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Summary of thesis
Gastro-duodenal motility & nutrition in the critically ill

Inadequate delivery of nutrition to the critically ill is common, and may adversely affect 
clinical outcomes, including survival. This thesis reports studies designed to characterise the 
gastrointestinal dysfunction underlying feed intolerance in the critically ill, as well as the 
pathophysiology of these dysfunctions, and investigate potential therapeutic measures. 

While it has been established that enteral nutrition is frequently unsuccessful in the critically ill, 
assessment of the success of feeding in an Australian intensive care unit (ICU) had not been 
performed previously. A prospective survey examined the incidence of, and risk factors for, 
feed intolerance in the ICU at the Royal Adelaide Hospital and demonstrated that, in 40 patients 
receiving enteral feeding, only about 60% of their nutritional requirements were met at the end 
of the first week. The main cause for this lack of success was large gastric residual volumes, 
indicative of delayed gastric emptying (GE). This study, accordingly, quantified the limitations 
of nutritional delivery in contemporary practice in a local ICU. The results suggest that a better 
understanding of the pathogenesis underlying this problem is warranted in order to direct 
research into improved therapies. 

Scintigraphy is the most accurate technique to measure GE, but is difficult to perform in the 
ICU. A simpler, more convenient, test would increase the accessibility of GE measurement for 
both research and clinical purposes. A study comparing a breath test technique and gastric 
residual volume measurement to the scintigraphic measurement of GE in 25 mechanically 
ventilated patients demonstrated that GE measured by a breath test technique closely correlated 
with that measured by scintigraphy. While the breath test had a specificity of 100% it only had 
a sensitivity of about 60% in the prediction of delayed GE. Similarly, gastric residual volume 
measurement correlated with scintigraphic measurement of GE but also lacked sensitivity. The 
breath test has previously been demonstrated to be highly reproducible and it represents a 
useful option for repeated measurement of GE in the same patient. It is therefore likely to be 
useful to determine changes in GE over time or in response to a therapeutic intervention. 

There is a lack of information about the prevalence and determinants of delayed GE in the 
critically ill. Previous studies have substantial limitations and scintigraphic measurement of GE 
has only rarely been used. A study comparing GE measured by scintigraphy in 25 patients to 14 
healthy subjects demonstrated that GE was delayed in approximately 50% of the ICU patients 
(>10% retention at 4h) and markedly delayed in about 20% (>50% retention at 4h). Patients 
with trauma and sepsis appeared to have a relatively higher prevalence of delayed GE (80% and 
75% respectively).  In addition, the longer the patient had been in ICU the more normal the rate 
of GE.  Quantification of delayed GE may prove useful by defining patients who may benefit 
from preventative or therapeutic options. 

The abnormalities in gastrointestinal motility underlying delayed GE in the critically ill are 
poorly characterised. Simultaneous manometric and gastric emptying measurements were 
performed in 15 mechanically ventilated patients and 10 healthy subjects. These studies 
demonstrated that delayed GE was associated with reduced antral activity, increased pyloric 
activity and increased retrograde duodenal activity in the patients. Persistent fasting motility 
during feeding was also frequently observed. Furthermore, the feedback response to small 
intestinal nutrients was enhanced. This latter observation may provide an explanation for the 
delayed GE and warrants further investigation. Recent studies suggest that the hormone 
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cholecystokinin may be a mediator of increased small intestinal feedback and, if confirmed, this 
has clear therapeutic implications.  

Nutrient absorption has rarely been measured in the critically ill. GE and glucose absorption 
(using 3-O-methyl glucose) were measured simultaneously in 19 ICU patients and compared to 
19 healthy subjects. Glucose absorption was shown to be markedly reduced in the patients. 
Slow GE was associated with delayed, and reduced, absorption. However, glucose absorption 
was also reduced in patients with normal GE suggesting that reduced glucose absorption in 
critical illness is only partly due to delayed GE. Accordingly, measures to improve the 
effectiveness of GE and thereby improve overall nutritional status may be compromised by 
abnormal small intestinal absorption. The mechanisms underlying this warrant further 
investigation.

A number of therapeutic options directed at improving the delivery of nutrition were examined. 
In a study involving 20 mechanically ventilated patients, administration of 200mg erythromycin 
intravenously was shown to be superior to placebo for treating feed intolerance. The optimal 
dose of erythromycin, however, was unclear. In a subsequent study involving 35 ICU patients, 
GE was measured using a breath test technique, before and after 2 different doses of 
erythromycin or placebo and a ‘low’ intravenous dose (70mg) of erythromycin appeared to be 
as effective as a ‘moderate’ dose (200mg). Both doses were only effective in subjects who had 
delayed GE at baseline. Based on the outcome of these studies, low doses of erythromycin have 
subsequently been routinely used to treat feed intolerance in the critically ill patients at the 
Royal Adelaide Hospital. 

Animal and human studies suggested that the antibiotic, cefazolin, may have a prokinetic effect. 
Cefazolin, however, did not demonstrate similar prokinetic activity at a ‘low’ dose (50mg) in a 
critically ill cohort. The results of this study do not support the use of this agent, at this dose, as 
a prokinetic, in this population. If nasogastric administration of nutrition proves unsuccessful an 
alternative is to infuse nutrient directly into the small intestine. However, the placement of 
feeding tubes distal to the pylorus is technically difficult. A novel technique for postpyloric 
tube insertion was examined with promising results. 

In summary, the studies described in this thesis have provided a number of insights relevant to 
the management of the critically ill by quantifying the prevalence of feed intolerance and 
delayed GE, characterising some of the disturbances in gastrointestinal motility underlying this 
problem, and evaluating a number of therapeutic interventions. 



21

Declaration

The work reported in this thesis has been submitted to the University of Adelaide for the degree 
of Doctor of Philosophy. The studies reported herein are entirely original and were preformed 
by the author between 1999 and 2005. This work contains no material which has been accepted 
for the award of any other degree or diploma in any university or other tertiary institution and, 
to the best of my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text. I give consent to this 
copy of my thesis when deposited in the University Library, being made available for loan and 
photocopying, subject to the provisions of the Copyright Act 1968. The author acknowledges 
that copyright of published works contained within this thesis (as listed in Appendix A) resides 
with the copyright holders of those works.

Signed ……………………………………………………………………………….

Marianne Chapman

Date ………………………………………………………………………………….



22

Acknowledgements

I wish to begin the acknowledgements with sincere thanks to my two supervisors Associate 
Professor Robert Fraser and Professor Michael Horowitz for their enduring patience and gentle 
guidance over the years spent working towards the completion of this thesis. 

I have also had invaluable technical assistance from Laura Besanko, Carly Burgstadt, Stephanie 
O’Connor, Rosalie Yalland and Dora DiMatteo for which I am extremely grateful.

Statistical advice was provided free of charge by the University of Adelaide and given by 
Emmae Ramsay. 

I would also like to thank the nursing and medical staff of the Intensive Care Unit for their 
cooperative support of this work and the Pharmacy Department, at the Royal Adelaide Hospital 
for aid with the management of trial medications. This work was supported by grants from the 
National Health and Medical Research Council (NH&MRC), and the Australian and New
Zealand College of Anaesthetists (ANZCA) and by institutional departmental funds. 

I would like to thank my mother, Jeanette Chapman, for proof reading and her overall support 
and encouragement. 

I would finally like to acknowledge and thank my loving and much loved husband, Peter 
Cooper, for his fortitude over these years, and my two brilliant and inspirational sons, Daniel 
and Jesse Cooper.


	TITLE: Gastro-duodenal motility & nutrition in the critically ill.
	List of contents
	List of figures & tables
	List of abbreviations.
	Summary of thesis
	Declaration
	Acknowledgements


