GLYCAEMIA
AND
UPPER
GASTROINTESTINAL
FUNCTION IN HEALTH AND CRITICAL ILLNESS

A thesis submitted for the degree of

DOCTOR OF PHILOSOPHY

in the Discipline of Acute Care Medicine, School of Medicine,
Faculty of Health Sciences
University of Adelaide

by

Mark Philip Plummer
02 February 2016

1

TABLE OF CONTENTS
Abstract

5

Declaration

7

Acknowledgements

8

Format of thesis

11

Chapter 1

Dysglycaemia in the critically ill

13

1.1 Introduction
1.2 Literature review: Dysglycaemia and glucose control during sepsis

15

1.3 Manuscript: Dysglycaemia in the critically ill and the interaction of
chronic and acute glycaemia with mortality

39

1.4 Manuscript: Stress induced hyperglycaemia and the subsequent
risk of type 2 diabetes in survivors of critical illness

62

1.5 Conclusions
1.5.1 Introduction
1.5.2 Contribution of the work described in this thesis to the
understanding of the prevalence of stress induced hyperglycaemia
and unrecognised diabetes
1.5.3 Contribution of the work described in this thesis to the
understanding of the influence of chronic hyperglycaemia on the
association between acute hyperglycaemia and mortality
1.5.4 Contribution of the work described in this thesis to the
understanding of the relationship between stress hyperglycaemia
and subsequent type 2 diabetes

84

1.6 Future directions
1.6.1 Variable blood glucose targets during critical illness based on
premorbid glycaemic control
1.6.2 Mechanisms influencing the interaction between acute
hyperglycaemia and outcome in critically ill patients with chronic
premorbid hyperglycaemia
1.6.3 Role for type 2 diabetes screening programs for survivors of
stress induced hyperglycaemia

85

Chapter 2
The effect of critical illness on nutrient stimulated gallbladder motility

89
2

2.1 Introduction
2.2 Literature review: Enterohormones and the response to critical
illness

91

2.3 Manuscript: Critical illness is associated with impaired gallbladder
emptying as assessed by 3D ultrasound

113

2.4 Conclusions
2.4.1 Introduction
2.4.2 Contribution of the work described in this thesis to the
understanding of gallbladder motility in the critically ill
2.4.3 Contribution of the work described in this thesis to validating
the novel technique of 3D ultrasound assessment of gallbladder
volumes during critical illness

138

2.5 Future directions
2.5.1 The effect of gallbladder motility on lipid absorption and
outcome in critical illness

139

Chapter 3
The effects of exogenous Glucagon-Like Peptide 1 on gastric emptying
during extremes of glycaemia and appraisal of a novel intravenous
delivery regimen

140

3.1 Introduction
3.2 Literature review: Incretins and the intensivist: what are they and
what does an intensivist need to know about them

141

3.3 Manuscript: Glucagon-Like Peptide 1attenuates the acceleration of
gastric emptying induced by hypoglycaemia in healthy subjects

168

3.4 Manuscript: Hyperglycaemia potentiates the slowing of gastric
emptying induced by exogenous GLP-1

188

3.5 Manuscript: The insulinotropic effect of pulsatile compared with
continuous intravenous delivery of GLP-1

209

3.6 Conclusions
3.6.1 Introduction
3.6.2 Contribution of the work described in this thesis to the
understanding of the effects of exogenous GLP-1 on gastric emptying
3.6.3 Contribution of the work described in this thesis to the
understanding of optimal delivery regimens for exogenous GLP-1

222

3.7 Future directions

224

3

3.7.1 The effect of glycaemic extremes on the gastromotor effects of
the commercially available GLP-1 agonists in patients with type 2
diabetes
3.7.2 Determine the utility of GLP-1 as a novel glucose lowering
agent in the critically ill
Chapter 4
Stress ulcer prophylaxis in the critically ill

225

4.1 Introduction
4.2 Literature review: Stress ulceration: prevalence, pathology and
association with adverse outcomes

227

4.3 Manuscript: Pantoprazole or Placebo for stress Ulcer Prophylaxis
(POPUP): Randomized double blind exploratory study

244

4.4 Conclusions
4.4.1 Introduction
4.4.2 Contribution of the work described in this thesis to the
understanding of the role for prophylactic proton pump inhibitor
administration in the critically ill

270

4.5 Future directions
4.5.1 Large multi-centre trials to determine the safety and efficacy of
routine stress ulcer prophylaxis in the critically ill

271

APPENDIX A
Presentations at national and international meetings

272

APPENDIX B
Prizes awarded during candidature

273

APPENDIX C
Grants awarded during candidature

274

4

NOTE: Statements of authorship appear in the print copy of the thesis held in
the University of Adelaide Library.

Abstract
This thesis comprises four distinct but complementary chapters with a broad focus of
glycaemia and upper gastrointestinal function in health and critical illness,
encompassing four literature reviews, two epidemiological-observational and two
interventional studies in the critically ill and three proof-of-principle studies in healthy
volunteers.
Hyperglycaemia occurs frequently in the critically ill, both in patients with diabetes,
and in those with previously normal glucose tolerance. The literature is reviewed on
the impact of dysglycaemia in the patient with sepsis, emphasising the interaction
between acute dysglycaemia, chronic hyperglycaemia and outcomes (chapter 1.2).
Observational studies were performed to estimate the prevalence of stress induced
hyperglycaemia in the critically ill and to evaluate the subsequent risk of diabetes. I
established that: (i) stress induced hyperglycaemia occurs in ~50% of patients, and (ii)
peak blood glucose concentrations are associated with greater mortality in patients
with adequate premorbid glycaemic control but not in those with chronic
hyperglycaemia (chapter 1.3). In a large, state-wide retrospective observational study
I established that stress induced hyperglycaemia doubles the risk for subsequent type 2
diabetes (chapter 1.4).
Dysregulated enterohormone secretion is thought to mediate critical illness induced
abnormalities of glycaemia and upper gastrointestinal function. A review of the
literature is presented on the clinically relevant enterohormone disturbances (chapter
2.2). In a prospective comparative study of critically ill patients and healthy
volunteers, I quantified gallbladder dysmotility in critical illness, a phenomenon that
was independent of plasma concentrations of the enterohormone cholecystokinin
(chapter 2.3).
The therapeutic potential for the incretin enterohormones in the management of stress
induced hyperglycaemia is reviewed in detail with a focus on glucagon-like peptide 1
(GLP-1) (chapter 3.2). Upper gastrointestinal function and glycaemia are inextricably
linked and in healthy volunteer studies I examined the effect of GLP-1 on gastric
emptying during extremes of glycaemia. I demonstrated that GLP-1 attenuated the
acceleration of gastric emptying engendered by hypoglycaemia (chapter 3.3) and that
5

the slowing of gastric emptying induced by hyperglycaemia is potentiated by GLP-1
(chapter 3.4). In a study investigating the islet cell effects of GLP-1 I demonstrated
that intravenous pulsatile delivery of GLP-1 has an equivalent insulinotropic effect to
continuous delivery in healthy volunteers (chapter 3.5).
Prophylactic administration of proton pump inhibitors for the prevention of gastric
stress related mucosal injury is widely prescribed yet has the potential to cause harm
and has been inadequately evaluated in the critically ill. A review of the literature
highlighting this paradox is presented in chapter 4.2. In a prospective, double-blind
randomised, placebo-controlled trial I demonstrated that prophylactic administration
of a proton pump inhibitor was neither superior nor inferior to placebo in preventing
clinically significant upper gastrointestinal bleeding during critical illness (chapter
4.3).
In summary, these studies have yielded a number of important insights including; the
incidence of stress induced hyperglycaemia and the subsequent risk of diabetes,
quantification of gallbladder motility in critical illness, the gastrokinetic effects of
GLP-1 during extremes of glycaemia, the insulinotropic effects of pulsatile GLP-1
delivery, and an evaluation of stress ulcer prophylaxis in the critically ill.
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