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ABSTRACT

Background and Aim: The stress induced by surgery disrupts the delicate balance between hepatic glucose
production and glucose utilization in the body. Despite the significance of intraoperative glycaemic control for
diabetic patients, limited attention has been given to this aspect. Two methods for administering insulin to manage
glucose levels during surgery exist. This study aimed to compare intraoperative glucose levels in diabetic patients
undergoing Coronary Artery Bypass Graft (CABG) surgery using either insulin infusion or the bolus method.
Method: This was a Randomized Clinical Trial (RCT). Seventy diabetic patients aged 40 or older scheduled for
CABG surgery were enrolled in the trial. They were randomly assigned, using block randomization, to receive
intraoperative insulin via either infusion or the bolus method. The primary outcome measure was intraoperative
glucose levels. Subsequent insulin unit requirements and intraoperative potassium levels were secondary
outcomes. Data was monitored throughout the CABG procedure and recorded at six different checkpoints.
Results: Male patients constituted the majority in both groups, with no significant differences in the preoperative
characteristics of patients, including HbAlc levels and comorbidities. The infusion regimen demonstrated a
statistically significant reduction in glucose levels (-19.12 mg/dL, 95% CI: -27.68 to -10.55, P<0.001, Cohen's
d=1.06) compared to the bolus regimen. The total insulin units administered in the infusion group were 480 units,
as opposed to 600 units in the bolus group (P=0.001, Cohen's d=0.85). Importantly, no cases of hypoglycemia or
hyperkalemia were reported among the patients.

Conclusion: Intraoperative glucose control using insulin was effective for CABG patients with diabetes. However,
the infusion regimen exhibited statistically superior results compared to the bolus regimen.

Clinical Trials Registry and Registration Number: The trial received approval from the Ethics Committee on
2/1/2019/2020 and was registered on Clinicaltrials.gov under ID: NCT04824586.

Keywords: Type 2 diabetes mellitus; cardiac surgery; glucose levels; insulin infusion; insulin bolus.

HIGHLIGHTS: intraoperative glucose level performance between
e Most studies typically focus on pre- and post- infusion and bolus regimens.
operative glucose levels. This is the first e The use of insulin for glucose control in CABG
Randomized  Clinical Trial to  compare patients helps prevent intraoperative

hyperglycemia and potassium disturbances.

*Corresponding author- Mohanad Odeh e The insulin infusion regimen in diabetic patients

mohanad odeh@hu.edu.jo during CABG surgery yielded superior outcomes

Received: 7/12/2022  Accepted: 19/1/2023. compared to the bolus regimen.
DOIL: https://doi.org/10.35516/jjps.v16i3.708

- 487 - ©2023 DSR Publishers/The University of Jordan. All Rights Reserved.


mailto:mohanad_odeh@hu.edu.jo

Intraoperative Insulin Infusion Vs Bolus

INTRODUCTION

In cardiac surgery patients, a significant association
between intraoperative hyperglycaemia (glucose greater
than 200 to 250 mg/dL) and increasing odds of morbidity
and mortality has been documentedl,2. At such high
glucose levels, there are increased risks of pulmonary and
renal complications, infection, atrial fibrillation, heart
failure, myocardial infarction, pericarditis, and
neurological complications®”.

Nevertheless, the optimal glucose management
strategy during operations remains undetermined®®. There
is some evidence supporting the superiority or at least
equivalence of moderate glycaemic control (100-140
mg/dL, or 140-180 mg/dL) compared to intensive control
(80-110 mg/dL) in patients undergoing cardiac
surgery*®!®, It was found that glucose levels ranging from
140-170 mg/dL had the lowest risk of adverse outcomes™°.
The established and widely approved treatment strategies
in cardiac surgery are still predominantly insulin-based?
14 Nevertheless, to the best of our knowledge, there is no
universal agreement on the best specific protocol to be
used. A considerable body of literature compares the
impact of infusion insulin versus the sliding scale on
postoperative parameters including surgical site infections
and readmission rates'#'®. Despite that, no published
research, including a review of existing literature from
sources such as PubMed, CINAHL, EMBASE, and
CENTRAL, has compared the practical aspects and
intraoperative parameters between infusion insulin and
bolus insulin protocols in cardiac surgery for patients with
diabetes. Reviewers, such as Duggan and colleagues, have
confirmed the lack of data comparing subcutaneous insulin
to IV insulin infusion in the operative setting®>'’.

Accordingly, the primary objective of the present trial
was to explore which insulin-based regimen, either
infusion or bolus regimen, is superior for intraoperative
management of glucose levels in patients with diabetes
undergoing Coronary Artery Bypass Graft (CABG)
surgery. Secondary objectives include comparing the
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relative amounts of insulin required during the operation,
the subsequent cost impact, and comparing potassium
levels between the two groups.

METHODS AND MATERIALS

Study Design

This study was a parallel group, randomized clinical
trial (RCT) with a 1:1 allocation ratio. The study was
designed and reported in accordance with CONSORT
guidelines.

Ethical Approval and Study Registration

Ethical approval for the study was obtained from the
Office for Research Ethics Committees at Hashemite
University and Prince Hamza Hospital in Jordan, with
reference number 2/1/2019/2020. The study was also
registered on Clinicaltials.gov (ID: NCT04824586),

Participants

The eligibility criteria for participants were adult
patients with type 2 diabetes mellitus admitted to the
hospital for CABG surgery. These patients were asked to
provide informed consent and met the following criteria:
ages ranging from 40 to 70 years, a regular need for insulin
according to dosing guidelines, and preoperative glucose
levels between 200 mg/dL and 300 mg/dL.

The following patients were excluded from the trial:
insulin-sensitive patients®®, insulin resistance patients
(Body Mass Index (BMI) > 35 kg/m?, total daily insulin
dose > 80 units, and/or daily steroids therapy > 20 mg
prednisone), age > 70 years, Glomerular Filtration Rate
(GFR) < 45 ml/min, individuals with no history of
diabetes, patients at high risk of complications, and those
whose operations were to be supervised by a specialized
team. Patients unable to provide written informed consent
and those with > 4 emergency admissions within the six
months prior to the index admission were also excluded.

Setting

Patients were recruited from the tertiary care center at
Prince Hamza Hospital in Amman, Jordan. Patients with
diabetes who had scheduled cardiac surgery and met the
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study criteria were invited to participate. Patients who
accepted participation and provided their consent were
enrolled by well-trained research assistants who were
trained in ethical standards and a patient-centered
approach.

The Intervention

All patients in the two groups, the infusion and bolus
groups, received doses of fast-acting human insulin
(Regular insulin, Actrapid®). The insulin regimen
protocol and its details were executed following the insulin
standardization protocol in the hospital'’.

Primary and Secondary Outcomes

The primary outcome was the intraoperative glucose
level. It was monitored six times during the operation (see
Table 1). The checkpoints were as follows: induction
measurement before surgery, glucose levels post-heparin,
and then every 30 minutes for two hours while the patient's
blood was circulated through the Coronary Artery Bypass
Machine (CABM). Insulin doses and potassium levels
were recorded for use in the analysis of secondary
outcomes.

Table 1 Baseline demographic and clinical characteristics of patients for two groups (n=70)
Variables Infusion Group (n=35) Bolus Group (n=35) P-Value
Age (years) Mean (xSD) 57.6 (£6.98) 58.3 (+7.52) 0.692
Gender: Male (%) 28 (80.00%) 29 (82.86%) 0.76°
8”8%3'0” of diabetes (years) Mean | 1 56 (47 g0) 7.06 (+6.90) 0.09°
HbAlc % Mean (xSD) 9.7 (£2.37) 9.2 (£2.88) 0.40°
zig‘g)“on glucose level mg/dL. Mean | 1 77 (196 56) 241.29 (+23.65) 0.56°
No. of patients on insulin 0 0 b
oreoperatively (%) 9 (25.71%) 4 (11.43%) 0.12
No. of patients on oral 0 0 b
hypoglycaemic agents (%) 24 (68.57%) 29 (82.82%) 0.16
No. of patients on both insulin and 0 0 b
hypoglycaemic agents (%) 2 (5.71%) 2 (5.71%) 1.00
Hypertension (%) 22 (62.86%) 27 (77.14%) 0.19°
Duration of Hypertension (years) a
Mean (+5D) 9.7 (£7.43) 11.8 (+7.58) 0.35
Duration of ischemic heart disease b
(weeks) Mean (+SD) 25 (£8) 31 (5) 0.07
Duration of ischemic heart disease a
(years) Mean (+5D) 1.3 (£1.58) 1.1 (1.46) 0.73
Kidney Disease (%) 2 (5.71%) 1 (2.86%) 1.00°¢
Thyroid Disease (%) 1 (2.86%) 0 1.00°

Sample Size

To detect a difference of at least 25 mg/dL between the
infusion and bolus groups (the standard deviation of the
two groups is expected to be 35 mg/dL, i.e., the variance
is 1225 mg/dL), the study recruited and collected complete
data for a minimum of 31 patients in each group. This
provided a confidence level of (95%) and the power of

80%. n = (Za/2+ZB)? *2*c? | d?. where Za/2 is the critical
value of the Normal distribution at a/2 (for a confidence
level of 95%, a is 0.05, and the critical value is 1.96), Zf
is the critical value of the Normal distribution at  (for a
power of 80%, B is 0.2, and the critical value is 0.84), 62 is
the population variance, and d is the difference needed to
be detected?.
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Statistical Methods

Standard independent-samples t-tests or separate
variances t-tests (Welch t-tests) were used to compare the
results between the two arms of the study. A General
Linear Model and one-way repeated measures ANOVA
were conducted to determine whether there was a
statistically significant difference within groups.

Cost analysis and cost-effectiveness were employed
for the pharmacoeconomic analysis?*??. The incremental
cost-effectiveness ratio (ICER) was calculated using the
following equation:

ICER = (Cost of insulin in the infusion protocol —

Cost of insulin in the bolus protocol )/
(Drop in glucose level by infusion - Drop in glucose level by bolus)
Equation 1

Randomization, Allocation and Blinding

During patient enrollment, concealed allocation to
either the infusion group or bolus group was ensured by
using a closed envelope system prepared by an
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independent investigator?®>. Block randomization with
random block sizes was employed to ensure allocation
balance and prevent selection bias by avoiding allocation
prediction?. Researchers and physicians were blinded to
the block size sequence and randomization. The envelopes
remained unopened until the registration of patients was
completed. Hospital staff responsible for monitoring
glucose levels and administering insulin were also blinded
to the primary and secondary outcomes of the study.

RESULTS

Out of 179 screened patients, 93 patients were invited
to participate in the study, and ultimately, 70 patients were
recruited and randomized into two arms. No losses or
exclusions were documented after recruitment in the study.
Please refer to Figure 1 below for the flow of participants
through the trial based on eligibility criteria. The patient
recruitment process took place from June 1, 2019, to
January 30, 2020. Follow-up was not carried out as the
study's focus was on intraoperative glucose control.

I Assessed for eligibility (n = 179) I

Exclusions (n=86),
Did not meet inclusion criteria.

A

Declined to participate (n=23)

IRandome assigned ‘n=70'

—

I Infusion group (n=35) I I Bolus group (n=35) I

No excluded case, nor
Hypoglycemia cases

-

A4

No excluded case, nor
Hypoglycemic cases

—

Received allocated
Intervention (n=35)

Received allocated

Intervention (n=35)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

v

Lost to follow-up (n =0)
Discontinued intervention (n=0)

>

| Analyzed (n =35) |

Y
I Analyzed (n=35 l

Figure 1 Participation flow diagram. Patients recruited and randomized (n=70); in the infusion group (n=35) and
bolus group (n=35)
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Characteristics of Study Participants

The baseline characteristics of the 70 subjects
presented in Table 1, with no statistically significant
differences were noted in all characteristics of the two
groups: infusion group (n=35) and bolus group (n=35).
There were more male participants than female
participants in the two groups with an average age 57.6 and
58.3 years old, respectively. Mean HbAlc for the two
groups were between 9.7 and 9.2, respectively. Induction
glucose levels were much closed with 244.77 and 241.29
mg/dL. In addition, there were no significant differences
in the presentation of other chronic diseases.

Surgery Characteristics

The number of diseased vessels (blocked coronary
arteries) in patients was 3 in 91.4% and 94.3% in the
infusion group and the bolus group, respectively. The
remaining patients had 4 diseased vessels. The number of
grafts performed was equal to the number of diseased
vessels in all patients in the two groups. There were no
significant differences in the number of diseased vessels
and grafts performed between the two groups.

The average surgery time for patients with three grafts

in both groups was 5.0 £ 0.4 hours, and 5.3 £ 0.5 hours for
patients with four grafts. There were no significant
differences in operative time between the two groups.

A team consisting of surgeons, anesthesiologist, and
surgical nurses conducted the CABG surgeries for all
patients included in this trial.

Pre- and Intraoperatively Glucose Levels

Table 2 displays the mean glucose levels between the two
insulin groups. Variances were found to be homogeneovus, as
assessed by Levene's test for equality of variances. Glucose
levels across the operation were statistically significantly
lower in the infusion group compared to the bolus group. The
maximum difference was observed at the second checkpoint,
where the mean difference was -24.91 mg/dL (95%Cl: -40.73
t0 -9.10; P=0.002) with a medium effect size (Cohen's d value
=0.75). The minimum statistically significant difference was
reported at checkpoint 5, where the difference was —17.6
mg/dL (95% CI: -29.07 to -6.13; P=0.003, d=0.73). At the end
of operation mean glucose levels for the infusion group was
19.12 mg/dL less than mean for the bolus group (95% CI: -
27.6 8 t0 -10.55, P<0.001, d=1.06).

Table 2 Primary outcome, glucose level as measured at six checkpoints through the operation and insulin units used in the CABG

operations (n=70)

Mean glucose level Mean glucose level 95% Confidence Interval of the
Checkpoin Variables Levene's Test for Equality Mean Effect size
(+SD) (mg/dL) (+SD) (mg/dL) P value difference
ts between-group analysis of variances difference Cohen's d
Infusion Group (n=35) Bolus Group (n=35) Lower Upper
1 Induction Glucose level 244.77 (+26.56) 241.29 (+23.65) 0.326* 3.48 0.564° -8.51 15.45 0.14
2 Glucose / Post Heparin 193.06 (+33.71) 217.97 (32.59) 0.243% -24.91 0.002° -40.73 -9.10 0.75
3 1" on CABM 169.46 (+31.55) 191.49 (£30.88) 0.972° -22.03 0.004° -36.92 -7.13 0.71
4 2" on CABM 158.00 (+25.42) 176.11 (£28.71) 0.398° -18.11 0.007° -31.05 -5.18 0.67
5 3“on CABM 156.71 (£25.37) 174.31 (£22.66) 0.661° -17.60 0.003° -29.07 -6.13 0.73
4"on CABM post- <0.001
6 152.37 (£19.31) 171.49 (£16.48) 0.540° -19.12 -27.68 -10.55 1.06
protamine b
Mean (+SD) Insluin Unit Mean (+SD) Insluin Unit
480 600
0.354 -3.43 0.001 -5.36 -1.50 0.85
[13.71 (+4.29)] [17.14 (+3.80)]

CABM: Coronary Artery Bypass Machine

a Population variance of both groups is equal

b Standard independent-samples t-test
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No cases of hypoglycaemia (glucose level < 60 mg/dL)
were reported during the trials in either of the two groups.

Within-group analysis

Figure 2A illustrates the decrease in glucose levels in the
infusion group from 244.77 (+26.56) mg/dL pre-intervention
to 152.37 (£19.31) mg/dL (i.e. reduction of 92.4 mg/dL, 95%
Cl: 75.7-109.1, p <0.001) and in the bolus group from 241.29
(£23.65) mg/dL to 171.49 (+16.48) mg/dL (i.e. reduction of
69.8: 95% Cl: 56.9-82.7, p <0.001) by the end of
intervention. Both the infusion and bolus interventions
elicited statistically significant changes in glucose
concentration over time, F(2.9, 97.9) = 97.86, p <0.001 and
F(2.6, 89.4) = 75.07, p <0.001, respectively.

Mauchly's test of sphericity indicates that the
assumption of sphericity has been violated in both the
infusion group ¥?(14) = 58.34, p <0.001 and the bolus
group ¥?(14) = 76.74, p <0.001, so results were interpreted
by using the Greenhouse-Geisser correction (estimated
epsilon (¢) less than 0.75). The sample effect size based on
within-subjects factor variability, partial eta squared effect
size 12 was = 0.74 in the infusion group, and 0.67 in the
bolus group. The estimated effect size (partial m?) was =
0.697 in the infusion group and 0.638 in the bolus group.

Post hoc pairwise analysis, adjusted for multiple
comparisons Bonferroni correction, revealed that glucose
concentration was statistically significantly decreased
within the infusion group between pairwise at checkpoints
1, 2, and 3 (p <0.05). A similar pattern has also resulted in
post hoc pairwise analysis for the bolus group.

Insulin Units Used Pre- and During Surgical
Operations

As shown in Figure 2B, patients in the infusion group
received fewer insulin units compared to the bolus group,
with 13.71 (+4.29) units and 17.14 (£3.80) units,
respectively (Table 2). The difference was statistically
significant (-3.43 units of insulin, 95% CI: -5.35 to -1.50, P
=0.001, d = 0.85).
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Cost Effectiveness Analysis

Economic evaluation ICER = (480 unit * $0.15/unit —
600 unit * $0.15/unit) - (92.4 - 69.8). In other terms = 72-
90/22.6 =-18/22.6 = -0.79. (See Equation 1).

As the incremental cost is negative (-18) and the
incremental effect is positive (22.6), the infusion
intervention is unequivocally cost-effective when
compared with the bolus intervention. It is dominant,
achieving better outcomes at a lower cost??2,

Potassium Levels

Generally, there was no case of hypokalaemia, and
potassium levels reached the upper limit only once (at
checkpoint 5) in the bolus infusion group. However, the
results showed that there were no statistically significant
differences between the two groups with regards to
potassium levels throughout the operations. Within-group
analysis revealed that the mean potassium levels fluctuated
between 4.13 (+0.39) and 4.43 (+0.38) among the infusion
group and 4.09 (£0.32) and 4.51 (x£0.41) among the bolus
group. Figure 3 illustrates the intraoperative levels of
potassium across six operation checkpoints.

Both groups reported within-group statistically
significant differences in potassium levels. Post hoc
pairwise analysis, adjusted for multiple comparisons using
Bonferroni  correction, revealed that statistically
significant results were driven by checkpoint 5 in both
groups (see Figure 3). The maximum fluctuation and
statistically significant mean difference in the infusion
group were observed at 5, 1 A mean = 0.29 (95% CI: 0.06
—0.53, P=0.006) and points 5,6: A mean = 0.30 (95% CI:
0.08 — 0.52, P=0.002). In the bolus group, the maximum
mean difference was observed at points 5, 1: A mean =
0.42 (95% CI: 0.14 — 0.70, P=0.001) and points 5,6: A
mean = 0.33 (95% CI: 0.004 — 0.66, P=0.045). The
maximum mean difference in the bolus group was larger
than that in the infusion group. However, all potassium
readings intraoperatively were almost within the normal
potassium range.
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Figure 2A: Intraoperative mean glucose levels across six operation checkpoints infusion (n=35) or bolus (n=35)
groups. By the end of the intervention, the decrease in glucose levels was significant within both the infusion group,
p<0.001, and bolus group p<0.001 by one-way repeated measures ANOVA. 2B: Intraoperative insulin units used
across six checkpoints operation. Patients within the infusion group received fewer total insulin units that those in
bolus group. P=0.001 by the standard independent-samples t-test.
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Multiple Line Mean of K Level Model by Time intervals by Group
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Figure 3 Intraoperative levels of potassium across six operation checkpoints. Patients received insulin as
infusion (n=35) or bolus (n=35). By the end of the intervention, change in potassium levels was significant within
both the infusion group, p<0.001, and bolus group p<0.001, one-way repeated measures ANOVA.

Post-operative data

As per the trial protocol, data regarding patients were
collected in the Cardiac Intensive Care Unit (CICU) for six
hours post-operatively, focusing on the general health status
of the patients. Both groups exhibited controlled glucose
and potassium levels, and no insulin-related complications
were observed. Additionally, during these hours in the
CICU, patients in both groups received a nearly identical
amount of insulin as that administered during the last
intraoperative checkpoint. Furthermore, patients from both
groups remained stable at the sixth hour post-operatively.

DISCUSSION
This RCT included two groups with 1:1 allocation
ratio. Seventy patients with diabetes who underwent This
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randomized controlled trial (RCT) featured two groups
with a 1:1 allocation ratio, including seventy patients with
diabetes who underwent CABG surgery. The patients in
the infusion regimen group (n=35) demonstrated a
statistically significant impact on blood glucose level
reduction compared to the bolus group (n=35). Moreover,
the infusion group received a lower total amount of insulin
units than the bolus group. Notably, there were no reported
cases of hypoglycaemia and hyperkalaemia in any of the
patients receiving the two regimens.

This study represents the first evaluation, to the best of
our knowledge, comparing bolus versus infusion methods
in patients with diabetes undergoing cardiac (CABG)
surgery. These findings align favorably with the joint
French diabetology and anesthesiology position statement,
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which recommended fewer insulin units with the infusion
method compared to the bolus method, even though
substantial evidence supporting such a recommendation
was lacking®*.

The findings of the present study contrast with results
in published research that compared the two insulin
regimens in non-cardiac surgeries?®. Arun et al. concluded
that the intravenous insulin bolus regimen, compared to the
insulin infusion regimen for intraoperative blood glucose
management in non-cardiac surgery, provided better
glycaemic control measured in terms of the proportion of
intraoperative duration during which the patients remained
within the target blood glucose levels?. This somewhat
contradictory result may be attributed to differences in
patient characteristics and variations in perioperative
blood glucose levels.

Hyperglycemia commonly observed during cardiac
surgery results from a combination of exogenous glucose
administration, glucose utilization during prolonged
anesthesia, and the relative insulin resistance that develops
in response to the stress of surgery®. While there is strong
evidence that preoperative and postoperative glucose
control for patients undergoing cardiac surgery impacts
surgical-related complications?”28, there is limited data on
methods of intraoperative insulin administration. Glucose
management has been assessed in a few types of cardiac
surgery using both bolus insulin and insulin infusion. In
the Kruger et al. study, the use of a timely insulin dosing
method in patients with diabetes during cardiopulmonary
bypass (CPB) surgery was effective but raised some safety
concerns in preventing hyperglycemia during surgery?®.

The findings related to insulin unit consumption align
with the performance of blood glucose levels during heart
surgery. The results regarding potassium levels were not
unexpected. Albacker et al., in their study comparing 44
patients undergoing elective CABG, who received titrated
intravenous insulin infusion (n = 22) or a fixed high-dose
systemic insulin infusion (n = 22), did not find any
differences in potassium levels between the two groups

and did not observe any hypo- or hyperkalaemia during the
study®®. Despite differences in study design, this may
provide insights into the results related to potassium level
performance.

Limitation of the study

The present study has limitations. It was conducted at
a single center, which is a constraint. Additionally, the
study design had limitations, with a short follow-up after
the operation. However, post-operative follow-up may
relate to glucose levels or other variables rather than the
method of insulin administration. Furthermore, the trial's
inclusion criteria were limited to stable patients requiring
regular insulin, making the results applicable primarily to
patients within similar groups. The study did not explore
perioperative treatment modalities, as inclusion criteria
focused on glucose levels between 200 — 300 mg/dL.
Finally, while a cost-effectiveness analysis of the cost of
insulin was performed, no other cost factors were
considered.

CONCLUSION

Using insulin in both infusion and bolus regimens
intraoperatively in patients with type 2 diabetes mellitus
undergoing CABG surgeries was effective in controlling
glucose levels during the operation without influencing
potassium levels. However, the present randomized clinical
trial demonstrated that providing insulin through the
infusion regimen delivers statistically significantly better
intraoperative glucose control for patients with diabetes
undergoing CABG surgery when compared to the bolus
regimen. Consequently, the infusion regimen required fewer
units of insulin and exhibited dominant cost-effectiveness,
achieving better outcomes at a lower cost.
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