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Abstract

Aim: To assess whether treatment with sitagliptin, starting before surgery and continued during
the hospital stay, can prevent and reduce the severity of perioperative hyperglycaemia in patients
with type 2 diabetes undergoing coronary artery bypass graft (CABG) surgery.

Materials and Methods: We conducted a double-blinded, placebo-controlled trial in adults
with type 2 diabetes randomly assigned to receive sitagliptin or matching placebo starting 1 day
prior to surgery and continued during the hospital stay. The primary outcome was difference in the
proportion of patients with postoperative hyperglycaemia (blood glucose [BG] > 10 mmol/L [>180
mg/dL]) in the intensive care unit (ICU). Secondary endpoints included differences in mean daily
BG in the ICU and after transition to regular wards, hypoglycaemia, hospital complications, length
of stay and need of insulin therapy.

Results: We included 182 participants randomized to receive sitagliptin or placebo (91 per
group, age 64 + 9 years, HbAlc 7.6% + 1.5% and diabetes duration 10 £+ 9 years). There were

no differences in the number of patients with postoperative BG greater than 10 mmol/L, mean
daily BG in the ICU or after transition to regular wards, hypoglycaemia, hospital complications or
length of stay. There were no differences in insulin requirements in the ICU; however, sitagliptin
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therapy was associated with lower mean daily insulin requirements (21.1 + 18.4 vs. 32.5 £ 26.3
units, A= .007) after transition to a regular ward compared with placebo.

Conclusion: The administration of sitagliptin prior to surgery and during the hospital stay did
not prevent perioperative hyperglycaemia or complications after CABG. Sitagliptin therapy was
associated with lower mean daily insulin requirements after transition to regular wards.
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1| INTRODUCTION

More than 400 000 patients undergo coronary artery bypass graft surgery (CABG) each year
in the United States.? Nearly 40% of patients undergoing cardiac surgery have diabetes.23
Hyperglycaemia during the perioperative period is reported in more than 90% of patients
with diabetes and in ~80% of patients without a history of diabetes.}:4 Large cohort studies
in patients with and without diabetes have identified hyperglycaemia as an independent risk
factor for poor outcomes after cardiac surgery compared with patients with normoglycaemia,
specifically higher perioperative mortality,> deep sternal wound infections,6 renal failure,!
postoperative strokes,’ longer hospital stays® and higher healthcare resource utilization.?
Despite an ongoing debate about the optimal glucose target, there is strong agreement

that improvement in glycaemic control reduces perioperative complications and inpatient
mortality.10-11

Clinical guidelines recommend the use of continuous intravenous insulin infusion (CII) for
the treatment of hyperglycaemia (blood glucose [BG] > 10 0 mmol/L [>180 mg/dL]) in
cardiac surgery patients with diabetes.12 Although effective and widely utilized,10:11 the use
of Cll is labour intensive, requiring hourly BG testing and insulin drip adjustment, and is
associated with a significant risk of hypoglycaemia, which is reported in 10% to 32% of
patients in intensive care units (ICUs).13.14 Recently, the authors and others reported that
therapy with dipeptidyl peptidase-4 (DPP-4) inhibitors is an effective strategy to improve
glycaemic control in general medicine and surgical patients with type 2 diabetes and mild
to moderate hyperglycaemia.1>:16 In this randomized controlled trial (RCT), we examined
whether starting sitagliptin the day prior to surgery and continued during the hospital stay
can prevent and reduce the severity of perioperative hyperglycaemia in cardiac surgery
patients with type 2 diabetes.

2| METHODS
2.1| Study design and population

We performed a single-centre, prospective, double-blinded, randomized placebo-controlled
study at four academic hospitals, Emory University Hospital, Emory Midtown Hospital,
Emory Saint Joseph’s Hospital and Grady Memorial Hospital in Atlanta, Georgia, from
January 2016 to October 2018. The study protocol and consent were approved by the Emory
University Institutional Review Board. All participants provided written consent prior to
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any study procedures and/or interventions. This trial is registered with ClinicalTrials.gov
(NCT02556918).

Participants were approached during their presurgical assessment or during hospital
admission prior to surgical intervention. We enrolled adult participants aged 18-80 years
with a known diagnosis of type 2 diabetes, treated with diet, oral antidiabetic agents,
glucagon-like peptide-1 receptor analogues (GLP-1 RAs) or insulin. We excluded patients
with type 1 diabetes, a history of diabetic ketoacidosis and/or hyperosmolar hyperglycaemic
state, decreased renal function (estimated glomerular filtration rate [eGFR] < 30 mL/min per
1.73m?2) or with clinically significant liver disease, history of pancreatitis, gastrointestinal
obstruction or adynamic ileus, clinically relevant pancreatic or gallbladder disease or
patients treated with oral or injectable corticosteroids, pregnancy, or a mental condition
rendering the subject unable to understand the nature, scope and possible consequences of
the study.

2.2 | Randomization and masking

Participants were randomly assigned to sitagliptin or matched placebo once daily. A
statistician provided research pharmacists at each institution with a computer-generated
randomization table to assign participants (1:1). All medical and/or surgical management
decisions except glycaemic management were under the responsibility of the primary
surgical care team as per standard of care.

2.3 | Procedures

The study drug, sitagliptin or placebo, was given once daily, starting the day prior to surgery
and until hospital discharge, or up to 10 days. Sitagliptin dose was adjusted according to

the eGFR as per the manufacturer’s instructions: 100 mg/day if eGFR was 50 mL/min per
1.73m?2 or higher, 50 mg/day if eGFR was less than 50 mL/min per 1.73m2, and 25 mg daily
if the calculated GFR was less than 30 mL/min per 1.73m2.

2.3.1| Prior to surgery—For participants who had consented in the ambulatory setting,
written instructions were provided on how to modify home diabetes therapy prior to hospital
admission, and a telephone call was made 1-2 days prior to surgery to answer any questions
regarding treatment.

For insulin-naive patients, oral agents were discontinued on admission. Daily GLP-1 RAs
were held 48 hours prior to surgery, and weekly (exenatide extended-release, dulaglutide)
agents were held 1 week before surgery. For participants who were treated with insulin prior
to admission, the total daily insulin dose was reduced by 20% (Appendix S1). Half of total
daily dose was given once daily as basal insulin (glargine or levemir) and half as prandial
insulin (lispro, aspart) divided into three equal doses before meals. The dose of prandial
insulin was held in those patients without oral intake.1” Insulin doses were adjusted daily to
maintain a fasting and predinner BG of 4.4-10 mmol/L (80-180 mg/dL)!" (Appendix S2).
BG levels were assessed by capillary point of care testing before meals and bedtime or every
6 hours in those without oral intake.
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2.3.2| Perioperative and ICU—Intraoperatively, BG was measured every 30 minutes,
and within 2 hours after arrival at the ICU. Patients with BG greater than 10 mmol/L (>180
mg/dL) were treated with CIl until haemodynamically stable, able to eat and/or transferred
to a non-ICU setting. Insulin regimen was titrated daily to a BG target of 6.1-10 mmol/L
(110-180 mg/dL) following standard hospital protocol (Appendix $3).18 Glucose levels in
the ICU were assessed by point of care testing every 1-2 hours during CII.

2.3.3| Transition from Continuous insulin infusion to subcutaneous insulin
—\We transitioned participants from ClII to subcutaneous (SC) insulin following a
prespecified hospital algorithm. Participants treated with insulin prior to admission received
basal insulin ~4 hours before discontinuation of ClI at the same presurgery dose (Appendix
S4).17 Insulin-naive participants who did not require CII in the ICU or who received

an insulin infusion rate of less than 1 U/hour were transitioned to sliding scale insulin
coverage for BG greater than 10 mmol/L (>180 mg/dL) (Appendix S2). Participants with
two consecutive BG readings of more than 10 mmol/L, or an average daily BG of greater
than 10 mmol/L, received rescue therapy with SC basal (glargine or detemir) insulin. The
starting insulin dose was 0.3 U/kg/day for BG of 7.8-11.1 mmol/L (140-200 mg/dL) or 0.4
U/kg/day for BG of 11.2-22.2 mmol/L (201-400 mg/dL).1? Patients older than 70 years or
with impaired renal function (eGFR < 50 mL/min/1.73 m2) were started at a total daily dose
of 0.25 U/kg. We adjusted insulin daily according to a target BG of 4-10 mmol/L (80-180
mg/dL) before meals. Glucose levels were assessed by point of care testing before meals and
bedtime or every 6 hours in those without oral intake.

2.4 | Study outcomes

The primary endpoints were differences in the frequency of hyperglycaemia (% patients
with BG > 10 mmol/L [>180 mg/dL]) in the ICU after surgery. Secondary outcomes
included difference in glycaemic control in the ICU and after discontinuation of insulin
infusion between treatment groups, need for CIlI for treatment, frequency of hypoglycaemic
events (<3.9 mmol/L [<70 mg/dL], <3.0 mmol/L [<54 mg/dL] and < 2.2 mmol/L [<40
mg/dL]) and insulin requirements in the ICU and after transition to a regular ward. We

also examined differences in a composite of perioperative complications including sternal
wound infection (deep and superficial), bacteraemia, pneumonia (infection was confirmed
by a positive culture of blood, sputum, urine, pleural or mediastinal fluid and/or incisional
discharge), respiratory failure, acute kidney injury (serum creatinine increment level
increasing by >50% from baseline) and major adverse cardiovascular events, including acute
myocardial infarction, stroke, heart failure and cardiac arrhythmias (significant arrhythmias
were those that caused haemodynamic instability and required treatment). Stroke was
described as a neurological abnormality resulting in transient or permanent motor deficit
that was confirmed by a computerized tomography scan and/or neurologist. Additionally,
we compared differences between groups in length of stay in the ICU and the hospital,
mortality, hospital readmissions and emergency room visits within 30 days after hospital
discharge.
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2.5| Statistical analysis

This clinical trial was a two-arm, randomized, double-blinded, placebo-controlled clinical
trial. The primary outcome was the difference in the frequency of hyperglycaemia greater
than 10 mmol/L (>180 mg/dL) in the ICU. Our sample size and power calculations were
based on the data from the GLUCO-CABG trial, in which 91% of subjects with diabetes

had a BG greater than 10 mmol/L (180 mg/dL) in the ICU.1° For this study, we assumed

the same rate of hyperglycaemia in the control (placebo) group. Assuming a reduction in the
rate of hyperglycaemia of 20%—-25%, using two-sided Fisher’s exact test with an alpha of
0.05, the sample size required for an 80% power to detect the conjectured treatment effect of
an OR of 0.264 (i.e. 91% vs. 73%) would be 79 patients per study group. Accounting for an
attrition rate of 15%—-20%, ~99 patients needed to be recruited to each group.

Chi-square tests or Fisher’s exact tests were used to compare the rate of hyperglycaemia and
other categorical variables between the treatment group (sitagliptin) and the control group
(matching placebo). Non-parametric Kruskal-Wallis tests were used to compare continuous
variables such as length of stay or BG values. P-values less than .05 were considered as
statistically significant. The data analyses were performed with SAS 9 4.

3| RESULTS

A total of 206 participants with type 2 diabetes provided written consent to participate in the
study. One participant was excluded because of surgery cancellation before randomization
and three patients withdrew consent before treatment assignment. A total of 202 participants
completed enrolment and randomization; 101 (50%) were assigned to each group. Nineteen
patients were excluded from the analyses because of surgery cancellation or consent
withdrawal before surgery. One patient that died before CABG (no study drug exposure)
was also excluded (Figure 1). Thus, our study included 182 randomized participants (91 in
each group) undergoing CABG.

The clinical characteristics of the study participants are provided in Table 1. Both groups
had similar characteristics at baseline, with no significant differences in age, gender,

weight, body mass index, race, co-morbidities, type of surgery or American Society of
Anaesthesiologists physical score classification (Table 1). There were no differences in the
mean glucose concentration at admission or randomization, duration of diabetes, HbAlc or
outpatient antidiabetic therapy prior to admission (Table 1). The median inpatient stay was
9.0 (6.0, 12.0) days in the sitagliptin group and 7.0 (6.0, 13.0) days in the placebo group (P=
.56).

The frequency of hyperglycaemia greater than 10 mmol/L (>180 mg/dL) in the ICU was not
significantly different between groups (75% and 84%, P = .14, difference = —9%; 95% CI:
—-21%, 3%) for patients on sitagliptin and placebo, respectively. The number of participants
who developed hyperglycaemia and required continuous insulin therapy in the ICU was
similar in both groups (93% vs. 95%, P> .99; Figure 2). The mean BG during surgery (9.0
+1.7vs. 9.2+ 1.6 mmol/L), ICU stay (8.2 £ 0.9 vs. 8.3 £ 0.9 mmol/L) or after transition

to a regular ward (9.3 £ 1.7 vs. 9.2 £ 1.7 mmol/L) was similar in the sitagliptin and placebo
groups (all P=NS). We conducted an analysis to assess the response in participants without
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previous incretin therapy prior to admission. In this group, sitagliptin therapy resulted in

a significant reduction in the proportion of patients with hyperglycaemia greater than 10
mmol/L (>180 mg/dL) in the ICU (71% and 85%, 2= .041), but not after transition to
regular wards. In addition, there was no difference in the proportion of participants with BG
greater than 11.1 mmol/L (>200 mg/dL) in the ICU (54% in both groups) or after transition
(72% vs. 75%, P=.62) compared with patients treated with insulin prior to admission.

The duration of insulin infusion in the ICU was similar in patients on sitagliptin and placebo
(27.7 £27.6 vs. 27.7 £ 28.0 hours, P> .99). After discontinuation of intravenous (V)
insulin and transition to SC insulin, the numbers of participants requiring basal insulin
treatment were similar in both groups (85% vs. 91%, P = .35; Table 2). However, after
transition from IV to SC insulin, participants exposed to sitagliptin had lower mean daily
insulin doses during their hospital stay (21.1 + 18.4 vs. 32.5 + 26.3 U/day, A= .007), with
lower mean daily requirements for basal insulin (19.0 + 9.2 vs. 27.4 £ 14.5 U/day, P=.002)
and similar prandial insulin (12.8 + 8.6 vs. 15.9 + 11.4 U/day, £ = .18) in the sitagliptin
compared with the placebo group (Figure 3).

We did not observe differences in the frequency of hypoglycaemia or in mean daily glucose
during the hospital stay between treatment groups. There were no differences in the duration
of surgery, duration of ICU or hospital length of stay, need for vasopressors, perioperative
complications, surgical reinterventions or readmissions after hospital discharge between
treatment groups. In addition, there were no differences in the 30-day readmissions or
emergency room visits between groups (Appendix S5).

4| DISCUSSION

The results of several observational and randomized controlled studies have shown that
perioperative hyperglycaemia after cardiac surgery is associated with higher rates of
hospital complications, longer hospital stay and higher healthcare resource utilization
compared with patients with normoglycaemia.®20:21 |n these patients, improved glycaemic
control has been shown to reduce perioperative complications.10:11.22 Therefore, we
conducted a randomized, double-blinded, placebo-controlled trial to determine whether the
administration of sitagliptin, 1 day prior to surgery and continued during the hospital stay,
could prevent perioperative hyperglycaemia and reduce the use of insulin and postoperative
complications. We report that the use of sitagliptin did not prevent the development of
perioperative hyperglycaemia in patients with type 2 diabetes undergoing CABG surgery.
There were no differences in the number of patients requiring insulin therapy in the ICU

or after transition to a regular ward, length of hospital stay, or in the rate of perioperative
complications. Sitagliptin therapy, however, was associated with lower mean daily insulin
requirements after transition from IV to SC insulin.

Clinical guidelines from professional organizations recommend the use of insulin to
manage perioperative hyperglycaemia in cardiac surgery patients.23:24 Although effective
in improving glycaemic control, 1011 jts use is labour intensive and is associated with a
higher risk of hypoglycaemia,3:14 which has been reported to be an independent factor for
an increased risk of complications and increased mortality.2526 In addition to iatrogenic
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hypoglycaemia, the significant workload associated with continuous insulin infusion and
multiple daily insulin injections has led to an increased use of non-insulin agents to manage
patients with diabetes in hospital.2” As an alternative to intensified insulin regimens, our
group and others have reported on the use of DPP-4 inhibitors for the management of
inpatients with diabetes.15:16.27.28 Recent RCTs have reported that treatment with DPP-4
inhibitors alone or in combination with basal insulin in general surgery patients results in
improved glycaemic control with a lower risk of hypoglycaemia compared with a basal
bolus insulin regimen.1516:28 Similarly, two previous studies with sitagliptin and one with
saxagliptin in general medicine patients1®2829 also reported no differences in glycaemic
control and resulted in lower insulin requirements.2® The results of these RCTs led us to
investigate if the use of DPP-4 inhibitors can facilitate the management of patients with type
2 diabetes undergoing CABG surgery.

In the current study, treatment with sitagliptin failed to prevent hyperglycaemia or improve
glycaemic control in the ICU or regular ward. Several factors may explain the limited effect
of DPP-4 inhibitors after cardiac surgery, including the use of inotropes and vasopressors,
the higher level of surgical stress compared with general surgery patients and its mild
increase in endogenous GLP-1 concentration. Results of the GLOBE trial, a multicentre
clinical trial in 278 patients (14% with diabetes) randomized to liraglutide or placebo
before cardiac surgery, have recently been reported. The primary outcome was insulin
administration for BG greater than 8.0 mmol/L (144 mg/dL) in the operating theatre. A
lower proportion of patients in the liraglutide group required additional insulin compared
with placebo (43% vs. 61%, absolute difference: 18%, £ =.003).%0 Liraglutide, a DPP-4-
resistant GLP-1 analogue, is a more potent agent than sitagliptin and may explain the
differences between ours and the former study (30).

We acknowledge some limitations to this trial, including the comparatively small number
of randomized participants. Because we did not have preliminary data on the effects

of perioperative sitagliptin exposure, we estimated a potential 20% reduction in the
incidence of postoperative hyperglycaemia of greater than 10 mmol/L, thus this study

was underpowered to observe smaller differences. In addition, we included patients with
preadmission treatment with diet, oral and low-dose insulin therapy, with long duration of
diabetes (average 10 years) and different levels of glycaemic control. A more homogeneous
population of patients with a mild and/or more recent history of hyperglycaemia/diabetes
may have experienced a better response to therapy. Although we observed significant
differences in the total insulin dose requirements after transition from IV to SC insulin

in the sitagliptin group, these differences are unlikely to be clinically significant to thus
recommend the use of DPP-4 inhibitors to improve perioperative glycaemic control in
patients with type 2 diabetes after CABG surgery. These results, however, confirm the safety
of sitagliptin in hospital and suggest it may be continued during the perioperative period of
patients already treated with this agent.

In conclusion, our findings indicate that the use of sitagliptin, prior to surgery and continued
during hospital stay, did not reduce the frequency of perioperative hyperglycaemia or
hospital complications in patients with type 2 diabetes after cardiac surgery.
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