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What are the consequences of hyperglycaemia, how do we measure it and what 

measures do we need to take? These questions were the base of this thesis. In 

PART I, the consequences of hyperglycaemia are investigated in relation to the 

coagulation system and thromboembolism. We especially focused on the effects of 

acute hyperglycaemia resulting from surgery in patients with and without diabetes 

mellitus. PART II of the thesis is about the detection and treatment of 

hyperglycaemia. The sensor augmented pump therapy as a new detection and 

treatment tool is the subject of several chapters. The final chapters concern the 

treatment of hyperglycaemia in the Intensive Care Unit (ICU).  

 

PART I 

 

Chapter 2 gives an overview of the current evidence of the role of hyperglycaemia 

in activating the coagulation system. Evidence is mounting that both chronic and 

acute hyperglycaemia contribute to coagulation activation and hypofibrinolysis, 

resulting in a procoagulant state that predisposes patients to thrombotic events. 

Intensive glycaemic control in patients with diabetes mellitus reduces the incidence 

of thrombotic diseases such as myocardial infarction and stroke. Whether intensive 

glucose control during acute hyperglycaemia will be beneficial needs further 

investigation in randomised controlled trials.  

 

Chapter 3 confirms the association between hyperglycaemia and coagulation: a 

cohort of consecutive patients referred for suspected deep vein thrombosis was 

investigated. 188 cases with confirmed venous thromboembolism (VTE) were 

compared to 370 controls. Increased glucose levels at presentation in the outpatient 

clinic were associated with increased odds ratios for actually having VTE. This is 

the first report on this association and now confirmation in other studies is 

required. 

 

In CChapter 4 the effect of hip surgery on glucose metabolism and coagulation 

activation was studied in 9 patients without diabetes mellitus undergoing elective 

hip surgery. Hip surgery clearly induced a rise in glucose levels, which preceded a 

proportional rise of factor VIII clotting activity, von Willebrand ristocetin cofactor 

activity, von Willebrand factor antigen and prothrombin fragment 1+2. These 

results suggests a possible role of hyperglycaemia in activating the coagulation 

system.  
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Chapter 5 supports the suggestion we made in chapter 4: increased glucose levels 

after elective hip surgery were predictive of later development of venous 

thromboembolism. We performed post-hoc analyses of four previously performed 

studies investigating patients undergoing total hip or knee replacement. Our 

outcome measures were symptomatic VTE and „total VTE‰ (defined as the 

composite of symptomatic VTE, asymptomatic DVT and all cause mortality). We 

analysed 12383 patients who underwent elective hip- and knee-surgery. 

Postoperative glucose levels measured at day 1 were associated with total VTE in 

patients undergoing hip surgery. Also, the increase of glucose levels during hip 

surgery was associated with the development of symptomatic and total VTE. This 

was not demonstrated in patients undergoing total knee replacement, which is 

likely due to the surgical procedure. This indicates that hyperglycaemia develops as 

a consequence of hip surgery and contributes to the development of post-surgical 

VTE. 

 

In CChapter 6 a different patient group was studied:  330 consecutive patients 

undergoing pancreatoduodenectomy. Glucose was measured before-, during-, and 

after surgery. In concordance with previous studies, early postoperative 

hyperglycaemia was induced by the procedure and appears to be a strong predictor 

of postoperative complications. 

 

All of the previous studies show that acute hyperglycaemia occurs even without 

known diabetes preticipated by a pathophysiological stressor, such as surgery or 

illness. Postoperative hyperglycaemia is associated with VTE after hip surgery and 

with complications after pancreatodoudenectomy. Future studies should focus on 

preventing the development of perioperative hyperglycaemia and study the effect in 

randomised controlled setting. As intensive insulin therapy can be time consuming 

and carries the risk of hypoglycaemia, the use other glucose lowering agents should 

be considered, such as oral antidiabetics or GLP-1 analogs.  

 

PART II 

 

Chapter 7 provides a view on the current evidence of the clinical application of 

subcutaneous glucose sensors (CGM), alone or combined with subcutaneous insulin 

pumps. In several studies, CGM lowered HbA1c in adult patients with poorly 

controlled type 1 diabetes mellitus, when selecting compliant patients who tolerate 

the device. However, as a preventive tool for hypoglycaemia, CGM is not yet 

���������

200



 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

effective. Increasing reimbursement of CGM is expected in the near future and 

studies on cost-effectiveness are awaited. 

 

Chapter 8 describes the EURYTHMICS trial (EURopean trial (Y) To lower HbA1c 

by Means of an Insulin pump augmented by a Continuous glucose Sensor). In a 

randomised controlled trial in 8 European countries, the efficacy of sensor 

augmented pump therapy was investigated in 83 patients with type 1 diabetes 

mellitus and HbA1c >= 8.2%. Patients were randomised to either sensor augmented 

pump with mealtime bolus advisor for 26 weeks or to the control group using 

multiple daily injection therapy. We showed that sensor augmented pump therapy 

effectively lowered HbA1c by 1.21% in suboptimally controlled type 1 diabetes 

patients. The magnitude of the improvement in glycaemic control suggests an 

additive effect of the insulin pump, mealtime insulin dose advisor and CGM.  

 

The use of sensor augmented pump therapy was also studied in CChapter 9. 

However, in this randomised controlled pilot trial, we investigated the efficacy of 

the therapy in patients with hyperglycaemia (>7.7 mmol/l) admitted to the coronary 

care unit (CCU) for acute myocardial infarction. Hyperglycaemia is a known risk 

factor for mortality after myocardial infarction, but previous trials were not able to 

lower the glucose in this patient group. Therefore we tested the sensor augmented 

pump therapy.  20 Patients were randomised to either sensor augmented pump 

therapy for 48 hours or standard care. Although effective in normalising glucose 

levels, sensor augmented pump therapy was associated with increased 

hypoglycaemia and workload for the nursing staff due to false positive alarms. 

Improvement of the device is awaited before continuing with large scale trials. 

 

In CChapter 10 a part of the development of sensor augmented pump therapy 

towards the artificial pancreas was studied. As two functions, insulin delivery and 

glucose sensing, are combined, one would like to physically integrate insulin 

delivery and glucose sensing as this would minimise the discomfort for the patient 

and increase the usability. Therefore we investigated the hypothesis that high local 

insulin concentrations would interfere with sensor readings in 10 type 1 diabetes 

patients using microdialyses CGM. We concluded that microdialysis CGM could be 

accurately performed at a mean distance of 0.9 cm from an insulin pump system in 

the normo- and hyperglycaemic ranges, and probably the hypoglycaemic range, 

during rapid rise and fall of blood glucose. This has important consequences for the 

development of a closed-loop system or artificial pancreas.  
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The development of the closed-loop system was further investigated in CChapter 11. 

To optimally integrate insulin delivery and glucose sensing, communication via an 

algorithm is essential. However, an effective algorithm has proven difficult to 

develop. In this pilot study we have investigated the effectiveness of an algorithm 

to treat postprandial glucose excursions in a closed-loop format. Indeed, the 

algorithm is as effective as standard care, and may even become superior, which we 

hope to demonstrate in a subsequent study. 

 

In CChapter 12 hyperglycaemia is approached from a different perspective. Of 

course, hyperglycaemia is not a constant phenomenon, but it will vary over time. 

This will be even more pronounced when treatment of hyperglycaemia is initiated. 

Earlier studies already suggested that this glucose variation may be harmful by 

itself. Because variation of glucose is always associated with the mean glucose, it is 

difficult to distinguish between these two. In this study, we investigated the 

association of glucose variability, using a newly developed measure of glycaemic 

variability, and mortality among 5728 patients admitted to the ICU. We found that 

high glucose variability was strongly associated with ICU and in-hospital death. 

High glucose variability combined with high mean glucose values was associated 

with highest ICU mortality. Low glucose variability seemed protective, even when 

mean glucose levels were elevated.  

 

Every upside has its downside, as we show in CChapter 13. The downside of treating 

patients for hyperglycaemia in the ICU is that you will increase the risk of 

hypoglycaemia. Whether or not this is harmful is being debated and therefore we 

investigated the association between hypoglycaemia and mortality in the ICU. All 

first episodes of hypoglycaemia (glucose <=2.5 mmol/l) were derived from 154015 

glucose values in 5961 patients admitted to the ICU. Patients were considered to be 

exposed to hypoglycaemia from the event until the end of ICU admittance. 

Hypoglycaemia was indeed related to ICU mortality, also when adjusted for a daily 

adjudicated measure of disease severity, indicating a causal relationship.  

 

Finally in CChapter 14 we try to put the most important recent evidence of the 

NICE-SUGAR and Leuven studies in perspective, thereby including our data from 

an ICU population treated according to the most recent guidelines. Mean  glucose 

during ICU admission turned out to be related to mortality by a U-shaped curve. A 

Âsafe rangeÊ of glucose regulation in our population could be defined between 7.0 
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and 9.0 mmol/l. The U-shaped curve may help to explain the increased mortality in 

the intensively treated group of the NICE-SUGAR study but also the higher 

mortality in the conventionally treated groups of the Leuven studies.  

 

So, what should be done in the future? The application of sensor augmented pump 

therapy for poorly regulated patients with diabetes mellitus type 1 has been proven 

to be effective in lowering HbA1c, but not in preventing hypoglycaemia. However, 

no trial so far has been designed for sensor augmented pump therapy with (severe) 

hypoglycaemia as the primary outcome measure. Such a trial is expected and 

warranted in the near future. The development of the closed-loop or artificial 

pancreas is ongoing and future projects will hopefully bring this holy grail a little 

bit closer by improving and designing algorithms for the communication between 

glucose sensor and insulin pump. The use of sensor augmented pump therapy in a 

(acute) clinical setting needs improvement, as shown in chapter 9. It could be a 

most useful tool, as continuous glucose measurements, when accurate, should be 

able to prevent hypoglycaemia, decrease nursing workload and capture glucose 

variability. It should be realised that at a completely different patient group as 

compared to patients with type 1 diabetes mellitus. Patients in an ICU or CCU 

have other major problems next to their hyperglycaemia, which could influence the 

accuracy of the glucose sensors. When writing this thesis, the TOPDOGS study is 

being finalised. In this study factors influencing the effectiveness and accuracy of 

glucose sensors in the ICU is being investigated in a large cohort and the results 

are awaited eagerly. Finally, a pooled analysis of the NICE-SUGAR and Leuven 

data is expected to provide treatment guidelines for treating hyperglycaemia, 

glucose variability and avoiding hypoglycaemia in the ICU. For now, the avoidance 

of hypoglycaemia by targeting for a safe-range seems advisable, considering the U-

shaped mortality curve. 
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