trol with GIK
lel-group Follow up 5
RCT C: standard 69 69 69 100 years: 120
therapy
Total: 141 141 141 100
Rassias 1999  Il:intensivein-  "Using published data, we determined that 13 13 13 100 —

sulin therapy

group sizes of 13 patients per study group
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Table 2. Overview of study population (total participants of studies) (continued)
Paral- would give us 84% power to detect a sig-

lel-group :ﬁ:&ﬁg‘:;::a_ nificant (20%) increase in Polymorphonu- 13 13 13 100
RCT clear neutrophils function in the treatment

Py groups after surgery at a 5% level of signifi-

cance"

Total: 26 26 26 100
Grand total  Allinterven- 5981 5887

tions

All compara- 5996 5914

tors

Allinterven- 11,977 11,801

tions and

comparators

Number of randomised participants in Glucontrol 2009 and Subramaniam 2009 not available; ITT population used instead.
*Data provided by study authors.

—: not reported

C: control group; GIK: glucose-insulin-potassium; I: intervention group; ITT: intention-to-treat; RCT: randomised controlled trial.
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APPENDICES

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials (Cochrane Register of Studies Online)

1. MESH DESCRIPTOR Blood Glucose

2. MESH DESCRIPTOR Insulin

3. ((glucose OR glyc?emic) ADJ3 (control OR level?)):TI,AB,KY
4. ((insulin therapy OR insulin infusion)):TI,AB,KY

5. #l OR#2 OR#3 OR #4

6. MESH DESCRIPTOR Perioperative Care EXPLODE ALL TREES
7. (perioperative OR peri-operative):TI,AB,KY

8. (postoperative OR post-operative):TI,AB,KY

9. (intraoperative OR intra-operative):TI,AB,KY
10.(preoperative OR pre-operative):TI,AB,KY

11.(surgery OR surgical):TI,AB,KY

12.(operative):TI,AB,KY

13.(preoperative OR pre-operative):TI,AB,KY

14.#6 OR #7 OR#8 OR #9 OR#10 OR #11 OR #12 OR
15.#5AND #13

16.2012 TO 2022:YR

17.#14 AND #15

MEDLINE (Ovid)

Blood Glucose/

Insulin/

((glucose or glyc?emic) adj3 (control or level?)).tw.
((insulin therapy or insulin infusion)).tw.

or/1-4

exp Perioperative Care/

perioperative or peri-operative).tw.

W PN WD

(

(postoperative or post-operative).tw.
(intraoperative or intra-operative).tw.
10.(preoperative or pre-operative).tw.
11.(surgery or surgical).tw.
12.(operative).tw.

13.0r/6-12

14.5and 13

15.randomized controlled trial.pt. [15-25: Lefebvre 2022 - Cochrane Handbook RCT filter, sensitivity and precision max. version]
16.controlled clinical trial.pt.
17.randomi?ed.ab.

18.placebo.ab.

19.clinical trials as topic/
20.randomly.ab.

21.trial.ti.

22.0r/15-21

23.exp animals/ not humans/

24.22 not 23

25.14 and 24

Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 135
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(Continued)
26.cochrane database of systematic reviews.jn. or search*.tw. or meta analysis.pt. or medline.tw. or systematic review.tw. [Wong 2006
- Systematic reviews filter, specificity version]

27.14 and 26

28.250r 27

29.("2012*" or "2013*" or "2014*" or "2015*" or "2016*" or "2017*" or "2018*" or "2019*" or "202*").dt.
30.28 and 29

LILACS

((MH:"Blood Glucose" OR MH:"Insulin" OR ((glucos$ OR glyc$ OR glic$) AND (control$ OR level$ OR nivel$)) OR insulin$) AND (MH:"Pe-
rioperative Care" OR perioperativ$ OR postoperativ$ OR intraoperativ$ OR preoperativ$ OR surgery OR surgical OR cirurg$ OR cirug$
OR operative OR quirurg$ OR operac$))

[added filter "Controlled Clinical Trial" from database menu, restricted to 2012 onwards]

WHO ICTRP (Standard search)

perioperative* AND glucose* OR
peri operative* AND glucose* OR
perioperative® AND insulin* OR
peri operative* AND insulin* OR
postoperative* AND glucose* OR
post operative* AND glucose* OR
postoperative* AND insulin* OR
post operative* AND insulin* OR
intraoperative* AND glucose* OR
intra operative* AND glucose* OR
intraoperative* AND insulin* OR
intra operative* AND insulin* OR
preoperative® AND glucose* OR
pre operative* AND glucose* OR
preoperative* AND insulin* OR
pre operative* AND insulin* OR
surger® AND glucose™ OR
surgica* AND insulin* OR
operative* AND glucose* OR

operative* AND insulin*
[removed ClinicalTrials.gov records, restricted to 2012 onwards]

ClinicalTrials.gov (Expert search)

(perioperative OR "peri operative" OR postoperative OR "post operative" OR intraoperative OR "intra operative" OR preoperative
OR "pre operative" OR surgery OR surgical OR operative) AND ("insulin therapy" OR "insulin infusion" OR "glycemic control" OR "gly-
caemic control" OR "glucose control")
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(Continued)
[restricted to 2012 onwards]

PubMed "similar articles" search

20878324[PMID] OR 19142552[PMID] OR 18799004[PMID] OR 22137804[PMID] OR 17310047[PMID] OR 19636533[PMID] OR
15006999[PMID] OR 19387173[PMID] OR 10320160[PMID] OR 19318384[PMID] OR 17215967[PMID] OR 21865944[PMID] = 2845
[restricted to 2012 onwards =912, CRS Web RCT classifier: 75 to 100% likelihood of RCT = 193 records]

Appendix 2. Assessment of risk of bias

Risk of bias domains

Random sequence generation (selection bias due to inadequate generation of a randomised sequence)

For each included trial, we described the method used to generate the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

Low risk of bias: the trial authors achieved sequence generation using computer-generated random numbers or a random numbers
table. Drawing of lots, tossing a coin, shuffling cards or envelopes, and throwing dice are adequate if an independent person per-
formed this who was not otherwise involved in the trial. We considered the use of the minimisation technique as equivalent to being
random.

Unclear risk of bias: insufficient information about the sequence generation process.

High risk of bias: the sequence generation method was non-random or quasi-random (e.g. sequence generated by odd or even date
of birth; sequence generated by some rule based on date (or day) of admission; sequence generated by some rule based on hospital
or clinic record number; allocation by judgement of the clinician; allocation by preference of the participant; allocation based on
the results of a laboratory test or a series of tests; or allocation by availability of the intervention).

Allocation concealment (selection bias due to inadequate concealment of allocation prior to assignment)

We described for each included trial the method used to conceal allocation to interventions prior to assignment and we assessed
whether intervention allocation could have been foreseen in advance of or during recruitment, or changed after assignment.

Low risk of bias: central allocation (including telephone, interactive voice-recorder, web-based and pharmacy-controlled randomi-
sation); sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes.

Unclear risk of bias: insufficient information about the allocation concealment.

High risk of bias: used an open random allocation schedule (e.g. a list of random numbers); assignment envelopes used without
appropriate safeguards; alternation or rotation; date of birth; case record number; any other explicitly unconcealed procedure.

We also evaluated trial baseline data to incorporate assessment of baseline imbalance into the 'Risk of bias' judgement for selection
bias (Corbett 2014). Chance imbalances may also affect judgements on the risk of attrition bias. In the case of unadjusted analyses,
we distinguished between trials that we rate as being at low risk of bias on the basis of both randomisation methods and baseline
similarity, and trials that we judged as being at low risk of bias on the basis of baseline similarity alone (Corbett 2014). We will reclas-
sify judgements of unclear, low or high risk of selection bias as specified in Appendix 3.

Blinding of participants and study personnel (performance bias due to knowledge of the allocated interventions by partici-
pants and personnel during the trial)

We evaluated the risk of detection bias separately for each outcome (Hrébjartsson 2013). We noted whether endpoints were self-re-
ported, investigator-assessed or adjudicated outcome measures (see below).

Low risk of bias: blinding of participants and key study personnel was ensured, and it was unlikely that the blinding could have been
broken; no blinding orincomplete blinding, but we judged that the outcome was unlikely to have been influenced by lack of blinding.

Unclear risk of bias: insufficient information about the blinding of participants and study personnel; the trial does not address this
outcome.

High risk of bias: no blinding orincomplete blinding, and the outcome was likely to have been influenced by lack of blinding; blinding

of trial participants and key personnel attempted, but likely that the blinding could have been broken, and the outcome was likely
to be influenced by lack of blinding.
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Blinding of outcome assessment (detection bias due to knowledge of the allocated interventions by outcome assessment

We evaluated the risk of detection bias separately for each outcome (Hrdbjartsson 2013). We noted whether endpoints were self-re-
ported, investigator-assessed or adjudicated outcome measures (see below).

Low risk of bias: blinding of outcome assessment is ensured, and it was unlikely that the blinding could have been broken; no blinding
of outcome assessment, but we judged that the outcome measurement was unlikely to have been influenced by lack of blinding.
Unclear risk of bias: insufficient information about the blinding of outcome assessors; the trial did not address this outcome.

High risk of bias: no blinding of outcome assessment, and the outcome measurement was likely to have been influenced by lack of
blinding; blinding of outcome assessment, but likely that the blinding could have been broken, and the outcome measurement was
likely to be influenced by lack of blinding.

Incomplete outcome data (attrition bias due to amount, nature or handling of incomplete outcome data)

For each included trial and/or each outcome, we described the completeness of data, including attrition and exclusions from the
analyses. We stated whether the trial reported attrition and exclusions, and report the number of participants included in the analy-
sis at each stage (compared with the number of randomised participants per intervention/comparator groups). We also noted if the
trial reported the reasons for attrition or exclusion and whether missing data were balanced across groups or were related to out-
comes. We considered the implications of missing outcome data per outcome such as high dropout rates (e.g. above 15%) or dis-
parate attrition rates (e.g. difference of 10% or more between trial arms).

Low risk of bias: no missing outcome data; reasons for missing outcome data unlikely to be related to true outcome (for survival data,
censoring unlikely to introduce bias); missing outcome data balanced in numbers across intervention groups, with similar reasons
for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with observed event
risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data, plausible
effect size (mean difference or standardised mean difference) among missing outcomes was not enough to have a clinically relevant
impact on observed effect size; appropriate methods, such as multiple imputation, were used to handle missing data.

Unclear risk of bias: insufficient information to assess whether missing data in combination with the method used to handle missing
data were likely to induce bias; the trial did not address this outcome.

High risk of bias: reason for missing outcome data was likely to be related to true outcome, with either imbalance in numbers or
reasons for missing data across intervention groups; for dichotomous outcome data, the proportion of missing outcomes compared
with observed event risk enough to induce clinically relevant bias in the intervention effect estimate; for continuous outcome data,
plausible effect size (mean difference or standardised mean difference) among missing outcomes enough to induce clinically-rele-
vant bias in observed effect size; 'as-treated' or similar analysis done with substantial departure of the intervention received from
that assigned at randomisation; potentially inappropriate application of simple imputation.

Selective reporting (reporting bias due to selective outcome reporting)

We assessed outcome reporting bias by integrating the results of the appendix 'Matrix of trial endpoints (publications and trial docu-
ments)' (Boutron 2014; Jones 2015; Mathieu 2009), with those of the appendix 'High risk of outcome reporting bias according to the
Outcome Reporting Bias In Trials (ORBIT) classification' (Kirkham 2010). This analysis formed the basis for the judgement of selective
reporting.

Low risk of bias: the trial protocol was available and all the trial's prespecified (primary and secondary) outcomes that were of
interest to this review were reported in the prespecified way; the study protocol was unavailable, but it was clear that the published
reports included all expected outcomes (ORBIT classification).

Unclear risk of bias: insufficient information about selective reporting.

High risk of bias: not all the trial's prespecified primary outcomes were reported; one or more primary outcomes were reported
using measurements, analysis methods or subsets of the data (e.g. subscales) that were not prespecified; one or more reported
primary outcomes were not prespecified (unless clear justification for their reporting was provided, such as an unexpected adverse
effect); one or more outcomes of interest in the Cochrane Review were reported incompletely so that we cannot enter them in a
meta-analysis; the trial report failed to include results for a key outcome that we would expect to have been reported for such a trial
(ORBIT classification).

Other bias

Low risk of bias: the trial appears to be free from other sources of bias.
Unclear risk of bias: there was insufficient information to assess whether an important risk of bias existed; insufficient rationale or
evidence that an identified problem introduced bias.

Highrisk of bias: the trial had a potential source of bias related to the specific trial design used; the trial was claimed to be fraudulent;
or the trial had some other serious problem.
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Selection bias decisions for trials reporting unadjusted analyses - comparison of results obtained using method details alone
with results using method details and trial baseline information?

Reported randomi-

sation and alloca-
tion concealment

Risk of bias judge-
ment using meth-
ods reporting

Information gained from study characteristics data

Risk of bias using
baseline informa-
tion and methods

methods reporting
Unclear methods Unclear risk Baseline imbalances present for important prognostic vari- High risk
able(s)
Groups appear similar at baseline for all important prognostic ~ Low risk
variables
Limited or no baseline details Unclear risk
Would generate a Low risk Baseline imbalances present for important prognostic vari- Unclear riskb
truly random sam- able(s)
ple, with robust allo-
cation concealment Groups appear similar at baseline for all important prognostic ~ Low risk
variables
Limited baseline details, showing balance in some important Low risk
prognostic variablesc
No baseline details Unclear risk
Sequence is not tru- High risk Baseline imbalances present for important prognostic vari- High risk
ly random, or alloca- able(s)
tion concealment is
inadequate Groups appear similar at baseline for allimportant prognostic ~ Low risk

variables

Limited baseline details, showing balance in some important
prognostic variables¢

Unclear risk

No baseline details

High risk

aTaken from Corbett 2014; judgements highlighted in bold indicate situations in which the addition of baseline assessments would
change the judgement about risk of selection bias, compared with using methods reporting alone.
bimbalance identified that appears likely to be due to chance.

CDetails for the remaining important prognostic variables are not reported.

Appendix 4. Descriptions of participants

Study ID

Provide brief but concise description
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Duncan 2018

Inclusion criteria

Adults between 18 and 90 years old scheduled for elective coronary artery by-
pass grafting, valve repair or replacement, or a combination of these proce-
dures with cardiopulmonary bypass between August 2007 and April 2015

Exclusion criteria

Off-pump cardiac surgery, anticipated hypothermic circulatory arrest, elevat-
ed baseline cardiac troponin | (greater than 0.5 ng /I-1, Montreal) or troponin T
(greater than 0.1 ng/ml-1, Cleveland), kidney disease requiring renal replace-
ment therapy, or active infection requiring ongoing antibiotic therapy

Diagnostic criteria

Wallia 2017 Inclusion criteria Age 18 to 80 years old, able to give informed consent personally or via fami-
ly member with appropriate authorisation to do so if patient were unable, ex-
pected survival after transplantation of 1 year, BG level 180 mg/dL postopera-
tively regardless of diabetes status (with or without diabetes), and no previous
liver transplantation
Exclusion criteria —
Diagnostic criteria —
Wahby 2016 Inclusion criteria Patients with diabetes planned for CABG surgery

Exclusion criteria

Emergency CABG, off-pump surgery and combined valve and CABG surgery

Diagnostic criteria

Parekh 2016

Inclusion criteria

Adult patients with a diagnosis of DM who were admitted for deceased donor
renal transplantation

Exclusion criteria

Children and adult candidates enrolled in a concurrent study evaluating the
effect of a medication or other intervention on graft function

Diagnostic criteria

Yuan 2015

Inclusion criteria

Adult patients with type 2 DM undergoing gastrectomy for gastric tumours be-
tween September 2006 and March 2014

Exclusion criteria

Patients undergoing laparotomy or palliative surgery, unable to tolerate enter-
al nutrition, as shown by vomiting, diarrhoea, or abdominal distention, or the
nasojejunal tube became occluded or was pulled out

Diagnostic criteria

According to the criteria of the ADA

Umpierrez 2015

Inclusion criteria

Patients aged between 18 and 80 years undergoing primary or a combination
of CABG and other cardiac operations such as valve repair or aortic surgery

Exclusion criteria

Patients with impaired renal function (serum creatinine = 3.0 mg/dL or
glomerular filtration rate, 30 mL/min/1.73 m2), hepatic failure, or history of hy-
perglycaemic crises and those at imminent risk of death (brain death or car-
diac standstill) or pregnancy, or patients or next of kin unable to provide con-
sent

Diagnostic criteria

Abdelmalak 2013

Inclusion criteria

Age =40 years old. Major non-cardiac surgical procedures scheduled to take =
2 hours done under general anaesthesia. Written informed consent.
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Exclusion criteria

Recent intravenous or oral steroid therapy within 30 days (inhaled steroids are
permitted). Any contraindications to the proposed interventions, ASA Physical
Status > 4, non English-speaking patients.

Diagnostic criteria

Hermayer 2012

Inclusion criteria

Renal transplant candidates admitted to MUSC who were 18 years of age or
greater and who had a DM diagnosis (type 1 and type 2), a fasting BG over 100
mg/dL per admission screening labs, and a random BG over 120 mg/dL per ad-
mission screening labs

Exclusion criteria

History of an active gastrointestinal bleed 3 months previously, patients who
were scheduled to receive a simultaneous pancreas transplant, patients with a
history of a functioning pancreatic transplant, patients currently managed on
an insulin pump, patients who were unable or unwilling to provide informed
consent, and patients who were unable to commit to the study protocol, in-
cluding the outpatient follow-up phase of care.

Diagnostic criteria

Desai 2012

Inclusion criteria

All patients with diabetes who underwent first-time, isolated, non-emergency
CABG, patients without diabetes who underwent first-time, isolated, non-
emergency CABG who were found to have had 3 consecutive BG readings
greater than 150 mg/dL or any 1 BG reading greater than 200 mg/dL periop-
eratively, which is aligned with the current STS guidelines, patients who were
started on an insulin infusion while in the operating room.

Exclusion criteria

Patients who underwent open surgery other than isolated CABG, patients who
were found not to require an insulin infusion post-CABG, patients who under-
went a concomitant procedure in addition to CABG (e.g. CABG + valve repair).

Diagnostic criteria

Lazar 2011

Inclusion criteria

Patients with diabetes mellitus (controlled by insulin, oral medication, diet, or
combination of oral medication and insulin) undergoing CABG surgery on car-
diopulmonary bypass

Exclusion criteria

Patients with severe hyperglycaemia (serum glucose = 400 mg/dL), which
could not be controlled on a stable insulin regime preoperatively if they had
chronic renal failure (creatinine level > 2.5 mg/dL), acute renal failure (urine
output <20 mL/hours for 3 hours), and those patients requiring concomitant
procedures in addition to CABG surgery

Diagnostic criteria

Cao 2010

Inclusion criteria

Adult patients with type 2 DM who were to undergo open elective gastrectomy
for gastric cancer. In all cases, diagnosis of type 2 diabetes and gastric cancer
had been confirmed before surgery

Exclusion criteria

Age was less than 16 years, severe obesity (BMI > 30 kg/mZ2) or severe malnutri-
tion (BMI < 15 kg/m2), expected SICU stay after surgery was less than 24 hours,
the tumour was unresectable or the patient with late-stage cancer underwent
palliative surgery, pregnancy, took corticosteroids, steroids, growth hormone,
or immunosuppressive drugs within 2 weeks prior to the study, patient re-
ceived neoadjuvant chemotherapy, patient was diagnosed with gastric stump
cancer or recurrent gastric cancer

Diagnostic criteria

Type 2 DM was defined according to 1999 WHO criteria
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Glucontrol 2009 Inclusion criteria

Adult patients (older than 18 years) admitted to the participating ICUs

Exclusion criteria

Life expectancy lower than 24 hours, and the absence of consent

Diagnostic criteria

NICE SUGAR 2009 Inclusion criteria

At time of patient's admission to the ICU the treating ICU specialist expects the
patient will require treatment in the ICU that extends beyond the calendar day
following the day of admission.

Patient has an arterial line in situ or placement of an arterial line is imminent
(within the next hour) as part of routine ICU management.

Exclusion criteria

Age < 18 years, imminent death (cardiac standstill or brain death anticipated
in less than 24 hours) and the treating clinicians are not committed to full sup-
portive care.

Patients admitted to the ICU for treatment of diabetic ketoacidosis or hyperos-
molar state.

Patient is expected to be eating before the end of the day following admission.

Patients who have suffered hypoglycaemia without documented full neurolog-
ical recovery.

Patient thought to be at abnormally high risk of suffering hypoglycaemia.
Patient previously enrolled in the NICE-SUGAR study.

Patient who can not provide prior informed consent, there is documented evi-
dence that the patient has no legal surrogate decision marker, and it appears
unlikely that the patient will regain consciousness or sufficient ability to pro-
vide delayed informed consent.

The patient has been in the study ICU or another ICU for longer than 24 hours
for this admission.

Diagnostic criteria

Based on the medical history.

Subramaniam 2009 Inclusion criteria

People with or without diabetes who were aged 18 years or older, had an ASA
physical status of I-IV, undergoing peripheral vascular bypass surgery, abdom-
inal aortic surgery or major lower extremity amputation (above or below the
knee), and were expected to stay in the hospital for at least 48 hours.

Exclusion criteria

Brittle diabetes (previously diagnosed by endocrinologist), varicose vein liga-
tion, continuous insulin infusion pumps, planned stent procedures for vascu-
lar disease, an ASA physical status of V.

Diagnostic criteria

Chan 2009 Inclusion criteria

Adults from both genders who were older than 21 years of age and who were
undergoing open heart cardiac surgery with CPB.

Exclusion criteria

Renal failure (creatinine > 1.5 g/dL), neurological dysfunction (diagnosis from
medical records), COPD, current use of any type of antibiotic, current use of in-
otropic support, emergency and urgent surgeries and reoperations.

Diagnostic criteria
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Inclusion criteria

Cochrane Database of Systematic Reviews

Patients aged 15 years or older admitted to the ICU at the Hospital Pablo To-
bén Uribe, Medellin, Colombia, between 12 July 2003 and 21 December 2005
with an expected ICU stay of at least 2 days.

Exclusion criteria

Exclusion were pregnancy, diabetic ketoacidosis, hyperosmolar non-ketotic
state, readmission to the ICU during the same hospitalisation, advanced stage
cancer (solid or haematological), decision to withhold or withdraw aggressive
therapies, and inclusion in another clinical trial.

Diagnostic criteria

Gandhi 2007

Inclusion criteria

Adults undergoing elective cardiac surgery between July 2004 and April 2005.

Exclusion criteria

Patients who had off-pump CPB procedures.

Diagnostic criteria

Li 2006

Inclusion criteria

Patients with DM who were to undergo CABG for the 1st time.

Exclusion criteria

Diagnostic criteria

In most cases, the diagnosis of diabetes had been made before admission for
surgery. Newly diagnosed diabetes was confirmed by a fasting blood glucose
level of = 200 mg/dL associated with an elevated level of haemoglobin A;¢

Lazar 2004

Inclusion criteria

Patients with diabetes mellitus undergoing primary or reoperative CABG per-
formed on cardiopulmonary bypass.

Exclusion criteria

Diagnostic criteria

Rassias 1999

Inclusion criteria

Patients with DM scheduled to undergo elective cardiac surgery with CPB. All
patients underwent surgery starting at 8:00 am at the Dartmouth-Hitchcock
Medical Center during 1996 and 1997.

Exclusion criteria

Exclusion criteria included emergency surgery, conditions known to cause im-
munosuppression (other than DM), age under 18 years or inability to provide
written informed consent.

Diagnostic criteria

—: not reported

ADA: American Diabetes Association, ASA: American Society of Anaesthesiology, BG: blood glucose, BMI: body mass index, CABG:
coronary artery bypass grafting, CPB: cardiopulmonary bypass, COPD: chronic obstructive pulmonary disease, CVA: cerebrovascular

accident, DM: diabetes mellitus, EF: ejection fraction, ICU: intensive care unit, MUSC: Medical University of South Carolina, SICU: sur-
gical intensive care unit, STS: Society of Thoracic Surgeons, TIA: transient ischaemic attacks, WHO: World Health Organization

Appendix 5. Description of interventions

Study author Duncan 2018
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Brief name Intraoperative hyperinsulinaemic normoglycaemia or standard glycaemic management

Recipient Patients undergoing cardiac surgery

Why Previous studies have demonstrated that hyperglycaemia is associated with mortality and morbid-

ity in critically ill patients undergoing cardiac surgery. This study determined whether hyperinsuli-
naemic normoglycaemia reduces 30-day mortality and morbidity after cardiac surgery.

What (materials)

Accu-Check (Roche Diagnostics, Switzerland) glucose monitor

Insulin therapy protocol (Cleveland clinic operating room): Appendix 1

What (procedures) Intraoperative glycaemic management with hyperinsulinaemic normoglycaemia, a fixed high-dose
insulin and concomitant variable glucose infusion titrated to glucose concentrations of 80 mg/dL
to 100 mg/dL; or standard glycaemic management, low-dose insulin infusion targeting glucose
greater than 150 mg/dL

Who provided Research personnel (specific training not reported)

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Operating room. Intensive care unit (upon intensive care unit admission, both groups transitioned
to the same standardised postoperative insulin treatment protocol)

When and how much

I: a fixed-dose insulin infusion of 5 mU/kg/min with a concomitant variable glucose (dextrose 20%)
infusion supplemented with potassium (40 mEq/L) and phosphate (30 mmol/L) The glucose infu-
sion was initiated at approximately 40 to 60 mL/hr - when serum glucose concentration was ap-
proximately 110 mg/dL or less, and manually titrated to target glucose concentrations of 80 to 110
mg/dL every 10 to 15 min throughout surgery. Additional boluses of insulin were given for blood
glucose greater than 110 mg/dL. At sternal closure, the insulin infusion was reduced to 1 mU/kg/
min and converted to a standard low-dose insulin infusion upon intensive care unit admission.
After intensive care unit arrival, the glucose infusion was decreased by 25% to 50% every 20 min
when the blood glucose was greater than 110 mg/dL. When the infusion was at 20 mL/h or less and
blood glucose was greater than 110 mg/dL, the infusion was discontinued. Blood glucose concen-
trations were followed for 45 to 60 minutes after discontinuation of the dextrose infusion to ensure
that hypoglycaemia was avoided.

C: a conventional low-dose insulin infusion titrated to blood glucose concentrations measured

by arterial blood gas analysis every 30 to 90 min throughout surgery. This low-dose insulin infu-
sion was initiated for blood glucose concentration greater than 120 mg/dL before initiation of car-
diopulmonary bypass or greater than 150 mg/dL during or after cardiopulmonary bypass, at a rate
based on patient weight and current glucose concentration. Subsequent adjustments were based
on asliding scale of current blood glucose concentration and the change from the previous mea-
surement. Supplemental boluses of insulin were given with acute increases (greater than 30 mg/
dL) in blood glucose. The insulin protocol for patients assigned to standard glucose management is
listed in appendix 1.

Upon intensive care unit admission, both groups transitioned to the same standardised postopera-
tive insulin treatment protocol in the intensive care unit.

Tailoring The intervention was titrated
I: manually titrated to target glucose concentrations of 80 mg/dL to 110 mg/dL every 10-15 min
throughout surgery
C: titrated to blood glucose concentrations every 30 to 90 min throughout surgery. Low-dose in-
sulin infusion was initiated for blood glucose concentrations greater than 120 mg/dL before initia-
tion of cardiopulmonary bypass or greater than 150 mg/dL during or after cardiopulmonar bypass
Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 144
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The intervention was not modified during the course of the study

Strategies to improve or main-
tain intervention fidelity

Extent of intervention fidelity

Study author Wallia 2017

Brief name Glycaemic control reduces infections in post-liver transplant patients

Recipient Post liver transplant patients

Why Clinical trials have shown morbidity and mortality benefits from intensive inpatient hypergly-

caemia management. Very few studies have been performed that evaluate the relationship of glu-
cose levels to outcomes in patients undergoing solid organ transplantation.

What (materials)

Insulin infusion according to the Northwestern protocol adjusted if needed. Discharge instructions
for patients, which included details regarding home self-blood glucose monitoring.

What (procedures)

Surgical ICU stay: the patients were seen daily by a member of the GMS, and the glucose levels
were reviewed at least daily to assess whether insulin protocol adjustments were needed.

Hospital stay: the insulin doses were adjusted daily by the GMS team to maintain the premeal glu-
cose levels as close as possible to the respective target of 140 mg/dL and 180 mg/dL.

Discharge from hospital: patient's primary care physician, in consultation with the transplantation
service and the GMS, generally managed the hyperglycaemia in the first month. This subsequent
posthospital care and glycaemic target were at the discretion of these healthcare providers and
were not be governed by the in-hospital protocol.

Who provided

The glucose management service team (GMS): experienced nurse practitioners and endocrinologist

Experienced transplant ICU and floor nurses

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Surgical intensive care unit (ICU)

When and how much

An intravenous insulin infusion was started according to the protocols for insulin infusion. These
protocols had been modified from the earlier Northwestern protocol, such that glucose levels of
140 mg/dL and 180 mg/dL were targeted in the 2 groups rather than 110 mg/dL. The patients were
seen daily by a member of the GMS, and the glucose levels were reviewed at least daily to assess
whether insulin protocol adjustments were needed. Once the patients were stable and had begun
to eat, rapid acting insulin was given to cover their food intake in doses of approximately 10% of
the basal (glargine) insulin dose. If patients were still otherwise unstable, the insulin infusion was
continued. Once patients were stable, the insulin infusion was converted to a basal bolus regimen.
A member of the GMS started the basal insulin, usually at a dose that was about 50% to 60% of
the basal infusion rate. In this setting, an additional rapid acting insulin analog was given to cov-
er food intake at approximately 10% of the basal insulin dose. At conversion, subcutaneous injec-
tion of rapid acting insulin was also administered at 15% of the stable hourly insulin infusion rate
given during the previous several hours (324 hours to calculate the total daily dose) to maintain
adequate insulin levels as a “bridge” dose. Once patients were fully receiving the subcutaneous
insulin regimen, the doses of glargine were generally reduced by about 50% daily (with flexibility
from 40% to 60% according to the patient’s clinical status and BG values). The doses of premeal
rapid-acting insulin were maintained, reflecting a decrease in insulin resistance and an increase in
meal size as the patient’s clinical status improved. Again, the insulin doses were adjusted daily by
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the GMS team to maintain the premeal glucose levels as close as possible to the respective target
of 140 mg/dL and 180 mg/dL while patients were in the hospital. At discharge from the hospital,
the patients received discharge instructions, which included details regarding home selfBG moni-
toring. If the patients were still hyperglycaemic, a medication regimen was recommended in an ef-
fort to maintain the BG goal of 140 mg/dL or 180 mg/dL.

Tailoring

I: personalised according to patient glucose levels and insulin protocol was adjusted if needed to
maintain the BG goal of 140 mg/dL

C: personalised according to patient glucose levels and insulin protocol was adjusted if needed to
maintain the BG goal of 180 mg/dL

Modification of intervention
throughout the trial

Strategies to improve or main-
tain intervention fidelity

Extent of intervention fidelity

The adherence was assessed, but the results were not reported in this paper

Study author Wahby 2016

Brief name Tight versus moderate glycaemic control in patients with diabetes undergoing coronary artery by-
pass graft surgery (CABG)

Recipient Patients with diabetes planned for CABG surgery

Why Perioperative glycaemic control in patients undergoing cardiac surgery was conducted in many

studies but remains unclear how tight the glycaemic control should be.

What (materials)

Syringe pump, blood glucose meter

What (procedures)

Tight glycaemic control during operation to maintain blood glucose levels between 110 mg/dL
and 149 mg/dL versus conventional moderate glycaemic control to achieve blood glucose lev-

el between 150 mg/dLand 180 mg/dL during operation. Perioperative tight glycaemic control
was achieved by continuous insulin infusion using insulin actrapid HM Novonordisk 50 unit in 500
mL saline 0.9% by syringe pump started before anaesthesia induction and continued till patient
weaned from mechanical ventilation in ICU. The blood glucose was checked hourly by blood glu-
cose meter.

Who provided

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Perioperative and ICU

When and how much

Continuos insulin infusion started before anaesthesia induction and continued till the patient is ex-
tubated in ICU

Tailoring

I: Tight glycaemic control during operation to maintain blood glucose levels between 110 mg/dL
and 149 mg/dL

C: conventional moderate glycaemic control to achieve blood glucose level between 150 mg/dL
and 180 mg/dL

Modification of intervention
throughout the trial
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Strategies to improve or main-  —
tain intervention fidelity

Extent of intervention fidelity —

Study author Parekh 2016

Brief name Effect of moderately intense perioperative glucose control on renal allograft function

Recipient Adult patients with diabetes undergoing deceased donor renal transplant

Why To determine whether moderately intense glucose control, with the primary goal of achieving a

blood glucose level between 80 mg/dL and 160 mg/dL at the time of allograft reperfusion, would
reduce the incidence of poor graft function and reduce the hyperglycaemia that occur after trans-
plant

What (materials) Accu-chek Hospital Meters (Roche Diagnostics, Indianapolis, IN, USA). Insulin treatment algorithms
in use at University of California San Francisco Medical Center.

What (procedures) I: Preoperatively, recipients in the moderately intense glucose control group were started on an in-
sulin infusion if their blood glucose was greater than 120 mg/dL. To avoid prolonged treatment, the
infusion was started no earlier than 4 hours before the anticipated start of the transplant. Intraop-
eratively, the anaesthesia team was advised to check the blood glucose every 30 to 45 minutes with
the goal of keeping it between 80 mg/dL and 160 mg/dL. The decision to target a blood glucose of
less than 160 mg/dL was based on our previous work that indicated a threshold effect above that
level, resulting in greater rates of DGF and markers of ischaemic injury. The use of bolus therapy or
insulin infusion was left to the discretion of the anaesthesia team.

C: standard preoperative management consisting of ordering an insulin sliding scale or no inter-
vention unless blood glucose exceeded 200 mg/dL

Postoperatively, intervention and control recipients were placed on an insulin infusion (existing
protocol already approved by the medical centre for use on standard medical-surgical wards) that
targeted blood glucose levels of 100 mg/dL to 180 mg/dL. This infusion was continued for 24 hours
postoperatively. After 24 hours of the infusion, the primary transplant team was given complete
control over glucose management

Who provided Primary transplant team, anaesthesia team, nephrology team, research team

How (mode of delivery; indi- Individual, face to face
vidual or group)

Where Pre-operatively and during surgery
When and how much Intervention was delivered 1 time during perioperatively period
Tailoring Adapted by insulin scale if blood glucose was > 200 mg/dL (not personalised)

Modification of intervention —
throughout the trial

Strategies to improve or main-  —
tain intervention fidelity

Extent of intervention fidelity —

Study author Yuan 2015
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Brief name Intensive versus conventional glycaemic management strategies in patients with diabetes receiv-
ing enteral nutrition after gastrectomy
Recipient Adult patients with diabetes who underwent gastrectomy
Why Hyperglycaemia is a stress response to surgery. Early enteral nutrition after upper gastrointestinal

surgical resection has been associated with a significantly shorted length of hospital stay and im-
proved clinical outcomes. Because of the inability to assess the exact amount of glucose absorbed
through the intestines, it is difficult to control blood glucose in patients receiving enteral nutrition.
This study assessed whether intensive glycaemic control was well-tolerated, safe and improved
clinical outcomes in patients with diabetes receiving enteral nutrition after gastrectomy

What (materials)

Intensive group intravenous insulin algorithm and conventional group insulin algorithm

What (procedures)

Intensive glycaemic (IG) management: with continuous insulin infusion to a target blood glucose
concentration 4.4 mmol/L to -6.1 mmol/L (80 mg/dL to 110 mg/dL)

Conventional glycaemic (CG) management: with intermittent bolus insulin to o a target blood glu-
cose concentration <11.1 mmol/L (<200 mg/dL)

Who provided

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Postoperative

When and how much

I: started on intravenous infusion of 0.5 to 1 U/h insulin. Blood glucose was monitored hourly (every
2 to 4 h when stable), with the insulin infusion rate adjusted according to an algorithm.

C: administered insulin subcutaneously every 4 to 6 h, based on the results of bedside glucose
monitoring, with extra injections administered if necessary

Postoperative management: patients were infused with 250 mL of normal saline, starting within 12
h after surgery. Patients received feedings of 20 mL/h SP or TPF (Nutricia) through a naso-jejunal
tube beginning on the first postoperative day, with the rate increasing 10 mL/h as tolerated every
12 to 24 h, to a maximum rate of 80 mL/h.8 The average caloric intake was 25 to 30 kcal/kg/day. Be-
tween the 8th and 10th days, the naso-jejunal tube was removed except for special reasons

Tailoring

Adapted by blood glucose/insulin algorithm

Modification of intervention
throughout the trial

Strategies to improve or main-
tain intervention fidelity

Extent of intervention fidelity

Study author Umpierrez 2015
Brief name GLUCO-CABG trial. Intensive versus conservative glucose control in patients undergoing CABG
Recipient Patients undergoing primary, elective and emergency CABG
Why The optimal level of glycaemic control needed to improve outcomes in patients undergoing car-
diac surgery remains controversial
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What (materials)

Glucommander computer-guided continuous insulin infusion device/algorithm

What (procedures)

I: continuous insulin infusion (Cll) adjusted to maintain a glucose target between 100 mg/dL and
140 mg/dL during ICU admission

C: continuous insulin infusion (Cll) adjusted to maintain a glucose target between 140 mg/dL and
180 mg/dL during ICU admission

After discontinuation of Cll, intervention and control participants were transitioned to a single
treatment protocol aimed to maintain a glucose target of 140 mg/dL before meals during the hos-
pital stay and during the 90 days after discharge

Who provided

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Post surgical holding area and ICU of 3 academic medical centres, including Emory University Hos-
pital, Emory Midtown Hospital, and Grady Memorial Hospital in Atlanta, GA

When and how much

Postoperative and during ICU stay until patient could eat

Tailoring

Adjusted to maintain a glucose target between 100 mg/dL and 140 mg/dL. No tailoring was per-
formed.

Modification of intervention
throughout the trial

Strategies to improve or main-
tain intervention fidelity

Extent of intervention fidelity

Study author Abdelmalak 2013

Brief name Potential anti-inflammatory interventions to reduce perioperative mortality of patients undergoing
major non-cardiac surgery

Recipient Patients undergoing mayor non-cardiac surgery

Why The inflammatory response to surgery may be an important part of the pathophysiology of adverse

outcomes after surgery. Dexamethasone, tight glycaemic control and light anaesthesia may atten-
uate these inflammatory responses.

What (materials)

DeLiT trial intravenous insulin infusion algorithm

What (procedures)

Glucose control began shortly after induction of anaesthesia using pre-designed protocols and
continued through the first 2 hours of post-anaesthesia care unit stay

I: blood glucose concentrations were targeted to 80 mg/dL to 110 mg/dL
C: blood glucose concentrations were targeted to 180 mg/dL to 200 mg/dL

Patients followed the routine of the ICU/hospital ward where they were admitted: hospital ward (70
mg/dL to 150 mg/dL) or critical care unit (80 mg/dL to 120 mg/dL)

Who provided

Clinicians
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How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Operating room

When and how much

The intervention was delivered once during the period between induction of anaesthesia and the
first 2 postoperative hours

Glucose was subsequently managed per routine for the hospital ward (target of 3.9 mmol/L to 8.3
mmol/L 21 (70 mg/dL to 150 mg dL 21)) or critical care unit (target of 4.4 mmol/L 6.7 mmol/L 21 (80
mg/dL to 120 mg dL 21)) to which they were admitted

Tailoring

Modification of intervention
throughout the trial

The intervention was not modified during the course of the study

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Hermayer 2012

Brief name Evaluate the effect of glycaemic control on renal transplantation outcomes: intensive versus stan-
dard control

Recipient Renal transplant candidates who were 18 year of age or greater and who had a DM diagnosis (type
1 and type 2), a fasting blood glucose (BG) over 100 mg/dL per admission screening labs, and a ran-
dom BG over 120 mg/dL per admission screening labs

Why Outcomes from intensive glycaemic control post renal transplant have not been studied

What (materials)

Finger stick BG method using the Precision QID monitor; insulin treatment protocol

What (procedures)

I: BG level checked in the Operating Room (OR) via indwelling venous cannula or finger-stick BG
just before starting the iv insulin infusion. The iv insulin infusion solution was prepared as a mix-
ture of 250 U regular insulin (Novolin Regular) with 250 mg 0.9% NaCl rendering 1 U insulin/mL
saline. The formula was (current BG 60 mg/dL) 0.03 rate of insulin infusion per hour. BG levels were
maintained according to study protocol (70 mg/dL to 110 mg/dL). BG levels were checked every
1to 2 h per study protocol to maintain glycaemic control at 70 mg/dL to 110 mg/dL and were fol-
lowed by the DMS team. The at least 72-h time period started at the beginning of surgery and con-
tinued until 0700 h on postoperative day 3. Experimental participants in the intensive group had all
BG levels checked by the fingerstick BG method using the Precision QID monitor. BG management
followed the iv insulin infusion calculator study protocol (70 mg/dL to 110 mg/dL). After diet con-
sumption, BG levels followed the iv insulin infusion calculator study protocol for the remainder of
the at least 72 h. The doses of insulin were adjusted daily according to protocol. After the 72-h pe-
riod concluded, the intensive group was transitioned to long-acting and rapid-acting sc insulin for
glycaemic control (70 mg/dL to 140 mg/dL).

C: BG levels checked every hour while in the OR via indwelling venous cannula or finger-stick BG
and was treated with rapid-acting sc insulin as needed to aim for target BG levels (70 mg/dL to 180
mg/dL). Control participants had BG levels checked every 4 h while in the postoperative acute care
unit (PACU), treated with long-acting and rapid-acting sc insulin to aim for target BG levels (70 mg/
dL to 180 mg/dL), and were followed by the DMS team. After control participants were transferred
to the transplant unit, BG levels were checked every 4 h and treated with long-acting (neutral pro-
tamine hagedorn insulin or glargine insulin) and rapid-acting (aspart) sc insulin to maintain gly-
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caemic control at 70 mg/dL to 180 mg/dL and were followed by the DMS team. After diet consump-
tion, BG levels were checked before meals, at bedtime and at 0300 h. The doses of insulin were ad-
justed daily according to protocol. It was DMS protocol to maintain glycaemic control at 70 mg/dL
to 180 mg/dL for the remainder of the at least 72 h. Control participants were placed on a regimen
of a minimum of one to two insulin sc injections per protocol at discharge to maintain glycaemic
control at 90 mg/dL to 180 mg/dL.

Who provided

Transplant unit registered nurses and assigned certified diabetes educators of the Diabetes Man-
agement Service (DMS)

How (mode of delivery; indi-
vidual or group)O

Individual, face to face

Where

Operating room, postoperative acute care unit, discharge

When and how much

Tailoring

Adapted by insulin treatment protocol

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-
ty

All study participants received routine nursing care and patient education specific to self-care man-
agement (insulin therapy and BG monitoring) by the transplant unit Registered Nurses and as-
signed Certified Diabetes Educators

Extent of intervention fideli-
ty

Study author Desai 2012

Brief name Strict versus liberal target range for perioperative glucose in patients undergoing CABG

Recipient Patients after first-time isolated CABG

Why Strict glycaemic control increased the incidence of hypoglycaemic events, but did not result in any

significant improvement in clinical outcomes that was achieved with the more moderate control

What (materials)

Glucommander (Gluco Tec, Greenville, SC). Glucose Accu-Chek Advantage with the AccuData GTS/
GTS manufactured by Roche (Basel, Switzerland).

What (procedures)

Maintenance of BG levels according to their randomised arm was started in the ICU using the pro-
grammed Glucommander to adjust the BG level to patients’ assigned range. Hourly BG monitor-
ing was performed with blood obtained from a patient’s arterial line and analysed by point-of-care
testing through Glucose Accu-Chek Advantage with the AccuData GTS/ GTS. BG levels less than 40
mg/dL or greater than 500 mg/dL we sent to the laboratory for further analysis; however, treat-
ment was initiated for low BG if indicated. Patients were maintained on the electronic-based proto-
col of intravenous insulin for a minimum of 72 hours perioperatively.

I: BG maintained at less than 180 mg/dL (121 mg/dL to 180 mg/dL)

C: BG maintained in the range of 90 to less than 120 mg/dL

Who provided

The bedside nurses, the anaesthesiologist, nursing staff

How (mode of delivery; indi-
vidual or group)

Individual, face to face
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Postoperative ICU

When and how much

Maintenance of BG levels according to their randomised arm was started in the ICU. Patients were
maintained on the electronic-based protocol of intravenous insulin for a minimum of 72 hours peri-
operatively.

Tailoring Adapted

Modification of intervention  —

throughout the trial

Strategies to improve or —

maintain intervention fideli-

ty

Extent of intervention fideli- —

ty

Study author Lazar 2011

Brief name Effects of aggressive versus moderate glycaemic control on clinical outcomes in patients with dia-
betes undergoing CABG

Recipient Patients with diabetes mellitus undergoing CABG

Why There is general consensus that tighter glycaemic control improves outcomes in patients with dia-
betes undergoing CABG, but the optimal target for serum glucose levels is unknown. Recent trials
in both ICU and non-ICU patients have raised concerns that more aggressive glycaemic control may
actually result in increased mortality from cardiovascular disease and increases episodes of hypo-
glycaemia.

What (materials) Algorithm for moderate and aggressive glycaemic control

What (procedures) After induction of general anaesthesia, a continuous insulin infusion with 100 units of regular in-
sulinin 100 mL of 0.9% normal saline was initiated at 3 mL/hour and titrated to maintain the tar-
geted glucose level on the basis of the algorithm. The study protocol continued during the periods
of cardiopulmonary bypass and cardioplegic arrest, after the discontinuation of bypass, and for 18
hours in the ICU. After the 18-hour ICU period, patients were transitioned off the insulin drip using
either short- or long-acting insulin agents and ultimately back to their preoperative diabetic reg-
imens maintaining a fasting glucose level of less than 120 mg/dL and 4 PM glucose levels of less
than 180 mg/dL
I: maintaining serum glucose 90 mg/dL to 120 mg/dL using continuous intravenous insulin solu-
tions
C: maintaining serum glucose 120 mg/dL to 180 mg/dL using continuous intravenous insulin solu-
tions

Who provided Clinicians

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Operating room and ICU

When and how much

After induction of general anaesthesia, a continuous insulin infusion with 100 units of regular in-
sulinin 100 mL of 0.9% normal saline was initiated at 3 mL/hour and titrated. After the 18-hour
ICU period, patients were transitioned off the insulin drip using either short- or long-acting insulin
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agents and ultimately back to their preoperative diabetic regimens maintaining a fasting glucose
level of less than 120 mg/dL and 4 PM glucose levels less than 180 mg/dL

Tailoring Titrated: in both moderate and aggressive groups, a continuous insulin infusion of 100 units of reg-

ularinsulin in 100 mL of 0.9% normal saline was initiated at 3 mL/hour and titrated to the target
range using the earlier algorithms

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Cao0 2010

Brief name Intensive versus conventional insulin therapy in patients with type 2 diabetes undergoing D2 gas-
trectomy for gastric cancer

Recipient Adult patients with type 2 diabetes who were to undergo open elective gastrectomy for gastric can-
cer

Why The impact of intensive glucose control on short-term mortality and morbidity in patients with

type 2 diabetes undergoing D2 gastrectomy for gastric cancer is unclear. There has been controver-
sy over Portland safety, increased workload and benefits.

What (materials)

Bedside glucometer (OneTouch Ultra 2, LifeScan) infusion pump (Smiths Medical Instrument Co.,
Zhejiang, China)

Portland protocol for continuous insulin infusion

What (procedures)

I: insulin infusion was started if the blood glucose levels exceeded 6.1 mmol/l and was adjusted to
maintain the blood glucose target between 4.4 mmol/L and 6.1 mmol/L. The infusions were con-
tinued postoperatively until oral intake or enteral nutrition was established, after which the usual
treatment for DM was resumed.

C:insulin infusion was started if the blood glucose level exceeded 12.0 mmol/L and was adjusted to
maintain the blood glucose target between 10.0 mmol/L and 11.0 mmol/L. The infusions were con-
tinued postoperatively until oral intake or enteral nutrition was established, after which the usual
treatment for DM was resumed.

Who provided

Well-trained surgeons, diabetologists and SICU nurses who had extensive experience in blood glu-
cose control

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Surgical intensive care unit (SICU) until oral intake or enteral nutrition was established

When and how much

Fifty IU of regular insulin in 50 mL of normal saline was administered using an infusion pump. The
infusions were continued postoperatively until oral intake or enteral nutrition was established, af-
ter which the usual treatment for DM was resumed.

Tailoring Adapted per protocol. In IG treatment, the insulin infusion was started if the blood glucose levels
exceeded 6.1 mmol/l and was adjusted to maintain the blood glucose target between 4.4 mmol/
L and 6.1 mmol/L. In CG treatment, the insulin infusion was started if the blood glucose level ex-
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ceeded 12.0 mmol/L and was adjusted to maintain the blood glucose target between 10.0 and 11.0
mmol/L.

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-
ty

Extent of intervention fideli-
ty

Study author Glucontrol 2009

Brief name Glucontrol study: tight glucose control by intensive therapy in adult intensive care units
Recipient Adult patients (older than 18 years) admitted to the participating ICUs

Why An optimal target for glucose control in ICU patients remains unclear

What (materials)

Specific glucometer (Accu-Chek Inform, Roche Diagnostics, Mannheim, Germany)

Insulin infusion algorithm in electronic supplementary material on the publication

What (procedures)

Regular human insulin (Actrapid, Novo-Nordisk, DK, 1 IU/mL NaCl 0.9%) was administered by con-
tinuous intravenous infusion (algorithm in electronic supplemental material) via the pumps avail-
able at each site. There was no standardised policy for ICU discharge, nutrition, or for the weaning
of mechanical ventilation. After discharge from the ICU or when the patient was on full oral feed-
ing, intravenous insulin was shifted to subcutaneous administration, according to the standard lo-
cal practice. There was no restriction for any other treatment including nutritional support (enter-
al or parenteral) or intravenous glucose. The vital outcome of the patients was recorded until dis-
charge from the hospital or until the 28th day after ICU admission if the patient was discharged be-
fore this day. In case of readmission for a second ICU stay, only the outcome data of the last stay
was used. BG was measured in arterial or central venous samples when indwelling catheter were in
place, orin samples drawn from the fingertip. The centres were asked to use a blood gas analyser,
or a specific glucometer (Accu-Chek Inform, Roche Diagnostics, Mannheim, Germany) to measure
the glucose concentration and to check BG hourly until the achievement of the target and at least
every 4 h thereafter. Built-in checks of quality parameters were left under the responsibility of the
local laboratories. At least one BG value per day was measured by the hospital central laboratory
on a morning sample (“morning value”) and recorded. The other BG values measured by a blood
gas analyser or by a glucose reader on plasma samples were recorded and used uncorrected for
the adaptation of the insulin infusion rate.

I: maintaining blood glucose target at 4.4 mmol/L to 6.1 mmol/L

C: maintaining blood glucose target at 7.8 mmol/L to 10.0 mmol/L

Who provided

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Twenty-one medico-surgical ICUs (working group on metabolism and nutrition of the European So-
ciety of Intensive Care Medicine)

When and how much

Regular human insulin (Actrapid, Novo-Nordisk, DK, 1 IlU/mL NaCl 0.9%) was administered by con-
tinuous intravenous infusion (algorithm in electronic supplemental material) via the pumps avail-
able at each site. After discharge from the ICU or when the patient was on full oral feeding, intra-
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venous insulin was shifted to subcutaneous administration, according to the standard local prac-
tice.

Tailoring Adapted by insulin treatment protocol

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author NICE SUGAR 2009

Brief name Intensive (i.e. tight) control target of 81 mg/dL to 108 mg/dL or conventional control target of 180
mg/dL or less in critically ill patients

Recipient Patients expected to require treatment in the ICU on 3 or more consecutive days

Why Hyperglycaemia is common in acutely ill patients, including those treated in intensive care units

(ICUs). The occurrence of hyperglycaemia, in particular severe hyperglycaemia, is associated with
increased morbidity and mortality in a variety of groups of patients. The optimal target range for
blood glucose in critically ill patients remains unclear

What (materials)

Arterial catheters and blood gas analysers or laboratory analysers. Acute Physiology and Chronic
Health Evaluation Il (APACHE I1) score (range from 0 to 71, with higher scores indicating more severe
illness).

Sequential Organ Failure Assessment (SOFA, for which scores can range from 0 to 4 for each organ
system, with higher scores indicating more severe dysfunction)

Insulin infusion algorithms accessed through a secure website (https://studies.thegeorgeinsti-
tute.org/nice/)

What (procedures)

I: control target of 81 mg/dLto 108 mg/dL
C: control target of 180 mg/dL or less

Blood glucose levels were managed as part of the normal duties of the clinical staff at the partici-
pating centre guided by treatment algorithms accessed through a secure website.

The trial intervention was discontinued once the patient was eating or was discharged from the ICU
but was resumed if the patient was readmitted to the ICU within 90 days. It was discontinued per-
manently at the time of death or 90 days after randomisation, whichever occurred first.

Who provided

Clinical staff at each participating centre

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

ICUs of 42 hospitals (38 academic tertiary care hospitals and 4 community hospitals)

When and how much

Control of blood glucose was achieved with the use of an intravenous infusion of insulin in saline
guided by treatment algorithms accessed through a secure website.

Tailoring

Titrated when needed to maintain blood glucose concentrations
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Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Subramaniam 2009

Brief name Continuos perioperative insulin infusion decreases major cardiovascular events in patients under-
going vascular surgery

Recipient Patients who were undergoing peripheral vascular bypass surgery, abdominal aortic surgery or ma-
jor lower extremity amputation (above or below the knee)

Why Evidence suggests that hyperglycaemia is an independent predictor of increased cardiovascu-

lar risk. Aggressive glycaemic control in the intensive care decreases mortality. The benefit of gly-
caemic control in noncardiac surgery is unknown.

What (materials)

Continuous insulin infusion protocol and standard intermittent sliding-scale insulin bolus, both
available in the publication (appendix 1 and 2)

What (procedures)

I: using a continuous insulin infusion (ClI) protocol. The target blood glucose concentration was
100 mg/dL to 150 mg/dL. If blood glucose levels exceeded 150 mg/dL, a continuous insulin infu-
sion was initiated. Adjustments to the insulin infusion were determined by both the current blood
glucose concentrations and insulin infusion rates and as specified in the protocol. Most of the tar-
get population resumed oral intake at 48 hours, and they were started on their original antidiabetic
regimen.

C: using a standard intermittent sliding-scale insulin bolus (IIB) protocol.

Who provided

Changes in the insulin infusion rate were made by the anaesthesiologist in the operating room (in-
traoperative) and by the registered nurse in the postanesthetic care unit and vascular intensive
care unit (postoperative)

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

In the operating room and in the postanesthetic care unit/vascular intensive care unit

When and how much

I: Start insulin infusion when blood glucose concentration is greater than 150 mg/dL. All patients
with diabetes received half of their baseline long-acting insulin regimen. No oral hypoglycaemic
drugs were given throughout the study period. All patients had hourly blood glucose checks. Drug:
regular insulin only. Route: by intravenous route only.

C: received half of their long-acting insulin on the morning of surgery. Oral hypoglycaemic drugs
were withheld. The long-acting insulin was reinitiated during the transition period at 48 h. Regular
insulin was used intravenously in the operating rooms at the discretion of the treating anaesthesi-
ologist, as is the standard of care, and in the postoperative period was initiated for blood glucose
greater than 150 mg/dL. All patients received 4-hourly blood glucose checks.

Tailoring Adapted per protocol.
Continuous insulin infusion group: start insulin infusion when blood glucose concentration is
greater than 150 mg/dL. All patients with diabetes received half of their baseline long-acting insulin
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regime. No oral hypoglycaemic drugs were given during the study period. All patients had hourly
blood glucose checks.

Intermittent insulin bolus group: all patients with diabetes received half of their long-acting insulin
on the morning of surgery. Oral hypoglycaemic drugs were withheld. The long-acting insulin was
reinitiated during the transition period at 48 hours. Regular insulin was used intravenously in the
operating rooms at the discretion of the treating anaesthesiologist, as is the standard care, and in
the postoperative period was initiated for blood glucose greater than 150 mg/dL. All patients re-
ceived 4-hourly blood glucose checks

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-
ty

Extent of intervention fideli-
ty

Study author Chan 2009

Brief name Intensive perioperative glucose control does not improve outcomes of patients submitted to open-
heart surgery

Recipient Adults from both genders who were older than 21 years of age and who were undergoing open-
heart cardiac surgery with cardiopulmonary bypass

Why Data provided by recently completed trials reveal that we should regard tight glucose control dur-

ing cardiac surgery as experimental and confine its use to clinical trials.

What (materials)

Glucose meter (Accu Check Advantage, Roche, Manheim, Germany). Glucose analyzer (ABL700, Ra-
diometer Medical A/S, Copenhagen, Denmark). Infusion device (B. Braun, Melsungen, Germany). In-
sulin dose adjusted according to Leuven modified algorithm.

What (procedures)

At the beginning of the study, all patients were kept in intraoperative rooms and were started on
intravenous glucose (8 g to 12 g/h), which was maintained for the first 24 hours after arrival in the
ICU. After 24 hours, patients started a standardised feeding schedule, intended to deliver 20 to 30
nonprotein calories/kg-1/24 h-1 with a balanced composition (0.13 g to 0.26 g nitrogen/kg-1/24
hrs-1 and 20% to 40% of nonprotein calories as lipids) of enteral feeding. All of the patients were
able to receive enteral feeding after surgery. Parenteral nutrition was not prescribed for any pa-
tients in the study.

I: target glucose level between 80 mg/dL to 130 mg/dL
C: target glucose level between 160 mg/dL to 200 mg/dL

Adjustment of the insulin dose was based on the measurements of whole blood glucose in undilut-
ed arterial blood every one to four hours, using a glucose analyser (ABL700, Radiometer Medical A/
S, Copenhagen, Denmark). The dose was adjusted by the intensive care nurses according to a titra-
tion algorithm. These insulin doses were approved by a study physician not involved in the clinical
care of the patients.

Insulin was given exclusively by continuous intravenous infusion through a central venous catheter
using an infusion device (B. Braun, Melsungen, Germany). The standard concentration was 100 IU
of Actrapid HM (Novo Nordisk, Copenhagen, Denmark) in 100 mL of 0.9% NacCl. Prepared solutions,
which were stable for up to 12 hours when kept at < 25 °C, were not to be used beyond that time.
During the intraoperative period and during the first 24 hours after admission to the ICU, measure-
ment of blood glucose was advised every 1 to 2 hours until the targeted level of blood glucose was
achieved. Thereafter, blood glucose was measured every 4 hours, unless dramatic decreases or
increases in the blood glucose level occurred. In these cases, hourly control was performed after
each dose adjustment.
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Adequate administration of the prescribed nutrients was emphasised. Intravenous glucose-con-
taining solutions were administered by an infusion pump to avoid fluctuation of blood glucose lev-
els and frequent adjustment of the insulin dose. At the time of planned interruptions of feeding, the
insulin dose was proportionately reduced to avoid hypoglycaemia. Hence, in a patient receiving
total enteral nutrition, insulin was virtually stopped during the twice daily, 2-hour interruptions of
tube feeding. In some patients, however, including those with diabetes and those requiring insulin
before ICU admission, a low maintenance dose was needed during that time. At the time of patient
transportation to an investigation or to the operating room for surgery, all intravenous and enter-
al administration of feeding was halted, and insulin infusion was temporarily discontinued. The
blood glucose level was measured to ensure that it was adequate before transport. Whenever a pa-
tient was extubated and allowed to initiate a limited intake of oral foods, the intravenous or tube
feeding was usually reduced to allow the patient’s appetite to return. The insulin dose was propor-
tionately reduced and often temporarily discontinued.

Who provided

Intensivists and ICU nurses

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Intraoperative room, surgery, ICU

When and how much

One time during surgery and ICU

Tailoring

Titrated. Dose adjustments were always proportionate to the observed change in blood glucose.
When blood glucose decreased by > 50%, the dose of insulin was reduced to half, and the blood
glucose level was checked within the next hour. When blood glucose was 60 mg/dL to 80 mg/dL,
insulin was reduced depending on the previous blood glucose level, and the blood glucose level
was checked again within the next hour. When blood glucose was 40 mg/dL to 60 mg/dL, insulin in-
fusion was stopped, an adequate baseline glucose intake was ensured, and the blood glucose lev-
el was checked within the next hour. When the blood glucose was <40 mg/dL, insulin infusion was
stopped, an adequate baseline glucose intake was ensured, glucose was administered via 10 g in-
travenous boluses, and the blood glucose level was checked within the next hour. When blood glu-
cose started to decrease within the normal range in a stable patient, recovery of insulin sensitivi-
ty was assumed, and the insulin dose was reduced by 20%. Additional blood glucose controls were
advised whenever changes in body temperature or infection occurred

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author De La Rosa 2008

Brief name Effect of intensive insulin therapy compared with standard therapy in patients hospitalised in a
mixed ICU

Recipient Patients aged 15 years or older admitted to the ICU at the Hospital Pablo Tobdn Uribe with an ex-
pected ICU stay of at least 2 days

Why It remains unclear if intensive insulin therapy is equally efficacious in both medical and surgical pa-

tients

What (materials)

Continuous infusion pump. A point-of-care glucometer (MediSense Optium, Abbot Laboratories
MediSense Products Bedford, MA, USA).
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Insulin therapy protocol in additional files 1 and 2 of the publications

What (procedures)

The standard concentration of insulin was 100 units in 100 mL of 0.9% saline solution.

I: insulin infusion was started when blood glucose levels exceeded 110 mg/dL, and was adjusted to
maintain a glucose level of between 80 mg/dL and 110 mg/dL (4.4 mmol/L to 6.1 mmol/L). Blood
glucose levels were measured in undiluted arterial blood. Undiluted samples were obtained by re-
moving at least 4 times the flush-volume in the line between the sampling point and the arterial
puncture site before the actual sample was taken or, when an arterial catheter was not available,
in capillary blood with the use of a point-of-care glucometer. Glucose levels were determined with
a glucometer at admission to ICU. They were repeated every 1, 2 and 4 hours if the patient had in-
sulin infusion, and every 4 and 6 hours if no insulin was required according to the algorithm.

C:insulin infusion was started when glucose levels exceeded 215 mg/dL and was adjusted to main-
tain blood glucose levels between 180 mg/dL and 200 mg/dL (10.0 mmol/L to 11.1 mmol/L)

Who provided

ICU nurse

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

ICU

When and how much

Glucose levels were determined with a glucometer at admission to ICU. They were repeated every
1,2 and 4 hours if the patient had insulin infusion, and every 4 and 6 hours if no insulin was re-
quired according to the algorithm

Tailoring

Titration of insulin. A protocol (original paper) managed by the ICU nurses, was used for the adjust-
ment of the insulin dose. Protocols were consistently followed throughout the patient's whole ICU
stay.

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Gandhi 2007

Brief name Intensive intraoperative insulin therapy versus conventional glucose management during cardiac
surgery

Recipient Adults with and without diabetes who were undergoing on-pump cardiac surgery

Why Intensive insulin therapy used to maintain normoglycaemia during intensive care after cardiac

surgery improves perioperative outcomes. Its effect during cardiac surgery is unknown.

What (materials)

Double P Modular System (Roche Diagnostics, Indianapolis, Indiana). Accu-Check Inform blood glu-
cose monitoring system (glucometer) (Roche Diagnostics).

What (procedures)

I: continuous intravenous insulin infusion, 250 units of NovoLin R (Novo Nordisk, Princeton, New
Jersey) in 250 mL of 0.45% sodium chloride, when their blood glucose levels exceeded 5.6 mmol/L
(> 100 mg/dL). We adjusted the infusions to maintain blood glucose levels between 4.4 (80 mg/dL)
and 5.6 mmol/L (100 mg/dL). We adjusted the dose according to a standardised algorithm used by
anaesthesiologist.
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C: did not receive insulin during surgery unless their glucose levels exceeded 11.1 mmol/L (= 200
mg/dL). If glucose concentration was between 11.1 (200 mg/dL) and 13.9 mmol/L (250 mg/dL), pa-
tients received an intravenous bolus of 4 units insulin every hour until the glucose concentration
was less than 11.1 mmol/L (<200 mg/dL). If the intraoperative glucose concentration was greater
than 13.9 mmol/L (> 250 mg/dL), patients received an intravenous infusion of insulin that was con-
tinued until the glucose level was less than 8.3 mmol/L (< 150 mg/dL)

Postoperative period: intravenous insulin infusion was started in patients in the conventional
treatment group on their arrival in the ICU. Thereafter, both study groups were treated identical-
ly, with the intravenous insulin infusion rates adjusted by a nursing staff that was not involved with
the study according to a standard protocol. During the first 24 hours after surgery, patients were
given only clear liquids by mouth; we did not administer subcutaneous insulin or oral diabetic
medications during this time.

Who provided

Anaesthesiologist in the operating room and nursing staff in the ICU

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Operating room

When and how much

I: the infusions were adjusted to maintain blood glucose levels between 4.4 mmol/L (80 mg/dL) and
5.6 mmol/L (100 mg/dL). Dose was adjusted according to a standardised algorithm used by anaes-
thesiologist.

C: patients did not receive insulin during surgery unless their glucose levels exceeded 11.1 mmol/L
(>200 mg/dL). If glucose concentration was between 11.1 (200 mg/dL) and 13.9 mmol/L (250 mg/
dL), patients received an intravenous bolus of 4 units insulin every hour until the glucose concen-
tration was less than 11.1 mmol/L (< 200 mg/dL). If the intraoperative glucose concentration was
greater than 13.9 mmol/L (> 250 mg/dL), patients received an intravenous infusion of insulin that
was continued until the glucose level was less than 8.3 mmol/L (< 150 mg/dL).

Tailoring

We adjusted the dose according to a standardised algorithm used by anaesthesiologist

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Li 2006

Brief name Glucometer-guided insulin (GGI) versus continuous insulin infusion (Cll) in postoperative patients
with diabetes

Recipient People with diabetes who were undergoing CABG for the 1st time

Why Postulating that continuous insulin infusion would provide better control of postoperative blood

glucose levels

What (materials)

Insulin infusion protocol modified from the Portland protocol

What (procedures)

I: continuous insulin infusion (Cll) group. The ClI protocol (Appendix published in the original pa-
per) used in this group was modified from the Portland protocol. Insulin was initiated and the
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dosage titrated according to the results of glucose testing to maintain the blood glucose between
the desired target levels.

C: glucometer-guided insulin (GGI) group received subcutaneous insulin injections (Humulin® R, Eli
Lilly and Company; Indianapolis, Ind) every 2 hours in an attempt to maintain blood glucose lev-
els between 150 and 200 mg/dL. The dose of insulin was adjusted on the basis of each patient’s re-
sponse to the previous insulin injection.

When 2 consecutive measurements showed that the target glucose level was attained, the frequen-
cy of GGl injections was decreased to once every 4 hours. When the patients began eating, the fre-
quency of injections was changed to 4 times per day (before every meal and at bedtime). Given
continuing stability in glucose-level readings, the patient’s usual preoperative glucose-control regi-
men was resumed 5 days after the operation.

Who provided

How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

ICU

When and how much

Tailoring

Insulin was titrated according to the results of glucose testing to maintain the blood glucose be-
tween the desired target levels

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Lazar 2004

Brief name Tight glycaemic control (serum glucose 125 mg/dL to 200 mg/dL) with glucose-insulin-potassium
(GIK) versus standard therapy (serum glucose > 250 mg/dL) in people with diabetes undergoing
CABG

Recipient Patients with diabetes mellitus undergoing primary or preoperative CABG performed on cardiopul-
monary bypass

Why There is now evidence to suggest that achieving tighter glycaemic control in people with diabetes

during acute coronary syndromes improves survival

What (materials)

What (procedures)

I: patients received an infusion through a central line consisting of 500 mL D5W with 80 U of regu-
lar insulin and 40 mEq of KCl infused at 30 mL/h, prepared by a research pharmacist. The GIK was
started just before anaesthetic induction and continued until cardiopulmonary bypass was insti-
tuted. It was then discontinued and restarted after the aorta was unclamped and continued for 12
hours after arrival in the Intensive Care Unit (ICU). Blood glucose and K were monitored every hour.

C: Patients in the No-GIK group received D5W infused at 30 mL/h. Blood glucose and K were also
monitored every hour, and the scale shown in original paper (Table 2) was used to administer sub-
cutaneous insulin. After the 18-hour study period, patients resumed their preoperative diabetic
regimens (oral agents or insulin) titrated to keep blood glucose 200 mg/dL
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How (mode of delivery; indi-
vidual or group)

Individual, face to face. Follow-up was obtained by directly by telephone.

Where

Operating room and ICU

When and how much

The intervention was started just before anaesthetic induction and continued until cardiopul-
monary bypass was instituted. It was discontinued and restarted after the aorta was unclamped
and continued for 12 hours after arrival in the ICU.

Tailoring

Adjustments in the rate of GIK infusion via protocol

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-

ty

Extent of intervention fideli-
ty

Study author Rassias 1999

Brief name Standard insulin therapy (SIT group) versus aggressive insulin therapy (AIT group) in coronary
artery bypass surgery of people with diabetes

Recipient Patients with diabetes scheduled to undergo elective cardiac surgery with cardiopulmonary by-
pass

Why To examine the effect of aggressive insulin therapy on polymorphonuclear neutrophils | (PMN)

function in patients with diabetes undergoing cardiac surgery

What (materials)

Glucose levels were checked using an automated device (AccuDataTMGTS; Boehringer Mannheim
Corporation, Indianapolis, IN)

Insulin infusion according to modified from Zerr et al. PMNs were isolated over Polymorphprep™
per the manufacturer's directors. Suspension concentrations were determined using a model JT
Coulter Counter (Beckman Coulter, Inc., Fullerton, CA).

Insulin administration according to a schedule detailed on the publication

What (procedures)

I: glucose levels were checked 1 hour before surgery and then repeated intraoperatively. Patients
were started on an insulin infusion according to the protocols modified from Zerr et al. Further in-
sulin was titrated according to the protocol.

Postoperative insulin therapy was not controlled by the study protocol and consisted of an IV infu-
sion of insulin as directed by the protocol of Zerr et al

C: glucose levels were checked 1 hour before surgery and then repeated intraoperatively. IV regular
insulin was administered according to the schedule published in the original paper. For high glu-
cose levels (> 450 mg %), an infusion of insulin was started after an IV bolus of 13 U. The infusion
was started at 4 U/h and titrated hourly.

Who provided
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How (mode of delivery; indi-
vidual or group)

Individual, face to face

Where

Operating room of Dartmouth-Hitchcock Medical Cener

When and how much

Patients who were taking insulin were given one half of their usual subcutaneous NPH insulin
dosage the morning of surgery and started on an infusion of 5% dextrose with 0.45% sodium chlo-
ride solution at 50 mL/h. Oral hypoglycemics were not given the morning of surgery in both groups.

Tailoring

Insulin was titrated according to the protocol

Modification of intervention
throughout the trial

Strategies to improve or
maintain intervention fideli-
ty

Extent of intervention fideli-
ty

Appendix 6. Study endpoints and timing of outcome measurement

Study ID Review's primary and secondary outcomes Timing of outcome measurement
Duncan 2018 Any kind of infectious complication Within 30 days of surgery
All-cause mortality Within 30 days of surgery and 1 year follow-up
Hypoglycaemic episodes Within 30 days of surgery
Adverse events other than hypoglycaemic Within 30 days of surgery
episodes
Cardiovascular events Within 30 days of surgery
Renal failure Within 30 days of surgery
Length of ICU and hospital stay Within 30 days of surgery

Health-related quality of life —

Socioeconomic effects —

Weight gain —
Mean blood glucose during intervention I: every 10 to 15 min throughout surgery
C: every 30 to 90 min throughout surgery
Wallia 2017 Any kind of infectious complication From the day of transplant, at 30 days and at 1 year
after transplant
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All-cause mortality From the day of transplant to 1 year after transplant

Hypoglycaemic episodes During the initial post transplant hospital admission

Adverse events other than hypoglycaemic During the initial post transplant hospital admission

episodes

Cardiovascular events —

Renal failure —

Length of ICU and hospital stay Length of ICU and hospital stay after transplantation

Health-related quality of life —

Socioeconomic effects —

Weight gain —

Mean blood glucose during intervention During intervention (before initiating the insulin in-
fusions and after conversion to subcutaneous in-
sulin). Immediately postoperatively when patients
reached surgical ICU.

Wahby 2016 Any kind of infectious complication 30 days

All-cause mortality Within 30 days of operation

Hypoglycaemic episodes 30 days

Adverse events other than hypoglycaemic —

episodes

Cardiovascular events 30 days

Renal failure 30 days

Length of ICU and hospital stay —

Health-related quality of life —

Socioeconomic effects —

Weight gain —

Mean blood glucose during intervention Hourly

Parekh 2016 Any kind of infectious complication Post transplant hospital stay

All-cause mortality

30 days, 6 months and 1 year

Hypoglycaemic episodes

Every 30 to 45 minutes during operation, frequency
of blood glucose checking before and after opera-
tion not stated
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Adverse events other than hypoglycaemic 30 days, 6 months and 1 year
episodes
Cardiovascular events 30 days, 6 months and 1 year (stroke)
Renal failure
Length of ICU and hospital stay Post transplant hospital stay
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during intervention Preoperative, every 30 to 45 minutes during opera-
tion; allograft reperfusion: 0to 6 h, 6 to 12 h and 12
to24h
Yuan 2015 Any kind of infectious complication Per year (from 2006 to 2014)

All-cause mortality

Per year (from 2006 to 2014)

Hypoglycaemic episodes

Adverse events other than hypoglycaemic
episodes

Cardiovascular events

Renal failure

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Daily during 7 days postoperatively

Umpierrez 2015

Any kind of infectious complication

During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge

All-cause mortality

During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge

Hypoglycaemic episodes

During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge

Adverse events other than hypoglycaemic
episodes

Cardiovascular events

During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge
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During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge

Length of ICU and hospital stay

After discharge

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

During admission, either during ICU, transition to
non-ICU hospital setting, or 90 days after discharge

Abdelmalak 2013

Any kind of infectious complication

Within 30 days of surgery

All-cause mortality

30 days and 1 year

Hypoglycaemic episodes

Hourly during surgery and during the first 2 postop-
erative hours

Adverse events other than hypoglycaemic
episodes

Within 30 days of surgery

Cardiovascular events

Within 30 days of surgery

Renal failure

Within 30 days of surgery

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Intraoperative

Hermayer 2012

Any kind of infectious complication

All-cause mortality

Up to a median of 1.5 years

Hypoglycaemic episodes

Adverse events other than hypoglycaemic
episodes

Cardiovascular events

Renal failure

Within the first 7 days after transplant

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects
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Weight gain —
Mean blood glucose during intervention I: on admission and every 1 hour, 1 to 2 hours per
study protocol
C: every hour during surgery and every 4 hours while
in the recovery room and in the transplant unit. Af-
ter diet consumption BG levels are checked before
meals, at bedtime, and at 03:00 am
Desai 2012 Any kind of infectious complication —
All-cause mortality Within 30 days
Hypoglycaemic episodes 72 hours perioperatively
Adverse events other than hypoglycaemic —
episodes
Cardiovascular events During perioperative time period before discharge
Renal failure —
Length of ICU and hospital stay —
Health-related quality of life Preoperatively
Socioeconomic effects —
Weight gain —
Mean blood glucose during intervention Hourly
Lazar 2011 Any kind of infectious complication During surgery, 18 h after arrival in the ICU and 30

days follow-up

All-cause mortality

30 days after surgery

Hypoglycaemic episodes

Every 30 minutes in the operating room and each
hourin the ICU

Adverse events other than hypoglycaemic
episodes

During surgery, 18 h after arrival in the ICU and 30
days follow-up

Cardiovascular events

During surgery, 18 h after arrival in the ICU and 30
days follow-up

Renal failure

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

The evening before surgery and the day after surgery

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

167



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

(Continued)
Mean blood glucose during intervention Every 30 minutes in the operating room and each
hour in the ICU
Cao 2010 Any kind of infectious complication Daily and 15 and 28 days after surgery

All-cause mortality

Within 28 days of the operation or during the period
of hospital stay

Hypoglycaemic episodes

After surgery to the end of the protocol

Adverse events other than hypoglycaemic 28 days after surgery
episodes

Cardiovascular events —

Renal failure —

Length of ICU and hospital stay 28 days after surgery

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Composite average of all the glucose levels from the
period immediately after surgery to the end of the
protocol.

Glucontrol 2009

Any kind of infectious complication

All-cause mortality

During ICU stay, during hospitalisation and 28 days

Hypoglycaemic episodes Daily
Adverse events other than hypoglycaemic —
episodes

Cardiovascular events Daily

Renal failure

Length of ICU and hospital stay

At discharge from the hospital

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Hourly until the achievement of the target and at
least every 4 h thereafter

NICE SUGAR 2009

Any kind of infectious complication

90 days after randomisation

All-cause mortality

At 28 and 90 days after randomisation
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During intensive care stay

Adverse events other than hypoglycaemic
episodes

During intensive care stay

Cardiovascular events

Renal failure

90 days after randomisation

Length of ICU and hospital stay

90 days after randomisation

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Blood glucose levels measured half-hourly to 2
hourly

Subramaniam 2009

Any kind of infectious complication

Post procedural at hospital discharge

All-cause mortality

During hospital stay and 30 days after surgery

Hypoglycaemic episodes

Blood glucose levels at 4 hours intervals starting
from 4 hours after the procedure and ending at 48
hours

Adverse events other than hypoglycaemic
episodes

During hospital stay

Cardiovascular events

Intra procedural and post procedural at hospital dis-
charge

Renal failure

Before surgery to after surgery

Length of ICU and hospital stay

From the date of surgery to discharge from the hos-
pital

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

Blood glucose monitored every 4 hours (intraopera-
tively) and until 48 hours postoperatively

Chan 2009

Any kind of infectious complication

At discharge and 30 days after surgery

All-cause mortality

30 days after surgery

Hypoglycaemic episodes

At discharge and 30 days after surgery

Adverse events other than hypoglycaemic
episodes

At discharge and 30 days after surgery
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Renal failure

At discharge and 30 days after surgery

Length of ICU and hospital stay

At discharge

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

After arrival in the operating room, immediately af-
ter standard monitoring, anaesthesia induction and
tracheal intubation

Then every hour until the end of the operation. Then
on ICU, hourly until glucose levels stabilised and
then every 2 hours for 36 hours.

De La Rosa 2008

Any kind of infectious complication

During ICU stay

All-cause mortality

In-hospital and 28 days

Hypoglycaemic episodes

During ICU stay

Adverse events other than hypoglycaemic
episodes

During ICU stay

Cardiovascular events

Renal failure

Length of ICU and hospital stay

At discharge

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during intervention

At admission to ICU and if patient had insulin infu-
sion measures were repeated at 1, 4 and 6 hours and
every 4 and 6 hours if no insulin was required

Gandhi 2007

Any kind of infectious complication

In hospital and post discharge (up to 30 days after
surgery)

All-cause mortality

In hospital and post discharge (up to 30 days after
surgery)

Hypoglycaemic episodes

Intraoperative every 30 minutes and postoperative
every 1to 2 hours

Adverse events other than hypoglycaemic
episodes

In hospital and post discharge (up to 30 days after
surgery)
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Cardiovascular events In hospital and post discharge (up to 30 days after
surgery)
Renal failure In hospital and post discharge (up to 30 days after
surgery)
Length of ICU and hospital stay At discharge of ICU and hospital
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during intervention Intraoperative every 30 minutes and postoperative
every 1to 2 hours
Li 2006 Any kind of infectious complication During 5 days after surgery
All-cause mortality During 5 days after surgery
Hypoglycaemic episodes —
Adverse events other than hypoglycaemic During 5 days after surgery
episodes
Cardiovascular events During 5 days after surgery
Renal failure During 5 days after surgery
Length of ICU and hospital stay Length of ICU stay after surgery
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during intervention 24-hour period during 5 days after surgery
Lazar 2004 Any kind of infectious complication 30 days postoperatively and long term follow-up (5

y)

All-cause mortality

30 day postoperatively and long term follow-up (5 y)

Hypoglycaemic episodes

Adverse events other than hypoglycaemic
episodes

Cardiovascular events

Before CABG, immediately on arrival in the ICU and
on postoperative days 1, 2, 5 and 7. Long-term fol-
low-up (5 years).

Renal failure

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)
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: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)
Length of ICU and hospital stay Day of discharge
Health-related quality of life —
Socioeconomic effects —
Weight gain Evening before surgery and at 5:00 am the day after
surgery
Mean blood glucose during intervention Monitored every hour
Rassias 1999 Any kind of infectious complication Immediately before induction of anaesthesia, 1 hour
after surgery and at 8:00am on the first postopera-
tive day

All-cause mortality —

Hypoglycaemic episodes —

Adverse events other than hypoglycaemic —
episodes

Cardiovascular events —

Renal failure —

Length of ICU and hospital stay —

Health-related quality of life —

Socioeconomic effects —

Weight gain —

Mean blood glucose during intervention Every 15 to 30 min during intervention (intraopera-
tive period)

—: not reported

d: day(s); h: hour(s); mo: month(s); NI: not investigated; wk: week(s); y: year(s); ICU: intensive care unit; CABG: coronary artery by-
pass grafting; BG: blood glucose; ICU: intensive care unit.
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Appendix 7. Baseline characteristics (1)

Study ID Intervention(s) Duration of interven- Description of partici- Study peri-  Country Setting Ethnic Duration
and tion/duration of follow-up  pants od groups (%) of diabetes
control(s) (mean

years (SD))

Duncan I: hyperinsuli- Intervention: during surgery  Adults between 18 and 2007-2015 Canada Intraopera- - —

2018 naemic normo- and ICU stay 90 years old scheduled tive
glycaemia for elective coronary

Follow-up: within 30 days of artery bypass grafting,
C:standard ther-  Surgery and lyear all-cause  y3|ye repair or replace- N
apy mortality ment, or a combination
of these procedures with
cardiopulmonary bypass
Wallia 2017 I: intensive Intervention: immediate- Adults between 18 and 2010-2016 USA Postopera- White 69.52 —
ly postoperatively until pa- 80 years old with no pre- tive
tients were stable and had vious liver transplan- Black 7.3a
begun to eat. Mean duration  tation, with a BG level Hispanic
of insulin infusion in hours: >80 mg/dL postopera- 18.3a
56.5+78.6 tively (with or without
diabetes) and with an Asian 1.22
Follow-up: 1 year after expected survival after
transplantation transplantation of > 1 Other 3.72
year
C: moderate White 76.82a
Black 112
Hispanic
8.52
Asian 1.22
Other 2.42

Wahby 2016 I tight glycaemic  Intervention: during oper- 135 participants with di-  2013-2015 Egypt Periopera- - —

control ation until patient weaned abetes planned for CABG tive

C: convention-
al moderate gly-
caemic control

from mechanical ventilation

Follow-up: 30 days after dis-
charge

surgery
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(Continued)
Parekh 2016  I: moderately in- Intervention: Preoperative-  Adult people with dia- 2012-2014 USA Periopera- Caucasian: 18.6 (11)
tense control ly, intra operatively and 24 h  betes undergoing de- tive 6.9
postoperatively ceased donor renal ) )
transplant Hispanic:
Follow-up: 30 days, 6 37.9
months, and 1 year
Black: 10.3
Islander:
44.8
C: standard glu- Caucasian: 21.1(9.9)
cose control 16.7
Hispanic:
433
Black: 20
Islander: 20
Yuan 2015 I: intensive gly- Intervention: — Adult patients with type ~ 2006-2014 China Postopera- — 6.2 (0.4)
caemic (IG) man- 2 diabetes mellitus un- tive
agement Follow-up: — dergoing gastrectomy
for gastric tumours
C: conventional — 5.8 (0.7)
glycaemic (CG)
management
Umpierrez I: intensive group  Intervention: postoperative,  Patients with and with- — USA Postopera- White: 68~ 10.9 (8.8)*
2015 during ICU stay out diabetes undergoing tive
primary, elective, and Black: 27
Folloyv-up.: 90 days after emergency CABG who Other: 5*
hospital discharge experienced periopera- er:
] tive hyperglycaemia ]
C: conservative White: 71* 10.8 (10.1)*
control
Black: 24*
Other: 5*
Abdelmalak  I:intensive glu- During surgery after induc- Mayor non-cardiac 2007-2010 USA Intraoper- White: 94.4*  10.5(13.45)*
2013 cose manage- tion of anaesthesia and dur-  surgery who were = 40 ative and
ment ing the first 2 postoperative  years old and had an postopera-
hours ASA physical status <4 tive

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



"P17 ‘suos 73 AS)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L £20Z ® y3uAdod

(ma1nay) L198.4ns SuloSaapun sajaqelp yiim ajdoad 10j 1043u0d djwaedf)S annesadoriad

SLT

(Continued)
. F : 1 .
C: conventional ollow up 3(.) days and White: 95.9*  10.6 (13.48)*
year (mortality only)
glucose manage-
ment
Hermayer I: experimental Intraoperatively and 72 h Renal transplant candi- 2008-2010 USA Intraoper- African- —
2012 group postoperatively dates who were 18 years ative and America: 64
) of age or greater and postopera- )
Follow-up: median 1,5 who had a DM diagnosis tive White: 34
years type 1 and type 2
(typ ype2) Other: 2
C: control group African- —
American:
57
White: 37
Other: 6
Desai 2012 I: liberal blood Intervention: patients were Participants with and — USA Postopera- White: 82* —
glucose control maintained on the electron-  without diabetes with tive )
ic-based protocol of intra- BG > 150 mg/dL under- Asian: 11
venous insulin for a mini- going CABG Afrlca.n—
mum of 72 hours American:
5*
Follow-up: 30 days for all- Hispanic: 2*
cause mortality
C: strict blood White: 81* —
glucose control Asian: 16*
African-
American:
3*
Hispanic: 0*
Lazar 2011 I: aggressive glu-  Intervention: intraoper- Participants with dia- 2009-2011 USA Intraopera-  — —
cose control atively and the initial 18 betes undergoing CABG tive + post-
hours in ICU surgery operative
C: moderate glu- — —
cose control Follow-up: 30 days
Cao 2010 I: intensive in- Intervention: until oral in- Adults with type 2 dia- 2005-2009 China Postopera- — 5.5
sulin therapy take or enteral nutrition was  betes who were to un- tive

established

Follow-up: 28 days

dergo open elective gas-
trectomy for gastric can-
cer
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(Continued)
C: conventional — 6.0
insulin therapy
Glucontrol I: intensive in- Intervention: during ICU Adult participants ad- 2004 Austria, Postopera- — —
2009 sulin treatment stay mitted to the participat- Belgium, tive
o ing ICUs France, Is-
C: intermediate Follow-up: unt.ll dlscharge rael, Slove- _ _
glucose control from the hospital or uptll 28 nia, Spain,
days after ICU admission The Nether-
lands
NICE SUGAR  Il:intensive in- Intervention: during ICU Participants undergo- 2004-2008 Australia, Postopera- — —
2009 sulin therapy stay (if not eating) ing medical and surgical Cana- tive
treatment admitted to da, New
C: conventional Follow-up: 90 days the ICU Zealand, _ _
insulin therapy USA
Subramani-  I:intensive in- Intervention: 48 h after the Adult participants un- — USA Intraopera-  — —
am 2009 sulin therapy start of surgery dergoing peripheral vas- tive + post-
) cular bypass surgery, ab- operative
C: conventional Follow-up: until 30 days dominal aortic surgery . .
insulin therapy or major lower extremity
amputation
Chan 2009 I: intensive in- Intervention: during surgery  Adults undergoing car- — Brazil Intraopera-  — —
sulin therapy and for 36 hours after diac surgery with car- tive + post-
surgery in the intensive care  diopulmonary bypass operative
C: conventional unit
insulin therapy
Follow-up: 30 days for all-
cause mortality
De La Rosa I: intensive in- Intervention: during ICU Participants =2 15 years 2003-2005 Colombia Postopera- - —
2008 sulin therapy stay old admitted to the ICU, tive
non-cardiovascular
C: conventional Follow-up: 28 days surgeries — -
insulin therapy
Gandhi2007  I:intensive in- Intervention: during the Adults undergoing on- 2004-2005 USA Intraopera-  White: 962 —
sulin therapy surgery pump cardiac surgery tive
C: conventional Follow-up: 30 days White: 962 -

insulin therapy
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(Continued)
Li 2006 I: continuous in- Intervention: during 5 days Participants with dia- 2001-2003 Republic of Postopera-
sulin infusion immediately after surgery betes who underwent China, Tai- tive
CABG wan
C: glucome- Follow-up: —
ter-guided insulin
Lazar 2004 I: tight glycaemic  Intervention: during surgery  Participants with dia- — USA Intraopera-
control with GIK (discontinued and restart- betes mellitus undergo- tive + post-
ed after the aorta was un- ing primary or reopera- operative
C:standard ther-  clamped) and continued for  tive CABG performed on
apy 12 h after arrivalin the ICU cardiopulmonary bypass
Follow-up: 30 days and 5
years
Rassias 1999  I: aggressive in- Intervention: during surgery  Participants with dia- 1996-1997 Lebanon, Intraopera-
sulin therapy and on the first postopera- betes scheduled to un- USA tive

C: standard in-
sulin therapy

tive day

Follow-up: —

dergo elective cardiac
surgery with cardiopul-
monary bypass

—: denotes not reported
*denotes data provided by study authors

adata from total study population

ASA: American Society of Anesthesiologists; BG: blood glucose; CABG: coronary artery bypass graft; CPB: cardiopulmonary bypass; ICU: intensive care unit; GIK: glucose-in-
sulin-potassium.
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Appendix 8. Baseline characteristics (1)

Study ID Interven- Sex Age HbA1lc BMI Co-medications/Co- Co-morbidities
tion(s) and (female %) (mean (mean % (mean kg/ interventions (% of participants)
compara- years (SD)) (SD) m? (SD)) (% of participants)
tor(s)
Duncan I: hyperin- 272 66 (11)a - 28.5(5.7)2 ACE inhibitor: (39)a Diabetes: (32)2
2018 sulinaemic Antiarrhythmic: (8)a
normogly- R-blocker: (63)a COPD/asthma: (16)2
caemia Calcium blocker: )
Pulmonary hypertension: (15)2
(19)2
Cox-2 inhibitor: (2)a Stroke: (6)2
Statin: (69)2
Steroid: (5)2 Hypertension: (67)2
Diabetic medication:  Heart failure: (21)2
(30)2
Myocardial infarction: (28)2
« Sulfonylureas or
meglitinides: (8) Dialysis: (1)@
« Biguanides (met- . . na
formin): (20) Peripheral vascular disease: (7)
. Thiazolidine- Smoking: (29)3
diones: (3)
o Insulin: (11) ASA physical status:2
11: (0)
111: (49)
IV: (5)
V: (0)
C:standard 262 66 (11)2 - 28.3(5.4)2 ACE inhibitor: 372 Diabetes: (34)2
therapy Antiarrhythmic: (10)2  COPD/asthma: (12)a

3-Blocker: (64)2
Calcium blocker:
(21)a

Cox-2 inhibitor: (0)a
Statin: (69)2
Steroid: (3)2

Pulmonary hypertension:(14)2
Stroke: (15)2

Hypertension: (79)2

Heart failure: (19)2

Myocardial infarction: (24)a
Dialysis: (1)@

Peripheral vascular disease: (6)2
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(Continued)
Diabetic medication Smoking: (25)2
(29):a ASA physical status:2
« Sulfonylureas or |I:(0)
meglitinides (9) I11: (49)
« Biguanides (met- IV:(51)
formin) (19) V: (0)
« Thiazolidine-
diones (2)
« Insulin (10)
Wallia 2017 I: intensive 23* 57.8 (6.06)* — 32.0 (6.5)* — —
(140)
C: moderate  26* 60.4 (5.5)* — 30.5 (6.85)*
(180)
Wahby 2016 I: tight gly- 18 (26.87) 54.99 (6.49) — — — Hypertension: (80.6)
caemic con-
trol Renal dysfunction: (7.5)
Cerebrovascular accident: (4.5)
Myocardial infarction: (35.8)
C: conven- 22 (32.35) 56.40 (7.79) Hypertension: (77.9)
tional mod-
erate gly- Renal dysfunction: (4.4)
,f:‘oelmlc con- Cerebrovascular accident: (2.9)
Myocardial infarction: (32.3)
Parekh 2016 I: moderate- 10 (33) 60.9 (9.1) 6.5(1.2) 27.33 (4.19) Insulin: (56.7) —
ly intense Oral agents: (20)
control None: (23.3)
C: standard 10 (33) 60.7 (11) 6.7 (1) 29.23 (6.24) Insulin: (56.7) —
glucose con- Oral agents: (23.3)
trol None: 20
Yuan 2015 I: intensive 60 (56.6) 60.5 (13.2) 8.0 (0.6) 22.1(2.5) Insulin: 71 (67) Respiratory disfunction: (5.7)
glycaemic Cardiovascular disfunction: (15.1)
(IG) man- Oral agents: 25(23.6)  Ljver disfunction: (2.8)
agement Renal disfunction: (0.9)

None: 10 (9.4)

0

q!
(o]

Kiea
aueayd

‘yyeay 19199
*SUOISII3P pawioju]
2JUapING pajshay

SM3IADY J13BWSISAS JO seqeleq auelyd0)



"P17 ‘suos 73 AS)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L £20Z ® y3uAdod

(ma1nay) L198.4ns SuloSaapun sajaqelp yiim ajdoad 10j 1043u0d djwaedf)S annesadoriad

08T

(Continued)
Cerebrovascular disease: (1.9)
C: conven- 65 (61.3) 61.1(13.5) 7.9(0.5) 21.6 (2.0) Insulin: 67 (63.2) Respiratory disfunction: (7.5)
tional gly- Cardiovascular disfunction: (14.2)
caemic (CG) Oral agents: 30 (28.3)  [jver disfunction: (3.8)
manage- Renal disfunction: (1.9)
ment None: 9 (8.5) Cerebrovascular disease: (1.9)
Umpierrez I: intensive 29 (38)* 65.2 (9.1)* 8.2 (2.0)* 32.9(8.0)* No antidiabetic Previous smoking: (42)2
2015 group agents: (9)2 Current smoking: (23)2
Oral agents: (45)a Dyslipidaemia: (86)2
Insulin alone: (20)2 Hypertension: (94)a
Insulin + oral agents:
(26)2
C:conserva- 20 (27)* 62.8 (9.1)* 7.8(2.0)* 32.1(7.3)* No antidiabetic Previous smoking: (51)2
tive control agents: (7)2 Current smoking: (33)2
Oral agents: (48)2 Dyslipidaemia: (81)a
Insulin alone: (20)2 Hypertension: (91)2
Insulin + oral agents:
(25)2
Abdelmalak I: intensive 39* 68.1(10.6)* 8(2.21)* 29.2 (6.62)* — Any type of co-morbidities: 94.4*
2013 glucose
manage-
ment
C: conven- 25* 66.9(9.85)* 7.7 (1.48)* 29.5(6.66)* — Any type of co-morbidities: 89.9*
tional glu-
cose man-
agement
Hermayer I: exper- 32 58 (9.8) 7(1.8) — — Hyperlipidaemia: 45
2012 imental
group Hypertension: 95

Cardiovascular disease: 39
Previous myocardial infarction:11
Congestive heart failure: 9

Atrial fibrillation: 9

Cerebrovascular events: 11
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(Continued)
Vascular disease: 25
C: control 29 56.3 (9.6) 7.2(1.7) — — Hyperlipidaemia: 49
group
Hypertension: 100
Cardiovascular disease: 33
Previous myocardial infarction: 10
Congestive heart failure: 14
Atrial fibrillation: 12
Cerebrovascular events: 12
Vascular disease: 31
Desai 2012 I: liberal 25* 62.7 (9.4)* 7.4(1.3)* 33.5(8.5)* Aspirin: 942 Hypertension: 862
blood glu- Congestive heart failure: 92
cose control Beta-blockers: 932
ACE/ARB inhibitors:
472
Lipid-lowering med-
ications: 942
C: strict 14* 62.6 (10.6)*  7.9(1.5)* 31.2(7.4)* Aspirin: 922 Hypertension: 82
blood glu- Congestive heart failure: 132
cose control Beta-blockers: 852
ACE/ARB inhibitors:
51a
Lipid-lowering med-
ications: 922
Lazar 2011 I: aggressive 20 63 (9) 8.4 (1.5) — (1) Insulin: 38 (1) Angina class IV: 33
glucose con-
trol (2) Oral diabetic (2) Congestive heart failure: 13

medication: 52

(3) Insulin and oral

diabetic medication:

5

(3) Myocardial infarction: 57
(4)Hypertension: 93

(5) Left main disease: 15
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(Continued)
(4) hyperlipidaemia
medication: 100
(5) B-blockers: 100
(6) Statins: 100
(7) ACE inhibitors: 60
C: moderate 38 65 (9) 8.3(1.5) — (1) Insulin: 31 (1) Angina class IV: 33
glucose con-
trol (2) Oral diabetic (2) Congestive heart failure: 14
medication: 48
(3) Myocardial infarction: 57
(3) Insulin and oral )
diabetic medication: ~ (4) Hypertension: 100
11
(5) Left main disease: 21
(4) hyperlipidaemia
medication: 100
(5) B-blockers: 100
(6) Statins: 100
(7) ACE inhibitors: 59
Cao 2010 I: intensive 70 58.2 (6.3) 7.5(0.7) 21.1(2.0) (1) Insulin treatment:  Hypertension: 18.5
insulin ther- 65.2
apy Coronary artery disease: 2.2
(2) Oral agents: 27.2
Cardiac insufficiency: 7.6
Pulmonary disease: 4.3
Renal insufficiency: 1
Liver insufficiency: 4.3
Any preoperative co-morbidity: 38.0
C: conven- 66 59.4 (7.3) 7.3(0.6) 22.2(2.6) (1) Insulin treatment:  Hypertension: 17.2
tionalin- 72.4
sulin thera- Coronary artery disease: 1.1
py (2) Oral agents: 21.8

Cardiac insufficiency: 5.7

Pulmonary disease: 5.7
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(Continued)
Renal insufficiency: 2.3
Liver insufficiency: 3.4
Any preoperative co-morbidity: 35.6
Glucontrol I: inten- 31* 66 (14)* — 29.8 (5)* Vasopressors/in- —
2009 sive insulin otropes: 37.52
treatment
C:interme- 42* 67 (10)* — 28.9 (4.7)* Vasopressors/in- —
diate glu- otropes: 40.22
cose control
NICE SUGAR I: intensive 41* 65.4 (12.2)* — 30.8 (7.4)* Corticosteroid treat- (1) Respiratory dysfunction: 40.32
2009 insulin ther- ment: 34.62
apy (2) Respiratory failure: 512
(3) Coagulatory dysfunction: 31.72
(4) Coagulatory failure: 4.32
(5) Hepatic dysfunction: 29.62
(6) Hepatic failure: 2.52
(7) Cardiovascular dysfunction: 19.42
(8) Cardiovascular failure: 57.32
(9) Renal dysfunction: 352
(10) Renal failure: 8.42
(11) Diabetes: 20.42
C: conven- 31* 65.4 (12.4)* — 30.9 (8.3)* Corticosteroid treat- (1) Respiratory dysfunction: 40.9a
tionalin- ment: 31.72
sulin thera- (2) Respiratory failure: 50.92
py

(3) Coagulatory dysfunction: 29.22
(4) Coagulatory failure: 4.62
(5) Hepatic dysfunction: 29.82

(6) Hepatic failure: 1.82
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(Continued)
(7) Cardiovascular dysfunction: 20.42a
(8) Cardiovascular failure: 56.32
(9) Renal dysfunction: 362
(10) Renal failure: 7.72
(11) Diabetes: 19.82
Subramani- I intensive 4]a 67(10)a 30(8)a (1) Statin: 672 (1) Diabetes: 542
am 2009 insulin ther-
apy (2) Aspirin: 852 (2) Hypertension: 812
(3) ACE inhibitor: 562 (3) CAD: 512
(4) B-blocker: 732 (4) CHF: 112
(5) Insulin: 652 (5) CABG: 212
(6) Metformin: 152 (6) CRF: 132
(7) Glyburide: 372 (7) Stroke: 82
(8) COPD: 202
C: conven- 463 71(11) 28 (8) (1) Statin: 572 (1) Diabetes: 532
tional in-
sulin thera- (2) Aspirin: 842 (2) Hypertension: 782
py
(3) ACE inhibitor: 572 (3) CAD: 582
(4) B-blocker: 802 (4) CHF: 92
(5) Insulin: 532 (5) CABG: 302
(6) Metformin: 192 (6) CRF: 122
(7) Glyburide: 302 (7) Stroke: 92
(8) COPD: 252
Chan 2009 I intensive 57a 57 (12)2 24 (3.4)2 — -
insulin ther-
apy
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(Continued)
C: conven- 432 58 (12)2 - 26 (4.9)a - -
tional in-
sulin thera-
py
De La Rosa I: intensive 42a 59.4 (14.6)* — 26.6 (5.0)* — (1) History of diabetes: 322
2008 insulin ther-
apy (2) History of cirrhosis: 92
(3) History of heart failure: 62
(4) History of kidney failure: 102
(5) History of cancer: 152
C: conven- 38a 73.5(12.0)* — 21.9(4.3)* — (1) History of diabetes: 292
tional in-
sulin thera- (2) History of cirrhosis: 72
py
(3) History of heart failure: 32
(4) History of kidney failure: 162
(5) History of cancer: 92
Gandhi 2007 I intensive 282 63 (15)2 7(2)2 30 (6)2 Insulin: 222 Diabetes: 202
insulin ther-
apy Oral diabetic med- Chronic renal failure: 12
ication: 542
History of myocardial infarction: 112
Insulin and oral dia-
betic medication: 162  Stroke or transient ischaemic attack:
11a
Angiotensin-convert-
ing enzyme inhibitor:  ASAIl: 22
352
ASAlll: 882
B-blocker: 522
ASAIV: 102
Antiarrhythmic: 92
Aspirin: 482
C: conven- 34a 63 (16)2 7(2)2 29 (6)2 Insulin: 282 Diabetes: 192
tional in-

Chronic renal failure: 22

feaqny £1
aueiyds’o) =

‘yyeay 1919
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



"P17 ‘suos 73 AS)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L £20Z ® y3uAdod

(ma1nay) L198.4ns SuloSaapun sajaqelp yiim ajdoad 10j 1043u0d djwaedf)S annesadoriad

981

(Continued)
sulin thera- Oral diabetic med- History of myocardial infarction: 162
py ication: 312
Stroke or transient ischaemic attack:
Insulin and oral dia- 72
betic medication: 192
ASAIl: 12
Angiotensin-convert-
ing enzyme inhibitor: ~ ASAIll: 882
392
ASAIV: 112
B-blocker: 552
Antiarrhythmic: 102
Aspirin: 602
Li 2006 I: continu- 39 63.5 25.1 Insulin: (5.9) Smoking: (45.1)
ousinsulin
Infusion Oral hypoglycaemic Hypertension: (84.3)
agents: (86.3)
Congestive heart failure: (56.9)
Diuretics: (17.6)
Renal insufficiency: (9.8)
Inotropic agents:
(7.8) Stroke: (7.8)
Peripheral vascular disease: (3.9)
Chronic obstructive pulmonary dis-
ease: (5.9)
Previous myocardial infarction: (51)
Left main stenosis: (25.5)
C:glucome- 36 63.7 25.4 Insulin: (11.9) Smoking: (40.5)
ter-guided
insulin Oral hypoglycaemic Hypertension: (81.1)

agents: (78.6)
Diuretics: (28.6)

Inotropic agents:
(4.8)

Congestive heart failure: (59.5)
Renal insufficiency: (14.3)
Stroke: (16.7)

Peripheral vascular disease: (2.4)

COPD: (9.5)
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(Continued)
Previous myocardial infarction:
(61.9)
Left main stenosis: (31)
Lazar 2004 I: tight gly- 42 63.7 (1.4) — IV: nitroglycerin Congestive heart failure: (27.7)
caemic con- (31.9)
trol with GIK Myocardial infarction: (70.8)
IV: heparin (58.3)
Hypertension: (77.7)
Insulin: (31.9)
COPD: (8.3)
Oral diabetic med-
ication: (59.7) Left main disease: (19.4)
C:standard 33 63 (1.5) — IV: nitroglycerin Congestive heart failure: (39.1)
therapy (33.3)
Myocardial infarction: (71.0)
IV: heparin (62.3)
Hypertension: (68.1)
Insulin: (27.5)
Chronic obstructive pulmonary dis-
Oral diabetic med- ease:(4.3)
ication: (59.4)
Left main disease: (24.6)
Rassias 1999 I: aggressive 23 64.3(9.3) 27.8(3.4) — —
insulin ther-
apy
C: standard 62 68.4 (7.5) 28.7(3.1) — —
insulin ther-
apy

—: denotes not reported
*denotes data provided by trial authors.

aData from total trial population.

BMI: body mass index; GIK: glucose-insulin-potassium; HbA1lc: glycosylated haemoglobin Alc; SD: standard deviation; CAD: coronary artery disease; CHF: congestive heart
failure; COPD: chronic obstructive pulmonary disease; CRF: chronic renal failure; CABG: coronary artery bypass grafting; ASA: American Society Anaesthesiologists; IV: in-

travenous.
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Appendix 9. Matrix of study endpoints (publications and trial documents)

Study ID

Duncan 2018

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a:¢

Source: NCT00524472

Primary outcome measure(s): any major morbidity/30-day mortality (time frame: within 30 days
post surgery) a composite (any versus none) of the following major postoperative complications
occurring:

1. All-cause postoperative mortality.

2. Failure to wean from cardiopulmonary bypass or postoperative low cardiac index requiring me-
chanical circulatory support with intra aortic balloon counter pulsation, ventricular assist device,
and/or extracorporeal mechanical oxygenation.

3. Serious postoperative infection.

4. Acute postoperative kidney injury requiring renal replacement therapy.

5. New postoperative focal or global neurologic deficit.

Secondary outcome measure(s):

1. Post operative atrial fibrillation (time frame: 15 - 30 days post operative). Evidence suggests that
maintaining intra-operative normoglycaemia during cardiac surgery while providing exogenous
glucose and high-dose insulin may decrease post-operative morbidity or mortality. Using a ran-
domized, controlled design, we propose to test the primary hypothesis that normalization of blood
glucose using a hyperinsulinaemic-normoglycemic clamp technique reduces the risk of a compos-
ite of serious adverse outcomes in patients undergoing cardiac surgery

2. Duration of hospitalisation (time frame: starting post operative day one to discharge from hospi-
tal, on an average of 8 days), days from date of surgery to hospital discharge

3. Duration of intensive care stay (time frame: ICU stay hours during hospital stay after surgery, on
average of 25 hours), hours from date of surgery to discharge from intensive care unit

4. All-cause mortality (time frame: one year post operative): all-cause mortality identified during
one-year follow-up

5. Composite of minor postoperative complications (time frame: within 30 days after surgery):
composite of minor postoperative complications, which includes: a) prolonged mechanical ventila-
tion, b) low cardiac index, c) acute kidney injury, d) prolonged hospitalisation, and all-cause hospi-
tal readmission within 30 days

Other outcome measure(s): —

Trial results available in trial register: yes (last verified: January 19,2021)

Endpoints quoted in publication(s)bs¢

Primary outcome measure(s): all-cause postoperative mortality; failure to wean from cardiopul-
monary bypass or postoperative low cardiac index (less than 1.8 | - min-1 - m-2) requiring mechan-
ical circulatory support with intra-aortic balloon counter-pulsation, ventricular assist device, and/
or extracorporeal mechanical oxygenation; serious postoperative infection including any of the fol-
lowing infectious complications: mediastinitis, sternal wound infection requiring surgical debride-
ment, sepsis, or pneumonia requiring mechanical ventilatory support; acute postoperative kidney
injury requiring renal replacement therapy; and (5) new postoperative focal (aphasia, decrease in
limb function, hemiparesis) or global (diffuse encephalopathy with greater than 24h of severely al-
tered mental status or failure to awaken postoperatively) neurologic deficit.

Secondary outcome measure(s): postoperative atrial fibrillation, defined as the occurrence of
new-onset postoperative atrial fibrillation after cardiac surgery, duration of hospitalisation (days)
and intensive care unit stay (days), and 1-year all-cause mortality
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Other outcome measure(s): mechanical ventilation greater than 72h, low cardiac index (cardiac
index less than 1.8 | - min-1- m-2 despite adequate fluid replacement (lack of haemodynamic re-
sponse to repeated fluid administration of crystalloid or colloid intravascular solutions) and high-
dose inotropic support for greater than 4h), acute kidney injury (increase in creatinine greater than
100%), hospitalisation greater than 30 days, and all-cause hospital readmission within 30 days

Endpoints quoted in abstract of publication(s)b;c

Primary outcome measure(s): composite of 30-day mortality, mechanical circulatory support, in-
fection, renal or neurologic morbidity

Secondary outcome measure(s): —

Other outcome measure(s): —

Wallia 2017

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a:¢

Source: NCT01211730
Primary outcome measure(s): rejection of liver transplant (within 1 year of transplantation)

Secondary outcome measure(s): hypoglycaemia (within first 3 days following transplantation), in-
fection rates (within 1 year following transplantation), re-hospitalisation rates (within 1 year follow-
ing transplantation), overall graft survival at 1 year (1 year following transplantation), death within
1 year (between 1 day and 1 year)

Other outcome measure(s): —

Trial results available in trial register: yes (last verified: January 19,2021)

Endpoints quoted in publication(s)bsc

Primary outcome measure(s): the primary outcome was the number of patients experiencing an
episode of rejection within 1 year after transplantation

Secondary outcome measure(s): the principal secondary outcomes was the number of patients
experiencing an infection within 1 year after transplantation. Additional secondary outcomes were
divided into inpatient outcomes (episodes of hypoglycaemia, including symptoms occurring when
hypoglycaemic, ICU length of stay, hospital length of stay, and death) and outpatient outcomes (re-
hospitalisation, raft survival, and death)

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢

Primary outcome measure(s): —
Secondary outcome measure(s): —

Other outcome measure(s): —

Wahby 2016

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: NT

Endpoints quoted in publication(s)bs¢

Primary outcome measure(s): —
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Secondary outcome measure(s): —
Other outcome measure(s): operative mortality, renal dysfunction, acute renal failure required
postoperative dialysis, postoperative permanent neurological deficit, sternal wound infection, leg
infection and need for postoperative inotropic, all patients were followed up regarding duration of
mechanical ventilation postoperatively, the occurrence of postoperative atrial fibrillation (AF), and
perioperative myocardial infarction
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s): —
Secondary outcome measure(s): —
Other outcome measure(s): operative mortality and postoperative outcome

Parekh 2016 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NCT01643382
Primary outcome measure(s): incidence of poor graft function after kidney transplant (time
frame: 7 days after transplant). Our primary endpoint will be poor initial graft function defined by
the occurrence of DGF (defined by a decrease in serum creatinine of < 10%/day for 3 consecutive
days after transplant) or slow graft function (serum creatinine > 3 mg/dL 5 days after transplant
without dialysis)
Secondary outcome measure(s):
Secondary endpoints will include wound infection, length of hospital stay, 30 day mortality, hypo-
glycaemic episodes (glucose <70 mg/dL) and stroke
Other outcome measure(s): —
Trial results available in trial register: no (last verified: January 19,2021)
Endpoints quoted in publication(s)b:¢
Primary outcome measure(s): poor graft function defined by the need for dialysis within seven
days of transplant or a failure of the serum creatinine to drop by more than 10% for three consecu-
tive days.The primary safety measure was the number of severe hypoglycaemic events (blood glu-
cose <40 mg/dL)
Secondary outcome measure(s): DGF (need for dialysis within seven days of transplant), perioper-
ative death, stroke, and seizure, as well as serum creatinine and estimated GFR, using the modifica-
tion of diet in renal disease study calculation, at 30 days, six months, and one year
Other outcome measure(s): graft-specific outcomes were biopsy-proven rejection and graft loss
Endpoints quoted in abstract of publication(s)b;c
Primary outcome measure(s): poor graft function (dialysis within seven days of transplant or fail-
ure of serum creatinine to fall by 10% for three consecutive days)
Secondary outcome measure(s): —
Other outcome measure(s): —

Yuan 2015 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NT
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Endpoints quoted in publication(s)bsc
Primary outcome measure(s): blood glucose concentrations, insulin administration, volume of
enteral and parenteral nutrition, and additional intravenous glucose administered were recorded.
Serious adverse events included severe hypoglycaemia and severe hyperglycaemia. Outcome mea-
sures included postoperative morbidity and mortality rates
Secondary outcome measure(s): —
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s): blood glucose concentrations, insulin administration, and postop-
erative morbidity and mortality
Secondary outcome measure(s): —
Other outcome measure(s): —

Umpierrez 2015 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NCT01361594
Primary outcome measure(s): number of subjects that were diagnosed for perioperative compli-
cations (time frame: within 6 months of hospitalisation. Number of participants that presented at
least 1 complication including sternal wound infection, bacteraemia, acute renal failure, respirato-
ry failure, and major cardiovascular events during the current hospitalisation and up to 6 months
after hospitalisation
Hospital Mortality (time frame: average 1 month during the hospitalisation). Mortality is defined as
death occurring during admission, either during ICU or after transition to non-ICU admission
Secondary outcome measure(s):
1. glycaemic control (time frame: average 1 month during the hospitalisation): a. hyperglycaemic
events (BG > 200 mg/dL) in ICU and non-ICU, b. hypoglycaemic events (BG < 70 mg/dL; severe hy-
poglycaemia (BG <40 mg/dL)
2. major cardiovascular events (time frame: average 1 month during the hospitalisation):
a. acute myocardial infarction: (1) typical increase and gradual decrease (troponin) or (2) more
rapid increase and decrease (creatine kinase MB) of biochemical markers of myocardial necrosis
with at least one of the following: ischaemic symptoms, development of pathologic Q waves on the
electrocardiogram, electrocardiographic changes indicative of ischaemia (ST-segment elevation or
depression), or coronary artery intervention (e.g., coronary angioplasty)
b. congestive heart failure
c. cardiac arrhythmias: malignant arrhythmia
3. acute renal failure (time frame: average 1 month during the hospitalisation): new-onset abnor-
mal renal function: serum creatinine > 2.0 mg/dL or an increment level > 50% from baseline
4. respiratory failure, defined as Pa02 Value <60 mm Hg while breathing Air or a PaCO2 > 50 mm
Hg. (time frame: average 1 month during the hospitalisation)
Respiratory failure, defined as PaO2 value <60 mm Hg while breathing air or a PaC02 > 50 mm Hg.
5.1CU and hospital length of stay, and ICU readmissions (time frame: average 1 month during the
hospitalisation) ICU and hospital length of stay, and ICU readmissions
6. surgical wound infection (time frame: average 1 month during the hospitalisation) superficial
and deep sternal wound infection
7. pneumonia (CDC Criteria) (time frame: average 1 month during the hospitalisation) pneumonia
(CDC criteria)
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8. cerebrovascular events (time frame: average 1 month during the hospitalisation) permanent
stroke and reversible ischaemic neurologic deficit
9. duration of ventilatory support and ICU readmission (time frame: average 1 month during the
hospitalisation) duration of ventilatory support and ICU readmission
10. thirty day mortality (time frame: within 30 days of discharge) thirty day mortality
11. number of hospital readmissions and emergency room visits (time frame: within 30 days after
discharge) number of hospital readmissions and emergency room visits
12. incidence of organ failures assessed by the daily SOFA score (time frame: average 1 month dur-
ing the hospitalisation) incidence of organ failures assessed by the daily SOFA score
13. measures of inflammation (time frame: average 1 month during the hospitalisation) measures
of inflammation (C-reactive protein, TNF-alpha; IL-6) and oxidative stress markers
14. major cardiovascular events (time frame: within 3 months after discharge)
a. acute myocardial infarction: (1) typical increase and gradual decrease (troponin) or (2) more
rapid increase and decrease (creatine kinase MB) of biochemical markers of myocardial necrosis
with at least one of the following: (a) ischaemic symptoms, (b) development of pathologic Q waves
on the electrocardiogram, (c) electrocardiographic changes indicative of ischaemia (ST-segment el-
evation or depression), or (d) coronary artery intervention (e.g., coronary angioplasty).
b. congestive heart failure
-c. cardiac arrhythmias: malignant arrhythmia
15. surgical wound infection (time frame: within 3 months after discharge) superficial and deep
sternal wound infection
16. pneumonia (CDC Criteria) (time frame: within 3 months after discharge) pneumonia (CDC crite-
ria)
17. cerebrovascular events (time frame: within 3 months after discharge) permanent stroke and re-
versible ischaemic neurologic deficit
Other outcome measure(s): —
Trial results available in trial register: yes (last verified: January 19, 2021)
Endpoints quoted in publication(s)b;c
Primary outcome measure(s): primary outcome was differences in a composite of complications,
including mortality, wound infection, pneumonia, bacteraemia, respiratory failure, acute kidney in-
jury, and major cardiovascular events
Secondary outcome measure(s): the secondary outcome was to compare differences between in-
tensive and conservative glucose control on the following:
1. glycaemic control, including mean daily and fasting glucose concentration, number of hypogly-
caemic events (<70 mg/dL) and severe hypoglycaemia (<40 mg/dL), and glycaemic variability
2. individual complications: MACE as defined per the American College of Cardiology-American
Heart Association, including acute myocardial infarction, congestive heart failure, and cardiac ar-
rhythmias; acute kidney injury, defined as an increment in creatinine level <50% from baseline; res-
piratory failure, defined as the need for ventilator assistance for longer than 48 h; pneumonia; cere-
brovascular events; surgical wound infections recorded as deep sternal wound infection, defined
as chest wound infection involving the sternum or mediastinal tissues and as superficial sternal
wound infection as those chest wound infections involving the skin or subcutaneous tissues; mor-
tality was recorded during admission, either during ICU, transition to non-ICU hospital setting, or
90 days after discharge
Other outcome measure(s): we collected information on hospital length of stay, ICU readmis-
sions, reoperations, and number of hospital readmissions and emergency
room visits after discharge
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s): primary outcome was differences in a composite of complications,
including mortality, wound infection, pneumonia, bacteraemia, respiratory failure, acute kidney in-
jury, and major cardiovascular events
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Secondary outcome measure(s): —
Other outcome measure(s): —

Hermayer 2012 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NCT00609986
Primary outcome measure(s): delayed graft function (time frame: 10 days), acute/active rejection
(time frame 30 months)
Secondary outcome measure(s): severe hypoglycaemia (time frame: 30 months) blood glucose
less than 40 mg/dL, severe hyperglycaemia (time frame: 30 month) blood glucose greater than 350
mg/dL
Other outcome measure(s): —
Trial results available in trial register: yes (last verified: January 19, 2021)
Endpoints quoted in publication(s)bsc
Primary outcome measure(s): the surrogate endpoint of DGF was chosen as the primary outcome
variable for this study
Secondary outcome measure(s): glycaemic control, graft loss and graft survival
Other outcome measure(s):—
Endpoints quoted in abstract of publication(s)bs¢
Primary outcome measure(s): DGF
Secondary outcome measure(s): glycaemic control, graft survival, and acute rejection episodes
Other outcome measure(s): —

Abdelmalak 2013 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NCT00995501
Primary outcome measure(s): major perioperative morbidity: primary outcome was a collapsed
composite endpoint (any versus none) defined as the occurrence of at least one of 15 major com-
plications before hospital discharge, including sepsis, severe surgical site infection, myocardial in-
farction, heart failure, stroke, unstable ventricular arrhythmias, pulmonary embolism, pneumo-
nia, respiratory failure, dialysis dependent renal failure, large pleural or peritoneal effusions, major
bleeding, major wound and surgical site healing complications, vascular graft thrombosis, and 30-
day mortality
Secondary outcome measure(s): 1 year mortality, all-cause mortality
Other outcome measure(s): —
Trial results available in trial register: yes (last verified: January 19, 2021)
Endpoints quoted in publication(s)bsc
Primary outcome measure(s): the primary outcome was a collapsed composite endpoint (any vs
none) defined as the occurrence of at least one of the 15 major complications before hospital dis-
charge, including sepsis, severe surgical site infection, myocardial infarction, heart failure, stroke,
unstable ventricular arrhythmias, pulmonary embolism, pneumonia, respiratory failure, dialysis
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dependent renal failure, large pleural or peritoneal effusions, major bleeding, major wound and
surgical site healing complications, vascular graft thrombosis, and 30-day mortality
Secondary outcome measure(s): 1 year mortality
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b;c
Primary outcome measure(s): the primary outcome was a collapsed composite of 15 major com-
plications and 30 days mortality
Secondary outcome measure(s): —
Other outcome measure(s): —

Desai 2012 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NT
Endpoints quoted in publication(s)b:¢
Primary outcome measure(s): the primary end points were 2-fold: superiority hypothesised for
glucose control and target management and non-inferiority hypothesised for complications and
outcomes. Superiority end points included time to target glucose range, amount of insulin giv-
en, number of readings in target range, and number of patients with hypoglycaemic events (BG
<60 mg/dL and BG <40 mg/dL). Non-inferiority end points included perioperative renal failure,
deep sternal wound infection, pneumonia, length of stay, atrial fibrillation, and operative mortality
(death within 30 days)
Secondary outcome measure(s): —
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s): —
Secondary outcome measure(s): —
Other outcome measure(s): patient perioperative outcomes

Lazar2011 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.¢
Source: NCT00460499
Primary outcome measure(s): glycaemic control, postoperative morbidity, inflammatory markers
Secondary outcome measure(s): free fatty acid levels
Other outcome measure(s): —
Trial results available in trial register: no (last verified: January 19, 2021)
Endpoints quoted in publication(s)bsc
Primary outcome measure(s): incidence of major adverse events (MAEs), changes in serum glu-
cose, and the incidence of hypoglycaemic episodes
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Secondary outcome measure(s): time on the ventilator defined as the time of admission to the
ICU to the time of extubation, length of ICU, and hospital stay, all of which was standardised using,
weight gain defined as the difference between the weight the evening before surgery to 5 am the
day after surgery,an inotropic score that ranged from 0 to 4 (0 = no inotropic support; 1 = dopamine
at 2 ug/kg for <24 hours; 2 = dopamine > 2 pug/kg for >24 hours; 3 = 2 inotropic agents; 4 = inotropic
agents and intra-aortic balloon support), the amount of insulin administered, and the cardiac index
during the study

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢

Primary outcome measure(s): incidence of major adverse events ( 30-day mortality, myocardial
infarction, neurologic events, deep sternal infections, and AF), the level of serum glucose, and the
incidence of hypoglycaemic events

Secondary outcome measure(s): —

Other outcome measure(s): —

Cao 2010

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: NT

Endpoints quoted in publication(s)bs¢

Primary outcome measure(s): the primary outcome was postoperative short-term complication
rate

Secondary outcome measure(s): the secondary outcomes included postoperative 28-day mortali-
ty rate, HOMA-IR score, and HLA-DR

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢

Primary outcome measure(s): —
Secondary outcome measure(s): —

Other outcome measure(s): —

Glucontrol 2009

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a¢

Source: NCT00107601
Primary outcome measure(s): mortality in the intensive care unit (ICU)

Secondary outcome measure(s): hospital mortality, 28 day mortality, length of ICU stay, length of
hospital stay, number of episodes of hypoglycemia and associated clinical signs, infectious morbid-
ity, incidence of organ failures, number of red-cell transfusions, number of days spent in ICU with-
out life-support: vasopressors/inotropes, cardiac mechanical support, mechanical ventilation, re-
nal replacement therapy, daily SOFA (sequential organ failure assessment) score

Other outcome measure(s): —

Trial results available in trial register: no (last verified: January 19, 2021)
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Endpoints quoted in publication(s)bsc

Primary outcome measure(s): the primary outcome variable was the all-cause absolute mortality
during the ICU stay

Secondary outcome measure(s): secondary outcome variables included hospital and 28-day mor-
tality, ICU and hospital, Length of stay (LOS), incidence of organ failures assessed by the daily SO-
FA score, rate of hypoglycaemia and the SOFA score on the day of hypoglycaemia, duration of me-
chanical ventilation, inotrope/ vasopressor and renal replacement therapy, number of packed red
blood cells transfusion, febrile days and days with therapeutic anti-infective agents

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢

Primary outcome measure(s): —
Secondary outcome measure(s): —

Other outcome measure(s): —

NICE SUGAR 2009 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: NCT00220987
Primary outcome measure(s): all-cause mortality at 90 days

Secondary outcome measure(s): all cause mortality at 28 days, length of intensive care unit stay,
length of hospital stay, the need for organ support (inotropes, renal replacement therapy and pos-
itive pressure ventilation), incidence of blood stream infections, incidence and severity of hypogly-
caemia, extended Glasgow outcome score

Other outcome measure(s): —

Trial results available in trial register: no (last verified: January 19, 2021)

Endpoints quoted in publication(s)b:¢

Primary outcome measure(s): death from any cause within 90 days after randomization, in an
analysis that was not adjusted for baseline characteristics

Secondary outcome measure(s): survival time during the first 90 days, cause-specific death, and
durations of mechanical ventilation, renal-replacement therapy, and stays in the ICU and hospital

Other outcome measure(s): death from any cause within 28 days after randomization, place of
death (ICU, hospital ward, or other), incidence of new organ failure, positive blood culture, receipt
of red-cell transfusion, and volume of the transfusion

Endpoints quoted in abstract of publication(s)b;c

Primary outcome measure(s): death from any cause within 90 days after randomization
Secondary outcome measure(s): —

Other outcome measure(s): —

Subramaniam 2009 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
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Source: NT
Endpoints quoted in publication(s)bsc
Primary outcome measure(s): the primary endpoint was defined as a composite rate of the fol-
lowing intra pocedural and post porcedural major cardiovascular events at hospital discharge: all-
cause death, myocardial infarction, acute congestive heart failure
Secondary outcome measure(s): secondary endpoints included the following efficacy and safe-
ty endpoints: (!) blood glucose levets al 4-h intervals starting from 4 h after the procedure and end-
ing at 48h, (2) rate of hypoglycaemia defined as a glucose level less than 60mg/dL, (3) rate of glu-
cose concentrations greater than 150 mg/dL, (4) graft failure or a need for reintervention (reoper-
ation due to graft failure or lack of peripheral pulses in the postoperative period), (5) surgical site
of infection, (6) acute renal insufficiency (a 25% change in creatinine from before surgery to after
surgery), (7) hospital duration of stay (from the date of surgery to discharge from the hospital)
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s): the primary endpoint was a composite of all-cause death, myocar-
dial infarction, and acute congestive heart failure
Secondary outcome measure(s): the secondary endpoints were blood glucose concentrations,
rates of hypoglycaemia (< 60 mg/dL) and hyperglycaemia (> 150 mg/dL), graft failure or reinterven-
tion, wound infection, acute renal insufficiency, and duration of stay
Other outcome measure(s): —

Chan 2009 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a:¢
Source: NCT00370643
Primary outcome measure(s):
1. Duration of intubation
2.1CU length
3. Blood transfusion
4. Infection rate
5. Renal dysfunction
6. Neurological dysfunction
7. Hospital length
8. Mortality
Secondary outcome measure(s):
1. Length of surgery
2. Length of cardiopulmonary bypass
3. Physical status
4. EuroSCORE
5. Parsonnet
6. Canadian Multicenter index
Other outcome measure(s): —
Trial results available in trial register: no (last verified: January 19, 2021)
Endpoints quoted in publication(s)b;c
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Primary outcome measure(s): primary outcomes were clinical outcomes, which included the du-
ration of mechanical ventilation from the operation room until extubation in the intensive care unit
(ICU), the length of stay in the ICU, occurrence of infection (diagnosis of pneumonia, urinary tract
infection, sepsis, septic shock, wound infection, blood stream infection, catheter infection), occur-
rence of hypoglycaemia (glucose level <50 mg/dL), renal dysfunction (characterised as an increase
in the level of creatinine higher than 50% of the baseline value), neurological dysfunction (diagno-
sis by hospital neurologist who was blinded to the protocol), red blood cell transfusion during the
first 30 days after surgery, the length of stay in the hospital and mortality by 30 days after surgery

Secondary outcome measure(s): —

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢

Primary outcome measure(s): primary outcomes were clinical outcomes, including time of me-
chanical ventilation, length of stay in the intensive care unit, infection, hypoglycaemia, renal or
neurological dysfunction, blood transfusion and length of stay in the hospital

Secondary outcome measure(s): the secondary outcome was a combined end-point (mortality at
30 days, infection or length of stay in the intensive care unit of more than 3 days)

Other outcome measure(s): —

De La Rosa 2008 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: study ID NCT00966421 does not exist in ClinicalTrials.gov
Primary outcome measure(s): —

Secondary outcome measure(s): —

Other outcome measure(s): —

Trial results available in trial register: no (last verified: January 19, 2021)

Endpoints quoted in publication(s)b:¢

Primary outcome measure(s): 28-day all-cause mortality

Secondary outcome measure(s): ICU mortality; hospital mortality; incidence of infections in the
ICU (ventilator-associated pneumonia, urinary infections, catheter-related infections and primary
bacteraemia); ICU length of stay; days of mechanical ventilation and incidence of severe hypogly-
caemia

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b;c

Primary outcome measure(s): mortality at 28 days
Secondary outcome measure(s): —

Other outcome measure(s): —

Gandhi 2007 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: NCT00282698
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Primary outcome measure(s): mortality, sternal wound infections, stroke, cardiac arrhythmias,
renal failure
Secondary outcome measure(s): length of ICU stay, length of hospital stay, safety of study insulin
infusion, efficacy of study insulin infusion
Other outcome measure(s): —
Trial results available in trial register: no (last verified: January 19, 2021)
Endpoints quoted in publication(s)b:¢
Primary outcome measure(s): death, sternal wound infections, prolonged pulmonary ventilation,
cardiac arrhythmias (new-onset atrial fibrillation, heart block requiring permanent pacemaker, or
cardiac arrest), stroke, and acute renal failure within 30 days after surgery
Secondary outcome measure(s): secondary outcome measures were length of stay in the ICU and
hospital
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b;c
Primary outcome measure(s): the primary outcome was a composite of death, sternal infections,
prolonged ventilation, cardiac arrhythmias, stroke, and renal failure within 30 days after surgery
Secondary outcome measure(s): the primary outcome was a composite of death, sternal infec-
tions, prolonged ventilation, cardiac arrhythmias, stroke, and renal failure within 30 days after
surgery
Other outcome measure(s): —

Li 2006 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c
Source: NT
Primary outcome measure(s): —
Secondary outcome measure(s): —
Other outcome measure(s): —
Trial results available in trial register: —
Endpoints quoted in publication(s)b:c
Primary outcome measure(s): the primary endpoints were incidences of operative mortality and
sternal wound infection
Secondary outcome measure(s): the secondary endpoint was the adequacy of blood-glucose
control
Other outcome measure(s): —
Endpoints quoted in abstract of publication(s)b:¢
Primary outcome measure(s):
Secondary outcome measure(s):
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Other outcome measure(s): the adequacy of postoperative blood glucose control and clinical out-
come were evaluated
Lazar 2004 Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a.c

Source: NT

Primary outcome measure(s): —
Secondary outcome measure(s): —
Other outcome measure(s): —

Trial results available in trial register: —

Endpoints quoted in publication(s)b:¢

Primary outcome measure(s): to determine whether tight perioperative glycaemic control in pa-
tients with diabetes undergoing CABG with a modified GIK solution would optimise myocardial me-
tabolism and improve perioperative outcomes

Secondary outcome measure(s): to determine whether the early beneficial effects of tight gly-
caemic control would result in improved survival, a decreased incidence of ischaemic events, and
reduced wound complications

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b;c

Primary outcome measure(s): to determine whether tight glycaemic control with a modified glu-
cose-insulin-potassium solution in patients with diabetes undergoing CABG would improve periop-
erative outcomes

Secondary outcome measure(s): —

Other outcome measure(s): —

Rassias 1999

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's
website, published design paper)a.c

Source: NT

Primary outcome measure(s): —
Secondary outcome measure(s): —
Other outcome measure(s): —

Trial results available in trial register: —

Endpoints quoted in publication(s)bsc

Primary outcome measure(s): to examine the effect of aggressive insulin therapy on Polymor-
phonuclear neutrophils (PMNs) function in people with diabetes undergoing cardiac surgery

Secondary outcome measure(s): —

Other outcome measure(s): —

Endpoints quoted in abstract of publication(s)b:¢
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Primary outcome measure(s): we tested the effect of an insulin infusion on perioperative neu-
trophil function in people with diabetes scheduled for coronary artery bypass surgery

Secondary outcome measure(s): —

Other outcome measure(s): —

—: denotes not reported

aTrial document(s) refers to all available information from published design papers and sources other than regular publications (e.g.
FDA/EMA documents, manufacturer's websites, trial registers).

bPublication(s) refers to trial information published in scientific journals (primary reference, duplicate publications, companion doc-
uments or multiple reports of a primary trial).

CPrimary and secondary outcomes refer to verbatim specifications in publication/records. Unspecified outcome measures refer to all
outcomes not described as primary or secondary outcome measures.

EMA: European Medicines Agency; FDA: Food and Drug Administration (US); mo: month(s); NA: not applicable; NT: no trial document
available; ICU: intensive care unit ; DGF: delayed graft function; AF: atrial fibrillation; GFR: glomerular filtration rate ; BG: blood glu-
cose, Pa02: partial pressure of oxygen; SOFA: sequential organ failure assessment; CDC: Centers for Disease Control and Prevention;
MACE: mayor adverse cardiac events; CABG: coronary artery bypass graft.

Appendix 10. High risk of outcome reporting bias according to Outcome Reporting Bias In Trials (ORBIT)
classification

Study ID Outcome High risk of High risk of High risk of High risk of
bias bias bias bias
(category A)a  (categoryD)P  (categoryE)¢ (category G)d

Duncan 2018 ND NA NA NA NA
Wallia 2017 ND NA NA NA NA
Wahby 2016 ND NA NA NA NA
Parekh 2016 ND NA NA NA NA
Yuan 2015 ND NA NA NA NA
Umpierrez 2015 ND NA NA NA NA
Abdelmalak 2013 ND NA NA NA NA
Hermayer 2012 Hypoglycaemic — — — Probably
events

Major adverse events

Desai 2012 ND NA NA NA NA

Lazar 2011 ND NA NA NA NA

Cao 2010 All-cause mortality — — Yes —

Glucontrol 2009 ND NA NA NA NA
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NICE SUGAR 2009 ND NA NA NA NA

Subramaniam 2009 ND NA NA NA NA

Chan 2009 ND NA NA NA NA

De La Rosa 2008 ND NA NA NA NA

Gandhi 2007 ND NA NA NA NA

Li 2006 Hypoglycaemic — — — Probably
events

Lazar 2004 Hypoglycaemic — — — Probably
events

Rassias 1999 ND NA NA NA NA

aClear that outcome was measured and analysed; trial report states that outcome was analysed but reports only that result was not
significant (Classification 'A', table 2, Kirkham 2010).

bClear that outcome was measured and analysed;trial report states that outcome was analysed but report no results (Classification
'D', table 2, Kirkham 2010).

CClear that outcome was measured but was not necessarily analysed; judgement says likely to have been analysed but not reported
due to non-significant results (Classification 'E', table 2, Kirkham 2010).

dUnclear whether outcome was measured; not mentioned, but clinical judgement says likely to have been measured and analysed
but not reported on the basis of non-significant results (Classification 'G', table 2, Kirkham 2010).

NA: not applicable; ND: none detected; ORBIT: Outcome Reporting Bias In Trials.

Appendix 11. Definition of outcome measurement

Study ID Review's primary and sec- Definition
ondary outcomes

Duncan 2018 All-cause mortality All-cause mortality identified during initial hospitalisation or dur-
ing 30-day follow-up. All-cause mortality identified during 1-year fol-
low-up

Hypoglycaemic episodes, seri- Severe hypoglycaemia was defined as blood glucose less than 40
ous/severe mg/dL

Hypoglycaemic episodes, non-se-  Moderate hypoglycaemia was defined as blood glucose less than 60
rious/severe mg/dL

Hypoglycaemic episodes Severe and moderate hypoglycaemia was defined as blood glucose
less than 40 mg/dL and 60 mg/dL, respectively

Adverse events, infection Infection morbidity: postoperative course complicated by one of the
following:

1. Sepsis with evidence of acute organ dysfunction: sepsis is recog-
nised as a clinical syndrome that may be defined by infection high-
ly suspected (clinical syndrome pathognomonic for infection) or
proven (by culture, stain, or polymerase chain reaction) and pres-
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ence of two or more of the following systemic inflammatory re-
sponse syndrome criteria: heart rate > 90 beats/min-1 (tachycardia);
body temperature < 36 °C or > 38 °C (hypothermia or fever); respira-
tory rate > 20 breaths/min-1 or a PACO2 < 32 mmHg (tachypnoea or
hypocapnia due to hyperventilation); leukocyte count <4000 cells/
mm-3 or > 12,000 cells/mm-3, or greater than 10% band forms (im-
mature white blood cells; leukopenia, leukocytosis or bandaemia)

2. Mediastinitis: sternal click, open sternal wound, drainage from me-
diastinal incision, with fever, and including positive cultures along
with elevated leukocyte count and the institution of antimicrobial
therapy and re-exploration with operative note diagnosing medias-
tinitis or sternectomy with muscle flap grafts to the affected area or
diagnosis by physician of mediastinitis

3. Sternal wound infection: sternal wound infection other than medi-
astinitis, documented with positive cultures, requiring surgical inter-
vention

4. Pneumonia: fever > 38 °C, elevation in leukocyte count, increase in
sputum production, infiltrate in chest x-ray film > 24h, positive spu-
tum culture requiring mechanical ventilation

5. Neurologic deficit: New postoperative focal (aphasia, decrease in
limb function, or hemiparesis confirmed by clinical findings and/or
computed tomographic scan) or global neurologic deficit (diffuse en-
cephalopathy with greater than 24h of severely altered mental sta-
tus, and/or failure to awaken postoperatively)

Other adverse events

Prolonged intubation: endotracheal intubation and mechanical ven-
tilation required for > 72 h postoperatively, measured from arrival

in intensive care unit after surgery until weaning from mechanical
ventilation and endotracheal extubation. Additional periods of time
when reintubation and mechanical ventilation are required are in-
cluded

Low cardiac index: cardiac index < 1.8 |/min-1 m-2 despite adequate
fluid replacement and high-dose inotropic support for>4h

Hospital readmission: postoperative complications requiring read-
mission to a hospital for any reason identified during 30-day fol-
low-up

Cardiovascular events

Postoperative mechanical circulatory support: failure to wean from
cardiopulmonary bypass or postoperative low cardiac index (Cl <1.8
[/min-1/m-2) conditions requiring circulatory support with intra-aor-
tic balloon pump, ventricular assist device and/or extracorporeal

Postoperative atrial fibrillation: the occurrence of new-onset post-
operative atrial fibrillation after cardiac surgery occurring within 30
days of surgery.

Renal failure

Renal insufficiency: postoperative increase in baseline creatinine >
100%. Baseline creatinine was defined as the preoperative measure-
ment immediately before surgery

Renal morbidity: postoperative requirement for renal dialysis.

Length of ICU and hospital stay

Duration of hospitalisation: days from day of surgery to hospital dis-
charge

Duration of intensive care unit stay: days from day of surgery to dis-
charge from intensive care unit

Prolonged hospitalisation: hospitalisation after surgery > 30 days
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Health-related quality of life —

Socioeconomic effects —

Weight gain —

Mean blood glucose duringinter-  Intraoperative time-weighted mean glucose concentration was cal-

vention culated across measurements for each patient using the trapezoidal
method and equal to the area under the curve divided by the total
glucose reading time

Wallia 2017 All-cause mortality Death following liver transplantation between 1 day and 1 year

Hypoglycaemic episodes, seri- BG <40 mg/dL

ous/severe

Hypoglycaemic episodes, non-se-  Moderate hypoglycaemia: BG between 40 mg/dL and 69 mg/dL

rious/severe

Hypoglycaemic episodes Glucose = 70 mg/dL within the first 3 days following transplantation
(including symptoms occurring when hypoglycaemic)

Adverse events, infection Included any new infection as an inpatient or outpatient from the
day of transplant to 1 year after transplant. Infections were defined
by as follows: positive culture results, considered an infection by the
primary team or infectious disease consultants, and/or empiric treat-
ment was given for = 3 days because of fever and other signs of infec-
tion. Infections were further subclassify by the type of infection (bac-
terial, viral, fungal or a combination) and the site of infection.

Other adverse events Episode of rejection: the clinical criteria were a twofold or greater in-
crease in transaminases or alkaline phosphatase levels, for which
no other explanation was present and that normalised with empiric
pulse methylprednisolone dosing of 500 mg/d for 3 days. The biopsy
criteria were based on the Banff schema for acute rejection; however,
a biopsy diagnosis was not an absolute criterion for the definition of
rejection. All cases that did not clearly meet these criteria were adju-
dicated by 2 blinded reviewers.

Cardiovascular events —

Renal failure —

Length of ICU and hospital stay Days of length of ICU and hospital stay after transplantation

Health-related quality of life —

Socioeconomic effects —

Weight gain —

Mean blood glucose duringinter- ~ Mean blood glucose during intervention (before initiating the insulin

vention infusions and after conversion to subcutaneous insulin)

Wahby 2016 All-cause mortality Mortality within 30 days of operation or during hospitalisation due to
cause related to operation
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Hypoglycaemic episodes, seri- —

ous/severe

Hypoglycaemic episodes, non-se- —

rious/severe

Hypoglycaemic episodes —

Adverse events, infection Sternal wound infection, leg infection

Other adverse events Postoperative permanent neurological deficit. Need for postopera-
tive inotropic support that was defined as the use of dopamine 5 mg/
kg/min; any dose of epinephrine, norepinephrine, dobutamine or
milrinone

Cardiovascular events The occurrence of postoperative AF, and perioperative myocardial
infarction defined as: any patient having fresh ECG changes includ-
ing new Q-waves in two precordial leads, new bundle branch block,
haemodynamic compromise with new segmental wall motion dys-
function or elevation of CK MB over 100 U/L after undergoing open
heart surgery

Renal failure Renal dysfunction: elevated serum creatinine above 2 mg/dL post-
operative or more than 25% of preoperative level, acute renal failure
that required postoperative dialysis

Length of ICU and hospital stay —

Health-related quality of life —

Socioeconomic effects —

Weight gain -

Mean blood glucose duringinter- ~ BG checked hourly

vention

Parekh 2016 All-cause mortality Perioperative death

Hypoglycaemic episodes, seri-
ous/severe

BG <40 mg/dL

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

Adverse events, infection

Other adverse events

Delayed graft function, biopsy-proven rejection, graft loss

Cardiovascular events

Stroke

Renal failure

Need for dialysis within 7 days of transplant or a failure of the serum

creatinine to drop by more than 10% for three consecutive days

Length of ICU and hospital stay

Length of hospitalisation in days
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Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during inter-  Preoperative, every 30 to 45 minutes intraoperatively, graft reperfu-
vention sion (0 to 6 hours, 6 to 12 hours, 12 to 24 hours)
Yuan 2015 All-cause mortality Postoperative mortality

Hypoglycaemic episodes, seri-
ous/severe

BG level = 2.2 mmol/l (= 40 mg/dL)

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

Adverse events, infection

Infective complications (surgical site, pneumonia, urinary tract, bac-
teraemia, anastomotic leak)

Other adverse events

Non-infective complications (bleeding, delayed gastric emptying, ob-
struction, hepatic dysfunction, renal dysfunction, circulatory insuf-
ficiency). Severe hyperglycaemia: BG level = 16.7 mmol/l (= 300 mg/
dL)

Cardiovascular events

Circulatory insufficency

Renal failure

Renal dysfunction

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during inter-
vention

BG monitored hourly and every 2 to 4 hours when stable

Umpierrez 2015

All-cause mortality

During admission, either during ICU, transition to non-ICU hospital
setting, or 90 days after discharge

Hypoglycaemic episodes, seri-
ous/severe

BG <40 mg/dL

Hypoglycaemic episodes, non-se-
rious/severe

BG <70 mg/dL

Hypoglycaemic episodes

BG <70 mg/dL

Adverse events, infection

Surgical wound infections recorded as deep sternal wound infection,
defined as chest wound infection involving the sternum or mediasti-
nal tissues and as superficial sternal wound infection as those chest
wound infections involving the skin or subcutaneous tissues
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Respiratory failure, defined as the need for ventilator assistance for
longer than 48 hours

Pneumonia

Cerebrovascular events

Cardiovascular events

MACE as defined per the American College of Cardiology-American
Heart Association, including acute myocardial infarction, congestive
heart failure, and cardiac arrhythmias

Renal failure

Acute kidney injury defined as: an increment in creatinine level > 50%
from baseline

Length of ICU and hospital stay

Days on ICU and hospital

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during inter-
vention

Mean daily and fasting glucose concentration

Abdelmalak 2013

All-cause mortality

30-day mortality and 1-year mortality data were obtained from elec-
tronic medical records, the United States Social Security Index, or
both and confirmed by direct telephone contact with patient/family

Hypoglycaemic episodes, seri-
ous/severe

Severe hypoglycaemia defined by a plasma glucose concentration of
2.2 mmol/IL or less (<40 mg/dL)

Hypoglycaemic episodes, non-se-
rious/severe

Moderate hypoglycaemia (4.0 mmol/L 72.7 mg/dL)

Hypoglycaemic episodes

Adverse events, infection

Severe surgical site infection. Sepsis

Other adverse events

Pulmonary embolism, pneumonia, respiratory failure, large pleural
or peritoneal effusions, major bleeding, major wound and surgical
site healing complications and vascular graft thrombosis

Cardiovascular events

Myocardial infarction, heart failure, stroke, unstable ventricular ar-
rhythmia

Renal failure

Dialysis dependent renal failure

Length of ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain
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Mean blood glucose during inter-  —
vention
Hermayer 2012 All-cause mortality —
Hypoglycaemic episodes, seri- BG <40 mg/dL
ous/severe
Hypoglycaemic episodes, non-se- BG <70 mg/dL
rious/severe
Hypoglycaemic episodes BG <70 mg/dL
Adverse events, infection —
Other adverse events Delayed graft function (d-10 serum creatinine value over 2.5 mg/dL
or the need for dialysis within the first 7 days after transplant), acute
rejection episodes (biopsy-confirmed), hyperglycaemia (BG > 350
mg/dL)
Cardiovascular events —
Renal failure
Length of ICU and hospital stay —
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose duringinter-  Control group: every hour during surgery and every 4 hours while in
vention the recovery room and in the transplant unit. After diet consumption
BG levels are checked before meals, at bedtime and at 0300h
Intervention group: on admission and every 1 hour
Desai 2012 All-cause mortality Operative mortality within 30 days
Hypoglycaemic episodes, seri- BG <40 mg/dL
ous/severe
Hypoglycaemic episodes, non-se-  BG <60 mg/dL
rious/severe
Hypoglycaemic episodes —
Adverse events, infection Deep sternal wound infection and pneumonia
Other adverse events —
Cardiovascular events MACE, AF
Renal failure Perioperative renal failure
Length of ICU and hospital stay 1. Length of hours in the ICU
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2. Length of days in the hospital
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during inter-  —
vention
Lazar2011 All-cause mortality 30-day mortality of any cause
Hypoglycaemic episodes, seri- —
ous/severe
Hypoglycaemic episodes, non-se-  BG level <80 mg/dL
rious/severe
Hypoglycaemic episodes —
Adverse events, infection Deep sternal wound infections (any infection reaching or directly in-
volving the sternum)
Other adverse events —
Cardiovascular events 1. MI (both enzyme and electrocardiographic changes)
2. Cerebral vascular accidents (a persistent neurologic deficit lasting
24 hours or more)
3. AF that lasted for longer than 15 minutes
Renal failure —
Length of ICU and hospital stay Mean of days length of stay (ICU and hospital), standardised using
"fast-track" protocols
Health-related quality of life —
Socioeconomic effects —
Weight gain Difference between the weight the evening before surgery to 5 am
the day after surgery
Mean blood glucose duringinter- ~ Mean of BG levels measured every 30 minutes during surgery
vention
Cao 2010 All-cause mortality Death from any cause within 28 days of the operation or during the

period of hospital stay

Hypoglycaemic episodes, seri-
ous/severe

BG level of 2.2 mmol/L or less

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes
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1. Wound infection (when pus could be expressed from the incision
or aspirated from a loculated mass within the wound)

2. Intra-abdominal infection (positive culture from drainage or punc-
ture fluid with a need for systemic antibiotic treatment and consis-
tent with the image and clinical findings)

3. Sepsis (definition of the ACCP-SCCM consensus conference on sep-
sis and organ failure)

4. Urinary tract infection (positive culture urine)

5. Pneumonia (when culture from sputum, pleural fluid or empyema
fluid were positive, consistent with the diagnosis and clinical symp-
toms or a chest radiograph diagnostic of pulmonary filtrates)

Other adverse events

Cardiovascular events

Renal failure

Length of ICU and hospital stay

Days of post operation hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during inter-
vention

Composite average of all the glucose levels from the period immedi-
ately after surgery to the end of protocol

Glucontrol 2009

All-cause mortality

28-day mortality

Hypoglycaemic episodes, seri-
ous/severe

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

BG concentration below 2.2 mmol/L

Adverse events, infection

Other adverse events

Organ failure assessed by SOFA score on the day of hypoglycaemia

Cardiovascular events

Vasopressor or inotropic

Renal failure

Creatinine greater than 2 mg/100 mL

Length of ICU and hospital stay

Mean of days in ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain
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Mean blood glucose during inter-
vention

Mean of basal glycaemias recorded by patient

NICE SUGAR 2009

All-cause mortality

Death from any cause

Hypoglycaemic episodes, seri-
ous/severe

BG level =40 mg/dL

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

Adverse events, infection

Infectious complication (patients with positive blood cultures).

Other adverse events

Cardiovascular events

Renal failure

Renal SOFA score of <3 at baseline who had score of 3 or 4 post-ran-
domisation

Length of ICU and hospital stay

Median of days in ICU and hospital stay

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during inter-
vention

Average of daily blood glucose measurements (from baseline to 14
days after randomisation)

Subramaniam 2009

All-cause mortality

All-cause death during hospital stay and 30 days after surgery

Hypoglycaemic episodes, seri-
ous/severe

BG <40 mg/dL

Hypoglycaemic episodes, non-se-
rious/severe

BG <60 mg/dL

Hypoglycaemic episodes

Adverse events, infection

Surgical site infection

Other adverse events

Graft failure or reintervention

Cardiovascular events

MI and acute congestive heart failure defined per Standard American
College of Cardiology-American Heart Association

Renal failure

Acute renal insufficiency: a 25% change in creatinine from before
surgery to after surgery

Length of ICU and hospital stay

Days in hospital from the date of surgery to the hospital discharge

Health-related quality of life
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Socioeconomic effects —
Weight gain —
Mean blood glucose duringinter- ~ BG concentration values over the first 48 hours post surgery
vention
Chan 2009 All-cause mortality Mortality at 30 days

Hypoglycaemic episodes, seri-
ous/severe

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

BG level =50 mg/dL

Adverse events, infection

Occurrence of infection (diagnosis of pneumonia, urinary tract infec-
tion, sepsis, septic shock, wound infection, blood stream infection,
catheter infection)

Other adverse events

Neurological dysfunction (diagnosis by hospital neurologist who was
blinded to the protocol)

Cardiovascular events

Renal failure

Characterised as an increase in the level of creatinine higher than
50% of the baseline value

Length of ICU and hospital stay

The length of stay in the ICU

Health-related quality of life

Socioeconomic effects

Weight gain

Mean blood glucose during inter-
vention

Every 1 to 2 hours during the intraoperative period and during the
first 24 hours after admission to ICU

De La Rosa 2008

All-cause mortality

28-day all-cause mortality

Hypoglycaemic episodes, seri-
ous/severe

Incidence of severe hypoglycaemia defined as number of patients
with at least 1 episode of blood glucose level less than 40 mg/dL

Hypoglycaemic episodes, non-se-
rious/severe

BG levels within 41 mg/dL to 59 mg/dL

Hypoglycaemic episodes

Adverse events, infection

Incidence of infections in the ICU (ventilator-associated pneumonia,
urinary infections, catheter-related infections and primary bacter-
aemia)

Other adverse events

Cardiovascular events
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Renal failure Renal replacement therapy
Length of ICU and hospital stay Length of days in ICU
Health-related quality of life —
Socioeconomic effects Every 1,2, 4 hours or every 4 and 6 hours, depending on the study
group
Gandhi 2007 All-cause mortality Number of deaths in hospital and 30 days after surgery
Hypoglycaemic episodes, seri- —
ous/severe
Hypoglycaemic episodes, non-se- —
rious/severe
Hypoglycaemic episodes BG concentration < 3.3 mmol/L <60 mg/dL
Adverse events, infection Deep sternal infection
Other adverse events Stroke
Prolonged intubation (> 24 hours)
Cardiovascular events Cardiac arrest
Heart block requiring pacemaker
New-onset atrial fibrillation
Renal failure Acute renal failure
Length of ICU and hospital stay Length of stay in ICU and hospital
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose duringinter- ~ Mean BG levels after cardiopulmonary bypass and mean BG levels at
vention the end of the first 24 hours in the ICU
Li 2006 All-cause mortality Any cause of death

Hypoglycaemic episodes, seri-
ous/severe

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

Adverse events, infection

Leg and sternal wound infections, both superficial and deep con-
firmed by wound culture

Other adverse events

New neurological deficits
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Prolonged ventilation/intubation
Use of postoperative inotropic agents
Cardiovascular events New-onset AT
Renal failure Renal disfunction
Length of ICU and hospital stay Mean of days of ICU stay
Health-related quality of life —
Socioeconomic effects —
Weight gain —
Mean blood glucose during inter- ~ Composite average of daily glucose levels (average of BG levels
vention within a 24-hour period) from the period immediately after surgery
through the 5th postoperative day
Lazar 2004 All-cause mortality Death, any cause; 30-day and 5-year mortality

Hypoglycaemic episodes, seri-
ous/severe

Hypoglycaemic episodes, non-se-
rious/severe

Hypoglycaemic episodes

Adverse events, infection

Infection (pneumonia and wound)

Other adverse events

Atrial fibrillation

Myocardial infarction

Cardiovascular events

Recurrent ischaemic events (episodes of angina with ECG changes
or documented Ml with enzyme and ECG changes) and need of re-
catheterisation

Renal failure

Length of ICU and hospital stay

Length of stay in the ICU defined as time from ICU arrival to transfer
to the floor or step-down unit

Health-related quality of life

Socioeconomic effects

Weight gain

Patients weighted the evening before surgery and at 5:00 AM the day
after surgery to determine the postoperative weight gain in pounds

Mean blood glucose during inter-
vention

Mean of serum BG monitoring every hour during intervention

Rassias 1999

All-cause mortality
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Hypoglycaemic episodes, seri- —
ous/severe

Hypoglycaemic episodes, non-se- —
rious/severe

Hypoglycaemic episodes —

Adverse events, infection Infection (septic mediastinitis, pneumonia, urinary tract infection)

Other adverse events —

Cardiovascular events —

Renal failure —

Length of ICU and hospital stay —

Health-related quality of life —

Socioeconomic effects —

Weight gain -

Mean blood glucose duringinter- ~ Mean intraoperative glucose levels
vention

—: denotes not reported

AF: atrial fibrillation; BG: blood glucose; ECG: electrocardiogram; ICU: intensive care unit; MACE: major adverse cardiac events; MI:
myocardial infarction; SOFA: sequential organ failure assessment.
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Appendix 12. Adverse events (I)

Study ID Intervention(s) and comparator(s) Partici- Deaths Deaths Partici- Partici- Partici- Partici-
pantsin- (N) (% of par- pants with pants with pants with pants with
cludedin ticipants) atleastone atleastone infection infection
analysis adverse adverse (N) (%)

(N) event event
(N) (%)
Duncan I: hyperinsulinaemic normoglycaemia 226" 2" 0.9* 9* 4* 9* 4*
2018
C: standard therapy 249* 6 2.4 17 6.8 17~ 6.8

Wallia 2017 I: intensive (140) 23* 4* 17.4* 11* 47.8* 10* 43.5*

C: moderate (180) 26* 1* 3.8* 16* 61.5* 16* 61.5*

Wahby 2016  I: tight glycaemic control 67 2 2.99 28 41.8 27 40.3

C: conventional moderate glycaemic control 68 4 5.88 45 66.2 51 94

Parekh 2016  I: moderately intense control 30 0 0 13 433 1 33

C: standard glucose control 30 2 6.66 22 73.3 1 33
Yuan 2015 I: intensive glycaemic (IG) management 106 1 0.94 7 6.6 21 19.8

C: conventional glycaemic (CG) management 106 1 0.94 14 13.2 32 30.2
Umpierrez I: intensive group 7 38" 49" 30" 39" 4* 5.2*
2015

C: conservative control 75" 36" 48" 31" 41" T 9.3*
Abdelmalak  I:intensive glucose management 54* 0* 0* 9* 16.7* 9* 16.7*
2013

C: conventional glucose management 49* 1* 2" 4* 8.2* 4* 8.2*
Hermayer I: intensive glycaemic control 44 — — 9 — — —
2012

C: standard glycaemic control 49 — — 12 24 — —
Desai 2012 I: liberal blood glucose control 44* 1 2.3" 3" 8.1% 0~ 0*
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(Continued)

C: strict blood glucose control 37* 1 2.7* 3" 6.8" 0~ 0*
Lazar 2011 I: aggressive glucose control 40 0 0 12 30 0 0

C: moderate glucose control 42 0 0 16 38 0 0
Cao 2010 I: intensive insulin therapy 92 4 4.3 7 7.6 15 16.3

C: conventional insulin therapy 87 5 5.7 16 18.4 37 425
Glucontrol I: intensive insulin treatment 55* 11* 20* 47* 85.5* — —
2009

C: intermediate glucose control 69* T 10.1* 44 63.8" — —
NICE SUGAR  I:intensive insulin therapy 213* 57* 26.8* 57* 26.8* 32" 15*
2009

C: conventional insulin therapy 208* 49* 23.6* 49* 23.6* 22* 10.6*
Subramani-  I: continuous insulin infusion 62* 0* 0* 22* 35.5% 22* 35.5%
am 2009

C: standard intermittent sliding-scale insulin 64* 0~ 0~ 16* 25* 16* 25*
Chan 2009 I: intensive insulin therapy 10* 0* 0~ 1 10" 1* 10*

C: conventional insulin therapy 22* 2* 9.1* 6* 27.3* 6* 27.3*
De La Rosa I: intensive insulin therapy 11* 6" 54.5% 6" 54.5% 3" 27.3*
2008

C: conventional insulin therapy 2% 1* 50* 1 50* 0* 0*
Gandhi2007  I:intensive insulin therapy 37 2 5.4 13 35 3 8

C: conventional insulin therapy 36 0 0 16 44 1 3
Li 2006 I: continuous insulin infusion 51 2 3.9 42 82.4 3 5.9

C: glucometer-guided insulin 42 1 2.4 36 85.7 2 4.8
Lazar 2004 I: tight glycaemic control with GIK 72 30 days 2.5 12 16.6 0 0

postopera-
tively: 0
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(Continued)

5 years fol-
low-up: 1

C: standard therapy

69

30 days 5.3 29
postopera-
tively: 0

5 years fol-
low-up: 6

42

13

Rassias 1999  I: aggressive insulin therapy

13

C: standard insulin therapy

13

23.1

23.1

—: denotes not reported

* data provided by study authors (patients with diabetes).

adata from total study population.

I: intervention group; C: control group; CV: cardiovascular; GIK: glucose-insulin-potassium; MACE: major cardiovascular event.
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Appendix 13. Adverse events (1)

Study ID

Intervention(s) and comparator(s)

Participants in-
cluded in analy-
sis

(N)

Participants

discontinuing
trial due to an
adverse event

(N)

Participants
discontinuing
trialdue to an
adverse event
(%)

Duncan 2018 I: hyperinsulinaemic normoglycaemia 226* 0* 0*
C: standard therapy 249* o* 0*
Wallia 2017 I: intensive 23" 0* 0*
C: moderate 26" 0* 0*
Wahby 2016 I: tight glycaemic control 67 0 0
C: conventional moderate glycaemic control 68 0 0
Parekh 2016 I: moderately intense control 30 0 0
C: standard glucose control 30 0 0
Yuan 2015 I: intensive glycaemic management 106 0 0
C: conventional glycaemic management 106 0 0
Umpierrez 2015 I: intensive group 77 0" 0"
C: conservative control 75" 0" 0"
Abdelmalak 2013  I: intensive glucose management 54* 0* 0*
C: conventional glucose management 49* 0* 0*
Hermayer 2012 I: intensive glycaemic control 44 — —
C: standard glycaemic control 49 — —
Desai 2012 I: strict blood glucose control 37* — —
C: liberal blood glucose control 44* — —
Lazar 2011 I: aggressive glucose control 40 0 0
C: moderate glucose control 42 0 0
Cao 2010 I: intensive insulin therapy 92 — —
C: conventional insulin therapy 87 — —
Glucontrol 2009 I: intensive insulin treatment 55* — —
C: intermediate glucose control 69* — —
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NICE SUGAR I: intensive insulin therapy 30542 3042 102
2009

C: conventional insulin therapy 30502 2252 7.42
Subramaniam I: continuous insulin infusion 62* 0* 0*
2009

C: standard intermittent sliding-scale insulin bolus ~ 64* 0* 0*
Chan 2009 I: intensive insulin therapy 552 72 12.72

C: conventional insulin therapy 54a 4a 7.42
De La Rosa 2008 I: intensive insulin therapy 254a 0a 02

C: conventional insulin therapy 2502 0a 0a
Gandhi 2007 I: intensive insulin therapy 37 0 0

C: conventional insulin therapy 36 0 0
Li 2006 I: continuous insulin infusion 51 — —

C: glucometer-guided insulin 42 — —
Lazar 2004 I: tight glycaemic control with GIK 72 0 0

C: standard therapy 69 0 0
Rassias 1999 I: aggressive insulin therapy 13 0 0

C: standard insulin therapy 13 0 0

—: denotes not reported
adata from total study population.
*data provided by study authors (patients with diabetes).

C: comparator; I: intervention; GIK: glucose-insulin-potassium.

Appendix 14. Adverse events (lll)

Study ID Interven- Participants Participants with a specific adverse Participants Participants
tion(s) and included in event (description) with at with at
compara- analysis least one spe- least one spe-
tor(s) (N) cific adverse cific adverse

events event
(N) (%)

Duncan 2018 I: hyperinsuli-  226* (1) Death within 30 days (1) 2* (1)0.9*
naemic nor- (2) Postoperative mechanical circulatory (2) —* (2) —*
moglycaemia support (3)9* (3)4*

(3) Serious infection morbidity
(4) 4* (4)1.8*
Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 220

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
(Continued)
(4) Renal morbidity (5)—* (5) —*
(5) Neurological deficit
C: standard 249* (1) Death within 30 days (1) 6 (1) 2.4*
therapy (2) Postoperative mechanical circulatory (2) —* (2) —*
support (3)17* (3)6.8*
(3) Serious infection morbidity
(4)11* (4)4.4*
(4) Renal morbidity
(5)—* (5)—~
(5) Neurological deficit
Wallia 2017 I: intensive 23* (1) Patients experiencing hypoglycaemia (1) 11~ (1) 47.8*
(140) (BG < 70 mg/dL) . (2) 8.7*
(2) Patients experiencing severe hypogly- (2)2 X (3) 43.5*
caemia (BG <40 mg/dL) (3)10
(3) Patients with any infection to 1 year 211 (4) 47.8
(4) 30 days readmission (4)
C: moderate 26* (1) Patients experiencing hypoglycaemia (1)1* (1) 3.9*
(180) (BG <70 mg/dL)
(2) 0* (2) 0*
(2) Patients experiencing severe hypogly- . .
caemia (BG <40 mg/dL) (3)16 (3)615
(3) Patients with any infection to 1 year (4) 10 (4) 38.5*
(4) 30 days readmission
Wahby 2016 I: tight gly- 67 (1) Postoperative hypoglycaemic events (1)3 (1)4.5
caemic con-
trol (2) Postoperative AF (2)13 (2)19.4
(3) Perioperative Ml (3)3 (3)4.5
(4) Acute renal failure (4)2 4)3
(5) Neurological insult (5)4 (5)6
(6) Need for inotropic support (6) 28 (6)41.8
(7) Prolonged mechanical ventilation (Mo (7)13.4
(8) Sternal wound infection (8) 14 (8) 20.9
(9) Leg wound infection (9)13 (9)19.4
C: conven- 54 (1) Postoperative hypoglycaemic events (1)1 (1)1.5
tional moder-
ate glycaemic (2) Postoperative AF (2) 25 (2) 36.8
control . .
(3) Perioperative Ml (3)4 (3)5.9
(4) Acute renal failure (4)8 (4)11.8
(5) Neurological insult (5)5 (5)7.4
(6) Need for inotropic support (6) 45 (6) 66.2
(7) Prolonged mechanical ventilation (7)19 (7)27.9
(8) Sternal wound infection (8) 27 (8)39.7
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(9) Leg wound infection (9) 24 (9)35.3
Parekh 2016 I: moderately 30 (1) Delayed graft function (1)13 (1)43.3
intense con-
trol (2) Dialysis within 7 days (2)13 (2)43.3
(3) Graft loss (3)0 (3)0
(4) Perioperative death 40 4)0
(5) Wound infection (5)1 (5)3.3
(6) Stroke (6)0 (6)0
C: standard 30 (1) Delayed graft function (1)22 (1)73.3
glucose con-
trol (2) Dialysis within 7 days (2)19 (2)63.3
(3) Graft loss (3)0 (3)0
(4) Perioperative death (4)2 (4)6.6
(5) Wound infection (5)1 (5)3.3
(6) Stroke (6)0 (6)0
Yuan 2015 I: intensive 106 (1) Severe hypoglycaemia (1)2 (1)1.9
glycaemic
management (2) Postoperative deaths (2)1 (2)0.9
(3) Surgical site infection (3)5 (3)4.7
(4) Pneumonia (4)6 (4)5.7
(5) Urinary tract infection (5)7 (5) 6.6
(6) Bacteraemia (6)3 (6)2.8
(7) Anastomotic leak (M2 (1.9
(8) Bleeding (8)0 (8)0
(9) Delayed gastric emptying (9)5 (9) 4.7
(10) Obstruction (10) 1 (10) 0.9
(11) Hepatic dysfunction (11)6 (11) 5.7
(12) Renal dysfunction (12)0 (12)0
(13) Circulatory insufficiency (13)3 (13) 2.8
C: convention- 106 (1) Severe hypoglycaemia (1)12 (1)11.3
al glycaemic
management (2) Postoperative deaths (2)1 (2)0.9
(3) Surgical site infection (3)14 (3)13.2
(4) Pneumonia (4)8 (4)75
(5) Urinary tract infection (5)6 (5) 5.7
(6) Bacteraemia (6)4 (6)3.8
(7) Anastomotic leak (M3 (7)2.8
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(8) Bleeding (8)1 (8)0.9
(9) Delayed gastric emptying 97 (9) 6.6
(10) Obstruction (10) 2 (10) 1.9
(11) Hepatic dysfunction (11)6 (11) 5.7
(12) Renal dysfunction (12)1 (12) 0.9
(13) Circulatory insufficiency (13)1 (13)0.9
Umpierrez I: intensive 77 (1) Hospital mortality (1) 5* (1) 6*
2015 group
(2) Pneumonia (2) 1* (2) 1*
(3) ARF (3) 16* (3)21*
(4) Respiratory failure (4)9* (4) 12*
(5) BSI (5) 0* (5) 0*
(6) Surgical sternal infection (6) 3* (6) 4*
(7) MACE (7) 30* (7)39*
C: conserva- 75* (1) Hospital mortality (1) 2* (1) 3*
tive control
(2) Pneumonia (2) 5* (2) 7*
(3) ARF (3) 15* (3) 20*
(4) Respiratory failure (4) 12* (4) 16*
(5) BSI (5) 1* (5)1*
(6) Surgical sternal infection (6) 1* (6) 1*
(7) MACE (7) 31* (7) 41*
Abdelmalak I: intensive 54* (1) Sepsis, pneumonia, or surgical site in- (1)9* (1) 16.7*
2013 glucose man- fection
agement (2) 2* (2) 3.7
(2) Cardiovascular events (Ml, arrhythmia, . .
emboli, pulmonary oedema, stroke) 3)1 3)1.9
(3) Renal failure
C: conven- 49* (1) Sepsis, pneumonia, or surgical site in- (1) 4* (1) 8.2*
tional glucose fection
management (2)2 (2)4.1
(2) Cardiovascular events (Ml, arrhythmia, . .
emboli, pulmonary oedema, stroke) 3)1 (3)2.0
(3) Renal failure
Hermayer I: intensive 44 (1) Hyperglycaemia (1)5 (1)11
2012 glycaemic
control (2) Rejection episodes (2)9 (2)-
(3) Delayed graft function (3)8 (18)
C: standard 49 (1) Hyperglycaemia (1) 12 (1) 24
glycaemic
control (2) Rejection episodes (2)2 (2)-
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(3) Delayed graft function (3)12 (3)24
Desai 2012 I: strict blood 37* (1) Deep sternal wound infection (1) 0* (1) 0*
glucose con-
trol (2) MACE (2) 0* (2) 0*
(3) AF (3)3* (3)8.1*
(4) Renal failure (4)1* (4)2.7*
C: liberal 44* (1) Deep sternal wound infection (1) 0* (1) 0*
blood glucose
control (2) MACE (2) 0* (2) 0*
(3) AF (3)3* (3) 6.8*
(4) Renal failure (4)0* (4) 0*
Lazar2011 I: aggressive 40 (1) 30 days mortality (1o (10
glucose con-
trol (2) Ml 2)3 (2) 10
(3) CVA 3)0 (3)0
(4) Sternal infection 40 4)0
(5) Atrial fibrillation (5)12 (5) 30
C: moderate 42 (1) 30 days mortality (1y0 (1)0
glucose con-
trol (2) Ml )0 )0
(3) CVA (3)1 (3)2
(4) Sternal infection 40 40
(5) Atrial fibrillation (5) 16 (5) 38
Cao 2010 I:intensivein- 92 (1) Postoperative hospital mortality (1) 4 (1)4.3
sulin therapy
(2) Postoperative complications (total) (2)7 (2) 7.6
(3) Wound infection (3)4 (3)4.3
(4) Intra-abdominal infection (4)2 (4)2.2
(5) Pneumonia (5)3 (5)3.3
(6) Urinary tract infection (6)4 (6)4.3
(7) Sepsis (M2 (7)2.2
C: convention- 87 (1) Postoperative hospital mortality (1)5 (1)5.7
alinsulin ther-
apy (2) Postoperative complications (total) (2) 16 (2) 18.4
(3) Wound infection (3)12 (3)13.8
(4) Intra-abdominal infection 4)9 (4)10.3
(5) Pneumonia (5) 10 (5)11.5
(6) Urinary tract infection (6)3 (6) 3.4
(7) Sepsis (7)3 (7)3.4
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Glucontrol I: intensive 55* (1) Cardiovascular events (1) 33* (1) 60*
2009 insulin treat-
ment (2) Renal failure (2) 47* (2) 85.5*
(3) All-cause mortality ICU (3)4* (3)7.3*
(4) All-cause mortality hospital 47" (4)12.7*
C:intermedi- 69* (1) Cardiovascular events (1) 22* (1) 31.8*
ate glucose
control (2) Renal failure (2) 44* (2) 63.8
(3) All-cause mortality ICU (3)9* (3) 13
(4) All-cause mortality hospital (4)11* (4) 15.9*
NICE SUGAR I:intensivein-  213* (1) Infectious complication (1) 32* (1) 15*
2009 sulin therapy
(2) Renal failure (2) 16* (2) 7.5*
(3) All-cause mortality (3)57* (3) 26.8*
(4) Severe hypoglycaemic episodes (4) 21~ (4)9.9*
C: convention-  208* (1) Infectious complication (1) 22* (1) 10.6*
alinsulin ther-
apy (2) Renal failure (2) 27* (2) 13*
(3) All-cause mortality (3) 49* (3) 23.6*
(4) Severe hypoglycaemic episodes (4)1* (4) 0.5*
Subramaniam  I: continuous 62* (1) Infectious complication (1) 22* (1) 35.5*
2009 insulin infu-
sion (2) MI (2) 0 (2) 0*
(3) CHF (3)2* (3)3.2*
(4) Renal failure (4)17* (4) 27.4*
(5) Death within 30 days (5) 0% (5) 0*
C: standard 64* (1) Infectious complication (1) 16* (1) 25*
intermittent
sliding-scale @)™ (2)3* (2) 4.7
insulin bol
nsutin botus (3) CHF (3)5* (3) 7.8*
(4) Renal failure (4) 11~ (4)17.2*
(5) Death within 30 days (5)0* (5) 0*
Chan 2009 I:intensivein-  10* (1) Infection (1) 1* (1) 10*
sulin therapy
(2) Neurological dysfunction (2) 1.36* (2) 13.6*
(3) Renal failure (3)0.91* (3)9.1*
(4) All-cause mortality (4)0.91* (4)9.1*
C: convention-  22* (1) Infection (1) 6* (1) 27.3*
alinsulin ther-
apy (2) Neurological dysfunction (2) o* (2) o*
(3) Renal failure (3)0* (3)0*
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(4) All-cause mortality (4)0* (4) 0*
De La Rosa l:intensivein-  11* (1) Infection (1) 3* (1) 27.3*
2008 sulin therapy
(2) Renal failure (2) 3* (2) 27.3*
(3) ICU mortality (3) 5* (3) 45.5*
(4) 28 days mortality (4) 6* (4) 54.5*
C: convention- 2% (1) Infection (1) 0* (1) 0*
alinsulin ther-
apy (2) Renal failure (2) 0* (2) o*
(3) ICU mortality (3)1* (3) 50*
(4) 28 days mortality (4)1* (4) 50*
Gandhi 2007 I:intensivein- 37 (1) Death (1)2 (1)5
sulin therapy
(2) Stroke (2)2 (2)5
(3) Deep sternal infection (3)3 (3)8
(4) Cardiac arrest 40 4)0
(5) Heart block requiring pacemaker (5) 2 (5)5
(6) New-onset atrial fibrillation (6)13 (6) 35
(7) Acute renal failure (M3 (78
(8) Prolonged intubation (8)7 (8) 19
(9) 13
C: convention- 36 (1) Death (1yo0 (1)0
alinsulin ther-
apy (2) Stroke (2)0 (2)0
(3) Deep sternal infection 31 (3)3
(4) Cardiac arrest 4)0 (4)0
(5) Heart block requiring pacemaker (5)0 (5)0
(6) New-onset atrial fibrillation (6) 16 (6) 44
(7) Acute renal failure (M2 (Me
(8) Prolonged intubation (8)9 (8) 25
Li 2006 I: continuous 51 (1) Use of postoperative inotropic agents (1) 42 (1) 82.4
insulin infu-
sion (2) Prolonged ventilation (2)9 (2) 17.6
(3) New-onset atrial fibrillation (3)8 (3)15.7
(4) Sternal wound infection (4)2 (4)3.9
(5) Leg wound infection (5)1 (5)2
(6) Death (6) 2 (6)3.9
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C: glucome- 42 (1) Use of postoperative inotropic agents (1)36 (1) 85.7
ter-guided in-
sulin (2) Prolonged ventilation (2)5 (2)11.9
(3) New-onset atrial fibrillation 37 (3) 16.7
(4) Sternal wound infection (4)2 (4)4.8
(5) Leg wound infection (5)0 (5)0
(6) Death (6)1 (6)2.4
Lazar 2004 I: tight gly- 72 Postoperative (10 (10
caemic con- )
trol with GIK (1) 30-days mortality (2)0 (2)0
(2) MI (3)12 (3)16.6
(3) AF 40 40
(4) Infections (5)4 (5)5
(5) Recurrent ischaemia (5 years follow-up)  (6) 1 (6)1
(6) Recurrent infections (5 years follow-up)  (7) 4 (M5
(7) Recatheterisation (5 years follow-up)
C: standard 69 Postoperative (1)0 (1)0
therapy
(1) 30 days mortality (2)2 (2)2.8
(2) MI (3)29 (3) 42
(3) AF 4)9 (4)13
(4) Infections (5)13 (5) 19
(5) Recurrent ischaemia (5 years follow-up)  (6) 7 (6) 10
(6) Recurrent infections (5 years follow-up)  (7) 4 (Mme
(7) Recatheterisation (5 years follow-up)
Rassias 1999 I: aggressive 13 (1) Infection (1yo0 (1)0
insulin thera-
py
C:standardin- 13 (1) Infection (1)3 (1)23.1

sulin therapy

—: denotes not reported

AF: atrial fibrillation ; ARF: acute renal failure; BG: blood glucose; C: comparator; CHF: congestive heart failure; CVA: cerebrovascular
accident; GIK: glucose-insulin-potassium; I: intervention; MACE: major adverse cardiac events; MI: myocardial infarction; BSI: blood

stream infection

Appendix 15. Adverse events (V)
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Study ID Intervention(s) and comparator(s) Partici- Partici- Partici- Partici- Partici-
pants in- pants with pantswith pantswith pants with
cluded in at least at least at least at least
analysis one hypo- one hypo- one se- one se-
(N) glycaemic glycaemic vere/seri- vere/seri-

episode episode ous hypo- ous hypo-
(N) (%) glycaemic glycaemic
episode episode
(N) (%)
Duncan I: hyperinsulinaemic normoglycaemia 226" 24* 10.6* 1* 0.4*
2018
C: standard therapy 249* 1* 0.4* 1* 0.4*
Wallia2017 I intensive (140) 23* 11* 47.8* 2* 8.7*
C: moderate (180) 26* 1* 3.9* 0* 0*
Wahby I: tight glycaemic control 67 3 4.5 — —
2016
C: conventional moderate glycaemic con- 68 1 1.5 — —
trol

Parekh I: moderately intense control 30 0 0 0 0

2016

C: standard glucose control 30 0 0 0 0
Yuan 2015 I: intensive glycaemic management 106 - - 8 7.5

C: conventional glycaemic management 106 — — 1 0.9
Umpierrez I: intensive group 77 T 9* 0" 0"
2015

C: conservative control 75" 4* 5* 0" 0"
Abdel- I intensive glucose management 54* 0* 0* 1* 1.9*
malak 2013

C: conventional glucose management 49* 0* 0* 0* o*
Hermayer I: intensive glycaemic control 44 — — 7 16
2012

C: standard glycaemic control 49 — — 2 4
Desai 2012 I: strict blood glucose control 37* 18* 48,6 1* 2.7*

C: liberal blood glucose control 44> 15* 34.1* 0* 0*
Lazar 2011 I: aggressive glucose control 40 — — 30 75

C: moderate glucose control 42 — — 4 9.52
Cao 2010 I: intensive insulin therapy 92 — — 6 6.5

C: conventional insulin therapy 87 — — 1 1.1
Glucontrol I: intensive insulin treatment 55* — — 3* 5,5%
2009

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

228



Informed decisions.

g COCh rane Trusted evidence.
€ Li b ra ry Better health.

Cochrane Database of Systematic Reviews

(Continued)

C: intermediate glucose control 69* — — 1* 1.4*
NICE SU- I: intensive insulin therapy 213* - - 14* 6.6*
GAR 2009

C: conventional insulin therapy 208* - - 1* 0.5
Subramani-  I: continuous insulin infusion 62* 8* 12.9* 0* 0*
am 2009

C: standard intermittent sliding-scale in- 64* 2" 3.1" 0* 0*

sulin bolus
Chan 2009 I: intensive insulin therapy 10* 0* 0* — —

C: conventional insulin therapy 22* 0* 0* — —
DelaRosa  I:intensive insulin therapy 11* — — 0* 0*
2008

C: conventional insulin therapy 2% - — 1* 50*
Gandhi I: intensive insulin therapy 37 1 3 - —
2007

C: conventional insulin therapy 36 6 16.6 — —
Li 2006 I: continuous insulin infusion 51 — — — —

C: glucometer-guided insulin 42 — — — —
Lazar 2004 I: tight glycaemic control with GIK 72 — — — —

C: standard therapy 69 — — — —
Rassias I: aggressive insulin therapy 13 — — — —
1999

C: standard insulin therapy 13 — — — —

—: denotes not reported

*data provided by study authors (patients with diabetes).

adata from total study population.

C: comparator; I: intervention;GIK: glucose-insulin-potassium.
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Appendix 16. Length of stay

Study ID Length of ICU stay Length of hospital stay
(mean days (SD)) (mean days (SD))
Duncan 2018 1:2.7 (3.9)* —
C:2.6(4.1)*
Wallia 2017 — I: 16.7 (25.3)*
C:9.3(10.8)*
Wahby 2016 — —
Parekh 2016 — 1:4.1(1.9)
C:5(2.4)
Yuan 2015 — —
Umpierrez 2015 I: 4 (5.4)* I:10.3 (6.6)*
C:5.1(13)* C:11.1(11.8)*
Abdelmalak 2013 — —
Hermayer 2012 — —
Desai 2012 I:1.2 (1.0)* I:4.52 (1.79)*
C:2.4(5.1)* C:4.68 (1.75)*
Lazar 2011 1:2.9(0.7) l:10.1 (3.5)
C:2.7(0.5) C:10.8 (3.5)
Cao0 2010 — 1:8(4.3)
C: 10 (4.3)
Glucontrol 2009 1:9.5(11.2)* 1:23.3(17.8)*
C:7.4(11.5)* C:19.6 (19.1)*
NICE SUGAR 2009 l:5(5.9)* l: 16 (—)*
C:5(5.2)* C:15(=)"
Subramaniam 2009 — I: 7.8 (5.0)*
C:7.4(4.3)"
Chan 2009 : 2.8 (1.5)* 19 (3)*
C:4.5(4.4)* C: 17 (18)*
De La Rosa 2008 1:7.2(5.9)a —

Perioperative glycaemic control for people with diabetes undergoing surgery (Review)
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

231



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

(Continued)
C: 6.5 (5.0)2
Gandhi 2007 I: 2 (2) days I: 8 (6) days
C:2(2) days C: 8 (3) days
Li 2006 1:5.7 (=) —
C:6.3(—)
Lazar 2004 1:0.7 (0.3) 1: 6.5 (0.1)
C:1.37(0.9) C:9.2(0.3)

Rassias 1999

—: denotes not reported

*Data provided by study authors (patients with diabetes).

aData from total study population.
EGEstimated from graph or table showing longitudinal changes in glucose when the value was not available.
EAEstimated from algorithm.

C: control group; I: intensive intervention group

Appendix 17. Survey of trial investigators providing information on included trials

Study ID Date trial au- Date trial au- Date trial author was asked for additional in- Date trial author
thor contacted thor replied formation provided data
(short summary) (short summary)
Hweidi 2021 1 August 2022 No answer Additional information on the insulin protocol
regimen of the control group
Imran-ul-hassan 1 August 2022 No answer Information about study design
2021
* Gupta 2020 1 September No answer People with diabetes, separated data
2021
* Kumar 2020 28 October 2020 No answer People with diabetes, separated data
*Mohod 2019 28 October 2020 No answer People with diabetes, separated data
*Santana-Santos 28 October 2020  No answer People with diabetes, separated data
2019
*Abdelmalak 28 October 2020  No answer People with diabetes, separated data
2019
Duncan 2018 27 May 2019 28 May 2019 People with diabetes, separated data 13 June 2019
*Kurnaz 2017 20 May 2019 No answer People with diabetes, separated data
Perioperative glycaemic control for people with diabetes undergoing surgery (Review) 232
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Wallia 2017 27 May 2019 29 May 2019 People with diabetes, separated data 2 June 2019
Wahby 2016 Not contacted

Parekh 2016 Not contacted

Umpierrez 2015 27 May 2019 29 May 2019 People with diabetes, separated data 24 July 2019
Yuan 2015 Not contacted

*Kalfon 2014

12 March 2019

12 March 2019

People with diabetes, separated data.

No data provided

by author

*Okabayashi 27 May 2019 No answer People with diabetes, separated data

2014

*Rujirojindakul 26 May 2019 No answer People with diabetes, separated data

2014

*Pezzella 2014 27 May 2019 No answer People with diabetes, separated data

Abdelmalak 2013 23 May 2019 23 May 2019 People with diabetes, separated data 27 June 2019

*Giakoumidakis 27 May 2019 No answer People with diabetes, separated data

2013

Hermayer 2012 Not contacted

Desai 2012 3June 2019 No answer People with diabetes, separated data Author provided
separated datain
former review

Lazar2011 3June 2019 5June 2019 Data on outcomes not reported in the study Author did not
analyse other out-
comes

Cao 2010 Not contacted

Glucontrol 2009 3 June 2019 No answer People with diabetes, separated data Author provided
separated data in
former review

NICE SUGAR 3June 2019 No answer People with diabetes, separated data Author provided

2009 separated datain
former review

Subramaniam 3June 2019 No answer People with diabetes, separated data Author provided

2009 separated datain
former review

Chan 2009 3June 2019 No answer People with diabetes, separated data Author provided
separated datain
former review

De LaRosa 2008  3June2019 No answer People with diabetes, separated data Author provided

separated data in
former review
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Gandhi 2007 3 June 2019 No answer
Li 2006 3June 2019 No answer
Lazar 2004 3 June 2019 5 June 2019 Data on outcomes not reported in the study Author did not
analyse other out-
comes
Rassias 1999 3June 2019 No answer

* Studies excluded with reason: no outcome data available for subpopulation of patients with diabetes after contacting study au-
thors.
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Appendix 18. Checklist to aid consistency and reproducibility of GRADE assessments

(1) All- (2) Hypo- (3) Adverse  (4) Cardio- (5) Length (6) Health- (7) Socioe-
cause mor-  glycaemic events oth-  vascular of ICU/hos-  related conomic ef-
tality episodes er than events pital stay quality of fects
hypogly- life
caemic
episodes
Trial limita- Was random sequence generation used (i.e. Unclear Unclear Unclear Unclear Unclear/Un-  Not report- Not report-
tions no potential for selection bias)? clear ed ed
(risk of
bias)a Was allocation concealment used (i.e. no po- Unclear Unclear Unclear Unclear Unclear/Un-
tential for selection bias)? clear
Was there blinding of participants and per- Yes No (¥) No (V) Yes No (+)/No
sonnel (i.e. no potential for performance bias) (V)
or outcome not likely to be influenced by lack
of blinding?
Was there blinding of outcome assessment Yes Unclear Unclear Yes Unclear/
(i.e. no potential for detection bias) or was Unclear
outcome measurement not likely to be influ-
enced by lack of blinding?
Was an objective outcome used? Yes No (¥) No (V) Yes Yes/Yes
Were more than 80% of participants enrolled  Yes Yes Yes Yes Yes/Yes
in trials included in the analysis (i.e. no poten-
tial reporting bias)?e
Were data reported consistently for the out- Unclear Unclear Unclear Unclear Unclear/Un-
come of interest (i.e. no potential selective re- clear
porting)?
No other biases reported (i.e. no potential of Yes Yes Yes Yes Yes/Yes
other bias)?
Did the trials end up as scheduled (i.e. not Yes Yes Yes Yes Yes/Yes
stopped early)?
Inconsis- Point estimates did not vary widely? Yes No (v) Yes Yes Yes
tencyb
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(Continued)

To what extent did confidence intervals over- ~ Substantial Some Substantial Substantial Substan-

lap (substantial: all confidence intervals over- tial/Sub-

lap at least one of the included studies point stantial
estimate; some: confidence intervals over-

lap but not all overlap at least one point esti-

mate; no: at least one outlier: where the con-

fidence interval of some of the studies do not

overlap with those of most included studies)?

Was the direction of effect consistent? Yes No (¥) No (V) Yes Yes/ es

What was the magnitude of statistical hetero-  Low High (v) Moderate Moderate High (v)/

geneity (as measured by 1) - low (1? < 40%), High (V)

moderate (1> 40% to 60%), high 1> > 60%)?

Was the test for heterogeneity statistically Not statisti- ~ Statistically ~ Statistically =~ Notstatisti-  Statistically

significant (P <0.1)? cally signifi-  significant significant cally signifi-  significant

cant (V) (V) cant (v)/Statisti-
cally signifi-
cant (V)
Indirect- Were the populations in included studies ap- Highly ap- Highly ap- Highly ap- Highly ap- Highly
ness plicable to the decision context? plicable plicable plicable plicable applica-
ble/Highly
applicable

Were the interventions in the included studies  Highly ap- Highly ap- Highly ap- Highly ap- Highly

applicable to the decision context? plicable plicable plicable plicable applica-
ble/Highly
applicable

Was the included outcome not a surrogate Yes Yes Yes Yes Yes/Yes

outcome?

Was the outcome timeframe sufficient? Sufficient Sufficient Sufficient Sufficient Suffi-
cient/Suffi-
cient

Were the conclusions based on direct com- Yes Yes Yes Yes Yes/Yes

parisons?

Impreci- Was the confidence interval for the pooled es-  No (V) No (V) No (v) No (V) No (v)/No
sion¢ timate not consistent with benefit and harm? (V)
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(Continued)
What is the magnitude of the median sample Low () Low (v) Low (¥) Intermedi- Low (¥)/In-
size (high: 300 participants, intermediate: 100 ate termediate
to 300 participants, low: < 100 participants)?¢
What was the magnitude of the number of in-  Large Moderate Large Moderate Moder-
cluded studies (large: > 10 studies, moderate: ate/Moder-
5to 10 studies, small: < 5 studies)?e ate
Was the outcome a common event (e.g. oc- Yes Yes Yes Yes NA/NA
curs more than 1/100)?
Publication = Was a comprehensive search conducted? Yes Yes Yes Yes Yes/Yes
biasd
Was grey literature searched? Yes Yes Yes Yes Yes/Yes
Were no restrictions applied to study selec- Yes Yes Yes Yes Yes/Yes

tion on the basis of language?

There was no industry influence on studiesin-  Yes Yes Yes Yes Yes/Yes
cluded in the review?

There was no evidence of funnel plot asym- Yes NA Yes NA NA/NA
metry?

There was no discrepancy in findings be- Unclear Unclear Unclear Unclear Unclear/Un-
tween published and unpublished trials? clear

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to individual trials.
bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity based on I2.

When judging the width of the confidence interval it is recommended to use a clinical decision threshold to assess whether the imprecision is clinically meaningful.
dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry and discrepancies between published and unpublished trials.
eDepends on the context of the systematic review area.

(v): key item for potential downgrading the quality of the evidence (GRADE) as shown in the footnotes of the 'Summary of finding' table(s); GRADE: Grading of Recommen-
dations Assessment, Development and Evaluation; ICU: intensive care unit; NA: not applicable.
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Appendix 19. OLD DATA: Blood glucose matrix

Study ID Baseline blood glu- Target blood glucose (mean Mean blood glucose during interven-
cose/fasting plasma glu- mg/dL (SD)) tion (mean mg/dL (SD)
cose (mean mg/dL (SD))

Duncan 2018 I: 125.3 (59.1) I:80to0 110 I:113.5(24.9)*

C:120to 180 C:162.9(33.1)*
C:138.6 (52.3)
Wallia 2017 1:223.9 (51.73)* I: 140 l:152.8 (22)*
C:180 C:198.6 (24.4)*
C:241.7 (59.52)*
Wahby 2016 I: 164.06 (12.09) I: 110 to 149 -
C: 166.90 (16.77) C: 150 to 180

Parekh 2016 l: 125.3 (59.1) l: <160 l: 137.4 (33.8)
C:138.6(52.3) C:<200 C:182.2(67.7)

Yuan 2015 I: 153.1 (43.2) I: 80 to 110 mg/dL 1:97.3 (21.6)

C: 147.7 (46.8)

C:<200 mg/dL

C:171.2(32.4)

Umpierrez 2015 l: 169.7 (28.5)* I: 100 to 140 l: 136.9 (14.4)*
C:175.8 (30.8)* C: 141to 180 C:161.2 (12.1)*
Abdelmalak 2013 1. 102 (52.06)* : 80 to 110 l: 113.1 (28.95)*
C:150.8 (81.85)* C:180t0 200 C:163.7 (38.61)*
Hermayer 2012 — I: 70to 110 I:122.5(3.4)
C: 70 to 180 C:177.3(3.4)
Desai 2012 NA 1:90to 120 I: 119.87 (15.97)*
C:121to0 180 C:133.29(18.01)*
Lazar 2011 I: 161 (50) 1: 90 to 120 I: 140 (27) EG
C: 151 (35) C: 120 to 180 C:163 (21) EG
Cao0 2010 l: 112.4 (10.8) 1: 79.2 to 109.8 : 99 (14.4)
C:126(12.6) C:180to 198 C:178(18)
Glucontrol 2009 — I: 79t0 110 I: 1.1 to 30.7 mmol/L2
C: 140 to 180 C:1.1to 33.2 mmol/La
NICE SUGAR 2009 — I: 81to 108 1:122 (22)
C: <180 C: 164 (23)
Subramaniam 2009 — I: 100 to 150
C:<150
Chan 2009 NA 1: 80 to 130 I: 159.4*
C:160to 200 C:195.8*
De La Rosa 2008 NA I:80to0 110 I: 138 (47.9)*
C:180t0 200 C:165.4 (26.1)*
Gandhi 2007 Intraoperative I: 80 to 100 Intraoperative
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l: 139 (31) C:<200 1: 132 (29)
C: 141 (53) C: 169 (49)
ICU IcCU
I: 130 (29) I: 106 (18)
C: 180 (50) C: 105 (25)
Li 2006 l: 193 I: 150 to 200 I: 203 (50) EG
C:174 C:150to 200 C: 218 (50) EG
Lazar 2004 : 180 (59) I: 126 to 200 I: 152 (39) EG
C:179 (32) C: 80 to 249 C: 244 (50) EG
Rassias 1999 I: 172 (65) I: <150 EA I: 197 (65) EG
C:152(51) C: <200 EA C:220 (51) EG

—: denotes not reported

*Data provided by study authors.

aData from total study population.

EGEstimated from graph or table showing longitudinal changes in glucose when value was not available.
EAEstimated from algorithm.

C: control group; I: intensive intervention group.

WHAT'S NEW

Date Event Description

1 August 2023 This is an update of the Cochrane Review first published in Issue

9,2012.

New search has been performed

1 August 2023 New citation required and conclusions We found beneficial evidence for intensive glucose control for

have changed cardiovascular events. Intensive perioperative glucose control
slightly raised the risk of hypoglycaemic and severe hypogly-
caemic episodes. There is high-certainty evidence that more
stringent perioperative glycaemic control results in little or no
difference in overall mortality in people with diabetes undergo-

ing surgery.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
In this review, we made changes to the outcomes:

« Weincluded the secondary outcome all-cause mortality in our primary outcomes.

« The original primary outcome microvascular complications was not assessed.

« The secondary outcome length of hospital and length of ICU stay were split into two separate outcomes.

« We considered the primary outcomes hypoglycaemic episodes and severe hypoglycaemic episodes as two different outcomes.

For this update, we made the following changes regarding the outcomes included in Summary of findings 1, in order to show those more
important for decision-making:

« We maintained the primary outcomes.
« Wedivided length of stay to reflect differentiated considerations regarding certainty of evidence for the stay at the ICU and the hospital.
« We omitted health-related quality of life because the data informing this outcome were anecdotal.

We changed the title of the review from "Perioperative glycaemic control for diabetic patients undergoing surgery" to "Perioperative
glycaemic control for people with diabetes undergoing surgery" as 'people with diabetes' is currently a preferred term.

We considered sensitivity analyses for only published data and in the case of all-cause mortality additionally for studies with a low risk
of bias only.

We conducted no subgroup analyses.
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NOTES

Portions of the background and methods sections, the appendices, additional tables and Figures 1 to 3 of this review are based on a
standard template established by Cochrane Metabolic and Endocrine Disorders.

INDEX TERMS

Medical Subject Headings (MeSH)

Blood Glucose [analysis]; *Cardiovascular Diseases; *Diabetes Mellitus, Type 2 [complications]; Glycemic Control; *Hypoglycemia
[chemically induced]; Hypoglycemic Agents [therapeutic use]; Quality of Life; Randomized Controlled Trials as Topic

MeSH check words

Humans
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