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ABSTRACT 

 

INTRODUCTION: Stress hyperglycaemia is common following cardiac surgery. Its optimal 

management is uncertain and emerging literature suggests that flexible glycaemic control in diabetic 

patients may be preferable. This study aims to assess the relationship between maximal 

postoperative in-hospital blood glucose levels (BSL) and the morbidity and mortality outcomes of 

diabetic and non-diabetic cardiac surgery patients. 

 

METHODS: A retrospective cohort analysis of all patients undergoing cardiac surgery at a single 

tertiary centre institution between 2015 to 2019 was undertaken. Early management and outcomes 

of hyperglycaemia following cardiac surgery were assessed via multivariable regression modelling. 

Follow-up was assessed up to 1 year postoperatively.  

 

RESULTS: Consecutive non-diabetic patients (n=1050) and diabetic patients (n=689) post cardiac 

surgery were included. Diabetics with peak BSL ≤13.9mmol/L did not have an increased risk of 

morbidity or mortality compared to non-diabetics with peak BSL ≤10.0mmol/L. In non-diabetics, 

stress hyperglycaemia with peak BSL >10.0mmol/L was associated with overall wound complications 

(5.7% vs 8.8%, odds ratio (OR); 1.64 [95% confidence interval, 1.00-2.69], P=0.049) and 

postoperative pneumonia (2.7% vs 7.3%, OR; 2.35 [1.26-4.38], P=0.007). Diabetic patients with 

postoperative peak BSL >13.9mmol/L were at an increased risk of overall wound complication (7.4% 

vs 14.8%, OR; 2.47 [1.46-4.16], P<0.001), graft harvest site infection (3.7% vs 11.8%, OR; 3.75 [1.92-



7.30], P<0.001), and wound-related readmission (3.1% vs 8.8%, OR; 3.11 [1.49-6.47], P=0.002) when 

compared to diabetics with peak BSL ≤13.9mmol/L.  

 

CONCLUSION: In non-diabetics, stress hyperglycaemia with peak BSL >10.0mmol/L is associated with 

morbidity. In diabetic patients, hyperglycaemia with peak BSL ≤13.9mmol/L was not associated with 

an increased risk of morbidity or mortality compared to non-diabetics with peak BSL ≤10.0mmol/L. 

Further investigation of flexible glycaemic targets (target BSL ≤13.9mmol/L) in diabetic patients is 

warranted. 
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INTRODUCTION 

Hyperglycaemia is highly prevalent following cardiac surgery, affecting up to 80% of patients(1, 2) . 

Cardiac surgery induces the inflammatory hypermetabolic surgical stress response, of which stress-

induced hyperglycaemia is a common feature(3) . Stress hyperglycaemia is correlated with in-

hospital mortality in both cardiac surgery and critical illness(4) , and postoperative hyperglycaemia 

following cardiac surgery is associated with an increased risk of wound infection(5). Although trials 

in the early 2000s purported intensive glycaemic control (target blood glucose level [BSL] 

≤6.0mmol/L) in the intensive care unit (ICU) to be optimal in critically ill patients including 

postoperative cardiac surgical patients(6), subsequent studies in both cardiac surgery and critical 

care concluded that conventional glycaemic control (target BSL ≤10.0mmol/L) is superior to 

intensive glycaemic control(7-10). This has led to the Society of Thoracic Surgeons recommendation 

of targeting BSL ≤10.0mmol/L for at least 24 hours postoperatively(11) in cardiac surgical patients, 

which currently permeates clinical practice. 

 

However, stress hyperglycaemia is thought by some authors to be protective during stress and 

critical illness(12). There is no good evidence that targeting an even looser BSL would produce 

inferior outcomes(12), particularly in diabetics. Recent studies in critical care have shown that mild 

hyperglycaemia may be protective for diabetics in critical illness(13-15), and suggested flexible BSL 

targets in critically ill diabetics(16). Similar evidence is emerging in cardiac surgery(17). 

Consequently, postoperative cardiac surgery patients with physiologically beneficial glucose levels 

may be undergoing unnecessary glycaemic modulation, which may result in depressed immune and 

neurological function(18) as well as inducing oxidative stress(19). As such, the primary aim of this 

study is to assess the postoperative morbidity and mortality outcomes of cardiac surgery patients 

stratified by their preoperative diabetic status as well as their postoperative BSLs whilst in-hospital, 

and by doing so identify groups of patients with hyperglycaemia that may or may not benefit from 

medical glycaemic management. 



REVIEW OF THE LITERATURE 

 
The surgical stress response and cardiac surgery 

The human stress response is a physiological mechanism designed to maintain systemic homeostasis 

in response to an intrinsic or extrinsic threat (stressor)(20). The stress response is characterized by a 

series of alterations in the cardiovascular, nervous, endocrine, and immune systems which produce 

an adaptive increase in systemic energy availability, as well as encouraging a redistribution of 

perfusion and energy supply to critical organs, and activation of the immune system(21). These 

alterations are primarily driven by stress hormones produced by the sympathetic nervous system 

(SNS) and through the hypothalamic-pituitary adrenocortical (HPA) axis. 

 

The physiologically beneficial systemic response to stress is termed the adaptive stress response, 

whilst a chronic, dysregulated and pathological phenomenon is known as a maladaptive stress 

response. A maladaptive stress response results in hypermetabolism and hypercatabolism(22) which 

may lead to impaired immune function, poor wound healing, muscle wasting, and in extreme 

circumstances resulting in organ failure or death. Whilst an initial adaptive stress response may be 

beneficial and promote increased immune function, increased chronicity of stress may signal a 

maladaptive change and gradually impair immune function(23). Chronic exposure to stress and 

sustained elevation of serum cortisol levels are linked to morbidities including the metabolic 

syndrome and obesity, increased incidence of malignancies, mental health disorders, cardiovascular 

disease, and immune suppression(24). 

 

Whilst a stress response can be elicited by any perceived or actual intrinsic or extrinsic threat, the 

surgical stress response refers specifically to the inflammatory hypermetabolic response elicited by 

undergoing surgery. This surgical stress response is attributed both to direct surgical injury (tissue 

injury secondary to dissection, manipulation or resection) and indirect surgical injury (systemic 



hypotension, blood loss and blood product transfusion, anaesthetic effects, and microvascular 

insults)(25). The surgical stress response is largely analogous to the stress response induced by 

trauma, and the magnitude and duration of the stress response can vary proportionally to the 

degree of the insult(22). Whilst the surgical stress response is a physiological response to trauma, it 

is understood that the stress response may be pathologically exaggerated in some conditions and 

suppressed in others(26), and identification and treatment of these instances may lead to optimal 

clinical results. 

 

Cardiac surgery is major invasive surgery, generally performed via median sternotomy, and as such 

induces the surgical stress response. Median sternotomy has been demonstrated to strongly induce 

the surgical stress response and systemic inflammation even to a greater extent than alternative 

surgical incisions such as anterolateral thoracotomy, due to pronounced systemic complement 

activation and pro-inflammatory cytokine secretion, such interleukin-6(27). In addition to the direct 

traumatic insult of median sternotomy and mediastinal surgical manipulation, additional indirect 

injury specific to cardiac surgery is induced by cardiopulmonary bypass (CPB). CPB is known to 

contribute significantly to stress response in cardiac surgical patients through multiple mechanisms 

including direct contact of blood with the extracorporeal CPB circuit stimulating activation of blood 

components including the complement system(28, 29), ischaemia/reperfusion injuries(30), visceral 

perfusion abnormalities including splanchnic hypoperfusion(31), and systemic endotoxaemia 

resulting from gut translocation of endotoxins(32). The proinflammatory stress response initiated by 

CPB is driven by a systemic increase in circulating proinflammatory cytokines including tumour 

necrosis factor alpha (TNF-a); interleukins 1, 6 and 8; as well as other proinflammatory 

cytokines(33). CPB also induces oxidative stress(34-36) via radical oxygen species, and aortic cross 

clamp duration is positively correlated with systemic oxidative stress injury(37) which may further 

potentiate the magnitude of the stress response. 

 



Stress hyperglycaemia: definitions and pathophysiology  

Hyperglycaemia is a common feature of the surgical stress response(3), and serum blood glucose 

levels (BSLs) are related to the intensity of the surgical insult; the increase in blood glucose 

concentration closely follows the increase in circulating catecholamine levels(38). Stress 

hyperglycaemia is a general term used to describe hyperglycaemia induced by acute illness or 

injury(12). There is no firm global consensus regarding the definition of stress hyperglycaemia, and 

understanding is emerging that classification of stress hyperglycaemia should be stratified by the 

presence of diabetes mellitus. In non-diabetic patients, stress hyperglycaemia is generally defined as 

achieving a BSL of greater than 11.0mmol/L due to a systemic stress response(39, 40). However, 

there is no consensus on the definition of stress hyperglycaemia in diabetic patients. The interaction 

between diabetes and stress hyperglycaemia is less well defined due to chronic insulin resistance 

and hyperglycaemia in patients with diabetes, and there are calls for prospective studies comparing 

diabetes and stress hyperglycaemia to define pathophysiology and treatment goals(39). A study on 

predictive factors for mortality in a registry of diabetic trauma patients investigated the optimal 

definition of stress induced hyperglycaemia in diabetics and suggested a cut off BSL of 13.9mmol/L 

(250ng/dL) in distinguishing stress hyperglycaemia from diabetic normoglycaemia in diabetic 

patients(41). This suggestion of 13.9mmol/L correlates with classification of diabetic hyperglycaemia 

in other illnesses; for example in diabetic ketoacidosis, patients are considered to be “euglycaemic” 

if serum glucose is ≤13.9mmol/L(42). 

 

Hyperglycaemia during stress is driven by a myriad of neuroendocrine and metabolic alterations and 

serves to increase systemic energy availability for uptake by critical organs. Adrenaline (epinephrine) 

is a key catecholamine integrated in the surgical stress response and induces systemic 

hyperglycaemia via stimulation of hepatic glycogenolysis and gluconeogenesis(43, 44). 

Noradrenaline (norepinephrine) also drives hyperglycaemia by stimulating gluconeogenesis and 

glycogenolysis(45), and furthermore increases the supply of glycerol to the liver via lipolysis(46). The 



principal stress hormone cortisol is released rapidly following major surgical injury and drives 

hyperglycaemia by stimulating hepatic gluconeogenesis, as well as systemic protein breakdown and 

lipolysis which increases the production of gluconeogenic precursors(38). In addition to stimulating 

an increase in circulating blood glucose concentrations, cortisol impairs cellular sensitivity to insulin, 

thus driving transient insulin resistance during stress(47, 48). Pancreatic beta cell function is 

inhibited by increased systemic alpha-adrenergic activity during surgery, subsequently down-

regulating insulin production and leading to a mismatch of insulin supply and demand. Growth 

hormone release from the anterior pituitary is upregulated during stress(49, 50) and contributes to 

lipolysis and gluconeogenesis, as well as contributing to insulin resistance(51). Glucagon release 

from pancreatic beta cells is also upregulated during surgery, although thought to have minimal 

impact on stress hyperglycaemia(38). Proinflammatory cytokines such as TNF-a reduce peripheral 

glucose uptake via downregulation of the glucose transporter GLUT-4(52). Adipokines such as zink-

alpha2 glycoprotein and phospholipase A2 are released from adipose tissue during critical illness and 

influence the subsequent development of insulin resistance(53). Finally, although individually stress 

hormones such as cortisol, adrenaline noradrenaline and glucagon independently act to drive 

hyperglycaemia and insulin resistance, when released simultaneously they function synergistically to 

produce a hyperglycaemic effect that is far greater than the sum of their parts(54). 

 

Cardiac surgery and postoperative hyperglycaemia: predictors and pathophysiology 

Hyperglycaemia is highly prevalent following cardiac surgery, affecting up to 80% of patients(1, 2), 

particularly since diabetic patients comprise a significant subgroup of the cardiac surgical 

population(55). Blood glucose concentration may begin increasing from induction of anaesthesia, 

and peak BSLs may occur up to 72 hours postoperatively in non-diabetic patients(56).  Patients with 

diabetes are more likely to develop significant hyperglycaemia as a result of the surgical stress 

response(57) due to pre-existing insulin resistance and impaired systemic glycaemic homeostasis. 

Whilst diabetic patients are often hyperglycaemic postoperatively, stress hyperglycaemia is 



prevalent also in non-diabetic patients, affecting up to 40% of non-diabetic cardiac surgery 

patients(56).  

 

Stress hyperglycaemia during and following cardiac surgery may be influenced by preoperative 

factors such as demographics and comorbidities, and perioperative factors such as pre/perioperative 

critical illness. However, studies investigating these factors have had conflicting results. Doenst et 

al(4) in a retrospective study of 4701 non-diabetic cardiac surgical patients found female sex, 

congestive heart failure, renal failure, redo surgery, and preoperative cardiogenic shock to be 

independent predictors of intraoperative hyperglycaemia (BSL>20mmol/L), whereas CPB duration 

and aortic crossclamp duration were not independent predictors. Knapik et al(58) performed a 

retrospective study of 814 patients undergoing coronary artery bypass grafting (CABG) and with 

multivariable modelling found female sex, diabetes, and use of CPB to be independent predictors of 

postoperative hyperglycaemia (BSL>11.0mmol/L), whereas preoperative factors such as age, body 

mass index (BMI) >30, Euroscore, prior myocardial infarction, and peripheral vascular disease were 

not found to be independent predictors. More recently, Moorthy et al(3) analysed 1602 non-diabetic 

cardiac surgery patients and demonstrated preoperative factors (such as female sex, age, BMI, and 

hypertension) and perioperative factors (aortic cross-clamp duration and blood transfusion) to be 

independent predictors of hyperglycaemia. Conflicting results on the impact of variables such as age, 

BMI, redo surgery, duration of CPB and aortic crossclamp suggest there is still uncertainty on the 

impact of certain preoperative and perioperative factors with respect to the development of intra- 

and postoperative hyperglycaemia. 

 

CPB is a major operative factor in cardiac surgery which plays a role in promoting perioperative 

hyperglycaemia due to the induction of a systemic pro-inflammatory state(29, 30, 32, 59-61), 

oxidative stress(34-36), and subsequent transient insulin resistance(62-65). Multiple studies have 

demonstrated widespread mild increases of serum BSLs during CPB in both non-diabetic and 



diabetic patients(66-69). CPB is thought to cause new-onset insulin resistance in some patients as 

well as aggravating chronic insulin resistance in others; as evidenced in the study by Doenst et al(4) 

by multiple cases of hyperglycaemia refractors to insulin management in both non-diabetic and 

diabetic patients on CPB. Floh et al(70), in a study of 299 paediatric cardiac surgery patients, 

demonstrated perioperative hyperglycaemia was common despite systemic hyperinsulinemia, 

concluding that the hyperglycaemia reflected insulin resistance which was likely promoted by CPB-

induced inflammation. Patients with type 2 diabetes mellitus have been shown to require markedly 

increased insulin requirements whilst on CPB and in the perioperative period secondary to 

aggravation of insulin resistance(71). The magnitude of the insulin resistance however may vary 

markedly between patients(65). 

 

Systemic hypothermia is another operative factor relevant to cardiac surgery which has been 

demonstrated to induce hyperglycaemia in both animal models(72) and in humans(69, 73, 74). 

Systemic hypothermia is purposefully induced during CPB as part of routine myocardial protection, 

and has been noted(71) to further promote hyperglycaemia and insulin resistance via multiple 

mechanisms such as inhibition of endogenous insulin secretion, inhibition of endogenous hepatic 

glucose production, and impaired peripheral utilization of glucose(75). The of effects of mild-

moderate hypothermia during CPB however seem limited to the duration of hypothermia as they 

have been observed to be reversed following rewarming(71), whilst profound hypothermia as 

encountered during deep hypothermic circulatory arrest may produce a more severe insulin 

resistance persisting postoperatively(76). 

 

Diabetes and cardiac surgery: the role of preoperative glycaemic control and optimisation 

Diabetes mellitus is a well-established risk factor for hyperglycaemia in both critical illness(77) and 

following cardiac surgery(58, 78), and there had been conjecture on both the role of preoperative 

severity and control of diabetes, as well as the potential benefits of optimising diabetic control 



preoperatively. Preoperative glycaemic control is primarily measured by glycosylated haemoglobin A 

(HbA1c) and is thought to effect perioperative glycaemic management and poor preoperative 

control predicts reduced insulin sensitivity during surgery(79). When investigating the impacts of 

glycaemic time-in-range, Omar et al(80) demonstrated preoperative elevated HbA1c to be a 

predictor of poor glycaemic control, although not investigating if elevated HbA1c was a predictor of 

adverse clinical outcomes. 

 

There is conjecture over the impact of poor preoperative diabetic control and both short and long-

term prognostic implications following cardiac surgery. In a study of 3089 consecutive diabetic CABG 

patients, Halkos et al(81) demonstrated HbA1c to be proportionally related to postoperative 

myocardial infarction and deep sternal wound infection, as well as showing elevated HbA1c >8.6% to 

be associated with a four-fold increased risk of in-hospital mortality.  Alserius et al(82) similarly 

found elevated HbA1c >5.9% to be predictive of surgical site infection, mediastinitis and three-year 

mortality, although not adjusting for peak in-hospital BSL. In a study of 3201 diabetic cardiac surgery 

patients, Halkos et al(83) demonstrated preoperative elevated HbA1c >6.9 to be independently 

predictive of five-year mortality (P=0.001), although not investigating whether preoperative 

intervention modified this. Knapik et al(84) found elevated HbA1c to be predictive of perioperative 

myocardial infarction, but no other morbidity/mortality outcomes. The implication of preoperative 

HbA1c has been further studied in non-diabetic patients; in a cohort of 1474 non-diabetic cardiac 

surgery patients, Hudson et al(85) identified preoperative HbA1c >6.0% as an independent predictor 

of postoperative hyperglycaemia and 30-day mortality. 

 

However, the literature does not uniformly implicate preoperative elevated HbA1c as an 

independent predictor of complications. In a study of 1000 consecutive cardiac surgery patients, 

Latham et al(86) demonstrated diabetes and postoperative hyperglycaemia to be independently 

predictive of surgical site infections, however amongst known diabetics, elevated HbA1c values were 



not independently associated with a statistically significantly increased risk of infection - the mean 

HbA1c value was 8.44% among those with infections compared with 7.80% for those without 

(P=.09). Notably, the Portland Diabetic Project(87) evaluated 5534 diabetic cardiac surgery patients 

and did not find elevated HbA1c to be an independent predictor of postoperative 

morbidity/mortality, and several studies similarly have found no association between preoperative 

elevated HbA1c and adverse postoperative outcomes(88, 89). Conversely, Kinoshita et al(90) in a 

study of 805 CABG patients identified elevated HbA1c as being a protective factor against the 

incidence of postoperative atrial fibrillation. 

 

Overall, despite numerous studies, the impact of preoperative poor glycaemic control remains 

uncertain due substantial heterogeneity in study designs including different HbA1c cut-offs, 

inconsistent correction for in-hospital BSLs and perioperative critical state, and conflicting results. 

There is no clear evidence that preoperative optimisation of HbA1c would reduce perioperative and 

short-term postoperative morbidity, although long-term optimisation likely modulates long-term 

outcome. 

 

Cardiac surgery and postoperative hyperglycaemia: outcomes 

Stress hyperglycaemia is correlated with in-hospital mortality in both cardiac surgery and critical 

illness. In a retrospective cohort study of 4701 cardiac surgical patients, Doenst et al(4) 

demonstrated that having a significantly elevated intra-operative (during CPB) BSL >20.0mmol/L was 

an independent risk factor for in-hospital mortality across both diabetic and non-diabetic patients, 

with a three-fold increase in in-hospital mortality when this parameter was met. Moorthy et al(3) 

investigated postoperative hyperglycaemia in 1602 nondiabetic adult cardiac surgery patients in 

Southeast Asia, and founds that postoperative hyperglycaemia (peak BSL >10.0mmol/L within first 

48 postoperative hours) was associated with postoperative acute kidney injury (30.0% vs 20.1%, 

P<0.001), arrhythmia (26.9% vs 15.0%, P<0.001), prolonged ICU stay (46.7 ± 104.1 vs 



37.2 ± 76.6 hours, P = 0.044), and prolonged hospital admission (11.5 ± 12.2 vs 9.6 ± 8.0 

days, P <0 .001). Knapik et al(58) found postoperative hyperglycaemia to be associated with 

perioperative myocardial infarction (1.7% vs 2.9%, P<0.01), intra-aortic balloon pump use (5.4% vs 

11.9%, P<0.01), prolonged mechanical ventilation (5.6% vs 9.4%, P=0.04) and mortality (0.4% vs 

2.5%, P=0.02).  

 

Despite these studies correlating postoperative hyperglycaemia and morbidity/mortality, the 

authors of these studies have not established this to be a causative relationship, for several reasons. 

Primarily, postoperative hyperglycaemia is a marker of critical illness; patients with perioperative 

critical illness or otherwise complicated postoperative courses are more likely to require inotropic or 

vasopressor support such as adrenaline or noradrenaline, which have been demonstrated to cause 

systemic hyperglycaemia and insulin resistance(91-93), and this effect is accentuated in diabetic 

patients(94) due to concomitant elevations of glucagon and cortisol(43). Further, in diabetic 

patients, the severity of postoperative hyperglycaemia may reflect the severity of the underlying 

diabetes and systemic insulin resistance(4, 95). 

 

Uncontrolled hyperglycaemia following cardiac surgery, particularly in diabetic patients, is 

associated with increased rates of wound infection(5, 86, 96, 97); and prevention of infective 

complications is the cornerstone behind postoperative glycaemic management. Studies in the 1990s 

by Zerr et al(98) demonstrated that diabetic postoperative cardiac surgery patients with 

hyperglycaemia (BSL >11.1mmol/L) on postoperative days one and two had a relatively increased 

risk of deep sternal wound infection (DSWI). A follow up randomised control trial(99) evaluated the 

effect of intermittent subcutaneous insulin compared with continuous insulin infusion to target BSL 

≤11.1mmol/L and demonstrated significantly lower BSLs in the continuous insulin infusion group, 

which resulted in a significant reduction in the rate of DSWI (0.8% vs 2.0%, P=0.01). Other studies 

have suggested that even mild hyperglycaemia is associated with adverse infective outcomes. A 



study by Jarvela et al(5) studied the postoperative course of 1356 consecutive postoperative cardiac 

surgical patients undergoing strict glycaemic management with a target BSL of 4.0-7.0mmol/L; 

98.8% of patients received postoperative insulin management to achieve these targets. This study 

showed that repeated episodes of hyperglycaemia (BSL >7.0mmol/L) was associated with increased 

incidence of postoperative infections (12.1% vs 8.2%, P=0.019) as well as stroke (4.9% vs 1.5%, 

P<0.001) and in-hospital/30-day mortality (6.1% vs 2.1%, P<0.001). However, 7.6% of patients 

experienced clinically significant hypoglycaemia (BSL >4.0mmol/L) despite this hypoglycaemia not 

being predictive of morbidity/mortality. The authors did comment that a causative link between 

hyperglycaemia and infectious complications had not been established, and that the repeated 

hyperglycaemia may have been a surrogate marker of other comorbidities or a more severe clinical 

condition (as suggested by the higher stroke and mortality rate). 

 

Whilst these studies demonstrated the association between peak postoperative BSL and infectious 

complications, other studies have measured the relationship between time in optimal glucose target 

range and postoperative infectious complications following cardiac surgery. Omar et al(80) 

conducted an observational study of 227 consecutive postoperative cardiac surgery patients 

receiving >12 hours of continuous insulin therapy, and demonstrated that patients with >80% time 

in range (target BSL 6.0-8.1mmol/L), whether or not diabetics, had better outcomes than those with 

<80% time in range, as determined by wound infection, lengths of ventilation and ICU stay. This 

highlights the concern for the correlation between postoperative hyperglycaemia and infectious 

morbidity. 

 

Multiple trials such as the randomised control trial by Zerr et al(99) have contributed to the 

establishment of continuous insulins infusion as the standard of care in immediate postoperative 

glycaemic control in cardiac surgery patients. In particular, the Portland Diabetic Project(100) 

cemented the important of continuous insulin infusion in the immediate postoperative glycaemic 



management of cardiac surgical patients. This was an observational study of 5510 consecutive 

diabetic cardiac surgical patients which identified that hyperglycaemia in the first three 

postoperative days was independently predictive of mortality (P<0.0001), DSWI (P=0.0001), and 

increased length of stay (P<0.002) in diabetic cardiac surgery patients, and furthermore 

demonstrated that continuous insulin infusion designed to target a BSL of <150mg/dL (8.3mmol/L) 

for a duration of three postoperative days would independently reduce the risks of death and DSWI 

by 60% and 77%, respectively (P<0.001 for both). 

 

Management of stress hyperglycaemia in critical illness and following cardiac surgery: intensive vs 

conventional glycaemic control 

Up until the early 2000s, blood sugar control in critical illness followed the conventional strategy of 

commencing insulin therapy should a patient become hyperglycaemic with BSL >11.9mmol/L 

(215mg/dL), with a maintenance target of 10.0-11.1mmol/L (180-200mg/dL). However, a landmark 

randomised control trial of 1548 surgical intensive care patients by Van den Berge et al.(101) in 2001 

raised considerable interest in the topic of intensive glycaemic control, demonstrating a substantial 

reduction in mortality during intensive care admission (4.6% vs 8.0%, P<0.04) with intensive 

glycaemic control (target BSL 4.4-6.1mmol/L [80-110ng/dL]) compared with conventional glycaemic 

control (target BSL 10.0-11.1mmol/L [180-200ng/dL]). Surgical patients were randomised to 

conventional or intensive glycaemic control in the intensive care unit (ICU) on admission to the ICU, 

and morbidity and mortality outcomes were followed up to 12 months from date of ICU admission. 

Unusually, in addition to insulin therapy, all patients were fed continuously with intravenous glucose 

(200-300g per 24 hours). Two thirds of patients included in the trial were post-cardiac surgery 

patients. These effects in mortality reduction were noted exclusively in patients with multi-organ 

failure and a proven septic focus who remained in the ICU with longer than five days (mortality 

10.6% with intensive glycaemic management, 20.2% with conventional glycaemic management, 

P<0.05). There was an overall significant reduction in in-hospital mortality and morbidity with 



intensive glycaemic control being associated with a 34% reduction in in-hospital mortality, 46% 

reduction in bacteraemia, 41% reduction in severe acute kidney injury requiring haemofiltration, 

50% reduction in packed red blood cell transfusion, and a 44% reduction in critical illness 

polyneuropathy. This trial had an unusually high rate of death among patients in the control group 

(5.1%), which has attracted criticism(7). It is possible that intensive insulin therapy was beneficial in 

this cohort because it decreased the adverse effect of the high load of intravenous glucose 

administration, which was not standard practice. 

 

However, the results of this trial were unable to be replicated in several similar follow-up trials in 

various centres. A 2006 follow up study by the same authors(102) involved 1200 critically ill medical 

ICU patients who has not undergone surgery and had not received continuous intravenous glucose 

feeding on ICU admission; this study found no benefit on in-hospital mortality with intensive insulin 

therapy compared with conventional glycaemic control (37.3% vs 40.0%, P=0.33), and a significantly 

high rate of severe hypoglycaemia in the intensive glycaemic control group (odds ratio 7.50, 

P<0.001).  A 2008 randomised study of 537 patients(7) with severe sepsis was stopped early for 

safety reasons, as patients receiving intensive insulin therapy had an increased risk of severe 

hypoglycaemia (17.0% vs 4.1%, P<0.001) and serious adverse events including severe acute kidney 

injury (10.9% vs 5.2%, P<0.001), with no significance between the two groups in rate of death at 28 

days. The 2009 “Glucontrol” randomised control trial of 1101 medico-surgical ICU patients(8) was 

similarly discontinued early due to unacceptable risks of severe hypoglycaemia; preliminary results 

found no mortality benefit with intensive compared with conventional glycaemic control (15.3% vs 

17.2%), with a significantly higher rate of hypoglycaemia in the intensive glycaemic control group 

(8.7% vs 2.7%, P<0.0001). 

 

Ultimately, the array of follow-up intensive glycaemic control in critical illness trials concluded with 

the NICE-SUGAR (Normoglycaemia in Intensive Care Evaluation-Survival Using Glucose Algorithm 



Regulation) randomised control trial(9) in 2009 which compared intensive vs conventional glycaemic 

management in 6104 ICU patients. This trial found that intensive glycaemic management was 

associated with a higher risk of mortality compared with conventional glycaemic control (27.5% vs 

24.9%, P=0.02) and no difference in the treatment effect between surgical (operative) patients and 

medical (nonoperative) patients. In keeping with the previous trials, there was also a significant 

difference in the rate of severe hypoglycaemia (6.8% intensive control vs 0.5% conventional control, 

P<0.001). The authors concluded that a lower glucose target may be appropriate for the patients 

without diabetes undergoing CABG whereas a higher target may be more appropriate for the 

patients with pre-existing diabetes. With a demonstration of increased mortality in the NICE-SUGAR 

trial and multiple trials warning of increased rate of severe hypoglycaemia with intensive insulin 

therapy, the current standard of care for glycaemic control in critical illness has been set to target 

BSL ≤10.0mmol/L in the ICU.  

 

As the original findings from Van den Berge et al concerned predominantly postoperative cardiac 

surgical patients, interest was also raised in the potential benefit of intensive glycaemic therapy 

following cardiac surgery. A 2004 trial(103) randomised 141 diabetic patients undergoing CABG to 

either a postoperative continuous glucose-insulin-potassium (GIK) infusion with intensive glycaemic 

control (BSL 6.9-11.1mmol/L) or standard glycaemic control (BSL <13.9mmol/L) without GIK infusion; 

patients who received GIK infusion and intensive glycaemic control had lower incidence of 

postoperative atrial fibrillation (16.6% vs 42%, P<0.0001), fewer recurrent wound infections (1.0% vs 

10.0%, P=0.03) and improved survival at two years (P=0.04) although it must be emphasised that the 

standard glycaemic control group did not receive GIK infusions, and that both intensive and 

conventional blood glucose parameters were significantly different than parameters used in the 

Glucontrol and NICE-SUGAR studies. 

 



More recently, the GLUCO-CABG trial in 2015(10) randomised 302 postoperative cardiac surgery 

patients to either intensive glycaemic control (target BSL 5.6-7.8mmol/L) or conventional glycaemic 

control (target BSL 7.9-10.0mmol/L). The trial contained equal number diabetic and non-diabetic 

patients. The trial authors found no significant difference in a composite outcome (mortality, sternal 

wound infections, bacteraemia, respiratory failure, acute kidney injury) of complications between 

groups (42% vs 52%, P=0.08), notably finding that there was a significantly lower rate of 

complications in non-diabetics treated with an intensive regimen compared with a conventional 

regimen (34% vs 55%, P=0.008) however no difference in complications between diabetics treated 

with intensive or conservative regimens (49% vs 48%, P=0.87).  

 

Similarly, a 2015 randomised control trial by Blaha et al(104) investigated tight vs conventional 

glycaemic control in 2383 patients following cardiac surgery and demonstrated that overall, 

perioperative tight glycaemic control improved postoperative complications, but on subgroup 

analysis this was shown to be driven by the non-diabetic patient cohort who benefited from 

intensive glycaemic control (composite complication rate 21.3% vs 33.7%, 95% CI, 0.54-0.74). 

Comparatively the diabetic cohort did not benefit from intensive glycaemic control (composite 

complication rate 29.4% vs 35.1%, 95% CI, 0.66-1.06). 

 

This conglomeration of glycaemic control trials in both critical illness and cardiac surgery have 

culminated in the Society of Thoracic Surgeons recommendation of targeting BSL ≤10.0mmol/L for at 

least 24 hours postoperatively(11) in cardiac surgical patients, which currently predominates clinical 

practice. 

 

Management of stress hyperglycaemia: the emerging impact of diabetes 

Despite the attention that intensive glycaemic control attracted in the early 2000s, stress 

hyperglycaemia is thought by some authors to be protective during stress and critical illness(12); 



they argue that stress hyperglycaemia is a physiological survival mechanism that should not be 

artificially suppressed. Studies in critical care have shown that hyperglycaemia may be protective for 

diabetics in critical illness(13-15). Plummer et al(13) observed 1000 intensive care patients and 

concluded that peak glucose concentrations during critical illness are associated with increased 

mortality in patients with adequate premorbid glycaemic control, but not in patients with premorbid 

hyperglycaemia. Krinsley et al(14) investigated 44964 intensive care patients and found that among 

patients with diabetes, mean BSL from 80 to 110 mg/dl (4.4-6.1mmol/L) was associated with 

increased risk of mortality and mean BSL from 110 to 180 mg/dl (6.1-10.0mmol/L) with decreased 

risk of mortality, concluding that patients with diabetes may benefit from higher glucose target 

ranges than will those without diabetes. Furthermore, Egi et al(105) investigated 415 critically 

unwell diabetic patients and showed that in patients with higher (>7%) preadmission HbA1c, the 

higher the time-weighted acute glucose concentration during intensive care unit stay (>10mmol/L), 

the lower the hospital mortality compared with the lower HbA1c cohort (<7%), concluding that 

glucose levels that are considered safe and desirable in other patients might be undesirable in 

diabetic patients with chronic hyperglycemia. These studies have prompted authors to suggest 

flexible BSL targets in critically ill diabetics, particular those with suboptimal preoperative glycaemic 

control(16). 

 

Although the Society of Thoracic Surgeons recommends a one-size-fits-all approach to postoperative 

glycaemic management in cardiac surgery following trials such as the NICE-SUGAR, Glucontrol, and 

GLUCO-CABG, there is in fact no rigorous evidence that targeting an even looser blood sugar level 

would produce inferior outcomes in postoperative cardiac surgical patients(12). In fact, other 

evidence suggests that a stratified approach to postoperative hyperglycaemia management could be 

based on underlying diabetes status – the GLUCO-CABG trial suggested that intensive glycaemic 

control was beneficial in non-diabetic patients but not in diabetic patients. In a study of 4316 cardiac 

surgical patients, Greco et al(17) found that among patients with insulin-treated diabetes, optimal 



outcomes (hospital cost, postoperative infections, and postoperative respiratory complications) 

were associated with glucose levels traditionally considered to be hyperglycaemic (10.0 to 13.3 

mmol/L).  

 

These findings of diabetic patients benefiting from mild hyperglycaemia may be explained by chronic 

hyperglycaemia in diabetics instigating cellular conditioning that protects against acute 

hyperglycaemia-related damage(39). Glucose availability is critical for optimal neurological and 

immune function in stressed states, as a large amount of the increased glucose consumption in 

injury is in macrophage-rich tissues(106), whilst even mild hypoglycaemia is associated with 

neurocognitive dysfunction in critical illness(18). Inappropriate reduction in blood glucose may 

contribute to a relative systemic hypoglycaemia and depress immune function. In addition, looser 

glycaemic targets in diabetics may reduce glycaemic variability, which is thought to induce oxidative 

stress(19) and is a predictor of mortality in both the intensive care unit and overall hospital 

admission(15). Similar evidence is emerging in cardiac surgery as demonstrated by Greco et al(17). 

This suggests that diabetic patients with physiologically beneficial glucose levels may be undergoing 

unnecessary blood sugar reduction, which may contribute to adverse clinical outcomes.  

 

Study Aims 

Based on the emerging evidence regarding diabetic glycaemic control in critical illness, the primary 

aim of this study is to investigate the impact of postoperative glycaemic management on 

hyperglycaemia-related morbidity and mortality in diabetic and non-diabetic cardiac surgery 

patients stratified by their preoperative diabetic status as well as their postoperative in-hospital 

BSLs. By doing so, we aim to investigate the benefits of conventional glycaemic management for 

both non-diabetic and diabetic cohorts of cardiac surgery patients. 

 



Secondary aims include investigating pre- and perioperative predictors of stress hyperglycaemia, as 

the existing evidence is conflicting. We aim to model the pre- and perioperative predictors of stress 

hyperglycaemia and determine whether preoperative or perioperative factors contribute more 

significantly to the development of stress hyperglycaemia. Additionally, we aim to investigate the 

association between adequacy of preoperative diabetic control and morbidity/mortality outcomes. 

 

METHODS 

Data Collection 

A retrospective cohort analysis of all patients undergoing cardiac surgery at a single tertiary 

centre institution between February 2015 and May 2019 was undertaken. Ethical approval was 

obtained via the South Metropolitan Health Service Human Research Ethics Committee 

(EC00265), Project Reference Number (PRN) RGS0000003407. Demographic, operative, and 

postoperative data was extracted from the hospital cardiac surgery database. Medical record 

review was undertaken to extract glycaemic values from the hospital admission. Hospital 

readmissions and 1-year mortality endpoints were identified via examination of the state-wide 

public hospital appointment database and review of medical records. 

 

Inclusion and Exclusion Criteria 

All patients undergoing cardiac surgery at our institution between February 2015 and May 2019 

were identified. Inclusion criteria included all patients undergoing non-emergent open cardiac 

surgery. Exclusion criteria included emergent or salvage procedures, heart transplants, combined 

heart and lung transplants, trans-aortic or trans-apical transcatheter aortic valve replacement, and 

patients that died in the operating theatre. 

 



Definitions 

Patients were identified as non-diabetic by meeting all the following criteria: 

(i) Preoperative HbA1c <6.5 

(ii) Not documented previously to have diabetes mellitus 

(iii) Not on any hypoglycaemic medications for purpose of glycaemic control 

 

In non-diabetic patients, a definition of stress hyperglycaemia that is clinically relevant to cardiac 

surgery was adapted. Stress hyperglycaemia in non-diabetic patients was defined as any intra- or 

post-operative BSL of greater than 10.0mmol/L, or requirement of insulin therapy for glycaemic 

management. Stress hyperglycaemia in diabetic patients was defined as peak BSL >13.9mmol/L, 

consistent with the existing literature(41).  Mild hyperglycaemia was defined as peak BSL 10.1-

13.9mmol/L. Poorly controlled diabetes was defined as a preoperative HbA1c >8.0 in accordance 

with previous literature(107). Very poorly controlled diabetes was defined as preoperative HbA1c 

>10.0. 

 

Glycaemic data 

BSL readings were extracted from records of blood sugar measurement and arterial blood gas results 

during intensive care stay. Fasting BSL on day of surgery was recorded from the first arterial blood 

gas (shortly after anaesthetic induction). For the postoperative days where the patient was managed 

in ICU (including day of surgery), the peak BSL was recorded. Fasting BSLs were not determined 

during ICU stay due to difficulties identifying oral intake status of the patient at various hours of the 

day. Once the patient had been transferred from ICU to the surgical ward, both fasting and peak 

BSLs were recorded.  

 

Insulin infusion therapy was commenced at the discretion of the treating intensivist to target BSL 

≤10.0; common reasons to institute insulin infusion were a single significantly elevated BSL reading, 



or sequential mildly elevated BSL readings. Insulin infusion was discontinued on ICU discharge and 

therapy transitioned to subcutaneous insulin if it was determined to be an ongoing requirement; 

initial subcutaneous dosing was at the discretion of the intensivist. During postoperative ward stay, 

subcutaneous insulin dosing and oral hypoglycaemic management was managed by the surgical 

team in collaboration with endocrinology. Endocrinology specialist input was sought for patients 

requiring new ongoing insulin therapy approaching discharge, or for patients on existing insulin 

therapy with significant ongoing glycaemic derangement.  

 

Outcomes 

Overall morbidity/mortality outcomes included 30-day mortality, all-cause hospital readmission 

(within 30 days of discharge from surgical stay) and 1-year mortality. 

 

Wound related outcomes included superficial sternal wound infection (SSWI), deep sternal wound 

infection (DWSI), graft harvest site wound infection (GSWI), wound-related hospital readmission, 

and a combined outcome of overall wound complications including infection or dehiscence requiring 

hospitalisation. Pneumonia was included as an infective morbidity outcome(17). Superficial sternal 

wound infection was defined as clinical or microbiological evidence of sternal incisional infection 

necessitating management with antibiotics. Deep sternal wound infection was defined as infection 

of the sternal bone, muscle or mediastinum requiring surgical debridement and antibiotic therapy. 

Graft harvests site wound infection was defined a clinical or microbiological evidence of saphenous 

vein harvest site or radial artery harvest site incisional infection necessitating management with 

antibiotics. Pneumonia was defined as postoperative positive cultures of sputum or trans-tracheal 

aspirate, or clinical findings consistent with the diagnosis of pneumonia and radiographic evidence. 

 



Statistical Analysis 

All categorical variables were summarised as counts and percentages and compared using Chi-

squared tests, while continuous variables were summarised as means and standard deviations and 

groups compared using the independent samples t-test (or ANOVA where appropriate). We used 

logistic regression to model all outcomes comparing the diabetic and non-diabetic groups, where 

variables that were significant at a 5% level following backwards elimination were retained in the 

final model. Potential confounders in the models are detailed in Table 1. The effect of preoperative 

poor and very poor diabetic control was assessed via additional logistic regression analyses. 

Postoperative inotropic support >4 hours was initially included as a confounding variable, but 

subsequently removed due to collinearity with vasopressor support >4 hours. Subgroup analyses 

were also performed using logistic regression analyses. Receiver operating characteristic (ROC) 

curves were developed for models of preoperative and perioperative factors associated with the 

development of stress hyperglycaemia in non-diabetic patients, and the area under the curve (AUC) 

was calculated as a measure of separability. Analyses were performed using IBM SPSS Statistics, 

version 26 (IBM Corp., Armonk, N.Y., USA). 

 

RESULTS 

Inclusions and Exclusions 

1,995 patients were screened for inclusion. After exclusions, 1,739 patients were included in data 

analysis including 1,050 non-diabetic patients and 689 diabetic patients. Common reasons for 

exclusion included emergent or salvage procedures (n=207), cardiac transplant (n=20), transcatheter 

aortic valve interventions (n=11), and deaths in the operating theatre (n=9).  

 

Clinical, Operative, and Perioperative Characteristics 

Demographic, operative, and perioperative data are presented in Table 1. 



 

Patients with insulin-dependent diabetes had a significantly higher preoperative HbA1c with a mean 

of 8.85 ± 1.94 compared to undiagnosed/unmanaged diabetes (6.95 ± 1.14), diet-controlled diabetes 

(6.15 ± 0.72), and oral-hypoglycaemic controlled diabetes (7.23 ± 1.38) (P<0.001). 63.3% (n=124) of 

insulin-dependent patients had preoperative poorly controlled diabetes compared to unmanaged 

(12.7%, n=8), diet control (9.0%, n=7), and oral hypoglycaemic control (27.8%, n=98) groups 

(P<0.001). 25.5% (n=50) of insulin-dependent patients had preoperative very poorly controlled 

diabetes compared to unmanaged (6.3%, n=4), diet control (6.4%, n=5), and oral hypoglycaemic 

control (9.4%, n=33) groups (P<0.001). 

 

Postoperative Outcomes: Comparing Diabetics and Non-Diabetics 

Patients with diabetes had increased odds of graft harvest site wound infection (3.7% vs 8.0%, OR; 

1.61 [1.04-2.51], P=0.034), all-cause hospital readmission (15.3% vs 19.3%, OR; 1.32 [1.02-1.72], 

P=0.037) and wound-related readmission (2.4% vs 6.1%, OR; 1.94 [1.15-3.23], P=0.013) compared 

with non-diabetic patients after adjusting for potential confounders (see Table 1 and Table 2). All 

other comparisons between diabetics and non-diabetics failed to reach statistical significance. In the 

subset of diabetics with a maximum postoperative BSL ≤13.9mmol/L compared with non-diabetic 

counterparts with peak BSL ≤10.0mmol/L, there were no differences in morbidity or mortality 

outcomes (see Table 3). 

 

Non-diabetics: Incidence, predictors, management and outcomes of stress hyperglycaemia 

In non-diabetics, the mean maximum BSL was 10.2mmol/L with a standard deviation of 2.0mmol/L. 

A total of 466 (44.4%) non-diabetic patients developed stress hyperglycaemia, of which 116 (24.8%) 

were managed with insulin infusion.  

 



On multivariate analysis, preoperative predictors of stress hyperglycaemia included age >65 (38.2% 

vs 56.7%, OR; 1.80 [1.38–2.36], P<0.001) and preoperative HbA1c (5.5% ± 3.6% vs 5.6% ± 4.0%, OR; 

2.07 [1.44-2.98], P<0.001). Perioperative predictors of stress hyperglycaemia included CABG (56.3% 

vs 62.9%, OR; 1.41 [1.07-1.86], P=0.015), duration of CPB (95.5 ± 41.2 vs 109.9 ± 48.5, OR; 1.006 

[1.003-1.010], P<0.001), RBC transfusion requirement (17.2% vs 34.5%, OR; 1.40 [1.03-1.91], 

P=0.034), return to theatre (2.9% vs 7.7%, OR; 2.28 [1.17-4.47], P=0.016), new arrhythmia (19.9% vs 

35.6%, OR; 1.76 [1.30-2.38], P<0.001), and prolonged ventilation >24 hours postoperatively (2.2% vs 

8.6%, OR; 2.85 [1.39-5.82], P=0.004). The AUC for the preoperative model was 0.625 [95% CI; 0.588-

0.661], and the AUC for the perioperative model was 0.662 [95% CI; 0.627-0.697]. Both preoperative 

and perioperative factors therefore have important contributions to the development of stress 

hyperglycaemia.  

Preoperative and perioperative data are presented in Table 4.  

ROC curves are presented in Figure 1. 

 

In non-diabetics, stress hyperglycaemia was associated with overall wound complications (5.7% vs 

8.8%, OR; 1.64 [1.00-2.69], P=0.049) and postoperative pneumonia (2.7% vs 7.3%, OR; 2.35 [1.26-

4.38], P=0.007). Stress hyperglycaemia was not independently associated with all-cause readmission, 

wound-related readmission, 30-day mortality or 1-year mortality on multivariate analysis. Data 

regarding the relationship between stress hyperglycaemia and postoperative outcomes in non-

diabetic patients are presented in Table 5. 

 

Diabetics: Incidence, management and outcomes of hyperglycaemia 

Overall, 74.5% (n=513) of diabetic patients required insulin infusion for glycaemic control. 73.0% 

(n=257) of the oral hypoglycaemic control group required insulin infusion as opposed to 45.2% 

(n=28) of the unmanaged diabetes group and 41.0% (n=32) of the diet control group (P<0.001). The 

mean maximum in-hospital BSL for the preoperatively insulin dependent diabetes group was 16.9 ± 



3.2, which was significantly higher than the unmanaged (12.0 ± 2.5), diet (11.9 ± 2.4), and oral (14.4 

± 3.2) control groups (all P<0.001). Patients with insulin-dependent diabetes had comparatively well-

controlled blood sugars whilst receiving insulin infusion in intensive care as compared to their ward 

management with subcutaneous insulin. There was a significant hyperglycaemic derangement on 

transition from continuous insulin infusion to regular subcutaneous insulin. This was demonstrated 

by a significant difference in mean peak BSLs on postoperative day 1 in ICU whilst on insulin infusion 

(12.7 ± 3.2) as compared to mean peak BSL on day 1 of ward stay after ICU stepdown (14.6 ± 3.8) 

once regular subcutaneous insulin dosing was established (P<0.001). 

 

Diabetic patients with a maximal postoperative peak BSL >13.9mmol/L compared to diabetic 

patients with a maximal peak BSL ≤13.9mmol/L were at an increased risk of overall wound 

complication (7.4% vs 14.8%, OR; 2.47 [1.46-4.16], P<0.001), GSWI (3.7% vs 11.8%, OR; 3.75 [1.92-

7.30], P<0.001), and wound-related readmission (3.1% vs 8.8%, OR; 3.11 [1.49-6.46], P=0.002). 

However, there were no significant associations with SSWI, DSWI, pneumonia, all-cause 

readmission, 30-day or 1-year mortality (see Table 6). In the subset of diabetics with a maximum 

peak BSL ≤13.9mmol/L, those with a maximum peak BSL 10.1-13.9mmol/L did not have increased 

risk of morbidity/mortality compared to those with a maximum peak BSL of ≤10.0 mmol/L, although 

numbers were small in the group of patients with peak BSL ≤10.0mmol/L (see Table 7).  

 

Within the diabetic group, method of preoperative diabetes management predicted overall wound 

complications, with insulin dependent patients carrying significantly increased risk (9.7% vs 15.3%, 

OR; 2.09 [1.19-3.68], P=0.011). Insulin dependence also independently predicted graft harvest site 

wound infection (6.3% vs 12.2%, OR; 2.48 [1.28-4.80], P=0.007), overall readmission rate (16.8% vs 

25.5%, OR; 1.99 [1.27-3.12], P=0.003) and wound-related readmission (5.1% vs 8.7%, OR; 2.50 [1.23-

5.08], P=0.011) compared with non-insulin dependent diabetics. Preoperative insulin dependence 

was not predictive of SSWI, DSWI, postoperative pneumonia, 30-day mortality or 1-year mortality 



(see Table 8). Preoperative poor or very poor diabetic control was not independently predictive of 

any morbidity or mortality outcomes.  

 

DISCUSSION 

Our findings support the hypothesis that hyperglycaemia in ranges traditionally thought to be 

hyperglycaemic (BSL 10.1-13.9mmol/L) may not be detrimental in diabetic patients following cardiac 

surgery, and conventional glycaemic control (target BSL ≤10.0mmol/L) therefore may not be 

beneficial in this cohort. In our cohort of diabetic patients, significant postoperative hyperglycaemia 

(peak BSL >13.9mmol/L) was associated with an increased burden of postoperative morbidity. Above 

a peak BSL of 13.9mmol/L, the incidence of graft harvest site wound infections increased 

dramatically, as did the rate of wound-related hospital readmissions. However, mild hyperglycaemia 

(peak BSL ≤13.9mmol/L) was not demonstrated to be associated with higher odds of any adverse 

outcomes in diabetic patients, and these diabetic patients with well controlled postoperative 

glycaemic levels achieved similar outcomes to non-diabetic patients with no stress hyperglycaemia.  

 

Whilst our results demonstrate acceptable infective outcomes for diabetic patients with mild 

hyperglycaemia, we did not demonstrate any adverse consequences of successful conventional 

glycaemic control in diabetic patients. However, the subgroup analysis of comparing diabetics with 

maximal BSL ≤10.0mmol/L to 10.1-13.9mmol/L was limited by lower patient numbers in the 

≤10.0mmol/L cohort, and as such only the combined wound outcome, readmission, and mortality 

data could be analysed in this comparison. As a result, our study was underpowered to comment on 

the association between conventional glycaemic control and adverse outcomes in the diabetic 

cohort. 

 

Conversely, in the non-diabetic cohort, our results demonstrate increasing morbidity with 

hyperglycaemia >10mmol/L, with significantly increased wound complications and lower respiratory 



tract infections. Previous studies suggest that with increasing postoperative hyperglycaemia, non-

diabetics become increasing predisposed to morbidity(17), which correlates with our result. As such, 

the current glycaemic target of ≤10.0mmol/L in non-diabetics is supported by our findings. These 

findings support the notion that a stratified approach to management of postoperative 

hyperglycaemia could be based on underlying diabetes status rather than uniformly applied to all 

patients. 

 

Our study establishes that conventional glycaemic control may not be beneficial in diabetic patients 

but was underpowered to detect adverse outcomes. Future studies could be designed to investigate 

potential adverse sequelae of conventional glycaemic control in diabetic patients by randomising 

diabetic patients to conventional (target BSL ≤10.0mmol/L) or relaxed (peak BSL ≤13.9mmol/L) 

glycaemic control following cardiac surgery. Our results would justify the safety of designing such 

studies, as our results demonstrate that diabetic patients in relaxed glycaemic control groups should 

be not exposed to increased risk of infective outcomes such as DSWI. Alternatively, similar 

retrospective studies to our study design could be performed, but these studies would need to 

ensure adequate numbers in diabetic peak BSL ≤10.0mmol/L cohorts to avoid being underpowered. 

 

Previous studies investigating the roles of pre- and perioperative factors in predicting stress 

hyperglycaemia after cardiac surgery have had conflicting results(3, 58). Our data demonstrates 

both pre- and perioperative factors are associated with the development of stress hyperglycaemia in 

non-diabetic patients. Particularly as hyperglycaemia is associated with increased morbidity in non-

diabetic patients, these factors can be used to identify non-diabetic patients at relatively increased 

risk of stress hyperglycaemia who may benefit from closer glycaemic monitoring and earlier 

introduction of glycaemic control if they appear to be becoming hyperglycaemic. 

 



The importance of preoperative diabetic optimisation prior to cardiac surgery is a topic of ongoing 

conjecture. Whilst our results did not find poor or very poor preoperative diabetic control to be 

independently predictive of adverse outcomes, insulin-dependent diabetics had significantly higher 

rates of preoperative poor or very poor control, as well as a significantly higher mean in-hospital 

BSL. This resulted in an increased risk of morbidity and mortality in the insulin-dependent diabetic 

group. Overall, these results suggest that the risk of infective complications in poorly controlled 

diabetics may be ameliorated by satisfactory postoperative glycaemic control, but that it is much 

more difficult to achieve satisfactory glycaemic control in poorly controlled insulin-dependent 

diabetic patients. This finding is consistent with in-vivo models which have demonstrated that 

impaired wound healing in diabetics is a factor more dependent on short-term glycaemic control, as 

opposed to chronic diabetic complications such as microangiopathy, macroangiopathy and 

peripheral neuropathy, which are dependent on long-term glycaemic control(108). 

 

Methods of maintaining glycaemic control at critical timepoints such as the transition from 

continuous intravenous insulin infusion to regular subcutaneous insulin dosing have been a subject 

of previous investigations, and our results suggest that insulin-dependent diabetics are a subgroup 

of patients in which these areas of glycaemic control should be closely monitored. Transition from 

continuous intravenous insulin infusion to regular subcutaneous administration is known to result in 

rebound hyperglycaemia(109-111). This phenomenon is demonstrated our cohort, as patients with 

preoperative insulin-dependent diabetes frequently had transient hyperglycaemic derangements on 

transition from continuous insulin infusion to regular subcutaneous insulin.  

 

Previous studies have been conducted with the aim of identifying the optimal method of 

transitioning from intravenous insulin to subcutaneous insulin following cardiac surgery. These have 

shown similar efficacy of subcutaneous insulin dosing based on total daily insulin requirement 

(calculated from the insulin infusion) as compared to body weight dosing(112, 113). Hsia et al(109). 



developed a transitioning protocol in which glargine insulin is administered 12 hours prior to 

cessation of continuous insulin infusion; this was demonstrated to reduce the rate of rebound 

hyperglycaemia and therefore may be a preferable approach. The development of an institutional 

protocol standardising the transition from intravenous to subcutaneous insulin administration in 

post cardiac surgery patients may be considered in order to improve glycaemic control at our 

institution, although the clinical benefits of this are not established in this study. 

 

An inherent limitation of this study is its observational nature and lack of protocol-driven 

intervention. Insulin therapy in the intensive care unit was driven by the clinical discretion of the 

intensive care specialist, as was the dosing of subcutaneous insulin therapy on transition from 

continuous intravenous therapy. A protocolised approach to glycaemic control would have reduced 

the risk of bias influencing our results and may have improved clinical outcomes in some patients by 

establishing insulin infusions earlier in order to more rapidly establish adequate glycaemic control. 

Such protocols have been established in other units and have been shown to increase percentage of 

time within glycaemic target range and to reduce the time needed to reach target glycaemic 

levels(114, 115). Our unit may benefit from establishing a protocolised approach to postoperative 

glycaemic management. 

 

A limitation of the follow-up data from this study is that identification of hospital readmission or 

mortality was dependant on that readmission occurring in a public hospital within Western 

Australia, or that the mortality was known to the public health service of Western Australia. It is 

possible that some readmissions were not captured in the data review, for example if a patient was 

admitted to a private hospital and did not subsequently return to the public health system for follow 

up, or if readmission occurred in a different state.  

 



CONCLUSION 

In non-diabetic cardiac surgical patients, postoperative stress hyperglycaemia (peak BSL 

>10.0mmol/L) is associated with hyperglycaemia-related morbidity. In diabetic patients, 

postoperative stress hyperglycaemia with peak BSL >13.9mmol/L is associated with wound-related 

morbidity and hospital readmission, whilst hyperglycaemia with peak BSL ≤13.9mmol/L in diabetics 

was not associated with an increased risk of morbidity or mortality compared with non-diabetics 

without stress hyperglycaemia. It is not clear that conventional glycaemic targets (BSL ≤10mmol/L) 

benefit diabetic patients following cardiac surgery, and further investigation of flexible 

postoperative BSL targets of ≤13.9mmol/L in diabetic patients is warranted.  
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TABLES 

Table 1: Demographic, operative & perioperative data 

 
 Non-Diabetic (n=1050) Diabetic (n=689) P value (univariate) 

Age > 65 523 (49.8%) 372 (54.0%) 0.088 

Male Sex 748 (71.2%) 477 (69.2%) 0.805 

Elective Operation 643 (61.2%) 381 (55.3%) 0.014 

Mean Preoperative HbA1c 5.5 ± 0.4 7.6 ± 1.7 <0.001 

BMI > 30 365 (34.8%) 323 (46.9%) <0.001 

CCS 3 or 4 173 (16.5%) 161 (23.4%) <0.001 

NYHA 3 or 4 222 (21.1%) 181 (26.3%) 0.013 

Hypercholesterolaemia 574 (54.7%) 540 (78.4%) <0.001 

History of Smoking 638 (60.8%) 490 (71.1%) <0.001 

Preoperative Dialysis 14 (1.3%) 23 (3.3%) 0.005 

Hypertension 649 (61.8%) 548 (79.5%) <0.001 

Cerebrovascular Disease 68 (6.5%) 74 (10.7%) 0.001 

Peripheral Vascular Disease 49 (4.7%) 82 (11.9%) <0.001 

Respiratory Disease 128 (12.2%) 119 (17.3%) 0.003 

Immunosuppression 20 (1.9%) 26 (3.8%) 0.018 

Prior Myocardial Infarction 376 (35.8%) 369 (53.6%) <0.001 

Prior Arrhythmia 123 (11.7%) 76 (11.0%) 0.661 

Prior Cardiac Surgery 37 (3.5%) 21 (3.0%) 0.589 

Left Main Disease 205 (19.5%) 163 (23.7%) 0.039 



Coronary Artery Bypass Graft 622 (59.2%) 564 (81.9%) <0.001 

Valve Surgery 505 (48.1%) 195 (28.3%) <0.001 

Other Cardiac Surgery 122 (11.6%) 45 (6.5%) <0.001 

Aortic Surgery 77 (7.3%) 17 (2.5%) <0.001 

Cardiopulmonary Bypass 

Duration* (minutes) 

92 (47)  84 (40) <0.001 

Aortic Crossclamp Time* 

(minutes) 

62 (42) 53 (34) <0.001 

RBC Transfusion 273 (26.0%) 181 (26.3%) 0.900 

Return to Theatre 53 (5.1%) 53 (7.7%) 0.024 

New Renal Failure 37 (3.5%) 40 (5.8%) 0.024 

Postoperative MI 16 (1.5%) 15 (2.2%) 0.314 

Inotropes >4 hours 215 (20.5%) 148 (21.5%) 0.614 

Vasopressors >4 hours 198 (18.9%) 129 (18.8%) 0.944 

New Arrhythmia 282 (26.9%) 196 (28.5%) 0.467 

Prolonged Ventilation > 24hrs 53 (5.1%) 56 (8.1%) 0.010 

 

BMI; Body Mass Index 

CCS; Canadian Cardiovascular Society Angina Grade 

NYHA; New York Heart Association Functional Classification 

RCS; Red Blood Cells 

MI; Myocardial Infarction 

*; median (interquartile range) 

 

 



Table 2: Morbidity/mortality outcomes by diabetic status 

 
Outcome Non-Diabetic (n=1050) Diabetic (n=689) OR [95% CI] P value (multivariate) 

1-year Mortality 31 (2.9%) 26 (3.8%) - NS 

30-day Mortality 11 (1.0%) 11 (1.6%) - NS 

Overall Wound 

Complication 

74 (7.1%) 78 (11.3%) - NS 

SSWI 28 (2.7%) 24 (3.4%) - NS 

DSWI 11 (1.1%) 9 (1.3%) - NS 

GSWI 39 (3.7%) 55 (8.0%) 1.61 [1.04-2.51] 0.034 

Pneumonia 50 (4.8%) 44 (6.4%) - NS 

All-cause Readmission 161 (15.3%) 133 (19.3%) 1.32 [1.02-1.71] 0.037 

Wound-Related 

Readmission 

25 (2.4%) 42 (6.1%) 1.92 [1.15-3.23] 0.013 

 

OR; odds ratio 

CI; confidence interval 

NS; not significant 

SSWI; superficial sternal wound infecxtion 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 



Table 3: Outcomes of non-diabetics with peak BSL ≤10.0mmol/L vs diabetics with peak BSL ≤13.9 

 

Outcome Non-Diabetic 

£10.0mmol/L 

Diabetic 

£13.9mmol/L 

P value (multivariate) 

Total 584 325  

Overall Wound 

Complication 

33 (5.7%) 24 (7.4%) NS 

SSWI 14 (2.4%) 10 (3.1%) NS 

DSWI 5 (0.9%) 4 (1.2%) NS 

GSWI 16 (2.7%) 12 (3.7%) NS 

Pneumonia 16 (2.7%) 17 (5.2%) NS 

All-cause Readmission 86 (14.8%) 54 (16.6%) NS 

Wound-Related 

Readmission 

12 (2.1%) 10 (3.1%) NS 

30-day Mortality 6 (1.0%) 3 (0.9%) NS 

1-year Mortality 17 (2.9%) 11 (3.4%) NS 

 

NS; not significant 

SSWI; superficial sternal wound infecxtion 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 

 

 

 



Table 4: Non-diabetics – preoperative and perioperative predictors of stress hyperglycaemia 

 

 Non-SH (n=584) SH (n=466) OR [95% CI] 

(multivariate) 

P value 

(multivariate) 

Preoperative Factors     

Age >65 223 (38.2%) 264 (56.7%) 1.80 [1.38–2.36] <0.001 

Male Sex 405 (69.3%) 343 (73.6%) - NS 

Preop HbA1c* 5.5 ± 3.6 5.6 ± 4.0 2.07 [1.44-2.98] <0.001 

BMI > 30 189 (32.4%) 174 (37.3%) - NS 

NYHA 3 or 4 105 (18.0%) 117 (25.1%) - NS 

CCS 3 or 4 88 (15.1%) 85 (18.2%) - NS 

Hypertension 342 (58.6%) 307 (65.9%) - NS 

Hypercholesterolaemia 309 (52.9%) 265 (56.9%) - NS 

Preop Dialysis 8 (1.4%) 6 (1.3%) - NS 

Cerebrovascular Disease 34 (5.8%) 34 (7.3%) - NS 

Peripheral Vascular Disease 27 (4.6%) 22 (4.7%) - NS 

Respiratory Disease 74 (12.7%) 54 (11.6%) 0.63 [0.41-0.97] 0.033 

Infective Endocarditis 31 (5.3%) 33 (7.1%) - NS 

Immunosuppression 13 (2.2%) 7 (1.5%) - NS 

Previous Myocardial Infarction 194 (33.2%) 182 (39.1%) - NS 

Known Arrhythmia 54 (9.2%) 69 (14.8%) - NS 

Previous Cardiothoracic Surgery 23 (3.9%) 14 (3.0%) - NS 

Left Main Disease 101 (17.3%) 104 (22.3%) - NS 

Perioperative Factors     

Elective surgery 352 (60.3%) 291 (62.4%) - NS 

Cardiopulmonary Bypass 486 (83.2%) 440 (94.4%) - NS 

Coronary Artery Bypass Grafting 329 (56.3%) 293 (62.9%) 1.41 [1.07-1.86] 0.015 

Valvular Surgery 259 (44.3%) 246 (52.8%) - NS 

Aortic Surgery 39 (6.7%) 38 (8.2%) - NS 

Other Cardiac Surgery 62 (10.6%) 60 (12.9%) - NS 



Intra-Aortic Balloon Pump 19 (3.2%) 27 (5.8%) - NS 

Cardiopulmonary Bypass* Duration 

(minutes) 

95.5 ± 41.2 109.9 ± 48.5 1.006 [1.003-

1.010] 

<0.001 

Crossclamp Duration (minutes) 64.9 ± 34.2 75.6 ± 39.5 - NS 

RBC Transfusion 112 (17.2%) 161 (34.5%) 1.40 [1.03-1.91] 0.034 

Non-RBC Blood Product Transfusion 78 (13.3%) 104 (22.3%) - NS 

Return to Theatre 17 (2.9%) 36 (7.7%) 2.28 [1.17-4.47] 0.016 

Haemofiltration 5 (0.9%) 21 (4.5%) - NS 

Postoperative MI 8 (1.4%) 8 (1.7%) - NS 

Inotropes > 4 hours 91 (15.6%) 124 (26.6%) - NS 

Vasopressors > 4 hours 88 (15.1%) 110 (23.6%) - NS 

New Arrhythmia 116 (19.9%) 166 (35.6%) 1.76 [1.30-2.38] 0.001 

Stroke 10 (1.7%) 6 (1.3%) - NS 

Prolonged Ventilation >24 hours 13 (2.2%) 40 (8.6%) 2.85 [1.39-5.82] 0.004 

SH; stress hyperglycaemia.  

OR; odds ratio.  

CI; confidence interval 

NS; not significant.  

NYHA; New York Heart Association.  

CCS; Canadian Cardiovascular Society  

RBC; red blood cell 

*mean ± standard deviation.  

 

 

 

 

 

 



Table 5: Non-diabetics - stress hyperglycaemia vs non-stress hyperglycaemia and postoperative 

outcomes 

 

Outcome Non-SH SH OR [95% CI] P value (multivariate) 

Total 584 466   

Overall Wound 

Complication 

33 (5.7) 43 (8.8) 1.64 [1.00-2.69] 0.049 

SSWI 14 (2.4) 14 (3.0) - NS 

DSWI 5 (0.9) 6 (1.3) - NS 

GSWI 16 (2.7) 23 (4.9) - NS 

Pneumonia 16 (2.7) 34 (7.3) 2.35 [1.26-4.38] 0.007 

All-cause Readmission 86 (14.8) 75 (16.2) - NS 

Wound-Related 

Readmission 

12 (2.1) 13 (2.8) - NS 

30-day Mortality 6 (1.0%) 5 (1.1%) - NS 

1-year Mortality 17 (2.9) 14 (3.0) - NS 

 

SH; stress hyperglycaemia 

OR; odds ratio 

CI; confidence interval 

NS; not significant 

SSWI; superficial sternal wound infecxtion 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 



Table 6: Outcomes of diabetics with peak BSL ≤13.9mmol/L vs diabetics with peak BSL >13.9mmol/L 

 

  ≤13.9mmol/L >13.9mmol/L OR [95% CI] P value (multivariate) 

Total Patients 325 364    

Overall Wound 

Complication 

24 (7.4%) 54 (14.8%) 2.466 [1.463-4.158] <0.001 

SSWI 10 (3.1%) 14 (3.8%) - NS 

DSWI 4 (1.2%) 5 (1.4%) - NS 

GSWI 12 (3.7%) 43 (11.8%) 3.745 [1.922-7.298] <0.001 

Pneumonia 17 (5.2%) 27 (7.4%) - NS 

All-cause 

Readmission 

54 (16.6%) 79 (21.7%) - NS 

Wound-Related 

Readmission 

10 (3.1%) 32 (8.8%) 3.106 [1.492-6.465] 0.002 

30-day Mortality 3 (0.9%) 8 (2.2%) - NS 

1-year Mortality 11 (3.4%) 15 (4.1%) - NS 

 

OR; odds ratio 

NS; not significant 

SSWI; superficial sternal wound infecxtion 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 

 

 



Table 7: Outcomes of diabetics with peak BSL ≤10.0mmol/L vs diabetics with peak BSL 10.1-

13.9mmol/L 

 

  ≤10mmol/L 10.1-13.9mmol/L P value (multivariate) 

Total Patients 48 277   

Overall Wound 

Complication 

3 (6.3%) 21 (7.6%) NS 

SSWI 0 10 (3.6%)  - 

DSWI 2 (4.2%) 2 (0.7%)  - 

GSWI 1 (2.1%) 11 (4.0%) -  

Pneumonia 3 (6.3%) 14 (5.1%)  - 

All-cause 

Readmission 

8 (16.7%) 46 (16.6%) NS 

Wound-Related 

Readmission 

2 (4.2%) 8 (2.9%)   

30-day Mortality 1 (2.1%) 2 (0.7%) - 

1-year Mortality 2 (4.2%) 9 (3.2%) NS 

 

NS; not significant 

SSWI; superficial sternal wound infection 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 

 

 



Table 8: Diabetic pre-operative control subgroups morbidity/mortality outcomes 

 

Outcome Unmanaged 

(n=63) 

Diet 

(n=78) 

Oral (n=352) Insulin 

(n=196) 

OR [95% CI] 

(Insulin dependent vs 

non-insulin dependent) 

P value 

(multivariate) 

1-year 

Mortality 

1 (1.6%) 3 (3.8%) 14 (4.0%) 26 (4.1%)  NS 

30-day 

Mortality 

1 (1.6%) 1 (1.3%) 5 (1.4%) 4 (2.0%)  NS 

Overall Wound 

Complication 

2 (3.2%) 8 (10.3%) 38 (10.8%) 30 (15.3%) 2.09 [1.19–3.68] 0.011 

SSWI 2 (3.2%) 2 (2.6%) 13 (3.7%) 7 (3.6%)  NS 

DSWI 0 (0%) 1 (1.3%) 5 (1.4%) 3 (1.5%)  NS 

GSWI 1 (1.6%) 5 (6.4%) 25 (7.1%) 24 (12.2%) 2.48 [1.28-4.80] 0.007 

Pneumonia 8 (12.7%) 2 (2.6%) 20 (5.7%) 14 (7.1%)  NS 

Overall 

Readmission 

12 (19.0%) 13 (16.7%) 58 (16.5%) 50 (25.5%) 1.99 [1.27-3.12] 0.003 

Wound-Related 

Readmission 

2 (3.2%) 2 (2.6%) 21 (6.0%) 17 (8.7%) 2.50 [1.23-5.08] 0.011 

OR; odds ratio  

NS; not significant 

SSWI; superficial sternal wound infection 

DSWI; deep sternal wound infection 

GSWI; graft harvest site wound infection 

 

 

 

 



FIGURES 

 
Figure 1: Receiver operating curves representing preoperative and perioperative models of significant 

contributing factors to stress hyperglycaemia in non-diabetic patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




