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ABSTRACT 
 

 
Background:  Inadequate gut function (IGF) or intestinal failure (IF) is common, 
particularly in surgical patients and the critically ill. It is difficult to measure objectively, 
and as a consequence its effects on outcome are contentious and treatment options are 
limited. Because of the gut’s numerous homeostatic functions IF may predispose to 
delayed sepsis and multiorgan failure (MOF), eventually resulting in death. 
 
 
Aim:  To review the evidence regarding the clinical importance of IF, to define this 
phenomenon quantitatively, determine its effects, if any, on prognosis and to develop a 
therapy to treat it. 
  
 
Methods:  A series of prospective clinical studies. 
 
 
Results:  The state of gut function could be defined in terms of the tolerance by the gut 
of U> U80% of calculated nutritional requirements for a continuous period of U> U48 hours. This 
was independently associated with outcome (p<0.001; OR 16.081; 95%CI 5.356, 
48.282). The site of feeding, be this prepyloric or postpyloric, did not influence the 
proportion of patients that achieved tolerance (respectively 23/33 [70%] vs. 19/32 [63%]; 
p=0.539). Administering a cocktail of gut-specific nutrients (GSN) expedited the return 
of gut function when compared to controls (respectively 164 [120–225] hours vs. 214 
[184–401]; p=0.016), attenuated the stress response (serum albumin respectively p=0.048 
vs. p=0.054), decreased sepsis (respectively 4/25 [8%] vs.13/25 [52%]; p=0.015), and the 
absolute number of deaths ( 2/25 [8%] vs. 7/25 [28%]; p=0.138, not significant). 
 
 
Conclusion:  Adequacy of gut function can be defined quantitatively by enteral 
tolerance. Characterized in this way, IF is independently associated with prognosis, 
irrespective of other single organ failures and other determinants of outcome. GSN 
stimulate the return of gut function and this is associated with improved outcomes. 
Further research and the development of other gut-directed therapies are necessary. 
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EXTENDED SUMMARY 
 

 
 

Inadequate gut function (IGF) or intestinal failure (IF) is common, particularly in surgical 

patients and the critically ill. It is difficult to measure objectively, and as a consequence 

its effects on outcome are contentious and treatment options are limited. Because of the 

gut’s numerous homeostatic functions IF may predispose to delayed sepsis and 

multiorgan failure (MOF), eventually resulting in death.  

 

The central hypothesis of this thesis was that the state of gut function influences the 

outcome of patients. As a result, therapies that attenuate gut failure or otherwise enhance 

the recovery of gut function could possibly improve patient outcomes. This thesis 

endeavoured to explore this premise by investigating the poorly recognised phenomenon 

of gut dysfunction and its effect on patient prognosis. Following a review of the relevant 

literature, the aims of this series of investigations were to assemble the evidence 

addressing the clinical importance of IF, to define this phenomenon quantitatively, 

determine its effects, if any, on prognosis and finally to develop a therapy to treat it. 

These aims were achieved by a series of prospective studies.   

 

Following a literature review, a randomized clinical trial was undertaken in patients 

undergoing major colonic surgery. This investigated the merits of a multimodal 

optimization package aimed at enhancing the recovery of gut function when compared to 

conventional perioperative care. Results showed that implementation of such a 
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programme curtailed postoperative IF and resulted in an earlier hospital discharge when 

compared to conventional care. This added support to the contention that IF is clinically 

important. However, definitive conclusions were limited by the lack of a quantifiable 

definition for adequate as opposed to inadequate gastrointestinal function. This was 

addressed in the subsequent series of trials. 

 

It is arguable that the ultimate test of adequate gut function is the ability to tolerate 

enteral feeding. This idea was pursued in two observational studies which together 

demonstrated that adequate gut function could be defined quantitatively by the 

enteral/oral tolerance of at least 80% of calculated nutritional requirements for a 

minimum continuous period of 48 hours. Anything less than this then represented IGF. 

This definition was subsequently validated in a separate prospective study in which IGF 

was shown to be associated with a higher risk of developing sepsis and a poorer 

prognosis, independently of all other factors that impacted on outcome. 

 

Defining IF in terms of enteral tolerance inevitably poses the question whether the site of 

feed delivery, be this pre- or postpyloric, impacts on the ability of the gut to tolerate the 

administered feed. In a trial of 65 patients randomized to receive prepyloric or 

postpyloric feeding, there was no observed difference in the number of patients in each 

group that achieved tolerance. Evidence from this work supports the importance of the 

state of underlying gut function over the significance of the site of feed delivery in the 

tolerance of an enteral challenge.  
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The gut may also be studied by assessing splanchnic perfusion and how this changes in 

response to enteral or parenteral stimulation. Results from this work demonstrated that, as 

expected, an oral or enteral challenge increased splanchnic perfusion over the fasted 

state, but in contrast parenteral feed administration resulted in a universal decrease in 

superior mesenteric artery (SMA) blood flow over preprandial measurements. Further 

trials are required to establish the therapeutic implications of this observation. 

 

Against this background, an attempt was made to develop a therapy to treat IF based on 

the use of gut-specific nutrients (GSN) in the critically ill. 50 consecutive patients were 

randomized to receive a cocktail of GSN (prebiotics, probiotics, glutamine, multivitamins 

and antioxidants) or placebos. Those involved in the trial were blinded to treatment 

allocation. The use of GSN was associated with a quicker return of normal gut function, 

attenuation of the acute phase response, a lower rate of sepsis, and an absolute, albeit not 

significant, improved survival at three months. 

 

The conclusion from this series of studies was that the state of gut function as defined by 

the tolerance or otherwise of an enteral challenge, is important to patients as it is 

independently associated with their prognosis. The site of enteral feed delivery need not 

overshadow this assessment, but the route of feed delivery impacts on splanchnic 

perfusion and as such may have therapeutic implications. In addition, much like other 

single organ dysfunctions, IGF may be targeted by apposite therapies and this resulted in 

an enhanced recovery of gut function and improved outcomes in critically ill patients. 

This closed the cause-effect loop relating to the importance of IGF which can now be 
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defined objectively, measured reproducibly and treated effectively, with resultant benefit 

to patients. Much like other organ systems, failure of the gut conditions outcome. 

Apposite therapies to preserve gut function appear to be beneficial and novel strategies to 

management gut failure need to be developed. Further work is necessary to confirm these 

findings. 
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CHAPTER 1:    

INTRODUCTION AND LITERATURE 

REVIEW  
 

 

 
 
 
 
 

 
 
 

“Man and the animals are merely  

a passage and channel for food.” 

 

 Leonardo da Vinci,  

1452 -1519 AD 

 
 
 
 
 
Excerpts of the literature review in this chapter have been published in an article entitled 

‘Review article: bacterial translocation in the critically ill - evidence and methods of 

prevention’. (HGatt M, Reddy BS, and MacFie JH, 2007).  
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1.1 INTRODUCTION 

 

The gastrointestinal tract is a highly complex organ system which has many functions 

well beyond those of the digestion, absorption and excretion of foodstuffs (Ginsberg and 

Costoff, 2000;  Ganong, 2005).  It also acts as a barrier against living organisms and 

other antigens within its lumen. It periodically samples these luminal antigens to allow 

for measured immunological responses to be mounted, while simultaneously 

orchestrating a complex symbiotic relationship with the luminal gastrointestinal 

microflora. In addition, the gut is also an intricate metabolic, endocrine, exocrine, 

immunological and cytokine producing organ and is central to a host of other vital 

homeostatic mechanisms (Figure 1.1).  

 

Given its many roles, it is intuitive that a normally functioning gastrointestinal system is 

essential to health. A corollary perspective is that inadequate gut function (IGF, syn: gut 

failure/dysfunction) is deleterious to an individual’s outcome. However,  

 

 “traditional teachings…have promoted the dogma that the gut is 

 dormant, metabolically inactive, and of little physiologic and 

 pathologic significance. More recent information has refuted these 

 long-standing  beliefs” (Rombeau and Takala, 1997).  

 

The adverse clinical effects of gastrointestinal failure, however, remain to be proven.  As 

such, gastrointestinal dysfunction remains an unrecognised clinical state, there are few if 



 

Figure 1.1: The various functions of the gut. The primary function of the alimentary tract is that of nutrition, highlighted in red.  

33 
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any available treatments for this condition, and consequently it is possible that many 

patients are being inadequately or inappropriately managed, to their detriment.  

 

Little attention has been given in the literature to the overall functional state of the 

gastrointestinal tract. This is exemplified by the fact that, unlike other single organ 

failures which refer to inadequate function of that organ system as a whole, the term ‘gut 

failure’ is currently only used in the literature to refer to patients with short gut syndrome 

or those requiring home parenteral feeding. It must be emphasised that this is not the 

limited view the author of this work intends when using this term throughout this thesis. 

In this series of studies, the terms ‘gut failure’, ‘inadequate gut function’ and ‘gut 

dysfunction’ are used interchangeably to refer to any insufficiency of the gastrointestinal 

tract mediated by attenuation of its various functions. In this sense, patients with short gut 

syndrome or those requiring home parenteral feeding are only a small, albeit severely 

affected, minority. The term is more commonly applicable to the transient attenuation of 

gut function that is frequently seen in, for example, the immediate postoperative period, 

the setting of ileus, or that of critical illness, and is more akin to the definition of ‘failure’ 

as it applies to other single organs (i.e. inadequate or attenuated function).  

 

There is an abundance of emerging circumstantial evidence which implicates IGF with 

disease, and in particular, with the onset and propagation of delayed sepsis, MOF, and 

death. This support for the importance of gut function to patient outcome can be drawn 

from different (and seemingly unrelated) areas of the medical literature including that 

pertaining to human nutrition, the gut origin of sepsis hypothesis and enhanced recovery 
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after surgery (ERAS). The common mechanisms by which gastrointestinal dysfunction 

cause disease are thought to relate, at least in part, to a disruption of its barrier, 

immunological and cytokine producing functions. This in turn instigates ingress of micro-

organisms and other antigens into the internal milieu in the setting of an otherwise 

immunocompromised host, resulting in overwhelming sepsis, MOF, and sometimes death 

(Marshall, Christou and Meakins, 1993;  Cohen et al., 2004;  MacFie et al., 2006;  Gatt, 

Reddy and MacFie, 2007). The circumstantial evidence supporting the significance of gut 

failure is discussed in more detail in subsequent sections, however definitive proof for the 

prognostic importance of gastrointestinal dysfunction remains elusive and provides a 

justification for the original work presented in this thesis.  

 

 

1.2 HISTORICAL PERSPECTIVE  

 

The idea that the alimentary tract, teeming with bacteria and other antigens, could 

represent a source of disease under certain clinical conditions is by no means new.  As 

early as 400 BC, Hippocrates of Kos, the father of modern medicine, is renowned to have 

said that ‘All diseases begin in the gut. Death sits in the bowel; a bad digestion is the root 

of all evil’ (Bengmark, 2000). In the late 19th century, the idea evolved that peritonitis 

could result from the passage of bacteria from organs adjacent to the peritoneal cavity.  In 

Germany this was referred to as ‘durchwanderungs-peritonitis’, literally translated as 

‘wandering through peritonitis’.  In 1891 and 1895, two separate investigators 

hypothesized that viable bacteria could pass through the intact gut wall in vivo (Fraenkel, 
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1891; Flexner, 1895) and in 1900, Ford (1900) managed to culture viable bacteria from 

the solid organs of human cadavers; organs which were otherwise thought to be sterile. 

This substantiated theories that it was somehow possible for viable bacteria to gain access 

to the circulation. Unfortuitously, these and other contemporary findings preceded the 

development of modern microbiological methods. Inconsistencies in technique made it 

difficult to draw firm scientific conclusions from such findings and may have hampered a 

full appreciation of the wide ranging implications of these observations.  

 

It was the classical experiments by Fine and colleagues that appears to have rekindled 

interest about the role of the gut in the pathogenesis of disease. This work included the 

successful isolation of viable bacteria from the peritoneal cavity following induction of 

chemical peritonitis in dogs (Schweinberg, Seligman and Fine, 1950), and a description 

of the ‘bacterial factor in traumatic shock’ using a canine haemorrhagic shock model 

(Jacob et al., 1954; Ravin et al., 1960; Fine, 1965). The importance of maintaining 

splanchnic perfusion was demonstrated by a study in which the mortality from 

haemorrhagic shock in dogs was reduced by cross-perfusing the SMA from a second 

donor dog in order to maintain intestinal blood flow (Lillehei, 1957). As far back as 1955, 

Schatten, Desprez and Holden (1955) had succeeded in culturing viable bacteria from the 

portal blood of healthy humans, presumably derived from the gastrointestinal tract. 

Approximately twenty five years later, descriptive clinical studies identified significant 

numbers of patients with Gram-negative (Kreger et al., 1980) and enterococcal (Garrison 

et al., 1982) bacteraemia in whom no primary focus of infection could be found, 

prompting the suggestion that the gut was probably the source of pathogens in such cases. 
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1.3 GUT BARRIER FUNCTION, BACTERIAL TRANSLOCATION AND THE 

 GUT ORIGIN OF SEPSIS HYPOTHESIS 

 

The intestinal epithelium serves as a barrier against living organisms and antigens within 

its lumen; the so-called ‘intestinal barrier function’ (Saadia et al., 1990;  HDeitch, H1993;  

HAdler, H2005;  HMagnotti Hand HDeitch, H2005; ).  This gut barrier is still poorly characterised, 

but is thought to be a highly complex system involving the interplay of a number of 

physical and immunological components of the gut. A physical barrier is offered by the 

intact gut mucosa and its tightly controlled intercellular junctions. The production of 

mucus, numerous secretions that regulate regional gut pH, gastric acid, luminal bile, 

brush border enzymes, gastrointestinal peristalsis (that controls loco-regional bacterial 

and antigen counts), the gut-associated lymphoid tissue (GALT), the secretion of luminal 

immunoglobulins together with the complex regulating properties of resident gut 

microflora represent but a few additional factors involved in this highly evolved 

homeostatic mechanism. The fact that luminal contents in the caecum have a bacterial 

concentration of the order of 1012 organisms per ml of faeces (Simon and Gorbach, 1986) 

whilst portal blood, mesenteric lymph nodes (MLN) and indeed tissues one cell deep to 

the intact intestinal mucosa are usually sterile, dramatically illustrates the efficacy of this 

barrier (Baumgart and Dignass, 2002).   

 

The gut’s barrier function serves to manage luminal antigens, allows for the safe 

ingestion of foodstuffs, and encourages the symbiotic relationship between man and 

enteric bacteria, while constantly ensuring that the internal milieu remains sterile. 

Breakdown or overwhelming of this barrier may result in the ingress of viable bacteria 
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and their antigens with the development of sepsis, initiation of a cytokine-mediated 

systemic inflammatory response syndrome (SIRS), multi-organ failure (MOF), and 

eventually death.  It was Berg and Garlington (1979) who first defined the phenomenon 

of bacterial translocation (BT) as the passage of viable resident bacteria from the 

gastrointestinal tract, across the intact mucosa, to normally sterile tissues such as the 

MLN and other internal organs. The term also applies to the passage of inert particles and 

other antigenic macromolecules, such as lipopolysaccharide endotoxins and 

peptidoglicans, across the intestinal mucosal barrier. This role of the gut as ‘the motor of 

multiple organ failure’ (Carrico et al., 1986; Marshall, Christou and Meakins, 1993;  

HClark and Coopersmith, H2007) may help to explain the absence of a discreet focus of 

infection in most patients with delayed SIRS and MOF. The process of gut barrier failure 

and associated BT describes the gut origin of sepsis hypothesis (HNieuwenhuijzenH, HDeitchH 

and HGoris H, 1996;  HPastoresH, HKatzH and HKvetanH, 1996), represented graphically in Figure 

1.2.   

 

Whilst it may be tempting to think that any bacteria or endotoxin passing through the 

intestinal barrier might cause septic complications in the host, there is growing evidence 

to suggest that translocation may in fact be a normal phenomenon.  It is possible that 

translocation occurs to allow the alimentary tract to be exposed to and sample antigens 

within the lumen such that the gut can mount a controlled local immune response helping 

to keep these antigens away from the internal milieu. This process is known as ‘oral 

tolerance’ (HSongH and HWhitacreH, 2001;  HGarside H, HMillingtonH and HSmithH, 2004;  HSpahnH, 

andHKucharzik, H2004).  It is then only when the ingress of micro-organisms and other 
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Figure 1.2:  The gut origin of sepsis hypothesis, with BT as a potential stimulus for 

ongoing inflammation. 
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antigens is above a critical level, and the host’s immune defences are overwhelmed (or 

otherwise defective) that septic complications arise.   

 

Numerous modifications to the ‘gut origin of sepsis hypothesis’ have been put forward to 

attempt to define this process of gut-derived sepsis.  Deitch proposed the ‘multi-hit 

model’ (Deitch, 2002;  Cohen et al., 2004) diagrammatically represented in Figure 1.3. In 

this model, an initial insult results in splanchnic hypoperfusion (first hit) with the gut 

becoming a major site of proinflammatory factor production.  Resuscitation results in 

reperfusion which leads to an ischaemia-reperfusion injury to the intestine (second hit) 

with a resultant loss of gut barrier function and an ensuing enhanced gut  inflammatory  

response,  without  the  need for translocation of microbes as far as the MLN or beyond.  

Once bacteria or endotoxin cross the mucosal barrier, they can trigger an augmented 

immune response such that the gut becomes a proinflammatory organ, releasing 

chemokines, cytokines and other proinflammatory intermediates which affect both the 

local as well as the systemic immune systems (third hit), finally resulting in SIRS and 

MOF. 

 

Another modification of the ‘gut origin of sepsis hypothesis’ is known as the ‘gut-lymph 

theory’ (HDeitch, H2001;  HDeitchH, HXu H and HKaiseH,  2006)  which  proposes  that  macrophages 

and other immune cells in the submucosal lymphatics of the gut wall or the MLN trap the 

majority of translocating bacteria. However, those that survive, or the cell wall and 

protein components of the dead bacteria (including lipopolysaccharides and 

peptidoglycans) along with the cytokines and chemokines generated in the gut, travel via 



 41

 

 

 

 

 

  
 

 

 

Figure 1.3: The multi-hit hypothesis of distant organ injury following trauma and 

haemorrhagic shock as proposed by Deitch (Reproduced from Cohen et al., 2004). 
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the mesenteric lymphatics to the cysterna chilli, and via the thoracic duct empty into the 

left subclavian vein to reach the right side of the heart.  These inflammatory products 

then enter the pulmonary circulation and activate the alveolar macrophages. In so doing, 

they contribute to acute lung injury and the progression to adult respiratory distress 

syndrome (ARDS) and multiple organ dysfunction syndrome (MODS).  This theory 

corroborates earlier work published by Moore and co-workers who failed to demonstrate 

bacteria or endotoxins in portal venous blood of polytrauma patients (HMooreH et al., 1991; 

Koike et al., 1994).  However, the mechanisms by which translocating bacteria, their 

antigenic components or cytokines generated in the gut set about causing sepsis and 

MODS in humans remains unclear. 

 

Luminal bacteria that manage to breach the extrinsic intestinal barrier defences can cross 

the mucosal epithelium by taking either the transcellular or the paracellular route, or a 

combination of the two (Wells et al., 1995; Wells and Erlandsen, 1996).  On entering the 

lamina propria, most bacteria are destroyed by macrophages; those that are not, enter the 

portal venous system and associated solid organs, pass to the MLN, or transgress the 

peritoneal cavity directly (Figures 1.4 and 1.5).  Confirmation of BT therefore 

necessitates the identification of bacteria in one or more of these sites, making 

assessments of BT difficult in humans as it necessitates invasive tissue sampling. 

 

The occurrence of BT has been identified in several animal studies. The majority of these 

studies have involved the culture of MLN to demonstrate BT (Barber et al., 1991; Salman 

et al., 1992; Kueppers et al., 1993; Shou et al., 1994; Deitch et al., 1995). 



 43

 

 
Figure 1.4: Possible routes for BT through the intestinal mucosa 
 

 

 
 

Figure 1.5: Potential sampling sites to assess for BT (figure adapted from open source 
internet images from Uwww.wikipedia.orgU). 
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Using a similar technique, studies in humans have repeatedly demonstrated BT in a wide 

range of clinical conditions and often associated this with sepsis (Ambrose et al., 1984; 

Deitch, 1989; Laffineur et al. 1992; Sagar et al., 1995; O'Boyle et al., 1998[a]; Sakrak et 

al., 2003; MacFie et al., 2006).   

The process of MLN culture involves the limited sampling of MLN at the time of 

laparotomy using aseptic techniques, and their subsequent culture on appropriate media 

(O'Boyle et al., 1998[a]; MacFie et al., 2006).  A positive culture is considered to 

indicate BT.  There are a number of limitations to this technique.  Firstly, it restricts in-

vivo studies relating to BT to surgical patients undergoing laparotomy.  Studies 

investigating BT or barrier function in other clinical conditions have often necessitated 

extrapolations from animal models.  Secondly, there is an ethical and logistical limit to 

the number of lymph nodes that can be safely sampled in humans.  The more extensive 

sampling possible in animals has resulted in a major disparity in the prevalence of 

translocation between animal and human studies.  BT has been repeatedly reported to 

occur in approximately 10-15% of surgical patients (Sedman et al., 1994;  O'Boyle et al., 

1998[a];  MacFie et al., 2006), while some animal studies report a prevalence of greater 

than 90% (HBaiH, HJiangH and HLiuH, 1996;  Reynolds et al., 1996;  HHua Hand HMoochhalaH, 2000).    

 

The methodological limitations of confirming translocation in humans have major 

implications to the understanding of this phenomenon; however recent advances in 

molecular microbiology have opened new frontiers in identifying BT by non-

interventional methods. Isolation and sequencing of DNA fragments belonging to enteric 
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bacteria from peripheral blood and other body fluids may yet permit the confirmation of 

translocation of enteric organisms without the need for invasive sampling (HKane H, 

HAlexanderH and HJohannigman H, 1998;  Llovet et al., 1998;  Wen et al., 2000;  Kucukaydin 

et al., 2000;  Hernandez Oliveros et al., 2004;  de Madaria et al., 2005;  Frances et al., 

2005). 

 

A number of factors are thought to influence BT.  These are believed to act on the 

delicate homeostatic equilibrium between luminal organisms and the gut barrier, 

promoting ingress of antigens across the intestinal barrier (Wells, 1990;  Krueger et al., 

2004).  These factors are thought to include intestinal obstruction (Deitch, 1989;  Sedman 

et al., 1994;  Sagar et al., 1995;  Kabaroudis et al., 2003; MacFie et al., 2006), jaundice 

(Deitch et al., 1990[a];  Sedman et al., 1994;  Kuzu, 1999;  Ogata, 2003;  Sakrak, 2003;  

MacFie et al., 2006), inflammatory bowel disease (Sedman et al., 1994;  Takesue et al., 

2002;  Nazli et al., 2004), malignancy (Lescut et al., 1990;  Schoeffel et al., 2000;  

Takesue et al., 2005), pre-operative total parenteral nutrition (TPN) (Jeejeebhoy, 2001;  

MacFie et al., 2006), emergency surgery (MacFie et al., 2006), and gastric colonisation 

with microorganisms (MacFie et al., 1999;  MacFie et al., 2006).  Much of the evidence 

to substantiate these claims has been derived from animal studies.  Further, the number 

and complexity of factors that interplay at the biome-epithelial interface to bring about 

translocation makes conclusions regarding factors which are ‘independently’ important 

for translocation exceedingly difficult.  This is compounded by the fact that most trials 

investigating translocation have small cohort sizes, permitting only univariate analysis for 

association.  
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To date, there is only one published study that investigated factors ‘independently’ 

associated with BT in humans.  In this study, MacFie et al. (2006) performed a 

multivariate analysis on 927 surgical patients to assess factors independently associated 

with bacterial ingress across the intestinal barrier.  From the large number of variables 

investigated, and in agreement with previously published literature, intestinal obstruction, 

jaundice, inflammatory bowel disease, malignancy, pre-operative TPN, and emergency 

surgery, were all associated with an increased prevalence of BT on univariate analysis.  

Following multivariate analysis, however, only emergency surgery and pre-operative 

TPN were shown to be independently associated with translocation (Table 1.1).  Even 

then, the authors were of the opinion that since TPN and gut failure are inextricably 

linked, and since to date there is no reliable test to identify patients with intestinal failure 

(IF), the enhanced translocation noticed in this group of patients probably represented 

little more than underlying gut dysfunction, with TPN representing nothing more than a 

confounding factor. 

 

Fong et al. (1989) showed that healthy volunteers on TPN had a higher tumour necrosis 

factor (TNF) α, cachectin and C-reactive protein (CRP) levels compared to volunteers on 

enteral nutrition (EN), suggesting that TPN and bowel rest modify the metabolic response 

to endotoxins in humans. In addition, animal experiments confirmed that BT occurred 

more frequently after truncal vagotomy than after proximal gastric vagotomy clearly 

implying the role of the vagus on gut barrier dysfunction (Doganay et al., 1997).  Hasko 

and co-workers (1998) suggested that the production of TNF α, interleukin 6, 10, 12 and 

chemokine   macrophage   inflammatory   protein 1α are regulated by transmitters and co-  
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Table 1.1: Variables independently associated with BT in surgical patients 

(Reproduced from MacFie et al., 2006).  

Factor No. of patients Bacterial 
translocation 

(%)

p-value 
univariate 

p-value 
multivariate 

 
All patients 
 
Age 
   ≤70 years 
   >70 years 
 
Sex 
   Male 
   Female 
 
Surgery: mode 
   Emergency 
   Elective 
 
Malignancy 
   No 
   Yes 
 
Inf. bowel disease 
   No 
   Yes 
 
Jaundice 
   No 
   Yes 
 
Preoperative TPN 
   No 
   Yes 
 
Obstruction 
   No 
   Gastric Outlet 
   Small Bowel 
   Large Bowel 
 

927 
 
 

495 
432 

 
 

505 
422 

 
 

185 
742 

 
 

384 
543 

 
 

834 
93 
 
 

872 
55 
 
 

866 
61 
 
 

788 
17 
77 
45 

130 (14.0) 
 
 

60 (12.1) 
70 (16.2) 

 
 

62 (12.3) 
68 (16.1) 

 
 

47 (25.4) 
83 (11.2) 

 
 

61 (15.9) 
69 (12.7) 

 
 

115 (13.8) 
15 (16.1) 

 
 

122 (14.0) 
8 (14.5) 

 
 

115 (13.3) 
15 (24.6) 

 
 

99 (12.6) 
2 (11.8) 
16 (20.8) 
13 (28.9) 

 
 
 

0.088 
 
 
 

0.106 
 
 
 

<0.001 
 
 
 

0.180 
 
 
 

0.530 
 
 
 

0.843 
 
 
 

0.021 
 
 
 
 

0.921 
0.042 
0.001 

 
 
 
 
 
 
 
 
 
 
 

0.001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.015 
 
 
 
 
 

0.895 
0.246 
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transmitters of the autonomic nervous system.  Brenik et al., (2002) described the 

parasympathetic regulation of the inflammatory response, ‘the cholinergic anti-

inflammatory pathway’, and demonstrated that efferent vagal nerve stimulation inhibits 

pro-inflammatory cytokine release and protects against systemic inflammation. There is 

increasing evidence to suggest that vagal stimulation and cholinergic agonists acting via 

the 7 α nicotinic acetylcholine (7αn AChR) receptors block endothelial cell activation and 

leukocyte recruitment during inflammation and improve survival in experimental sepsis 

(Saeed et al., 2005). This substantiates the argument that a functioning gastrointestinal 

tract is a prerequisite for maintaining the integrity of the immune system and gut barrier 

function. Since TPN is primarily administered to patients with a non-functioning gut, it is 

not surprising that it is independently associated with gut barrier dysfunction as measured 

by BT in surgical patients.  It is evident that no matter what mechanisms are involved, the 

non functioning gut may indeed act as a source of sepsis under certain clinical conditions. 

 

The weight of evidence supports but does not prove the role of BT as a cause of sepsis, as 

it remains to be proven that the bacteria in MLN actually originated in the gut.  However, 

a recent study by Reddy et al. (2007[a]) used PCR and DNA fingerprinting to 

demonstrate that translocating bacteria in the MLN were genetically identical to those in 

the faeces. This is, to date, the most compelling evidence supporting the gut origin of 

sepsis hypothesis, and the pivotal role of the state of gut function in the aetiology of 

disease. However, similar circumstantial evidence for the importance of gut function can 

be gleaned from sources other than those investigating BT and the gut origin of sepsis.  
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1.4 EVIDENCE FOR THE IMPORTANCE OF GUT FUNCTION:

 NUTRITIONAL STUDIES 

 

Studies relating to the administration of enteral and parenteral nutrition offer added, and 

potentially more compelling support to the contention that gastrointestinal failure is 

important to the development of disease. This is particularly true in the postoperative 

patient and in the settings of trauma and critically illness. As previously mentioned, 

definitive proof is lacking. In addition, the supporting literature in this respect is 

overwhelmingly voluminous and precludes an exhaustive review. For this reason, only a 

few seminal studies will be appraised to exemplify how circumstantial evidence from the 

field of human nutrition supports the contention that inadequate gastrointestinal function 

results in poorer outcomes for patients.   

 

Current thinking about nutritional support favours the use of EN over parenteral feeding 

and the instigation of early enteral alimentation over delayed initiation of EN (ASPEN 

2002;  Kreymann et al., 2006).  It is a commonly held belief that feeding into the gut is 

beneficial to patients, and is associated with improved outcomes, particularly when 

instituted early, as it is more physiological than TPN. The idea that well nourished 

patients do better than their malnourished counterparts is well established. However, in a 

systemic review by Heyland et al. published in 2003 which compared early versus 

delayed nutrient intake and their relationship to outcome, the authors reported that early 

EN was associated with a trend towards decreased mortality and decreased sepsis, even 

though neither reached significance.  Similarly Lewis et al. (2001) assessed the merits of 
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early enteral feeding versus ‘nil-by-mouth’ in patients after gastrointestinal surgery. In 

this study, Lewis found that early enteral feeding was associated with a decrease in 

overall sepsis despite an increase in the risk of vomiting.  There was also a trend towards 

decreased mortality with early enteral feeding, but, once again, this did not achieve 

significance. Finally, a seminal study by Moore et al. (1992) investigating 230 patients 

receiving adjuvant feeding by the enteral or parenteral route, reported that those receiving 

TPN were more than twice as likely to develop septic morbidity as those patients 

receiving EN. Results from these and similar studies have been entrenched in European 

(Kreymann et al., 2006), Canadian (Heyland et al., 2003) and American (ASPEN 2002) 

feeding guidelines amongst others. They have also been integrated into nutritional best-

practice recommendations of various countries (e.g. National Collaborating Centre for 

Acute Care, 2006) despite, for the majority, representing grade B evidence or lower.  In 

essence, results from these and similar studies have become part of medical dogma; they 

establish and shape nutritional practice and many clinicians now accept these 

recommendations as logical and unshakable truths. These principles promote the use of 

enteral feeding in preference to parenteral administration, and the use of early enteral 

feeding over delayed commencement of nutrition.   

 

While there may indeed be some merit in these basic principles, they fail to provide 

scientific evidence to answer some fundamental questions. These include whether: 

 

- The intravenous administration of nutrients is independently harmful to 

patients, and if so, why?  
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- Appropriate TPN administration (i.e. avoidance of overfeeding) independently 

predisposes patients to sepsis and other complications, and if so, why? 

 

- The lack of nutrition for 24 hours is independently detrimental to patients’ 

outcome (bearing in mind that the difference between early and late 

instigation of enteral feeding in studies investigating critically ill patients is 

often considered as being before or after 24 hours from admission to an 

intensive care setting)? 

 

- The lack of a diet within the lumen of the gut is independently detrimental to 

the human gut mucosa in the short term as suggested by some animal models? 

 

Convincing scientific answers to these and other pertinent issues do not exist in the 

published literature. This raises doubts about the prima facie evidence presented by the 

basic nutritional principles previously mentioned. As such, it may be justifiable to ask 

what these and other nutritional studies, as a collective, are actually demonstrating.  Are 

they really suggesting that the timing and route of feed administration are of crucial 

prognostic significance? Are these studies suggesting that the intravenous administration 

of nutrients is positively harmful to patients as this predisposes them to sepsis and 

possibly death? Or is it just possible that it is actually underlying gut function which is 

important, as it is this that then conditions the timing and method of patient feeding?  Is it 

conceivable that if a patient’s gut does not work adequately (such that the patient 

necessitates parenteral nutrition), then any predisposition to septic complications arises 
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by virtue of the fact that the patient has impaired gut immunological function and not as a 

direct result of the intravenous administration of nutrients? Indeed is it plausible that 

these papers are highlighting the importance of epiphenomena (i.e.: TPN and delayed 

enteral feeding causing sepsis, MOF and death) while ignoring the event actually 

responsible for the observed differences, that of gut dysfunction? Is it therefore time for a 

new paradigm with regards to nutritional studies, one that considers the underlying state 

of gut function as being of paramount importance, and not the timing or method of 

feeding?   

 

Unfortunately the literature is very sparse in this area, not least because it is ethically 

questionable to perform clinical trials where patients are randomized to either enteral or 

parenteral feeding without some consideration for their underlying gastrointestinal 

function. However, there is at least one such study in the literature where this problem 

was overcome by means of an ingenious study design. This study by Woodcock et al. 

(2001) was originally set up to compare enteral and parenteral feeding.  However, the 

final conclusions of this study, possibly more than those of any other single trial, support 

the idea that the state of gut function is central to health and disease. To appreciate the 

importance of this study, it is necessary to understand the intricacies of its design (Figure 

1.6). This study will be discussed in detail, not only because it represents a cornerstone in 

nutritional research, but more so because the findings of this study led to the ideas and 

hypothesis which brought about this thesis. 

 

This trial by Woodcock et al. (2001) was a prospective study of 562 patients requiring
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Figure 1.6: Flow diagram of the study design (reproduced from Woodcock et al., 

2001). EN, enteral nutrition;  rEN, randomized EN;  TPN, total parenteral 

nutrition;  rTPN, randomized TPN.  
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adjuvant nutritional support in which patients were allocated to one of four groups for 

purposes of feeding. In the first and most crucial step of patient allocation, clinicians 

were asked to assess the patients’ gastrointestinal function clinically.  Patients were then 

assigned to one of two main arms of the study, either those in whom the clinicians were 

‘certain’ of what the gut was doing, or those in whom they were ‘uncertain’. Those 

patients in whom the clinicians were certain of the state of underlying gut function were 

then fed accordingly; patients deemed to have a normally functioning gut were fed 

enterally (group 1), while those with IGF were fed using TPN (group 2). On the other 

hand, those patients who had dubious gastrointestinal function were randomized to 

receive either EN (group 3) or TPN (group 4). This original design allowed investigators 

to overcome the ethical dilemma of randomization encountered in similar nutritional 

studies. 

 

The results of this study showed that with regard to the adequacy or inadequacy of 

feeding (inadequate feeding was defined as the delivery of less than 80% of prescribed 

feeds) a significantly higher proportion of patients receiving EN were underfed when 

compared to their counterparts receiving TPN (Figure 1.7). Over 30% of patients in 

Group 1 were inadequately fed. This difference was even more marked in the randomized 

groups where more than 60 % of patients randomized to receive EN received inadequate 

intakes.   

 

As regards non-septic morbidity, patients fed enterally had more delivery system related 

complications, as well as feed-related morbidity, than their TPN counterparts



 

 

Figure 1.7: Inadequacy of feeding in the various groups where inadequate feeding was described as <80% of nutritional 

requirements (adapted from Woodcock et al., 2001). EN, enteral nutrition;  rEN, randomized EN;  TPN, total parenteral 

nutrition;  rTPN, randomized TPN. 
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(Figure 1.8).  However, with reference to septic morbidity, the investigators reported no 

differences between patients fed enterally and those fed parenterally (Figure 1.9). In 

contradistinction to the majority of observational studies in the literature at the time, 

patients receiving EN in this study had a higher absolute mortality than patients assigned 

to TPN feeding, irrespective of whether they had been clinically assigned to this feeding 

modality or had been randomized to EN (Figure 1.10). This difference was significant in 

the clinically assigned groups but not in the randomized cohorts. 

 

Taking all these results together, many have interpreted this study as definitive proof that 

TPN is, contrary to popular belief, better in many ways than EN. TPN allowed for more 

adequate feeding, resulted in less non-septic complications and ultimately was associated 

with a lower mortality. This argument may be valid if one believes that the route of 

administration of feeds has a bearing on outcome. However, enteral feeding is more 

physiological than TPN as it makes use of the gut and therefore, theoretically at least, 

should be associated with better or equivalent outcomes, not worse.   

 

There is, however, a second more intriguing interpretation of these results that the authors 

allude to in their conclusion. In their words, they state that…  

 

“If adequate volumes (of feed) are tolerated then TPN is clearly not 

required and the absence of intestinal failure is probably a favourable 

prognostic indicator.” (Woodcock et al., 2001)   
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Figure 1.8: Non-septic complications in the various groups (adapted from Woodcock 

et al., 2001). EN, enteral nutrition;  rEN, randomized EN;  TPN, total 

parenteral nutrition;  rTPN, randomized TPN. 
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Figure 1.9: Septic complications in the various groups (reproduced from Woodcock et 

al., 2001). EN, enteral nutrition;  rEN, randomized EN;  TPN, total 

parenteral nutrition;  rTPN, randomized TPN;  SEM, standard error of 

mean. 
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Figure 1.10: Mortality in the various groups (adapted from Woodcock et al., 2001). 

EN, enteral nutrition;  rEN, randomized EN;  TPN, total parenteral 

nutrition;  rTPN, randomized TPN. 
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Considering that the original assignment to groups in this study was left to clinicians to 

make on clinical grounds, the findings of this study may be suggesting a more subtle 

truth, namely that doctors are poor at assessing the adequacy (or otherwise) of gut 

function clinically.  This is all the more plausible given that there is currently no 

validated, objective and quantifiable definition for normal as opposed to abnormal gut 

function (Rombeau and Takala, 1997). The fact that 32 per cent of patients clinically 

assigned to receive enteral feeding in the Woodcock study (on the assumption that their 

gut was working) in fact failed to tolerate even 80% of their nutritional requirements 

(Woodcock et al., 2001) seems to support this contention.  In other words, many patients 

deemed to have a normally functioning gut actually had a gut with attenuated function 

that did not permit adequate tolerance of nutrition. These findings therefore suggest that 

poor gut function (resulting in inadequate intakes in patients assigned to EN) was 

associated with poorer outcomes.  That is to say, it is underlying and often unrecognized 

gut failure not the route of feeding (be that EN or TPN) that conditions outcome. 

 

There are some, albeit few studies in the literature to corroborate this interpretation of the 

results from the Woodcock study. One such trial by Raff, Hartmann and Germann (1997) 

investigated 55 burns patients. In this study, patients were subdivided into two groups; 

these who were able to achieve tolerance of their nutritional goals in less than 72 hours 

and those that required longer than 72 hours (Figure 1.11). These two groups were 

comparable in most respects, including their degree of burns as assessed by the 

abbreviated burn severity index.  However, mortality differed significantly between the 

two groups.  Raff and co-workers noticed that those patients achieving tolerance in less 



 

 

 

 

 

Figure 1.11: Study design (adapted from Raff et al., 1997). 
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than 72 hours had a mortality of 22%, while those that took longer than 72 hours to 

achieve feed tolerance had a significantly higher mortality of 60% (p<0.050) . These 

results again suggest that the state of underlying gut function, and the ensuing tolerance 

or intolerance of feeds administered to the gut, has a prognostic significance.  

 

 

1.5 EVIDENCE FOR THE IMPORTANCE OF GUT FUNCTION:

 STUDIES RELATING TO ENHANCED RECOVERY AFTER SURGERY   

 

Further evidence for the importance of the gut in conditioning patients’ outcome may be 

gleaned from trials investigating so called ‘fast-track’ programmes of perioperative care.  

These management protocols, otherwise called enhanced recovery after surgery (ERAS) 

programmes or multimodal optimization (MMO) packages, involve a number of 

treatment strategies aimed at optimizing perioperative care (Figure 1.12; adapted from 

Fearon et al., 2005). Studies of this nature have repeatedly been shown to result in 

improved post-operative outcomes in patients undergoing elective surgery (particularly 

colorectal surgery) by reducing morbidity, expediting recovery and curtailing hospital 

stays in the optimized groups (Anderson et al., 2003;  Kehlet and Wilmore, 2005;  Fearon 

et al., 2005; Wind et al., 2006).  

 

Benefits of such fast-track programmes have been attributed to a reduction in the stress 

response to surgery. The ‘surgical stress response’ however is a rather vague and poorly 

defined entity, and as such the underlying mechanisms that bring about these improved 



 

Figure 1.12: Strategies that may enhance recovery after surgery (adapted from Fearon et al., 2005). Strategies in blue act on the gut.  
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outcomes are, at best, poorly characterised. The stress response is thought to be mediated 

via neuroendocrine mechanisms leading to alterations in protein homeostasis (increased 

catabolism), hypermetabolism, altered carbohydrate metabolism (increased 

gluconeogenesis and insulin resistance) and increased lipolysis (Weissman, 1990;   

Desborough, 2000;  HHolte, Sharrock and KehletH, 2002).  In the short term, the stress 

response can be advantageous, but over a longer period it can lead to organ dysfunction, 

loss of lean body mass, reduced muscle power, and fatigue (Henriksen, 2000). 

Optimization packages are thought to work by preserving postoperative organ function, 

including the attenuation of transient postoperative cardiac, respiratory and renal failure 

(Kehlet and Wilmore, 2005). It has also been suggested that the earlier return of normal 

gut function, noticed by some investigators, is pivotal in bringing about the benefits of 

multimodal optimisation (Gatt et al., 2005, Wind et al., 2006).   

 

This understanding is based on a number of observations.  Firstly, optimization is 

associated with an earlier tolerance of food (Anderson et al., 2003, Gatt et al., 2005), 

curtailed postoperative ileus, and a lower prevalence of postoperative nausea and 

vomiting (HKehlet and DahlH, 2003).   Secondly, many of the treatment strategies included 

in optimization packages, such as early mobilisation, synbiotics, opiate avoidance, use of 

epidurals, high inspired oxygen concentrations, and early enteral challenge, primarily 

affect the gut (Figure 1.12).  Thirdly, the gastrointestinal system with its GALT 

constitutes more than 50 percent of the body’s immunological cell mass and plays a 

central role in orchestrating the stress response to surgery.  GALT is only one aspect of 

intestinal barrier function and maintenance of normal nutrition may prevent its 
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breakdown (DeWitt and Kudsk, 1999).   

 

The exact mechanisms responsible for the improvements in outcome noted with 

optimization of care remain unclear. Enhanced recover could, in part, be due to 

improvements in the return of gut function, but this cannot be ascertained from the 

published literature because of the difficulties (and the lack of standardization) when 

assessing gut function (Elia, Stroud and Itobi, 2006). Once again this emphasises the need 

for an objective definition of what constitutes ‘adequate’ as opposed to ‘inadequate’ gut 

function. 

 

 

1.6 DEFINING GUT FUNCTION AND FAILURE: BASIC CONCEPTS AND 

 CONSIDERATIONS  

 

There is currently neither an accepted objective and quantifiable definition for what 

constitutes adequate gut function, nor, in its absence, the state of gut dysfunction. For this 

reason, it is not clinically possible to accurately and reproducibly identify those patients 

who have a normally functioning gastrointestinal tract as distinct from those whose gut is 

failing. Clinicians still resort to the use of traditional surrogate markers of gut function 

such as the auscultation of bowel sounds, the passage of flatus and faeces or the tolerance 

of an unquantified enteral challenge (Rombeau and Takala, 1997, Seidner and 

Ramasamy, 2005). These observations are all somewhat subjective and have long been 

known to be of limited clinical value in assessing underlying gut function (Baker and 
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Dudley, 1961;  Rothnie, Harper and Catchpole, 1963). As a direct result, the clinical 

importance of the state of gut function is immeasurable and remains unknown, despite the 

wealth of circumstantial evidence linking the gut to the development of delayed sepsis, 

MOF and death. In addition, the absence of a definition makes it impossible to develop 

validated therapies aimed at attenuating the period of gut dysfunction or to treat patients 

with established gut failure. There is currently no yardstick against which to measure the 

effects of such therapies. 

 

One of the difficulties in establishing a definition for gut function or failure is that, unlike 

other single organs (e.g. the heart, lungs and kidneys), the gut is functionally much more 

complex, being involved in a multitude of metabolic processes (Figure 1.1). Numerous 

tests have been described to assess isolated aspects of gastrointestinal function including 

investigations which assess intestinal anatomy and length, intestinal motility, splanchnic 

flow, gut absorption and permeability, nutritional status, gastrointestinal hormone 

production, as well as barrier and immunological function.  Table 1.2 provides a non-

exhaustive list of these tests. To date, there are, however, no tests that assess ‘overall’ 

gastrointestinal function in a way which can be easily applicable clinically.  

 

Developing a definition to characterise the state of gut function or failure, which would 

also relate to outcome, be objective, quantifiable, reproducible and clinically applicable 

would undoubtedly prove challenging. One possible approach would be to model such a 

definition on concepts which govern how the funtion of other organs is defined.  In broad 



 
CATEGORY  

 

 
TEST 

 
Gastrointestinal 

anatomy, length and 

perfusion 

 

Radiology  

 - Contrast meal U+U opisometer 

 - Contrast enema 

 - Fistulogram 

 - Ultrasound 

 - CT scan 

 - MRI 

 

Peroperative intestinal length evaluation  

 

Studies of gastrointestinal perfusion 

 - Doppler ultrasound flowmetry 

 - Gastrointestinal tonometry 

 - Plasma indocyanine green clearance 

 - Reflectance spectrophotometry 

 - Portal vein catheterization 

 - Angiography 

 

Gastrointestinal 

motility 

 

Transit studies 

 - Scintigraphy 

 - Ultrasonography 

 - Bioelectrical impedance 

 - MRI 

 - Acetoaminophen absorption 

 - 14 C octanoic acid breath test 

 - Hydrogen breath test 

 - Sulphasalazine absorption assay 

 - Gastric residual volume assessment 

 - Phenol red / polyethylene dilution 

 

Assessment of contractile activity 

 - Catheter manometry 

 - Barostat assessment 

 

Assessment of electrical activity 

 - Surface electrogastrography 

 - Intraluminal electromyography 

 

 

Studies of gastrointestinal reflux 

 - Continuous pH monitoring 

 - Intraluminal electrical impedance 

 - Bilitec 2000 

 - Exogenous isotopic marker studies 
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CATEGORY  

 
TEST 

 
 

Gut digestion, 

absorption and 

permeability 

 

 

Urine 

 - 24 h urinary electrolytes & nitrogen 

 - Dual sugar intestinal permeability 

 - Triple sugar intestinal permeability 

 - D-xylose absorption 

 

Blood 

 - Serum biochemistry 

 - Postprandial plasma citrulline 

 - Pancreolaural test 

 - Secretin-pancreozymin 

 - Serum carotene 

 

 

Stools 

 - Gross inspection 

 - Stool microscopy 

 - 24 hour stool fat & protein content 

 - 5 day stool fat balance 

 - Radiolabeled albumin /       

    caeruloplasmin assays  

 

 

 

Other 

 - 14 C-triolein breath test 

 - 13 C-Trioctanion test  

 - Hydrogen breath test 

 - Schilling test  

 - Tracer studies for iron, calcium, amino 

   acids, vitamins etc 

 - 75 SeHCAT bile malabsorption test 

 - Mucosal biopsies 

 

 

Gut barrier and 

immunological 

function 

 

 

Bacterial translocation 

 - Mesenteric lymph node culture 

 - Blood PCR for bacterial fragments 

 

Mucosal biopsy 

 - Villous height & morphology 

 - Assessment for lymphocyte counts 

 

 

 

Intestinal permeability assays 
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CATEGORY  

 
TEST 

 

 

Nutritional status 

 

 

Anthropometry 

 - Weight & height 

 - Unintentional weight loss 

 - BMI 

 - Mid-arm circumference 

  - Skin fold thickness 

 

Blood 

 - CRP 

 - Serum albumin & prealbumin 

 - Serum cholesterol 

 - Essential fatty acid profile 

 

 

 Clinical 

 - History taking 

 - Food diary 

 - Grip strength 

 - Spirometry 

 - Scoring systems (prognostic nutritional  

    index subjective global assessment, etc.) 

 - Malnutrition universal screening tool  

    (MUST) 

 

   

 

Body composition measurements 

 - Isotope dilutional tests 

 - Bioelectrical impedance 

 - Dual energy X-ray absorptiometry     

 - CT scan 

 - MRI 

 - Whole body counting / neutron    

    activation 

 

Other 

 - Creatinine–height index 

 - Delayed cutaneous hypersensitivity  

 

Gastrointestinal 

hormone production 

 

 

Serum hormone assessments  

 - Various 

 

  

 

Table 1.2:   Tests for the various functions of the gastrointestinal tract. 
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terms, for example, cardiac function is defined by indices of cardiac output and end organ 

perfusion, respiratory function by relating this to ventilation, oxygenation and carbon 

dioxide clearance, and renal function in terms of the adequacy of urine output, glomerular 

filtration rate and creatinine clearance values. The attenuation or absence of normal 

function then implies organ failure. 

 

All these single organs have secondary or subsidiary functions.  The kidneys, to take one 

example, are also involved in the renin-angiotensin system and in haematopoesis but 

these and other ancillary functions are not normally considered when defining normal 

renal function.  Renal function or failure is determined by its role as an organ of 

excretion. Consequently, it is apparent that the function of an organ is described in 

relation to the primary role of that organ, to the exclusion of its supplementary functions. 

 

This becomes particularly relevant to the definition of normal gastrointestinal function 

when one considers the plethora of functions of the gastrointestinal tract (Figure 1.1). 

Despite a multitude of metabolic functions, the primary role of the gut remains that of 

nutrition. In common with other organ systems, its state of function or failure should 

therefore, theoretically at least, be defined in terms of this, its primary role. Extrapolating 

this idea further, an all inclusive definition to take into consideration all aspects of gut 

function is not possible, probably unnecessary, and conceptually wrong. This does not 

happen for other single organs, and in the same way is probably also unnecessary for 

defining gut function. 
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The clinical complexities associated with, for example, cardiac, respiratory, and renal 

failures have resulted in numerous definitions for what constitutes normal organ function 

and what constitutes organ failure. The specific clinical setting then determines which 

definition is most applicable. No definition is all-inclusive or universally applicable. This 

would also be expected to hold true for the definition of gut function and failure. Any 

definition will, by default, have limitations to its uses and applicability. With this 

conceptual background, it would be desirable for an appropriate definition that 

distinguishes adequate from IGF to: 

 

• relate to the primary function of the gut. 

• be objective. 

• be discriminative.  

• be quantifiable (to permit reproducible measurements). 

 

Other desirable properties of such a definition include:  

 

• clinical applicability. 

• an evidence-base.  

• an association with patient outcome. 

 

The possibility of incorporating indicators of severity (e.g. mild, moderate or severe) and 

periodicity (e.g. acute or chronic) into the definition has also been suggested 

(Nightingale, 2001;   O’Keefe et al., 2006).    
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There have been numerous attempts at characterising the state of gut function but none 

have been easily applicable clinically or widely accepted. The term ‘intestinal failure’ 

was first used by Milewski et al. (1980) in their paper entitled ‘Parenteral nutrition at 

home in management of intestinal failure’.  A year later, Fleming and Remington 

formulated what is commonly considered to be the first definition of this phenomenon as: 

 

“...a reduction in functioning gut mass below the minimal amount 

necessary for adequate digestion and absorption of nutrients.” (Fleming 

and Remington, 1981)   

 

From this early stage it became apparent that despite the many functions of the 

gastrointestinal system, the over-riding principle of defining the performance of an organ 

based on its primary role was being observed. It is clear that the primary role of the gut is 

one of nutrition, and its state of function or failure should be defined as such. All 

subsequent attempts at establishing a definition have also kept to this central concept.  It 

took another 20 years until a second attempt was made at defining IF.  In his book by the 

same title published in 2001, Nightingale established that: 

 

“Intestinal failure occurs when there is reduced intestinal absorption so 

that macronutrients and/or water and electrolyte supplements are 

needed to maintain health and/or growth.  Undernutrition and/or 

dehydration result if no treatment is given or if compensatory 

mechanisms do not occur.” (Nightingale, 2001) 
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Nightingale (2001) further attempted to develop both a classification (acute or chronic), 

as well as a severity grading of gut failure (mild, moderate and severe).  He also 

recognised that severity of IF represented a continuum on which patients could move up 

or down dependent on factors such as compensatory mechanisms, drug therapy, or 

progression of underlying disease states. This also initiated the idea that IF was 

potentially amenable to modulation and therefore treatment. 

 

A more recent, albeit analogous definition for IF was drawn up by a consensus group 

who proposed that:  

 

“Intestinal failure results from obstruction, dysmotility, surgical 

resection, congenital defect, or disease-associated loss of absorption 

and is characterized by the inability to maintain protein-energy, fluid, 

electrolyte, or micronutrient balance" (O’Keefe et al., 2006).   

 

This same consensus group formulated a novel taxonomy to incorporate both the 

temporal as well as the severity classification first drawn up by Nightingale.  However, 

the simplest but possibly the broadest definition of gut failure was formulated by 

Khursheed Jeejeebhoy who characterises IF to occur when... 

 

“...gastrointestinal function is inadequate to maintain the nutrition and 

hydration of the individual without supplements given orally or 

intravenously.”  (Jeejeebhoy, 2005) 
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This author continued by qualifying that “...major resection ... can cause severe 

malabsorption and effectively behave clinically like ‘intestinal failure’ (but) without loss 

of intestinal function.” This suggests that IF relates more to a loss of gastrointestinal 

function than simply to a loss of structure (i.e. bowel length). 

 

What becomes immediately apparent from these and other definitions is that, while they 

all characterise gut function or failure in terms of its nutritional capacity, they stop short 

of quantifying the condition of IF in such a way that permits prompt recognition by the 

bedside in an objective and reproducible fashion. For these and other reasons, and despite 

the availability of established definitions, clinicians still feel it necessary to use a number 

of surrogates to indicate and monitor the adequacy (or otherwise) of gut function. These 

include the auscultation of bowel sounds and the passage of flatus or faeces. However, 

these and other indicators have long been shown to bear little clinical significance to 

outcome (Baker and Dudley, 1961;  Rothnie, Harper and Catchpole, 1963) particularly 

because of their subjectivity and irreproducibility.  

 

One indicator which may still bear some clinical potential is that of tolerance to an oral or 

enteral diet, the concept of ‘enteral tolerance’. In a statement from a conference set up to 

discuss gut dysfunction in critical illness, the panel of experts concluded that:  

 

“Due to the lack of objective, uniform definitions of gut dysfunction, 

monitoring of gut function must be based on indirect indicators. 

Tolerance to enteral feeding is probably the most commonly used 
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indicator in the clinical setting. Its relevance can be improved when 

performed in the context of a predefined feeding protocol. ... 

Intolerance to an appropriate regimen of enteral nutrition is probably 

the most practical finding at the bedside. Despite obvious limitations 

to this definition, it provides a functional assessment with some 

clinical relevance. A more objective definition of intestinal 

dysfunction will undoubtedly emanate in the future…”. (Rombeau and 

Takala, 1997) 

 

Taking this lead, this indicator of tolerance by the gut to an orally or enterally 

administered challenge will be investigated in detail throughout this thesis in an attempt 

to derive a more objective and clinically applicable definition to indicate the state of gut 

function. Against this background, one possible way of defining gastrointestinal function 

in terms of enteral tolerance might be to define adequate gut function by:   

 

 

‘The tolerance of adequate oral or enteral intake to satisfy basic nutritional 

requirements.’ 

 

 

Anything less than this would then, by inference, represent gut failure as a result of 

inadequate function. Such a description takes into consideration some, but not all, of the 

desirable criteria for a satisfactory definition set out above (section 1.6). However, while 
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being a plausible characterization, it lacks objectivity and reproducibility because of the 

absence of quantifiable terms.  

 

Basic nutritional requirements can be established by means of indirect calorimetry (which 

assesses energy expenditure) or the use of apposite validated models such as the Fleisch, 

Harris-Benedict, Schofield, Schebendach or, Food and Agriculture Organization / World 

Health Organization / United Nations University (FAO/WHO/UNU) equations (Harris 

and Benedict, 1919;  Kleiber, 1932;  Fleisch, 1951;  Robertson and Reid, 1952;  Kinney 

et al., 1964;  World Health Organization, 1985; Schofield 1985, Schebendach et al., 

1995). The problem with the proposed definition of satisfactory gut function presented 

above lies in the poor quantification of what constitutes ‘tolerance’ and ‘adequate’ 

nutrition. While it might be tempting to consider adequate nutrition as representing one 

hundred per cent of calculated nutritional requirements, there is abundant evidence that 

these assessments often overestimate nutritional needs. In addition, a sizeable proportion 

of patients, in excess of 60 per cent in some series, fail to achieve these targets intakes 

(Woodcock et al., 2001). There are various reasons for this, including problems with feed 

delivery systems as well as certain organizational issues which do not necessarily 

signifying dysfunction of the gut (Mentec et al., 2001). This has led authors to arbitrarily 

adopt lower levels of nutrient delivery to represent ‘adequate’ nutrition, commonly 80 or 

90 percent of calculated requirements (Kan et al., 2003;  Reid, 2006). One aim of this 

thesis will be to validate this practice by establishing an acceptable level of calculated 

nutrients that need to be delivered to represent ‘adequate’ nutrition.  
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The other problem with the definition as proposed is the meaning of the word ‘tolerance’. 

In this context the word implies an unspecified period of time (i.e. tolerance of nutrition 

for a specific number of hours or days). Unfortunately, this concept has not been 

explored previously, and there is no literature which arbitrary or otherwise designates a 

period of time for this assessment. Clinically, tolerance is generally assessed hourly on 

initial commencement of feeding, with a gradual prolongation of the periodicity of 

assessments in accordance with local feeding protocols. Feeding protocols in different 

institutions vary in this respect. A pragmatic approach towards establishing a clinically 

applicable description of adequate and IGF would be to formulate such a definition in 

terms of tolerance to daily requirements, or multiples thereof, as this would facilitate any 

necessary calculations and facilitate bedside application. 

 

 

1.7 POSTPYLORIC FEEDING 

 

Numerous factors may affect the tolerance of an enteral challenge by the gut. One 

variable that has received considerable attention in recent years is the issue of the site of 

feed delivery, be this prepyloric (oral or intragastric) or postpyloric (intraduodenal or 

intrajejunal).  It is commonly believed that by delivering nutrients further down the 

gastrointestinal tract and bypassing the stomach, postpyloric feeding facilitates the 

tolerance of enteral feeding, and increases the number of patients who achieve this end 

point (Montecalvo et al, 1992;  ASPEN, 2002). The rationale is twofold; firstly by 

bypassing the pylorus problems with gastric atony are avoided and may enhance feed 
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tolerance. Secondly, delivering feed beyond the pylorus may theoretically minimise the 

risk of aspiration, with a concomitant improvement in feed build-up and improved 

adequacy of nutrition (Binnekade et al., 2005). If this were to be the case, then defining 

gut function in terms of enteral tolerance would have to take into account the site of feed 

delivery and make appropriate corrections for this. 

 

The literature in this respect is poor. Many case control studies have been reported which 

attest to the safety of postpyloric feeding techniques but there is still relatively little data 

from prospective and randomised trials. Most randomized trials comparing postpyloric 

nutrition with prepyloric feeding are intrinsically biased in favour of the former. They fail 

to take into consideration and then factor in for the major disadvantages of postpyloric 

feeding, the difficulty and extra time necessary to introduce postpyloric feeding tubes, 

with the inevitable delay to the instigation of treatment. A bedside technique for 

postpyloric tube placement could potentially solve these problems (Kreymann et al., 

2006). This thesis proceeds to describe and validates a novel technique of bedside 

nasojejunal (NJ) tube placement which will then be used in a randomized controlled 

clinical trial to compare prepyloric and postpyloric feeding, specifically addressing the 

question whether tolerance to an enteral challenge is dependent on the site of feed 

delivery (chapter 6). 
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1.8 SPLANCHNIC BLOOD FLOW 

 

Physiological changes may be brought about by varying the site of feed administration. 

However, the effect of feeding on the circulation and more specifically on splanchnic 

flow is poorly characterised in humans.  

 

The gut is an organ that is exquisitely sensitive to systemic cardiovascular and pulmonary 

disturbances (Byers et al., 1999;  Lisbon, 2003).  The normal physiological response to 

systemic hypoperfusion is the shunting of blood away from the splanchnic circulation, 

towards more vital organs, despite the fact that states of diminished circulatory volume, 

systemic inflammation and sepsis result in a significant increase in gut and hepatic 

oxygen consumption (Muller et al., 1999).  Oxygenation to the villi in man is dependent 

on a counter current exchange mechanism such that oxygen saturation at the tip of the 

villi is lower than that of arterial blood.  This compounds the normal physiological 

response to hypoperfusion by rendering the villus very susceptible to ischaemic-

reperfusion damage.  This is thought to be central to the role of the gut as a motor which 

drives the onset of delayed sepsis and multi-organ failure, as summarised in the three-hit 

hypothesis proposed by Deitch and outlined in section 1.3 (Deitch, 2002; Cohen et al., 

2004).   

 

Diminished splanchnic blood flow as seen in hypovolaemic shock, and bowel ischaemia, 

is associated with mucosal disruption, increased intestinal permeability (IP) and BT, 

resulting in or perpetuating septic complications and MOF (Lisbon, 2003).   The potential 



 

 80

importance of the therapeutic manipulation of splanchnic flow and its effect on outcome 

is illustrated in a number of recent human studies which suggest that the use of the 

splanchnic vasodilator dopexamine is associated with a significant reduction in post-

operative morbidity and mortality (Byers et al., 1999).   

 

There are a number of ways to increase blood flow to the gut and liver, including 

correcting hypovolaemia and maintaining an adequate cardiac output. Various inotropic 

agents, including dopexamine, dobutamine, and dopamine, have vasodilatory properties 

and may also increase splanchnic blood flow, independent of their effects on cardiac 

output and blood vessels.  The evidence in this respect is often conflicting (Meier-

Hellmann et al., 1999), probably reflecting the presence of a number of confounding 

factors such as adequacy of resuscitation, variations in prescribed dosage, and the 

simultaneous administration of other inotropic agents.  Further, different parts of the 

gastrointestinal tract may show variations in drug response to identical doses of the same 

inotropic agent (Temmesfeld-Wollbruck et al., 1998;  Muller et al., 1999).  This is further 

compounded by the difficulty to directly assess splanchnic perfusion in humans.  The 

current consensus appears to suggest that dopexamine increases splanchnic blood flow 

and increases intramucosal pH in sepsis (Smithies et al., 1994;  Maynard et al., 1995;  

Temmesfeld-Wollbruck et al., 1998;  HHiltebrandH, HKrejciH and HSigurdssonH, 2004;  Asfar et 

al., 2006). Dopexamine may also have other beneficial effects on the gut, not clearly 

elucidated at this time.  These may be mediated by direct anti-inflammatory properties 

(Tighe et al., 1995;  Schmidt et al., 1998;  Byers et al., 1999)  or its effect of decreasing 

amplitude of flow motion in ileal mucosal arterioles (HMadorinH, HMartin H and HSibbaldH, 
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1999).  Most of the quoted evidence is by direct extrapolation from in-vitro or animal 

trials. In-vivo human studies are needed to clarify the clinical significance of these latter 

observations.  Conversely, dobutamine increases splanchnic blood flow after 

cardiopulmonary bypass independent of cardiac output (Bastien et al., 1999;  Ensinger et 

al., 1999).  Dobutamine also improve both splanchnic oxygenation and gastric 

intramucosal pH in septic animals and in septic patients (Neviere et al., 1996;  HCreteur H, 

HDe BackerH and HVincentH, 1999).  Dopamine, on the other hand, increases splanchnic blood 

flow in sepsis (Ruokonen, 1993), which is mediated by numerous vascular dopaminergic 

receptors found throughout the gastrointestinal tract. The therapeutic applications of 

increasing splanchnic perfusion remain unclear and require further elucidation. 

 

More recently there has been a resurgence in interest about ways to modulate splanchnic 

perfusion by nutritional therapy. It is widely accepted that oral alimentation increases 

gastrointestinal blood flow; however there is a paucity of data regarding the effects of 

adjuvant modalities of feeding on splanchnic perfusion, in particular, that which occurs 

with TPN. These poorly defined haemodynamic effects of adjuvant feeding may be 

important to consider, particularly as there is some suggestion that nutrition may affect 

ischaemia-reperfusion injury to the gut. For this reason, this thesis describes a study 

aimed at defining changes in splanchnic blood flow associated with the use of different 

modalities of nutrient delivery (chapter 7).  
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1.9 GUT-DIRECTED THERAPIES AND THE MODULATION OF GUT 

 FUNCTION  

 

The possibility that gut dysfunction drives disease processes infers that therapies that 

attenuate gut failure or preserve gut function may, in theory at least, improve patient 

outcome by preventing the deleterious cascade of events resulting in delayed sepsis, 

MOF and death. Since the state of gut function is currently undefined, no therapeutic 

regimen can set claim to improving gut function or attenuating gut failure, as there exists 

no yardstick by which improvement can be measured. 

  

Notwithstanding, there are a number of methods by which gut function might, in theory, 

be modulated (Table 1.3).  These include physical methods such as early postoperative 

mobilisation (Basse et al., 2002;  Gatt et al., 2005;  Mythen, 2005;  Fearon et al., 2005), 

the use of certain drugs such as prokinetics (Traut et al., 2008) or the avoidance of others 

such as opiates (Kurz and Sessler, 2003).  The use of GSN is receiving much interest and 

will be investigated in chapter 8. GSN are a group of nutrients that include prebiotics 

(beneficial bacterial strains) and probiotics (fermentable plant fibres), the amino acid 

glutamine, certain vitamins, antioxidants and trace elements (Duggan, Gannon and 

Walker, 2002). As a group, these nutrients have a beneficial effect on the gut and its 

luminal microflora over and above their roles as simple nutrients. In other words, GSN 

may be defined as those substances that have been demonstrated to have specific effects 

on gut function, morphology, ecoflora or physiology, over and above any properties as 

nutrient substrates (Duggan, Gannon and Walker, 2002) and an extensive literature exists 
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Table 1.3:    Possible methods to modulate gut function. 

  (SGD, selective gut decontamination;  ERAS, enhanced recovery after 

  surgery) 

 

• Physical methods 

• Drugs 

• Gut specific nutrients 

• Synbiotics (pro- & prebiotics) 

• Modulation of gut microflora (SGD) 

• Immunomodulation 

• Other 

 

• Combined approaches (multimodal optimization / ERAS) 
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on their usage. 

 

Indeed there are many other individual or combined approaches that may modulate 

intestinal function, including multimodal optimization packages (Kehlet and Holte, 2001;  

Anderson et al., 2003;  Fearon et al., 2005;  Gatt et al., 2005) as has been shown in 

section 1.6.  Multimodal optimization packages involve many of the strategies mentioned 

above (Kehlet and Wilmore, 2005;  Fearon et al., 2005). Their implementation has been 

reported to attenuate the transitory gut dysfunction that occurs after surgery which has led 

some authors to speculate whether the benefits of such programmes in fact relates to an 

enhanced recovery of gut function (Gatt et al., 2005). 

 

 

1.10 HYPOTHESIS 

 

There is ample published literature to suggest that the state of gut function conditions the 

integrity of the intestinal barrier, influences BT and affects the development of ensuing 

sepsis and MOF.  The adequacy of gastrointestinal function also dictates which routes of 

nutrition can be used (be this enteral or parenteral), as well as the time feeding can be 

instigated (be this early or late).  All these factors have been associated with patient 

outcome and therefore support, but do not prove, the contention that the state of gut 

function may be important to patient prognosis.  In addition, the corollary of this 

argument also may have some validity. Interventions directed at attenuating the period of 

IF (such as multimodal optimization) appear to have beneficial effects on outcome. 
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However, the mechanisms which bring about these improvements remain unclear.  

 

The central hypothesis of this thesis is that the state of gut function influences the 

outcome of patients. As a result, therapies that attenuate gut failure or otherwise enhance 

the recovery of gut function could possibly improve patient outcomes. This thesis will 

endeavour to explore this premise by investigating the poorly recognised phenomenon of 

gut dysfunction and its effect on patient prognosis.  

 

A major impediment in this field of research is that clinicians are poor at assessing gut 

function clinically. Additionally there is as yet no objective and quantifiable definition 

for what constitutes normal gut function, and therefore what constituted a state of gut 

failure. Subsequent chapters of this thesis will attempt to develop such a definition, 

proceed to validate it against patient outcome, and subsequently using this definition, 

endeavour to develop a therapy to attenuate gut failure in an attempt to benefit patients. 
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CHAPTER 2:    

AIMS & METHODS 
 

 

 

 
 
 
 
 
 
 
 

“Great things are not done by impulse, 

 but by a series of small things brought together.” 

 

HVincent van Gogh H,  
1853 – 1890 
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2.1 AIMS OF THIS THESIS 

 

There is much circumstantial evidence implicating the gut as a motor of disease, but 

definitive proof that gut function conditions the outcome of patients is lacking. Progress 

in this area has been hindered by the lack of a quantifiable definition for IGF, a rationale 

succinctly summarised by an axiom which states that:   

  

“What cannot be defined cannot be measured; 

what cannot be measured cannot be improved, 

& what cannot be improved will eventually deteriorate” 

(Anonymous)   

 

It is both possible and plausible that the unrecognized effects of IGF are having 

deleterious consequences to patient prognosis in daily clinical practice. For this reason, 

and on the background of the literature review and subsequent hypothesis presented in 

chapter 1, the main aims of this thesis will be:  

 

1. To investigate the effects of multimodal optimization on patients undergoing 

major surgery and the result of implementation on the restitution of normal gut 

function (chapter 3).   

 

2. To develop and then validate a quantifiable definition of what constitutes 

adequate as opposed to IGF (chapters 4 & 5).  
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3. To establish the importance of the site of feed delivery (prepyloric versus 

postpyloric), if any, on achieving enteral tolerance (chapter 6) 

 
4. To investigate the effects of different modalities of feeding on splanchnic blood 

flow (chapter 7).  

 
5. To develop a gut-directed therapy intended to maintain or enhance the recovery of 

normal gut function while attenuating gut failure. The effects of this therapy on 

outcomes will also be investigated (chapter 8).  

 

 

0B71B142B2.2 SEQUENCE OF STUDIES 

 

All studies were performed at Scarborough Hospital under the auspices of the Combined 

Gastroenterology Research Unit, and the Scarborough Hospital Multidisciplinary 

Nutrition Team. Work towards completion of these trials, including the writing of 

protocols, submission for ethical and administrative approval, informed consent, patient 

recruitment, specimen collection, data gathering and compilation, statistical analysis, and 

final write-up was performed by the author except where specifically mentioned in the 

relevant sections. Due recognition to the work of others has been given where 

appropriate.  A total of eight clinical studies will be described, with the second study in 

this series representing a re-analysis of data previously published by other authors. 

 

The first trial (chapter 3) will be a randomized clinical study investigating the merits of 
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implementing a multimodal optimization package for patients undergoing major 

colorectal surgery. In common with other published trials results of this study might add 

to the body of circumstantial evidence supporting the clinical importance of the state of 

gut function. However, interpretation of results is envisaged to be hindered by the lack of 

a quantifiable definition of adequate as opposed to IGF.  

 

This need for a quantifiable definition for gut function will be pursued in the second and 

third studies (chapter 4). These two observational studies will aim to establish a 

definition of normal gut function (as opposed to gut failure) based on the tolerance by the 

gut of a quantifiable enteral challenge. Prospective validation of this definition for gut 

function will then be pursued in a fourth study by investigating the association between 

the state of gut function and patient mortality (chapter 5). 

 

When defining the state of gut function in terms of enteral tolerance, consideration needs 

to be given to physiological changes that may be brought about by varying the site of 

feed administration. This will be investigated by three separate studies. The fifth study 

(chapter 6) will be an observational study aimed at developing a bedside technique of 

placing postpyloric tubes. As shall be described, this is considered essential groundwork 

for the subsequent study (chapter 6). This sixth study will be a randomized clinical trial 

whose aim will be to investigate the importance of the site of enteral feed administration 

(prepyloric or postpyloric) on the ability of the gut to achieve enteral tolerance (and 

therefore on the state of gut function).  In the seventh study (chapter 7) presented in this 

thesis, the effects on splanchnic blood flow caused by varying the site of feed 
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administration from the enteral route to the parenteral route will be assessed. 

 

Finally, an eight study (chapter 8) will investigate whether the state of gut function can 

be modulated by GSN, and what effects, if any, a change in the return of gut function will 

have on patient outcomes. The methodology employed will be that of an externally 

randomised, double blind, placebo controlled clinical trial in a cohort of critically ill 

patients.  

 

 

2.3 PATIENTS, ETHICS AND INFORMED CONSENT 

 

All interventional studies were granted ethical approval by the Locally Organized 

Research Ethics Committee (LREC) at Scarborough Hospital. Details regarding informed 

consent are described in the relevant chapters. All patient information leaflets and 

consent forms were assessed by the same review process prior to commencing 

recruitment to the trials. LREC trial numbers are provided where relevant. 

 

 

1B72B143B2.4 MEASUREMENTS 

 

Numerous tests and assays were performed in the 8 clinical trials presented in this work. 

This section describes research measurements (intestinal permeability, IP) and tests 

(aspirate pH, CRP and serum albumin) common to more than one trial.  Further details 
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about these and other measurements are also provided in the methods sections of the 

relevant chapters. 

 

 

2.4.1  Intestinal permeability 

 

The permeability of the intestinal wall to macromolecules has been investigated using 

inert sugar probes. The passage of these probes from the intestinal lumen, across the 

membrane, into the circulation and subsequently into a patient’s urine has been assumed 

to assess the structural integrity of the gut membrane, and therefore to somehow correlate 

with intestinal barrier function. However to this date the clinical relevance of this test 

remains unclear. As such, its availability is limited to a few institutions with an interest in 

investigating the physiology of the alimentary tract, and as such remains a research tool. 

Numerous authors have documented increased IP associated with critical illness (Deitch, 

1990; Ammouri et al., 1999; Spindler-Vesel et al., 2007) and other diseased states. It is 

this observation that has further promoted the general assumption that changes to 

macromolecule permeability reflects abnormalities of barrier function, which in turn may 

predispose to BT, sepsis and MOF. This is a theoretical assumption, which has not yet 

been borne out in clinical trials (O’Boyle et al., 1998[b];  McNaught et al., 2002; Jain et 

al., 2004).  

 

The intact intestinal mucosal membrane acts as a physical barrier and prevents the 

passive movement of non-charged water soluble compounds with a molecular size of 
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>0.4 nm (Menzies, 1984;  Travis, 1992).  Whether this property extends to bacteria and 

other micro-organisms is questionable.  Permeability assays rely on the differential 

absorption and subsequent urinary excretion of orally administered probes (often sugars) 

of distinct molecular weights.  The larger molecules (e.g. lactulose) are presumed to pass 

between enterocytes and therefore represent a measure of leakiness of the intracellular 

tight junctions.  Conversely, smaller molecules (such as rhamnose) are supposed to take 

the transcellular route (i.e. through the enterocyte) (Menzies, 1984;  Travis, 1992).   

 

There are a few concerns with standard permeability assays however.  At best, customary 

dual sugar probe permeability assays are estimates of small bowel properties only, and 

provide no information about colonic permeability.  This is because the sugar probes are 

digested by enteric bacteria (Meddings and Gibbons, 1998) such that little of the probes 

can be found beyond the ileo-caecal valve.  A novel triple sugar test described by 

Anderson et al. uses lactulose and rhamnose probes together with the indigestible sugar 

sucralose. It has been validated to address the problem of probe digestion in the colon 

and is the IP test that has been used throughout this thesis (Anderson et al., 2004; 

Anderson et al., 2005). This test permits evaluation of small intestinal permeability 

(assessed from the lactose:rhamnose (L:R) ratios), total intestinal permeability (assessed 

from sucralose concentrations) and colonic permeability (assessed by subtracting small 

intestinal permeability from total intestinal permeability).  

 

Briefly, the method involves subjects being fasted from midnight and then administered 

an accurately measured triple sugar probe solution between 08:30 and 09:30 the 
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following morning.  Patients are asked to drink 30ml of water containing 5g sucralose 

(analytical grade micronized powder, McNeil Nutritionals, NJ, USA), immediately 

followed by 120ml of water containing 5g lactulose (7.5ml Duphalac® syrup, Solvay 

Pharmaceuticals, Marietta, Georgia, USA) and 1g rhamnose (analytical grade powder, 

BDH Laboratory Supplies, Poole, UK).  After ingestion, the patients are allowed to drink 

water for the first 5 hours and to eat and drink freely following this, should their clinical 

condition permit. Once the sugar probes are administered, a 24h urine collection is 

commenced.  Urine passed during the first 5 hours is collected separately from that 

passed during the last 19 hours. Both are collected into apposite containers prepared with 

1ml merthiolate as a preservative.  On completion of the 24 hour urinary collection, two 

10ml aliquots of the 5h urine are sampled and stored at –40 oC in appropriately labelled 

plain universal containers. The remaining 5h urine sample is then mixed with the 19h 

urine sample and a further two 10ml aliquots of this 24h specimen are similarly stored at 

–40 oC in appropriately labelled plain universal containers.  

 

For the purposes of this thesis, all the urine samples collected for IP assays were batched 

and sent to a reference laboratory in Truro, Cornwall, United Kingdom to be processed 

using the same technique described and validated by Anderson et al. (2004 and 2005). 

Urinary lactulose and L-rhamnose concentrations were assessed using HPLC with pulsed 

amperometric detection (coefficient of variance (CV) for these tests were respectively 

5.84% and 2.91%) while sucralose concentrations were assayed using HPLC with a 

refractive-index detector (Gilson 133, Gilson Inc., Middleton, USA). Sucralose 

concentration estimations had a between-batch CV of 6.07% (Anderson et al. 2004). 
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2.4.2  Gastric and postpyloric aspirate pH  

 

Two methods were employed to test gastric and postpyloric aspirates for pH. The first 

made use of reagent strips widely available on general medical and surgical wards 

(Multistix® 10 SG, Bayer Diagnostics Mfg., Ltd. Bridgend, UK).  These permitted visual 

pH estimates of between 5 and 8.5. These reagent strips were used as a pragmatic method 

of pH assessment because of their wide availability on general medical and surgical 

wards. However, because these reagent strips were only licensed to assess urinary pH, a 

second method of assessing enteral aspirate pH was used for purposes of confirmation. 

This employed the use of an electronic handheld pH meter (Hanna pH tester, Progen 

Scientific Ltd, Mexborough, UK) which was regularly calibrated as recommended by the 

manufacturer. This gave digital pH readings between the pH of 0 and 14 to the closest 

two decimal points. Given a perfect positive correlation (r = 1.000) between the two 

methods of pH assessment in a cohort of 96 patients (results not shown), only results 

from reagent sticks will be presented. Further details relating to the sampling of gastric 

and postpyloric aspirates are provided in the appropriate chapters.  

 

 

2.4.3 Serum C-reactive protein 

 

CRP is a member of the pentraxin family of proteins and is characterized by a cyclic 

pentameric structure and radial symmetry. It is produced by the liver as one of the 

‘positive’ acute-phase proteins where blood levels of CRP rise by orders of magnitude as 
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part of a general, unspecific response to infectious as well as to non-infectious 

inflammatory processes. Amongst its many physiological roles, CRP acts as a ligand for 

specific receptors on phagocytic leukocytes, it mediates activation reactions on 

monocytes and macrophages, and also activates complement (Gruys et al., 2005). 

Increased production of CRP and similar ‘positive’ acute phase proteins is associated 

with a concomitant decrease in synthesis of other blood proteins such as transthyretin 

(formerly called prealbumin), retinol binding protein, cortisol binding globulin, 

transferrin and albumin, which together represent the ‘negative’ acute phase proteins.  

 

Increases in hepatic CRP production results from a hepatic mRNA upregulation in 

response to stimuli such as infection, ischemia, trauma, burns, and other inflammatory 

conditions, and can be detected in patients’ serum. Raised serum CRP levels are both 

qualitative as well as quantitative in providing an indication as to the presence and extent 

of an inflammatory process. For conventional CRP assays, test values are typically 

considered to be clinically significant at levels above 10 mg/L. In apparently healthy 

subjects, serum CRP levels are below 5 mg/L, while in various conditions this threshold 

is often exceeded within four to eight hours after an acute inflammatory event, with CRP 

values reaching approximately 20 to 500 mg/L (Kushner and Rzewnicki, 1994).  

 

For purposes of this thesis, appropriate blood samples were collected by the author. 

Specifics relating to the periodicity of collection are provided in the appropriate methods 

sections of subsequent chapters. Serum CRP assays were then performed by laboratory 

staff in the Biochemistry Department at Scarborough Hospital using a turbidimetric 
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method (Synchron CX Systems, Beckman Coulter Inc., Fullerton, CA, USA). The 

process of CRP level estimation was fully automated and involved mixing the serum with 

a reagent containing specific anti-CRP antibodies, forming insoluble antigen-antibody 

complexes. This caused a change to the mixture which could be detected by a change in 

the absorbance measured at a wavelength of 340 nm. This change was proportional to the 

CRP concentration in the specimen, the concentration being calculated based upon a non-

linear calibration curve. The intra-assay coefficient of variatiance (CV) for this test was 

4.7 per cent, while the inter-assay CV was 6.9 per cent.  

 

 

2.4.4 Serum albumin  

 

Albumin represents one of the ‘negative’ acute phase proteins, with a reduction in serum 

levels occurring as a consequence of the acute phase response. Serum levels were 

considered to be within the reference range between the concentrations of 38 and 47 g/L. 

 

For purposes of this thesis, appropriate blood samples were collected by the author. 

Specifics relating to the periodicity of collection are provided in the appropriate methods 

sections of subsequent chapters. Serum albumin assays were then performed by the 

laboratory staff in the Biochemistry Department at Scarborough Hospital using routine 

autoanalysis (Cobas Integra 800, Roche Diagnostics Ltd., Lewes, UK). As part of this 

automated process, the serum sample was mixed with the anionic dye bromcresol green 

at a pH of 4.3. This binds to albumin to form a blue/green coloured complex imparting a 
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similar colour to the sample which can be assayed using light absorbance methods. The 

absorbance of the mixture was measured at a wavelength of 629 nm, with the intensity of 

the blue/green colour being directly proportional to the serum albumin concentration, 

which was calculated automatically based on a non-linear calibration curve. The intra-

assay CV was 1.2 per cent, while the inter-assay CV was 1.5 per cent. 

 

 

2.4.5 Other serum and blood assays 

 

Numerous other assays were performed in this series of studies. These included full 

blood count and white blood cell differential estimations, electrolytes and liver function 

tests, together with lipid and coagulation profiles as well as zinc, phosphate, magnesium 

and calcium levels. Other investigations were also requested on an individual basis as 

deemed necessary by the attending physicians. All these investigations were performed in 

the Biochemistry Department at Scarborough Hospital according to standardized 

protocols. Procedures for performing these assays were validated by means of regular 

calibration and rigorous quality control as per hospital and laboratory policies.   It is 

beyond the scope of this work to review the methodology employed in all these assays, 

however, where relevant, further details are mentioned in the respective chapters.    
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2.5 STATISTICS 

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA).  

 

The specific statistical methods used in each of the studies in this thesis have been 

described in more detail in the respective chapters. In broad terms, continuous variables 

with a normal distribution were expressed as means and standard deviations (SD), while 

skewed data were presented as medians and interquartile ranges (IQR).  Relationships 

between groups were assessed using χ2 test for binary outcomes or Fisher’s exact test for 

small cohort as appropriate. Continuous variables were compared with the Student’s t-

test for parametric data or the Mann-Whitney U-Test as a non-parametric alternative. 

Paired non-parametric quantitative data were compared using the Wilcoxon signed rank 

test, and changes over multiple time points within groups were analysed using 

Friedman’s test. 

 

Where appropriate, other characteristics for binary outcomes were also calculated. For a 

given binary outcome, where the corresponding 2x2 table is represented by: 
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Outcome Occurred 
 

Outcome did not Occur Totals 

Risk Factor Present 
or Test Positive a b r1 

Risk Factor Absent 
or Test Negative c d r2 

 
Totals 
 

c1 c2 t 

 

 

Sensitivity (a/c1), specificity (d/c2), positive predictive valve (a/r1), negative predictive 

value (d/r2), number needed to diagnose (1/{Sensitivity – [1–Specificity]}), and number 

needed to treat (1 / [a/r1] - [c/r2]), were established as indicated in parenthesis. 

 

Where multiple factors were assessed for independent association, data points were 

individually assessed for association using univariate statistical methods as previously 

described. Factors which were significant on univariate analysis were subsequently 

evaluated for independent association using multivariate logistic regression. Survival 

analysis was performed using the Kaplan-Meier method.  

 

Statistical significance was considered at the 5 percent level and where relevant, data was 

analysed on an ‘intention-to-treat’ basis. Sample size calculations were performed where 

necessary. These were formulated to show differences with at least 80% power, and 

calculations were based on published data when this was available. The details of 

individual power calculations and degrees of power are highlighted in the respective 

chapters. 
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2B73B144B2.6 ABBREVIATIONS AND SCORING SYSTEMS 

 

Numerous abbreviations are used throughout this manuscript. The first time an 

abbreviation appears, it is preceded by the words for which it stands. A complete list of 

abbreviations is listed on pages 21 and 22. Numerous scoring systems have also been 

used throughout this work and are summarised in appendix 3.  

 

 

2.7 UNITS OF MEASUREMENT 

 

The modern metric system of measurements for the quantification of data known as the 

International System (SI) of Units is used throughout this thesis (Taylor (ed.), 1995; 

Taylor (ed.), 2001).   
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CHAPTER 3:  

MULTIMODAL OPTIMIZATION OF 

SURGICAL CARE AND ITS EFFECTS ON THE 

RETURN OF GUT FUNCTION 

 
 
 

 

 

‘It is not a question of how well each process works,  

the question is how well they all work together.’ 

 

Lloyd Dobyns and Clare Crawford-Mason, 

 Thinking About Quality,  

Contemporaries 
 

 

 

 

Work from this chapter has been published in an article entitled ‘A randomized clinical 

trial of multimodal optimization of surgical care in patients undergoing major colonic 

resection’ (Gatt M. et al., 2005). 
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3.1 INTRODUCTION: MULTIMODAL OPTIMIZATION 

 
Much has been published about multimodal optimization in the management of surgical 

patients (Kehlet and Wilmore, 2002;  Anderson et al., 2003;  Fearon et al., 2005;  Gatt et 

al. 2005;  Kehlet and Wilmore, 2005;  Wind et al., 2006). Common to all enhanced 

recovery programmes is an attempt to attenuate the surgical stress response, accelerate 

recovery, decrease complications, shorten hospitalisation and reduce health costs, all 

without compromising patient safety. The mechanisms by which such improvements are 

brought about are not well characterized, but it has been suggested that they may partly 

be a consequence of an enhanced recovery of gut function (Gatt and MacFie, 2005; 

Wakeling et al., 2005).  The aim of this trial was to assess the effects of a multimodal 

optimization package on patients undergoing major colorectal surgery in the setting of a 

randomized clinical study. The effects of multimodal optimization on the recovery of 

postoperative gut function were specifically recorded. 

 

 

3.2  PATIENTS AND METHODS 

 

Based on published data (Anderson et al, 2003), a sample size calculation showed that a 

minimum of 19 patients would be required in each group in order to demonstrate a 

reduction in length of stay of 2 days at the 5% level of significance with a power of 90%. 

To this end, and following approval by LREC (Ref. No. PB/rh/02/329), 52 consecutive 

patients requiring elective colorectal surgery were identified. Eight patients were 

excluded as they did not satisfy the inclusion and exclusion criteria: 3 did not consent to 
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be included in the trial, 2 were on anticoagulant medications, 2 were not living 

independently at home and one patient was predicted to require prolonged hospitalization 

for additional staged surgical interventions.  Subject to informed consent the remaining 

44 patients were recruited.  Other inclusion and exclusion criteria are summarised in 

Table 3.1.  5 patients were subsequently excluded from data analysis: 2 required 

emergency surgery, 2 patients were envisaged to require prolonged hospitalisation for 

factors unrelated to surgery (both because of a sudden change in social circumstances), 

and a colonic resection was not performed on one patient due to advanced disease not 

detected on preoperative assessment.  Of the remaining 39 patients, 19 were randomized 

to receive multimodal optimization (optimized group), the other 20 being treated 

conventionally (control group).  Randomization was by means of opening of sealed 

envelopes previously labelled by an individual outside the research team according to a 

list of randomly generated numbers.  Patients were followed from preoperative 

recruitment to 30 days after surgery, and operative severity was assessed using POSSUM 

( UPUhysiological and UOUperative USUeverity USUcore for the enUUUmeration of UM Uortality and 

UM Uorbidity) scores.  Details of the surgical procedures performed in each group and 

POSSUM operative severity scores are summarised in Table 3.2, while the overall study 

design is summarised in the flow diagram represented in Figure 3.1.



 

Inclusion criteria Exclusion criteria 

 

• All patients requiring elective colorectal surgery 

• Living independently at home 

 

 

 

 

 

• Failure to obtain consent 

• Age <18 years 

• Pregnancy 

• Intolerance to probiotics and/or prebiotics 

• Contraindication to one or more optimization strategy 

• Contraindications to early postoperative discharge 

• Prescribed medications that may independently 

prolong stay (e.g. anticoagulants) 

• Advanced malignancy on preoperative assessment 

• Palliative surgery 

• Emergency surgery 

• Failure to perform colonic / rectal resection 

 

 

 

 

Table 3.1:  Inclusion and exclusion criteria 
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Operation 
 

Control group 
 

Optimized group 
 

P-value 
 

 

Right hemicolectomy 

 

5 

 

5 

 

- 

Left hemicolectomy 2 0 - 

Sigmoid colectomy  0 2 - 

Hartmann’s procedure 1 0 - 

Anterior resection 5 10 - 

Subtotal colectomy 3 0 - 

Panproctocolectomy 2 1 - 

Panproctocolectomy and pouch  0 1 - 

Abdominoperineal resection 2 0 - 

 
POSSUM operative severity score* 

 
12 (11 - 16) 

 
13 (11 - 15) 

 
0.989 

 
 

Table 3.2: Operative record and POSSUM operative severity scores.  

  * Values are medians (IQR) 

(POSSUM, physiological and operative severity score for the enumeration 

of mortality and morbidity) 
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Figure 3.1: Flow diagram of overall study design 

Included for data analysis 
(N = 39) 

Optimization group  
(N = 19)  

Control group 
(N = 20) 

Followed up for 30 days post-op  

SSuurrggeerryy  

Excluded from data analysis
(N = 5) 

 
2 – emergency surgery 

2 – predicted prolonged stays 

1 – no colectomy performed 

Randomization 

Recruited into study 
(N = 44) 

52 consecutive patients needing 
major colonic surgery 

Excluded  (N = 8) 
 

3 – unable to obtain consent 

2 – on anticoagulants 

2 – not living independently  

1 – predicted prolonged stay 
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3.2.1 The optimization package 

 

A 10-point optimization package was implemented in patients randomized to this group.  

This package was put together in such a way as to encourage the earlier return of gut 

function after surgery and involved preoperative, peroperative, and postoperative 

strategies (Table 3.3).   

 

On entry into the trial, patients received both verbal and written information about the 

operation and the postoperative rehabilitation programme.  A probiotic Trevis® (Chr. 

Hansen, Horseholm, Denmark) in a dose of one capsule three times daily, along with the 

prebiotic oligofructose (Orafti USA, Malvern, USA) in a dose of 15g daily were 

prescribed for 7-14 days before the operation.  Each capsule of Trevis® contained 4x109 

colony forming units of Lactobacillus acidophilus La5, Lactobacillus bulgaricus, 

Bifidobacterium lactis Bd-12 and Streptococcus thermophilus.  Patients were admitted the 

day before surgery and were allowed to eat and drink freely until midnight.   A drink 

containing 100g carbohydrate (Maxijul® 500 Super Soluble, SHS International Ltd, 

Liverpool, UK) in 400ml of water was administered at 22.00 hours and a further 50g of 

carbohydrate in 400ml of water was given 3-4 hours before the operation.  Patients did 

not receive bowel preparation.  

 

Peroperatively, patients were maintained on high (80%) inspired oxygen concentrations.  

Transverse abdominal incisions were performed whenever possible.  No drains were left 

at the end of the procedure and any nasogastric (NG) tubes placed peroperatively were



 

Table 3.3: The optimization package and reasons for inclusion of individual strategies (see text for appropriate references). 

 Treatment parameter Reasons for inclusion 

Preoperative Verbal and written pre-operative information anxiety, pain & hospital stay, compliance with  

aggressive rehabilitation, ileus. 

Pre-assessment by surgical registrar or anaesthetist To confirm suitability for optimization. 

Synbiotics (i.e. probiotics & prebiotics) Beneficially modulate resident gut microflora,  

anastomotic healing, postoperative infections.  

Avoidance of mechanical bowel preparation  Similar anastomotic leakage and septic complications, 

improved outcomes, patient stress,  

avoidance of electrolyte imbalances & dehydration. 

Oral carbohydrate loading & 3 hour preoperative fast 

 

Safe, postoperative insulin resistance, improved  

outcomes after surgery.  

Peroperative High inspired O2 concentrations (80%) intestinal intramural oxygenation, risk of wound  

infections, postoperative nausea & vomiting    

Transverse incision pain, chest infections, encourage earlier feeding and  

return of gut function, ambulation, hospital stay. 

No drains or nasogastric tubes 

 

No evidence of benefit in their use, mobilisation,  

patient distress.  

Postoperative Early fluid & diet reintroduction Safe & probably advantageous, septic complications. 

Aggressive structured mobilisation plan ileus, complications of abdominal surgery, & hospital stay 
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removed on completion of the surgery.  Postoperatively, patients were allowed fluids 

immediately, and diet was introduced as tolerated following this.  A structured 

mobilisation plan which involved the active intervention from physiotherapists was 

adopted.  This involved sitting patients out of bed on the day of surgery, and walking the 

length of the ward on the first postoperative day.  Further mobilisation was encouraged 

depending on patient tolerance.   

 

Analgesia was standardised throughout the perioperative period.  Patients in both groups 

received epidural analgesia through a catheter placed between T7 and L1 levels 

immediately before surgery.  Following an initial bolus of 15–20ml of 0.25% 

bupivacaine, a combination infusion of 0.15% bupivacaine and 2μg/ml fentanyl was used 

to cover the intraoperative period and then continued for 24 to 36 hours postoperatively.  

Induction was achieved using a combination of fentanyl, propofol and atracurium; 

patients were then maintained on sevoflorane (1.0 – 1.2 minimum alveolar concentration) 

and medical air, supplemented with oxygen to achieve the appropriate oxygen 

concentration.  Reversal was achieved using 2.5mg neostigmine and 0.5mg 

glycopyrronium.  Postoperatively patients were prescribed oral paracetamol (1g, four 

times a day) and ibuprofen (400mg, as required up to three times a day), while opiate 

analgesics were avoided except for purposes of rescue analgesia.   
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3.2.2 Control protocol 

 

Patients randomized to the control arm received none of the optimization measures listed 

in Table 3.3. Patients were provided with an information sheet briefly describing the 

study, but this did not include data about the optimization strategies utilized. Patients 

randomized to the control arm were preassessed by junior doctors under the supervision 

of an anaesthetist as is customary for all patients requiring surgery in Scarborough 

hospital. Synbiotics were not prescribed. Following admission a day before surgery, 

patients received bowel preparation and were fasted from midnight.   

 

At surgery, vertical (midline or paramedian) incisions were used, and NG tubes and 

abdominal drains were placed according to the surgeon’s preference.  Postoperatively, 

patients had oral fluids and diet reintroduced in a traditional stepwise manner as deemed 

appropriate by the attending surgical staff. The time from surgery to the re-introduction 

of fluids and diet were recorded for purposes of comparison. All received postoperative 

chest physiotherapy and were mobilized by nursing staff.   

 

 

3.2.3 Blinding 

 

In common with other fast-track trials, it was not possible to blind this study.  In an 

attempt to decrease bias, objective discharge policies were standardised.  Patients were 

only considered for discharge when they were able to tolerate three light meals a day, 
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mobilise safely, and were free of all but oral medications. 

 

 

3.2.4 End points 

 

Patients were assessed twice a day by a single researcher for the duration of their hospital 

stay.  The author also followed patients up after discharge in an attempt to minimise 

observer bias.  Data was collected before operation, on the day of surgery, daily thereafter 

until discharge, and on days 7 and 30 postoperatively.  Multiple outcome measures were 

recorded (Table 3.4), and the primary end point was length of hospitalisation.   

 

UPhysiological functionU:  Forced expiratory volume in 1 second (FEV1) and forced vital 

capacity (FVC) were recorded using a portable spirometer (Vitalograph® Limited, 

Buckingham, UK).  Mid-arm circumference (MAC) and hand grip strength were recorded 

on the non-dominant side.  Hand grip strength was measured in kilograms using a Jamar® 

dynamometer (NexGen Ergonomics, Montreal, Quebec, Canada).  The duration of 

urinary catheterisation was documented.  Strict charting of all input and output was 

maintained to calculate overall fluid balance.  Postoperative mobilisation was recorded 

daily, assisted by the use of a patient diary of daily activities. The time spent by the 

patient out of bed on each postoperative day, the time to mobilise to the toilet with help 

and unaided, and the time to walk the length of the ward with help and independently 

were all recorded for comparison.  
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Table 3.4: Outcome measures recorded.  

(GP, general practitioner) 

 
UDemographics:U   Age 

Sex 
Indication for operation 
Operation performed 
Stoma formation 

 
UPhysiological FunctionU:  Spirometry (FEV1, FVC) 

Grip strength (kilograms) 
POSSUM & POSSUM operative severity 
ASA scores 
Duration of catheterisation (hours) 
Time to mobilisation (hours) 
Fluid balance 

 
UPsychological FunctionU:  Cognitive function scoring  

Fatigue scoring   
Pain scoring  
Analgesic requirements 

 
UGut functionU:    Tolerance to fluids & diet (hours)  

Duration of intravenous fluids (hours)  
 
UClinical OutcomeU:   Length of stay (days) 

Complications & mortality 
Need for readmission 
Overall stay (first 30 days) 
Number of GP visits 
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UPsychological end pointsU:  10 cm visual analogue scales without intersections were used 

to record fatigue and pain scores.  Pain assessments were performed at rest, on coughing 

and on movement.  Cognitive function was determined by means of a validated hospital 

anxiety and depression (HAD) questionnaire (Zigmond and Snaith, 1983).  A log was 

kept of all analgesic requirements after surgery.  

 

UReturn of gut functionU:  There exists no validated and quantifiable definition of normal 

gut function in the literature, but for purposes of this trial the return of normal gut 

function was defined as a patient’s ability to tolerate three light hospital meals a day 

(estimated to represent approximately 80% of a patient’s calculated nutritional 

requirements).  Time to achieve this was recorded in hours from the time of surgery.  The 

duration of intravenous infusions postoperatively was recorded as a surrogate indicator of 

fluid tolerance by the gut.   

 

UClinical outcomeU:  The length of hospital stay and the occurrence of septic and non-septic 

complications of surgery were recorded, along with data relating to morbidity and 

mortality.  Following discharge, the need for patient readmission and the total number of 

general practitioner (GP) visits were documented at one month. Total hospital stay 

(comprising of the length of stay after the index procedure together with the length of 

stay of any subsequent readmissions during the one month follow-up period) was also 

recorded.    
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3.2.5 Statistical analysis 

 

Results were analysed using SPSS® for Windows® version 11.5 (SPSS®, Chicago, 

Illinois, USA).  Results were expressed as medians (IQR).  Relationships between groups 

were assessed using χ2 test for binary outcomes, while continuous variables were 

compared with the Mann-Whitney U-Test.  Changes over time within groups were 

analysed with Friedman’s test.  Statistical significance was considered at the 5 percent 

level. 

 

 

3.3 RESULTS 

  

UDemographicsU:  The two groups were comparable with respect to age, sex, body mass 

index (BMI), UAUmerican USUociety of UAUnaesthesiologists (ASA) grade, and POSSUM scores 

(Table 3.5).  There were also no differences in the prevalence of malignancy and stoma 

formation. 

 

UPhysiological functionU:  Optimized patients spent more time out of bed on the first 

postoperative day (105 (IQR; 34 – 225) minutes vs. 8 (IQR; 0 – 38) minutes; p=0.047). 

Furthermore, optimized patients were catheterised for a shorter period of time then 

patients treated conventionally (respectively 48 (IQR; 38 – 82) hours vs. 88 (IQR; 54 – 

155) hours; p=0.022).  However, the time taken for independent mobilisation to the toilet 

were similar for both groups (p=0.791).  There were no differences with respect to overall  
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 Control group Optimized group 

 

p-value 

Number of patients  20 19   
Age (years)** 67 (60 – 73) 67 (59 – 76) 0.643 
Sex ratio (M:F) 14 : 6 9 : 10 0.151 
BMI** 27 (24 – 30) 24 (21 – 29) 0.120 
ASA score** 2 (2 – 3) 2 (2 – 2) 0.532 
POSSUM score** 32 (29 – 35) 28 (27 – 34) 0.253 

Malignant disease 12 15 0.200 

Stoma formation 14 13 0.915 
 

 

 

 

Table 3.5: Summary of patient details, ASA and POSSUM scores.   

** Values are median (IQR).   

ASA, American society of anaesthesiologists;  

POSSUM, physiological and operative severity score for the enumeration 
of mortality and morbidity. 
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fluid balance on the day of surgery (p=0.500), on the first postoperative day (p=0.888), or 

on the second postoperative day (p=0.068). 

 

There was a significant difference in grip strength between the two groups preoperatively 

(p=0.022), and at 1 month after surgery (p=0.015).  This difference was not detected in 

the immediate postoperative period.  Grip strength after surgery was maintained 

throughout in the optimized group (p=0.241, Friedman’s test) but was significantly 

reduced in the postoperative period in patients treated conventionally (p=0.049, 

Friedman’s test).  Changes in grip strength are summarised in Figure 3.2.  

 

There was a significant decline in FEV1 (p=0.007 for optimized patients, p<0.001 for 

controls; Friedman’s test) and FVC (p=0.003 for optimized patients, p<0.001 for 

controls; Friedman’s test) in both groups immediately after surgery.  No differences were 

found between the groups at any time point. 

 

UPsychological functionU:  There were no recordable differences between the two groups 

with regards to serial fatigue and pain scores.  Likewise, there was no recordable 

difference in analgesic requirements, or serial HAD scores.     

 

UGut functionU:  Changes relating to return of gut function are summarised in Figure 3.3 

and Figure 3.4.  Optimized patients required intravenous fluids for a shorter period of 

time than controls (respectively 34 (IQR; 24 – 51) hours vs. 68 (IQR; 46 – 72) hours; 

p=0.007).  Moreover, patients who received the multimodal optimization package
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Figure 3.2:   Serial grip strength measurements.  

  (* p=0.022;   ** p=0.015 ) 
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Figure 3.3:  Fluid tolerance as assessed by the duration of intravenous fluids from the 

 time of surgery.              

 

 

p=0.007 
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Figure 3.4:  Return of gut function as represented by the time to full diet from the time of 

 surgery. 

 

 

p=0.042 
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tolerated an oral diet significantly earlier than patients treated conventionally 

(respectively 48 (IQR;   40 - 71) hours vs. 92 (IQR; 48 – 120) hours; p=0.042). 

 

ULength of stayU:  The results for length of hospital stay are illustrated in Figure 3.5.  

Patients in the optimization group stayed in hospital for a median (IQR) of 5 (4 – 9) days 

while controls were hospitalised for 7.5 (6 – 10) days (p=0.027).  By day 5 from surgery, 

over 50% of optimized patients compared to only 10% of controls had been discharged.   

 

UMorbidity and mortalityU:  24 patients developed complications (Table 3.6), 9 in 

optimized patients and 15 in controls (p=0.076).  5 patients needed readmission within 30 

days of surgery (respectively 1 vs. 4; p=0.169), and there were observed difference in 

overall hospital stays between the two groups (respectively 5 (4 – 9.5) days vs. 8.5 (7 – 

13) days; p=0.027). The median (IQR) number of assessments by the GP required in the 

first month after operation (respectively 1 (0 – 1) vs. 0 (0 – 1); p=0.373) were similar in 

both groups.  There was one death in this series and this occurred following a 

perioperative myocardial infarct in a patient randomized to the optimization arm.  This 

resulted in an overall mortality of 2.6%.    

 

 

3.4 DISCUSSION 

 

Numerous randomized controlled trials have shown the benefits of multimodal 

optimization for patients undergoing elective colorectal surgery.  Once again the results 
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Figure 3.5:  Length of hospital stay (shapes represent outliers) 

 

 

 

 

 

p=0.027 
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Complications Control group 

(n = 20) 
 

Optimized group 
(n = 19) 

 

p-value 
 

Septic 
Urinary tract infection 
Wound infection / breakdown 
Diarrhoea & vomiting 
Ileus 
Chest infection 

 
2 
4 
2 
3 
0 

 
0 
0 
1 
3 
1 
 

 

Non-septic 
DVT 

 
0 

 
2 
 

Other 4 1 
 

Death 0 1 
 

Total 
 

15 9 0.076 

 
 
 
 
Table 3.6:  Complications of surgery 
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of this study corroborate previously noted benefits of fast-track programmes.  Optimized 

patients required a shorter period of urinary catheterisation, were able to mobilise more 

quickly, and had an earlier return of gut function.  Over 75 percent of fast-track patients 

had their intravenous infusions discontinued by the end of the second postoperative day, 

and were on a full diet by day three postoperatively.  Optimization enhanced the return of 

normal gut function and decreased the period of hospitalisation without any measurable 

increases in morbidity or mortality.   

 

A criticism of the study design is the lack of blinding, a criticism which applies to many 

fast-track trials.  High levels of motivation are necessary to achieve some of the 

optimization targets and this requires that staff and patients are fully informed of what is 

expected of them.  In an attempt to minimise bias, all potentially ambiguous endpoints 

were strictly defined prior to commencement of the trial, and a standardised discharge 

protocol was followed.  Morbidity and mortality, need for readmission and the number of 

GP visits were assessed at one month.  Should the decision to discharge patients have 

been biased, a recordable difference in one or more of these endpoints might have been 

anticipated.   

 

Randomization resulted in comparable groups, and while the two cohorts did not have 

exactly similar procedures performed, overall POSSUM operative severity scoring was 

similar.  The only difference noted after randomization was that of lower preoperative 

grip strength in optimized patients.  A possible explanation is that given the large number 

of outcome measures recorded, a statistical difference in at least one end point would 
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have been anticipated by chance. Alternatively, this difference may simply be a reflection 

of an increased absolute number of male patients in the control group.  

 

The individual treatment strategies included in the optimization package were collated 

following an extensive literature review. Preference was given to treatment strategies 

known to encourage the return of gut function after surgery.  To be included in the 

multimodal package, treatment parameters had to satisfy a number of criteria.  Firstly 

there had to be good evidence to support their safety and efficacy in colorectal patients.  

Secondly there had to be some theoretical basis to support their inclusion.  Finally they 

had to be relatively easy to implement, without relying on highly specialised skills, or 

major financial outlays.  The resultant 10-point optimization package summarised in 

Table 3.1 involved preoperative, peroperative, and postoperative strategies.   

 

Preoperative verbal and written information about the operation and the postoperative 

rehabilitation programme reduce anxiety, pain, and hospital stay and encourages 

compliance with the aggressive rehabilitation after surgery (Egbert et al., 1964;  

Hathaway, 1986;  Disbrow, Bennett and Owings, 1993;  Morrell, 2001; Fearon et al., 

2005).  Probiotics and prebiotics were prescribed in an attempt to beneficially modulate 

the resident gut microflora, and positively impact on the gut barrier function.  The use of 

synbiotics has been associated with improved healing of colonic anastomoses (Mangiante 

et al., 2001), and decreased post-operative infections following abdominal surgery (Rayes 

et al., 2002).  Patients on the optimization arm received preoperative carbohydrate 

loading together with a shortened preoperative fast of 3 hours as opposed to the 
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traditional ‘nil-by-mouth from midnight’ policy.  This practice is well documented to be 

safe (HBrady, Kinn and StuartH, 2003), and has repeatedly been shown to improve outcomes 

of major surgery possibly by decreasing post-operative insulin resistance (Ljungqvist, 

Nygren and Thorell, 2002).  Optimized patients did not receive any form of bowel 

preparation.  Contrary to popular belief, there is no convincing evidence that bowel 

preparation decreases anastomotic leakage (Guenaga et al., 2003;  Zmora et al., 2003), 

postoperative septic complications (Guenaga et al., 2003;  Zmora et al., 2003), or 

improves overall outcomes in this group of patients.  On the other hand, it does stress 

patients and exacerbates preoperative electrolyte imbalances and dehydration, particularly 

in the elderly and when combined with a prolonged preoperative fast (Beloosesky et al., 

2003).    

 

During the peroperative period, patients were maintained on high (80%) inspired oxygen 

concentrations as this has been shown to be safe and may lower the risks of septic wound 

complications possibly by increasing intestinal intramural oxygenation (Ratnaraj et al., 

2004) and enhancing oxidative killing by neutrophils (Grief et al., 2000).  Furthermore, 

supplemental oxygen probably reduces the incidence of postoperative nausea and 

vomiting (Grief et al., 1999).  Transverse abdominal incisions were used in place of 

vertical (midline or paramedian) ones.  Such incisions have been associated with lower 

postoperative pain scores and subsequent chest infection rates (Grantcharov et al., 2001;  

Lindgren et al., 2001).  Transverse incisions also encourage earlier feeding and 

ambulation and shortened hospital stay (Donati et al., 2002;  Kam et al., 2004).  No 

drains were left at the end of the procedure and NG tubes placed preoperatively were 
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removed in recovery as repeated studies have failed to show any conclusive benefit in 

their use (Cheatham et al., 1995;  Merad et al., 1999).  Furthermore, drains and NG tubes 

cause distress to patients and limit their postoperative mobilisation (Hoffmann et al., 

2001).  Postoperatively, patients were allowed fluids ad libitum on the day of surgery, 

and diet was introduced as tolerated following this.  Early reintroduction of fluids, oral 

supplements and diet have been shown to be safe and probably desirable after colorectal 

procedures, with commensurate improvements in patients’ quality of life (Reissman et 

al., 1995;  Watters et al., 1997;  Beier-Holgersen and Boesby, 1998;  Beattie et al., 2000;  

Lewis et al., 2001).  Patients were mobilised from the first postoperative day according to 

a structured mobilization plan.  This is known to decrease postoperative ileus and results 

in fewer complications of abdominal surgery (Basse et al., 2002;  Kehlet and Wilmore, 

2002).    

 

Opiates were avoided postoperatively in all patients and analgesia was provided via an 

epidural catheter.  Pain relief was standardised in both groups to exclude this as a 

confounding factor. The administration of regular postoperative opiates is known to 

increase patient nausea and vomiting and prolong postoperative ileus (Jorgensen et al., 

2000;  Kehlet and Wilmore, 2002;  Kehlet and Dahl, 2003;  Fearon et al., 2005).  A few 

case reports have suggested that continuous infusion of epidural local anaesthetic may 

lead to an increased incidence of early anastomotic leakage, partly through the 

stimulatory effect this has on gastrointestinal motility, however this has never been 

proven in an appropriately powered randomised controlled trial.   
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Advantages of fast-track surgery noted in this trial are consistent with those of other fast-

track trial where epidural analgesia was not standardized between the two arms of the 

study, suggesting that there is more to the beneficial effects of optimization than that 

offered by epidural analgesia alone. This trial demonstrates that multimodal optimization 

is associated with shortened hospital stays.  Optimized patients in this trial were 

hospitalised for a median of 2.5 days less than controls.  It has to be stressed however that 

an earlier discharge from hospital should not be the primary objective of surgical care.  

Indeed, the principal driving force should be to improve care by decreasing morbidity and 

mortality associated with treatment while ameliorating overall quality of life; safety 

remaining one of the major concerns of physicians with regards to fast-track surgery 

(Kehlet and Wilmore, 2005).  Results from this study do not indicate that optimization in 

any way decreased the level of care, or subjected patients to unnecessary risks because of 

earlier discharge. Indeed, it may be argued that getting patients home sooner might speed 

up the rehabilitation process required after major surgery. In addition, and with reference 

to the issue of safety, patients were reviewed at one month after surgery and there was no 

increase in complications or readmission rates associated with fast-tracking. Overall 

hospital stays were shorter for patients on the intervention arm of the study.  Further, 

optimized patients did not need to visit their GP more frequently.  It should be noted, 

however, that this trial was never powered to test these end points, and larger trials will 

be required for definite conclusions in this respect.  However, purely on theoretical 

grounds, decreased catheterisation, earlier mobilisation, limited time on an intravenous 

infusion, and shorter hospitalisation would all be expected to be associated with a 

reduction in postoperative morbidity.   
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Patients recruited to this trial had a median ASA of 2.  This can in part be explained by 

criteria set down in the study protocol.  Only patients living independently at home were 

recruited so as to avoid delays to post-operative discharge based solely on social factors 

and unrelated to surgery.  Optimization studies by other investigators on colorectal 

patients with higher average co-morbidities (median ASA of 3-4) have shown similar 

findings of safety, shorter hospital stays and other improved outcomes (Delaney et al., 

2001).  This suggests that multimodal optimization practices can be implemented safely 

for all patients, irrespective of extent of surgery or operative risk.   

 

It is commonly assumed that the benefits of multimodal optimization programmes are a 

consequence of decreased physiological and psychological stresses associated with 

surgery (Wilmore, 2002).  The surgical stress response is mediated via neuroendocrine 

mechanisms leading to alterations in protein homeostasis (increased catabolism), 

hypermetabolism, altered carbohydrate metabolism (increased gluconeogenesis and 

insulin resistance) and increased lipolysis (Weissman, 1990).  In the short term, the stress 

response can be advantageous, but over a longer period it can lead to organ dysfunction, 

loss of lean body mass, reduced muscle power, and fatigue (Henriksen, 2000).  Therefore, 

measures aimed at curtailing the operative stress response result in the attenuation of 

postoperative organ dysfunction and result in improved outcomes.  Beneficial effects on 

postoperative cardiac and respiratory function are well documented (Kehlet, 1997;  

Desborough, 2000).  Opiate avoidance, epidural analgesia, and early mobilisation and 

enteral challenge further decrease postoperative nausea, vomiting and ileus (Baig and 

Wexner, 2004), leading to an earlier return of gut function (Anderson et al, 2003; Kehlet 
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and Dahl, 2003).   

 

The ten points adopted in this optimization package have, in addition to the benefits 

previously mentioned, a direct or indirect effect on gut function.  Patient information 

prior to surgery leads to expectations of normal intakes.  Preoperative carbohydrate 

loading is well known to reduce postoperative insulin resistance but is also associated 

with normalisation of intestinal tolerance (Hausel et al., 2005).  Avoidance of opiates, 

judicious use of drains and avoidance of bowel preparation all contribute to preservation 

of gut function (Kurz and Sessler, 2003;  Baig and Wexner, 2004).  High inspired oxygen 

concentrations are known to reduce postoperative nausea and preservation of gut function 

may be encouraged by use of probiotics.  Few would disagree that early mobilisation 

encourages normalisation of intestinal activity (Mythen, 2005).  Results of this trial show 

that attenuation of postoperative gut failure is not just a result of epidural analgesia and 

opiate sparing and suggests that earlier return or preservation of gut function may be 

important to the success of multimodal optimization. In this study, the return of gut 

function was established by the ability of a patient to tolerate 3 light meals a day. 

However, the lack of a validated and quantifiable definition of what constitutes adequate 

as opposed to IGF makes inferences from observations relating to gut function difficult to 

interpret with accuracy. 

 

The gastrointestinal tract, with its GALT, is the single largest immunological and 

cytokine producing organ in the body.  This structural adaptation to function is vital to 

the role of the gut as a barrier, protecting the internal milieu from luminal contents, and is 
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likewise presumably pivotal in orchestrating the stress response to surgery.  The gut also 

has numerous other endocrine and exocrine hormonal functions, along with its role in the 

digestion and absorption of foodstuffs.  It would seem logical, therefore, to propose that 

the attenuation of transient IF following surgery might be important to the observed 

benefits of fast-track surgery.  This is supported by a number of studies that have 

demonstrated improved outcomes in association with enteral feed tolerance (DiFronzo et 

al., 2003).  Pursuing this rationale, the disadvantages perceived with parenteral nutrition 

(PN) may occur not as a consequence of the parenteral nutrients but rather because these 

patients, by definition, do not have a normally functioning gut, necessitating the 

institution of TPN.  An improved understanding of IF and the effects of modulation of 

gut function by means of customised gut-directed therapies may lead to further 

improvements in perioperative care.  Optimization may represent one way of achieving 

this.  Like other single organ failures, the return of gut function may prove to be an 

independent indicator of outcome.   

 

 

3.5 CONCLUSION 

 

Findings from this study confirm the benefits of an optimization programme of 

perioperative care in patients undergoing colorectal surgery.  The evidence suggests but 

does not prove that maintenance or return to normal of gut function is an essential 

prerequisite of successful fast-track programmes. Definitive conclusions about the 

importance of adequate gut function, however, are hindered by the lack of an objective 
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and validated definition for this end point. Developing such a definition will be the main 

objective of the next series of studies in this thesis. 
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‘What cannot be defined cannot be measured, 
what cannot be measured cannot be improved, 

and what cannot be improved will eventually deteriorate.’ 
 

The Quality Axiom
(Anonymous)

CHAPTER 4:   

DEFINING ADEQUATE & INADEQUATE GUT 

FUNCTION 
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4.1 INTRODUCTION: ESTABLISHING THE STATE OF GUT FUNCTION 

 

There is mounting evidence to implicate gut failure in the onset and propagation of 

disease. and numerous authors have attempted to establish definitions to distinguish 

adequate gut function from gut failure (Fleming and Remington, 1981;  Nightingale, 

2001; O’Keefe et al, 2006). Much like other single organ failures, the state of gut 

function, be that adequate or inadequate, has been defined in terms of the organ’s primary 

role, that of nutrition. Unfortunately these established definitions are somewhat generic 

and unquantifiable. This has made application to daily practice difficult, and comparison 

of results between clinical studies impossible. For these and other reasons, clinicians still 

rely on surrogates of gut function (such as the auscultation of bowel sounds or the 

passage of flatus and faeces) to make functional bedside assessments of the 

gastrointestinal tract (Baker and Dudley, 1961;  Rothnie, Harper and Catchpole, 1963).  

 

These clinical assessments of gut function are all somewhat subjective, and assess 

functions of the gut other than its primary role as an organ of nutrition. In 

contradistinction, the various attempts at defining gut failure in the literature appear to 

have a common theme; namely that the gastrointestinal tract can be said to be functioning 

appropriately when it is able to tolerate adequate dietary intake to satisfy an individual’s 

nutritional requirements and without the need for intravenous supplementation 

(Jeejeebhoy, 2005). Anything less than this and the gut is lacking in its primary role, 

which by definition represents a state of gut failure. To be of use in daily clinical practice, 

however, a definition also needs to be quantifiable, objective, reproducible, pragmatic 
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and easily applicable by the bedside. In addition, a degree of evidence base to relate it to 

outcome is desireable. 

 

The overarching aim of this chapter is to establish the best test which can be used as a 

definition for adequate gut function. This definition will be based on the tolerance by the 

gut of an appropriate oral and/or enteral challenge over a suitable period of time and 

attempts will be made to relate this to patient outcome. A stepwise methodology will be 

pursued, firstly to establish what is meant by ‘an appropriate oral and/or enteral 

challenge’, and secondly to ascertain what is ‘a suitable period of time’ to be able to 

make this assessment (i.e. how much needs to be tolerated by the gut and over what 

period of time). Preliminary work will be required to establish the percentage of a 

patient’s nutritional requirements that needs to be tolerated by the gut to affect prognosis. 

A subsequent study will then establish ‘the time period necessary’ to be able to make the 

assessment of the state of gut function by once again relating this to patient outcome.   

 

 

4.2  PRELIMINARY WORK: A REANALYSIS OF PUBLISHED DATA 

 

Data previously collected by other members of the Combined Gastroenterology Research 

Unit was re-interrogated retrospectively. This data had been compiled prospectively by 

other investigators as part of a study of all patients aged 18 years or over who required 

adjuvant nutritional support at Scarborough Hospital between November 1995 and July 

1999. Results from this dataset have been published previously (Woodcock et al., 2001). 
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The author of this thesis reanalysed a subset of this data in a novel way so as to attempt to 

define the term ‘adequate nutrition’ by relating the enteral tolerance of U> U70, U>U80, and U>U90 

per cent of patients’ calculated nutritional requirements to outcome. The primary end-

point of this reanalysis was in-patient survival. 

 

From the original database of 562 individuals, a subgroup of 276 consecutive patients 

receiving variable amounts of EN was identified. Data pertaining to these 276 patients 

was collated to include all patient demographics, nutritional parameters of weight, height, 

BMI, and concomitant TPN administration. The length and adequacy of enteral feeding, 

the length of hospital stay, as well as the need for ICU admission were also recorded. 

Oral intakes were recorded by means of food charts and diet diaries, and the energy 

values for this intake were calculated by dieticians and added to the tolerance of the 

prescribed feed. The overall adequacy of feeding was expressed as a percentage of the 

total volume of feed prescribed. The delivery of U> U70, U> U80 and U> U90 per cent of these 

requirements via the enteral route was recorded in a categorical fashion and each was 

then associated with in-patient survival or mortality.  

 

Serum albumin was evaluated as an assessment of the acute phase response, and to permit 

the evaluation of nutritional status using the nutritional risk index (NRI; Baker et al., 

1982) which was calculated according to the equation (1.519 x serum albumin) + (0.417 

x % usual body weight). A physiological score was also calculated using the POSSUM  

scoring system (Copeland et al., 1991) according to parameters measured at the time of 

commencement of feeding. In the context of the present reanalysis, POSSUM scores 
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were used as a guide to severity of illness.  

 

The site and development of septic complications had been prospectively verified and 

recorded at the time of original data collection. For purposes of this study, septic 

morbidity was defined as the presence of recognized pathogens in body tissues that are 

normally sterile, confirmed by the results of culture and supported by clinical, 

radiological, or haematological evidence of infection. All septic complications occurring 

between the time of commencement of nutritional support and discharge from hospital 

had been recorded  

 

Nutritional requirements were calculated by senior dieticians according to the Schofield 

method, to provide target intakes of approximately 30 kcal kg-1 d-1 non-protein energy 

and of approximately 9 gN/d protein. This load was then administered using a 

commercially available polymeric feed (Osmolite®, Abbott Laboratories Ltd., Kent, UK) 

whose constituents are summarised in appendix 5. The initial rate of delivery was full 

strength feed at 30 mL/h, increasing stepwise to full intake over a period of 24–48 hours 

according to patient tolerance. During this build-up period, tubes were aspirated every 6 

hours. If less than 100 mL was aspirated, the aspirate was replaced and feeding 

continued, whereas if the volume of aspirate exceeded 100 mL, the aspirate was not 

replaced and the feed slowed or stopped temporarily in accordance with the local feeding 

protocol at the time of the original collection of data. 
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4.2.1 Statistical analysis  

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA). All parametric data were 

expressed as means (SD) and nonparametric data as medians (IQR). Comparisons 

between groups were made using Mann-Whitney U test for non-parametric quantitative 

data. Qualitative data was assessed using χ2 test or Fischer’s exact test for small cohorts 

as appropriate.  The association between outcome and the delivery of U> U70, U> U80 and U>U90 

per cent of nutritional requirements was assessed using χ2 test. Values that were 

significant on univariate analysis were then assessed for sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), the number needed to diagnose 

(NND; calculated as 1/[sensitivity –(1-specificity)]) and the number needed to treat (NNT; 

calculated as 1/difference in proportions) . 95 per cent confidence intervals (C.I.) for these 

variables were also calculated. A p-value of less than 0.05 was taken to signify a 

statistically significant difference. A sample size calculation was not possible as there 

was no data in the literature to refer to.  

 

 

4.2.2  Results from the data reanalysis 

 

Demographic data and other characteristics for the 276 patients in this reanalysis are 

summarised in Table 4.1. A total of 202 (75%), 175 (63%) and 114 (41%) patients 
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respectively tolerated U> U70, U> U80 and U> U90 per cent of their calculated nutritional 

requirements enterally. One hundred and ten (40%) patients developed evidence of sepsis 

at one or more sites with a total of 137 septic episodes being recorded. These are 

summarised in Table 4.2. One hundred and four (38%) patients died during their hospital 

stay. 

 

Enteral tolerance of < or U> U70 per cent of calculated nutritional requirements was not 

associated with in-patient outcome (p=0.086) and was therefore excluded from further 

statistical analysis. Outcome was associated with both 80 per cent (p=0.021) and 90 per 

cent (p=0.045) values of enteral tolerance. Values for specificities, sensitivities, PPV, 

PNV, NND and NNT together with relevant 95% C.I. for each are summarised in Table 

4.3.  

 

The enteral tolerance of U>U80% of nutritional requirements was associated with a better 

sensitivity to in-patient survival than U>U90% but the specificity was lower.  Corresponding 

PPV and NPV values were comparable for the two values, but the NND for U> U80% was 

7.162 when compared to 8.146 for U> U90%. Similarly the NNT values were respectively 

7.248 as compared to 8.410. Sixty three per cent of patients managed to achieve U> U80% 

tolerance when compared to only 41% who managed to achieve U> U90%. 

 

Using the cut-off value of 80% tolerance, there was no difference in the length of hospital 

stay for patients who tolerated <80% of the prescribed nutrition when compared to those 

who tolerated U> U80% (respectively 23.5 (12-37) days versus 26.5 (15-45)  days;  p=0.105). 
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Table 4.1: Demography, nutritional parameters and outcome for data reanalysis.   

  Interpretation of NRI according to Baker et al. (1982): well nourished  

  (score > 98.5), mildly/moderately malnourished (83.5 – 98.5), severely  

  malnourished (score < 83.5).  * median (IQR) values; NRI, nutrition at  

  risk score; ICU, intensive care unit; BMI, body mass index. 

 
Factor 

 
3B74B145BValue 

 
 
Total number of patients 
 
Age (years) * 
  
Sex 
   Male 
   Female 
 
% enteral feed administered 
   70% 
   80% 

   90% 

Admitted to ICU 
 
BMI * 
 
Length of feeding  (days) * 
 
Receiving concomitant TPN 
   Yes 
   No 
 
NRI * 
 
Serum albumin (g/L) * 
 
Patients with septic complications (%) 
 
POSSUM physiological score * 
 
In-hospital death (%) 
 

 
276 

 
70 (56-76) 

 
 

163 (59%) 
113 (41%) 

 
 

202 (73%) 
175 (63%) 
114 (41%) 

 
 

144 (52%) 
 

23 (20-26) 
 

7 (3-15) 
 
 

56 (20%) 
220 (80%) 

 
86.6 (79.8-94.9) 

 
32 (27-36) 

 
110 (40%) 

 
26 (21-34) 

 
104 (38%) 
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Table 4.2: A list of complications in all 276 patients. There were a total of 137 septic  

  episodes in 110 patients who manifested septic complications. 

 
Complication 

 
4B75B146BNumber of patients (%) 

 
 
Septic complications 
    
   Chest infections / aspiration pneumonia 
   Urinary tract infections 
   Delivery site infection (PEG, PEGJ, CVP) 
   Wound infections 
   Abdominal collections 
   Septicaemia / Septic shock 
   Other 
 
    
In hospital death 

 
 110 (40) 
 
 52   (19) 
 29  (11) 
 24   (9) 
 20   (7) 
   4    (1) 
   4   (1) 
   4    (1) 
 
 
 104  (38) 

 



 

Table 4.3: Association between survival and the tolerance of U>U80% or U> U90% of nutritional requirements. The p-values quoted 

relate to the association of the enteral tolerance of U> U80% or U>U90% of calculated nutritional requirements with survival. 

 
Variable 

 

 
Tolerance of U>U80%  

 
Tolerance of U>U90%  

 
Patients (%) 
 
 
Survival (%) 
 
Deaths (%) 
 
 
Sensitivity (95% C.I.) 
 
Specificity (95% C.I.) 
 
PPV (95% CI) 
 
NPV (95% CI) 
 
NND (95% CI) 
 
NNT (95% CI) 
 
P-value 

 
175 (63) 

 
 

118 (67) 
 

57 (33) 
 
 

0.686  (0.642, 0.730) 
 

0.452  (0.379, 0.524) 
 

0.674  (0.631, 0.717) 
 

0.465  (0.390, 0.540) 
 

7.162 (3.891, 48.444) 
 

7.248  (3.938, 49.028) 
 

0.021 

 
114 (41) 

 
 

79 (69) 
 

35 (31) 
 
 

0.459  (0.414, 0.502) 
 

0.663  (0.589, 0.733) 
 

0.693  (0.625, 0.757) 
 

0.426  (0.378, 0.471) 
 

8.146  (4.253, 342.221) 
 

8.410 (4.391, 353.307) 
 

0.045 
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4.2.3 Interim conclusion  

 

The results of this reanalysis from a large cohort of patients receiving EN suggest that the 

best test for gut function may be represented by the cut off of U> U80% enteral tolerance of 

calculated nutritional requirements. This observation is based on better sensitivity values 

and NPV for outcome, together with improved NND and NNT values and the fact that 

more than 60% managed to achieve U> U80% tolerance when compared to only 41% 

managing to achieve U>U90%.  

 

The inference from this preliminary work is that a surrogate marker for the state of gut 

failure in an individual patient can be represented by the enteral tolerance of less than 

80% of their calculated nutritional requirements. However, in view of a number of 

inadequacies of the dataset from the Woodcock study (as discussed later in section 4.4), it 

was necessary to embark on a second study with the primary aim of establishing a time 

scale over which the assessment of enteral tolerance would be made (i.e. to establish the 

period of time over which patients need to tolerate less than or U>U80% of calculated 

nutritional requirements to manifest gut failure or adequate gut function). 

 

 

4.3 A PROSPECTIVE AUDIT TO ESTABLISH A DEFINITION OF GUT 

 FAILURE  

 

The previous analysis establishes an evidence-base for defining the adequacy of EN in 
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terms of the ability of a patient to tolerate U> U80 per cent of their calculated nutritional 

requirements via the oral or enteral route. Tolerance of less than this value may be 

associated with a poorer outcome, and therefore indicates failure of the gut. However, to 

be comparable and reproducible, clinical assessments need to be carried out over a fixed 

period of time, measured in hours, days or multiples thereof.  

 

For this reason, the aim of this observational study was to establish the period of 

tolerance necessary to be able to make assessments on the state of gut function. In other 

words, this study endeavours to answer the question of how long a patient needs to 

tolerate U> U80% of their calculated nutritional requirements to be deemed to have adequate 

gut function (or in its absence, gut failure). Enteral tolerance of < or U> U80 percent of 

nutritional requirements for various time periods (U> U24, U> U48 and U> U72 hours) were 

associated with outcome. 

 

 

4.3.1  Patients and methods 

 

Data was collected prospectively from 100 consecutive patients requiring EN at 

Scarborough Hospital. Patients were followed up for the duration of their hospital stay. In 

addition, mortality data was collected for a total period of 6 months from the instigation 

of oral/enteral feeding. The primary end point of this study was mortality at 6 months 

(180 days). This mortality data was then associated with the enteral tolerance of U>U80 

percent of calculated nutritional requirements over a minimum continuous period of 24, 
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48 and 72 hours. Tolerance to oral or enteral feeding was recorded on a regular basis for 

the duration of hospital stay.  

 

Nutritional requirements were calculated by senior dieticians according to the Schofield 

method (Todorovic and Micklewright, 2004;  appendix 4), to provide target intakes of 

20-25 kcal kg-1 d-1 non-protein energy and of approximately 0.17g N kg-1 d-1. This load 

was administered using a standardized commercially available polymeric feed (Osmolite, 

Abbott Laboratories Ltd., Kent, UK) whose constituents are summarised in appendix 5. 

Enteral feed tolerance was tabulated on an hourly basis on patients’ fluid balance charts 

for the duration of feeding. Oral intake was recorded by means of food charts and diet 

diaries for the duration of hospital stay. The nutritional values for oral intake were 

calculated by dieticians and then added to the values of enteral feed tolerance to permit 

an estimate of overall enteral tolerance by individual patients. The maximum continuous 

period of tolerance of U> U80 per cent of calculated nutritional requirements was measured 

to establish whether this was U> U24, U> U48 or U> U72 hours. An example how gut function or 

failure was assessed is represented graphically in Figure 4.1. 

 

As mentioned previously, the primary outcome measure for this second study was 

mortality at 180 days from the commencement of feeding. This data was ascertained by 

means of the hospital’s computerised Patient Administration System for patients who 

died in Scarborough Hospital. Further information was gathered by contacting patients’ 

GP’s and/or the patients or their relatives by telephone. 
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Figure 4.1: Method of assessing the state of gut function by incorporating the element 

of time. Assessment was started at the commencement of enteral feeding and included a 

cumulative period of feed build-up (dictated by standardized institutional feeding 

protocols), a period of variable tolerance (which may or may not have been present 

depending on individual feed tolerance) together with a sustained tolerance of a minimum 

of 80% of calculated nutritional requirements for at least 24, 48 or 72 hours. Patients 

were deemed to have adequate gut function or gut failure respectively by whether or not 

they achieved the point indicated by an asterisk for the appropriate length of time.
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Other data points recorded during hospital stay included patient demographics, nutritional 

requirements and nutritional parameters of height, weight, BMI, and concomitant TPN 

administration. The length of adjuvant feeding was recorded and the appropriateness of 

enteral support was assessed by a minimum of five days of adjuvant nutrition (anything 

less than 5 days administration was deemed as inappropriate instigation of adjuvant 

feeding). The need for surgery or ICU admission and the length of hospital stay were 

recorded. Disease severity was assessed using APACHE (Acute physiological and 

chronic health evaluation) II scores according to parameters measured at the time of 

commencement of adjuvant feeding.  

 

All complications were noted as was the development of SIRS. Morbidity was grouped 

into feed related, delivery related or septic complications. For purposes of this study, 

septic morbidity was defined as the presence of recognized pathogens in body tissues that 

are normally sterile, confirmed by the results of culture and supported by clinical, 

radiological, or haematological evidence of infection. Data for this study was collected by 

the author of this thesis together with other members of the multidisciplinary nutrition 

team at Scarborough Hospital. 

 

 

4.3.2 Statistical analysis  

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 
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Windows® version 11.5 (SPSS®, Chicago, Illinois, USA). All parametric data were 

expressed as means (SD) and nonparametric data as medians (IQR). Comparisons 

between groups were made using Student’s t-test or Mann-Whitney U test for 

quantitative data as appropriate. Qualitative data was assessed using the χ2 test or 

Fisher’s exact test for small cohorts. A p-value of less than 0.05 was considered to signify 

a statistically significant difference.  

 

The association between the delivery of U> U80 per cent of nutritional requirements for U> U24, 

U> U48 or U> U72 hours and outcome at 180 days was investigated. Values that were significant 

on univariate analysis were then assessed for sensitivity, specificity, PPV, NPV, the 

number needed to diagnose (NND; calculated as 1/[sensitivity –(1-specificity)]) and the number 

needed to treat (NNT; calculated as 1/difference in proportions). 95 per cent confidence intervals 

(C.I.) for these variables were also presented. Once again, there was no data in the 

literature to permit a prospective sample size calculation based on the effects of the state 

of gut function on outcome.  

 

 

4.3.3  Results from the prospective audit 

 

A total of 100 patients (M:F = 64:36; median age 66 (49-76) years) were audited. 

Demographic data and other characteristics for these patients are summarised in Table 

4.4. A total of 89 (89%), 85 (85%) and 81 (81%) patients tolerated U>U80 per cent of their 

calculated nutritional requirements for U>U24, U> U48, and U> U72 hours respectively. Thirty eight  
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Table 4.4: Patient demography, nutritional parameters and outcome.       

  (* median (IQR) values) 

 
Factor 

 
5B76B147BValue 

 
 
Total number of patients 
 
Age * 
  
Sex 
   Male 
   Female 
 
Admitted to ICU 
 
Needed surgery 
 
BMI * 
 
Nutritional requirements (kcal/day) * 
 
Length of feeding  (days) * 
 
Less than 5 days of feeding 
 
Patients tolerating adequate nutrition (U>U80%) for: 
   U> U 24 hours 
   U> U 48 hours 
   U> U 72 hours 
 
Receiving concomitant TPN 
    
Complications 
   Any 
   Septic 
   Feed related 
   Related to the delivery system 
 
54B125B196BSIRS / Sepsis syndrome 
 
55B126B197BAPACHE II score * 
 
Death by 180 days 
 

 
100 

 
66 (49-76) 

 
 

64 (64%) 
36 (36%) 

 
78 (78%) 

 
45 (45%) 

 
24 (21-31) 

 
1595 (1424-1860) 

 
10 (6-19) 

 
18 (18%) 

 
 

89 (89%) 
85 (85%) 
81 (81%) 

 
32 (32%) 

 
 

54 (54%) 
43 (43%) 
34 (34%) 
24 (24%) 

 
66 (66%) 

 
13 (8-18) 

 
38 (38%) 
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(38%) patients died during the first six months of follow. During their hospital stay, a 

total of 54 (54%) patients developed evidence of one or more complications (34 (34%) 

patients developed feed related morbidity, 24 (24%) developed delivery system related 

problems, and 43 (43%) developed septic complications).   

 

Enteral tolerance of U> U80 per cent of calculated nutritional requirements for U> U24, U> U48, and 

U> U72 hours were all associated with outcome at 180 days (respectively p=0.005, p<0.001, 

p=0.001) and were all included for further statistical analysis. Values for specificities, 

sensitivities, PPV, PNV, NND and NNT together with relevant 95% C.I. for each are 

summarised in Table 4.5. The tolerance of U> U80% of calculated nutritional requirements 

for a continuous period of U>U48 hours was considered to represent the optimal balance 

between these variables and outcome. This was utilized as the best test to determine 

adequacy of gut function. Any level of enteral tolerance less than this value represented a 

state of gut failure.  

 

Using this definition, a total of 15 (15%) patients showed evidence of gut failure. These 

patients were then compared to patients that manifested adequate gastrointestinal 

function. Increased age (78.4 (65.7 – 82.1) versus 64.4 (44.8 – 74.8) years; p=0.015), a 

curtailed period of adjuvant feeding (5 (2 – 10) versus 11 (7 – 20) days; p=0.003) and a 

higher APACHE II score (19 (14 – 26) versus 12 (7 – 17) days; p=0.008) were all 

associated with the presence of gut failure on univariate analysis. Patients with gut failure 

were noted to have lower nutritional requirements but this did not achieve significance



 

 

Table 4.5: Association between survival and the tolerance of U> U80% of nutritional requirements for at least 24, 48 or 72 hours. 

 
Variable 

 

 
Tolerance for U>U24 hours  

 
Tolerance for U>U48 hours 

 
Tolerance for U>U72 hours 

 
 
Patients (%) 
 
 
Sensitivity (95% CI) 
 
Specificity (95% CI) 
 
PPV (95% CI) 
 
NPV (95% CI) 
 
NND (95% CI) 
 
NNT (95% CI) 
 
 
P-value 
 

 
 

89 (89%) 
 
 

0.968  (0.919, 0.991) 
 

0.237 (0.157, 0.274) 
 

0.674  (0.640, 0.690) 
 

0.818  (0.542, 0.948) 
 

4.888  (3.772, 13.256) 
 

2.031  (1.567, 5.508) 
 
 

0.005 

 
 

85 (85%) 
 
 

0.968  (0.914, 0.991) 
 

0.342  (0.254, 0.380) 
 

0.706  (0.667, 0.723) 
 

0.867  (0.644, 0.962) 
 

3.227  (2.699, 5.995) 
 

1.747  (1.461, 3.223) 
 
 

<0.001 

 
 

81 (81%) 
 
 

0.919  (0.858, 0.962) 
 

0.368  (0.269, 0.438) 
 

0.704  (0.657, 0.736) 
 

0.737  (0.537, 0.876) 
 

3.475  (2.499, 7.898) 
 

2.270  (1.633, 5.159) 
 
 

0.001 
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 (p=0.077).  Gastrointestinal insufficiency was associated with a higher mortality at 180 

days (13/15 (87%) patients versus 25/85 (25 %) patients; p<0.001). Other comparisons 

between the groups are summarised in Table 4.6.    

 

 

4.4  DISCUSSION: ESTABLISHING THE STATE OF GUT FUNCTION 

 

The collective results of these two studies demonstrate that adequate gut function can be 

associated with outcome by defining it quantitatively in terms of the tolerance to an oral 

or enteral diet. When a patient’s gut tolerates 80 per cent or more of their calculated 

nutritional requirements for a minimum continuous period of 48 hours, they appear to 

have a better outcome and therefore this cut-off may demonstrate a state of adequate gut 

function. Similarly, the enteral tolerance of anything less than this cut-off represents a 

state of gut failure. Patients that manifest an adequately functioning gastrointestinal tract 

appear to have a better prognosis than patients with gut dysfunction.  

 

There are two possible explanations for these data; either the additional calories or 

nitrogen received by these patients actually influenced outcome, or, tolerance to 80% of 

calculated nutritional requirements for a minimum period of 48 hours represents a 

surrogate measure of gut function, which includes all aspects of gastrointestinal function 

not just digestive processes. We consider it improbable that the provision of a few 

additional calories or grams of nitrogen alone could have accounted for these results. 

Numerous studies over many years have consistently failed to demonstrate changes in  
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Table 4.6: Comparison of patients exhibiting normal gut function with those  

  manifesting gut failure.   

  (* median (IQR) values;  ‡ Fischer’s exact test)  

 
Factor 

 
6B77B148BNormal gut function
 

 
7B78B149BGut failure 

 
8B79B150BP-value 

 
Patients 
 
Age (years) * 
  
Sex 
   Male 
   Female 
 
Admitted to ICU 
 
Needed surgery 
 
BMI * 
 
Nutritional requirements 
(kcal/day) * 
 
Length of feeding  (days) * 
 
Less than 5 days of feeding 
 
Receiving concomitant TPN 
    
Complications 
   Any 
   Septic 
   Feed related 
   Related to the delivery system 
 
56B127B198BAPACHE II score * 
 
Length of hospital stay (days) * 
 
Death by 180 days 
 
Time to death (days) * 

 
85 
 

64.4 (44.8 – 74.8) 
 
 

54 (64%) 
31 (36%) 

 
66 (78%) 

 
40 (47%) 

 
24.7 (21.0 – 30.7) 

 
1610 (1431 – 1869) 

 
 

11 (7 – 20) 
 

11 (13%) 
 

25 (29%) 
 
 

47 (55%) 
36 (42%) 
27 (32%) 
20 (24%) 

 
12 (7 – 17) 

 
26 (16 – 39) 

 
25 (29%) 

 
19 (11 – 53) 

 
15 
 

78.4 (65.7 – 82.1) 
 
 

10 (67%) 
 5 (33%) 

 
12 (80%) 

 
 5 (33%) 

 
26.1 (21.8 – 34.1) 

 
1500 (1381 – 1693) 

 
 

 5 (2 – 10) 
 

7 (47%) 
 

7 (47%) 
 
 

11 (73%) 
 7 (47%) 
 7 (47%) 
 4 (27%) 

 
19 (14 – 26) 

 
15 (10 – 29) 

 
13 (87%) 

 
8 (5 – 15) 

 
– 
 

0.015 
 

0.100 ‡ 
 
 
 

1.000 ‡ 
 

0.461 ‡ 
 

0.511 
 

0.077 
 
 

0.003 
 

0.002 
 

0.187 
 
 

0.331 
0.755 
0.275 

1.000 ‡ 
 

0.008 
 

0.015 
 

<0.001 
 

0.006 
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outcome with nutritional support. The suggestion, therefore, is that tolerance to 80% or 

more of nutritional requirements for a minimum continuous period of 48 hours is a 

surrogate marker of gut function and may relate to patient outcome. 

 

Given its many homeostatic roles, it has long been hypothesised that gastrointestinal 

insufficiency may act as a ‘motor of multiorgan failure, ultimately resulting in death 

( HMarshall,  Christou   and   MeakinsH,  1993;   HNieuwenhuijzenH,  HDeitchH  and  HGoris H,  1996; 

MacFie, 2000;  Ding and Li, 2003). There is a wealth of circumstantial evidence that 

supports this (MacFie, 2000;  HMagnottiH and HDeitchH, 2005;  HDeitchH, HXu H and HKaiseH, 2006; 

MacFie et al., 2006;  Reddy et al., 2007), and the results from the two studies presented 

here accord with the theoretical principles of the ‘gut origin of sepsis hypothesis’. Our 

findings demonstrate that as predicted by this hypothesis, gut dysfunction was associated 

with poorer outcomes.  

 

The group of patients receiving EN were ideal to study because all were being seen 

regularly by dieticians, had nutritional requirement estimations performed, and had their 

calorific intake accurately recorded as part of their daily clinical care. It is well reported 

that few patients fed by the enteral route actually achieve all their nutritional 

requirements (Woodcock et al., 2001; Mentec et al., 2001, Kreymann et al., 2006). For 

this reason, adopting a cut-off tolerance valve of 100% of nutritional requirements to 

indicate adequate gut function would have been unrealistic. The results of the initial data 

reanalysis suggest that the tolerance of 80% of estimated requirements demonstrated the 

best association with outcome (Table 4.3). Results from the subsequent observational 



 

 154

study on 100 patients indicated that this assessment of tolerance of 80% of calculated 

requirements is best made once a minimum of 48 hours of continuous feeding has 

elapsed as this is most predictive of outcome (Table 4.5). Characterising gut performance 

in this way is an innovative approach on the accepted clinical concept of enteral 

tolerance. There was no supporting evidence in the literature to permit accurate sample 

size estimations. Additionally, the author recognises a few contentious issues in the 

methodology applied.  

 

Firstly, there are methodological differences between the initial data reanalysis and the 

subsequent study. This related primarily to inadequacies of the data from the study by 

Woodcock (2001). Interpretation of the data from the initial study was complicated by 

the use of in-patient mortality as opposed to mortality over a fixed time interval from the 

commencement of feeding. This resulted in a variable period of follow-up between the 

individuals in this study based on their in-patient length of stay, even though overall this 

difference did not achieve statistical significance between the groups. This issue was 

addressed in the subsequent study where a fixed period of follow-up was integral to the 

methodology. Secondly, physiological POSSUM scoring was used to assess disease 

severity in the initial reanalysis of data (Copeland, Jones and Walters, 1991). Its 

relevance for patients other than those undergoing surgery is questionable, but there 

currently exists no scoring system specifically validated for patients receiving adjuvant 

nutritional support. A more generic scoring system such as APACHE II would have 

possibly been more appropriate, but the data reanalysis was a retrospective exercise and 

as such was limited by the data that had already been collated. However, to address this 
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concern, APACHE II was incorporated in the subsequent study.  

 

A third issue relates to the method employed in calculating patients’ nutritional demands. 

There are many formulas in the literature to estimate these requirements (Harris and 

Benedict, 1919;  Kleiber, 1932;  Fleisch, 1951;  Robertson and Reid, 1952;  World Health 

Organization, 1985; Schofield 1985), and it is contentious whether one method is better 

than another. In addition, the equations necessary for these calculations undergo periodic 

modification as new data becomes available. The Schofield method was used in the data 

reanalysis. This established non-protein energy requirements of approximately 30 kcal 

kg-1 day-1. While this was acceptable during the time of original data collection (1995-

1999), many would now consider this as predisposing patients to slight overfeeding. For 

this reason, the modified Schofield equation was used in the subsequent study (Todorovic 

and Micklewright, 2004). This provided target intakes of 20-25 kcal kg-1 d-1 non-protein 

energy. The authors do not envisage this difference to have had significant effects on the 

results between the two studies. With the inclusion of specified time periods of U> U1, U> U2 or 

U> U3 days (i.e. U> U24, U>U48 and U> U72 hours), one noticed enhanced robustness of the test for gut 

failure as evident from the improved sensitivity, PPV, NPV, NND and NNT results. This 

is despite the fact that the prevalence of gut failure dropped from 38% in the initial data 

reanalysis to 15% in the subsequent study. The relevance of this change in prevalence lies 

in the fact that for any diagnostic test, the PPV will be expected to fall as the prevalence 

of the disease falls while the NPV will rise simply by virtue of the change in prevalence 

of the condition in the index population (Loong, 2003). The fact that the robustness of the 

test for gut failure improved despite more than halving its prevalence in the described 
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study justifies the inclusion of a fixed time period of assessment and substantiates the 

argument that the changes resulting from the adoption of the updated Schofield formula 

were at worst inconsequential, and at best beneficial to the final test of gut function. 

Indirect calorimetry has its advocates as a more accurate alternative to estimate 

nutritional requirement when compared to the use of formulae such as the Schofield 

equation (Schebendach et al., 1995; Kan et al., 2003), but even calorimetry has its 

problems. The necessary equipment is not widely available, it necessitates specialized 

expertise for equipment calibration and data interpretation, and it estimates energy 

expenditure not requirements, even though many consider these to be equivalent. The 

desire to create a pragmatic definition which could be easily and widely applicable to 

daily clinical practice precluded the use of calorimetry. 

 

A final limitation of the methodology imployed relates to the supply of what is perceived 

as representing adequate nutrition. By definition, this implies the provision of sufficient 

macronutrients (carbohydrates, fats and proteins to supply non-protein energy, together 

with a nitrogenous load) micronutrients (including vitamins, minerals and other trace 

elements), and hydrating fluids (water) (Jeejeebhoy, 2005). The requirements of each 

varies non-linearly in relation to the others, meaning that by using fixed preparation 

commercially available feeds it is not always possible to provide adequate levels of each 

without running the risks of under- or overfeeding with other macro- or micronutrients. 

Since calculations of nutritional requirements primarily relate to non-protein energy 

estimations, these studies refer to this value when reference is made to U> U80 per cent of 

nutritional requirements. Had these calculations been based on providing adequate 
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nitrogenous loads, this would have often resulted in non-protein energy overfeeding with 

all its associated risks.  

 

While it is possible to find a number of perceived deficiencies in the methodology 

employed in these two studies, there is currently no other quantifiable description in the 

literature for distinguishing patients with normal gut function from those with gut failure. 

In other words, there is no yardstick to compare the established definition to. It may be 

argued, therefore, that given this situation, any arbitrary description to define the state of 

gut function would have sufficed. The author is however of the opinion that, within their 

limitations, these studies offer the best possible evidence-base for the classification of gut 

function and failure. This is achieved by establishing a relationship between the degree of 

gastrointestinal performance and patient outcome by making use of the surrogate measure 

of enteral tolerance. It is one possible method (Rombleau and Takala, 1997), but surely 

not the only conceivable one, to ascertain the state of gut failure and it would be 

reasonable to assume that alternatives approaches to define the adequacy or otherwise of 

gut function may also exist.   

 

The two studies accomplish their primary aim by establishing a pragmatic definition for 

the adequacy or failure of gut function.  This was achieved by associating enteral 

tolerance to outcome. Results from these studies suggest that gut failure is positively 

associated with age, a higher APACHE II score, and death by 6 months, while being 

negatively associated with the length of feeding and hospital stay. Neither the APACHE 

II scoring system nor the sequential organ failure assessment (SOFA) score (nor any 
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other known scoring system relating to patient outcome for that matter) consider factors 

relating to nutrition or gut function. This is despite their regular application in daily 

clinical practice for assessing patients’ organ dysfunction as a method of predicting their 

chances of survival. Whilst this corroborates the notion that the state of gut function is 

not recognized to be important to the outcome of patients, data from this study cannot 

explain the higher APACHE II scores in patients with gut failure. Whether this is a result 

of gut failure or conversely a result of more severe co-morbidity which then brings about 

attenuation of gut function remains to be determined, but supports the contention that gut 

failure and ill health are associated. Given the many factors that impact on patient 

outcome, it is difficult to judge the independent relevance of these associations and their 

cause or effect relationships with gut failure. To this end, a larger number of patients and 

a wider breadth of recorded variables and outcome measures would be necessary to 

perform a reliable multivariate analysis.  

 

 

4.5  CONCLUSION: ESTABLISHING THE STATE OF GUT FUNCTION 

 

In conclusion, the results of these two studies suggests that normal gut function can be 

defined by the oral/enteral tolerance of U> U80% of calculated nutritional requirements for a 

continuous period of U> U48 hours. By design, this definition of adequate gut function is 

associated with a favourable outcome. Anything less is a manifestation of attenuated 

gastrointestinal performance, and represents a state of gut failure. In a similar fashion, gut 

failure is associated with a poorer prognosis. Enteral tolerance is a good surrogate marker 
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for gut function or failure.  

 

Alternative approaches to define the adequacy of gut function that do not necessitate the 

measurement of enteral tolerance probably exist but remain to be investigated and 

validated. Patients with gut failure appear to have a poorer prognosis when compared to 

patients with adequate gut function, however this definition needs to be prospectively 

evaluated. Additionally, it is axiomatic that association does not prove causation. 

Numerous factors are known to affect patient outcome, and results from these studies 

suggest that the state of gut function may be one such prognostic factor. It remains to be 

seen whether the state of gut function is ‘independently’ associated with patient outcome. 

As a natural progression from these results, investigating the possible independent 

association of gut function with outcome will be the main focus of future studies. 
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‘From the gut comes the strut,  

and where hunger reigns, strength abstains.’ 

 

Francois Rabelais

French Clergyman, 1493-1553

CHAPTER 5:   

VALIDATING THE DEFINITION OF 

ADEQUATE GUT FUNCTION AND GUT 

FAILURE: A MULTIVARIATE ANALYSIS 
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5.1 INTRODUCTION: VALIDATING A DEFINITION OF GUT FAILURE 

 

Numerous factors influence patients’ prognosis. These include patient characteristics 

such as age, indicators of organ insufficiency, as well as other signs of disease or sepsis. 

However, despite its central role in many homeostatic mechanisms, the state of gut 

function is not recognised to be one of these factors, possibly because:  

 

“traditional teachings…have promoted the dogma that the gut is 

dormant, metabolically inactive, and of little physiologic and pathologic 

significance.” (Rombeau and Takala, 1997)  

 

Another possible explanation is the absence of an accepted definition for what constitutes 

adequate gut function, and what therefore constitutes a state of gut failure. As shown 

previously (chapter 4) it may be possible to define adequate gastrointestinal function in 

terms of the tolerance to an enteral challenge. Having established a working definition to 

distinguish adequate from IGF, and given the many factors that may affect patient 

outcome, this study was set up to assess whether gut failure is ‘independently’ associated 

with patient prognosis. A subsidiary aim was to determine those factors independently 

associated with gut failure. 

 

 

5.2 PATIENTS AND METHODS 

 

For purposes of this study, an audit tool for the multidisciplinary nutrition team at 
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Scarborough Hospital was designed and instigated by the author of this thesis to permit a 

wide range of data to be recorded. This took the form of a database on an Excel® 

spreadsheet (Excel for Windows®, Microsoft Corporation, Redmond, Washington, USA) 

which was stored on the hospital computer systems and was accessible by all members of 

the multidisciplinary nutrition team through personalised login names and passwords. 

The author acted as database manager, inputted most of the data, validated all the data 

stored on the database, and performed all the data analysis.The author of this thesis was 

also responsible for training the members of the team to ensure uniformity of data 

recording.  

 

Individual variables recorded were strictly defined prior to commencing the audit period 

to ensure homogeneous data collection. This was further reinforced by a list of rules 

which established how each variable was to be recorded. These rules were decided prior 

to commencing data collection, and were then documented on an interactive key which 

was write-protected and then saved on the database itself. To further facilitate uniform 

data recording, formulae and algorithms were integrated into the database where possible. 

Free text fields were also included to maximise the extent of data collection.     

 

Using this database, data was collected prospectively from 315 consecutive patients 

requiring adjuvant nutritional support at Scarborough Hospital between January 2005 and 

September 2006. The point of entry into the study was the day of initiation of inpatient 

feeding and data was recorded regularly by the author and other members of the nutrition 

team. Patients were followed up for the duration of their hospital stay. Mortality data was 
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collected for a total period of 6 months (180 days) from the instigation of feeding.  

 

A large number of variables were prospectively recorded for each patient, and are 

summarised in Table 5.1. The data collected related to patient demographics, hospital 

stay, any relevant operative details, the severity of illness, and complications that 

developed during hospitalization. Evidence of single organ failures was logged, as were a 

number of nutritional parameters and mortality data.  

  

The primary outcome measure of this study was mortality in the first 180 days. This data 

was collected as a continuous variable from the commencement of adjuvant feeding and 

was ascertained by means of in-patient follow-up. The hospital’s computerised ‘Patient 

Administration System’ was interrogated for patients who died after discharge. Further 

information was gathered by contacting GP’s and/or patients’ relatives by telephone. The 

cause of death was ascertained from death certificates.  

 

Patients had their height recorded and their weight assessed prior to the instigation of 

feeding. Their weight was re-evaluated regularly thereafter using appropriately calibrated 

sitting scales or weighing beds. Periodicity of weight measurements was tailored to the 

patient depending on the individual’s clinical condition, but as a minimum this 

measurement was recorded once weekly. Weight in the previous six months was 

ascertained from hospital and GP records or from patient recollection when this had not 

been previous documented (Todorovic et al., 2003). Weight changes during the period of 

illness were calculated, and BMI at the start of feeding was recorded. These 



 

Table 5.1: Main variables recorded.  

 
Variables 

 
 
 
Demographics 
 
 Age 
 Sex 
 Height 
 
 
Hospital stay 
 
 Total length of stay 
 Need for ICU admission 
 Diagnosis 
  
 
Operative Data 
 
 Surgery during admission 
 Operation performed 
 Date of operation 
  

 
 
Nutritional data 
 
 Weight  
 Weight prior to illness 
 Weight change 
 BMI 
 Nutritional requirements 
 Reason for feeding 
 Length of feeding 
 <5 days feeding 
 Length of TPN 
 Length of EN 
 Need for combination feeding 
 Method of feed administration 
 Volume of feed prescribed 
 Volume of feed administered 
 Cumulative energy balance 
 Weekly energy surplus/deficit 
 Time to achieve tolerance 
 Episodes of intolerance 
 

 
 
Evidence of organ failure 
 
 Cardiac  
 Respiratory  
 Renal  
 Hepatic  
 Neurological  
 Haematological  
 Gut  
 
 
Severity of illness 
 
 APACHE II score 
 SIRS / Sepsis syndrome 
 ASA 
 

 
 
Complications 
 
 Septic 
 Tube related 
 Feed related 
 
 
Mortality Data 
 
 Death in first 6 months 
 Date of death 
 Time to death from start of feed 
 Cause of death 
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measurements also permitted nutritional requirements to be calculated by senior 

dieticians according to the Schofield method (Todorovic and Micklewright, 2004; 

appendix 4). These calculations aimed at providing target intakes of 20 – 25 kcal kg-1 d-1 

non-protein energy and approximately 0.17g nitrogen kg-1 d-1. This load was 

administered along the unit’s practices of optimal nutritional support (Woodcock and 

MacFie, 2002;  Chahal et al., 2004;  Woodcock and MacFie, 2004) and as guided by 

strict nutrition team feeding protocols.  

 

Briefly, feeding was administered orally or enterally whenever possible, with deficiencies 

in oral intake being supplemented with enteral feed administration till the nutritional 

requirements were met. If patients did not tolerate adequate intake via the oral and/or 

enteral routes, parenteral supplementation was instituted to make up the difference in 

nutritional requirements. Patients were only placed on ‘total’ PN when their clinical 

condition dictated that their gut could not be used for feeding or when previous attempts 

at establishing oral or enteral feeding had failed. Patients would move up or down this 

continuum of nutrition depending primarily on tolerance of feeding by the gut. At any 

one time an individual patient could be receiving up to three modalities of feeding by the 

way of oral, enteral and/or parenteral intake, with the proportion of each changing 

regularly depending on enteral tolerance. This method of feeding ensured high success 

rates of achieving nutritional targets as previously validated in our unit (Chahal et al., 

2004). This required significant clinical input, with patients being assessed regularly by 

the author or other members of the hospital’s multidisciplinary nutrition team, which also 

permitted the accurate documentation of other data points. 
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Clinicians were free to use whichever method of parenteral or EN they deemed 

appropriate.  As such clinicians could use NG, NJ, PEG, percutaneous endoscopic 

gastrojejunostomy (PEGJ) or percutaneous endoscopic jejunostomy (PEJ) enteral feeding 

as was their usual practice. Similarly, for those patients receiving intravenous nutrition, 

this was administered via a peripheral route, a peripherally inserted central cannula 

(PICC) or through a central or tunnelled (Hickman) line as deemed clinically appropriate 

by the attending physician. Different methods of feed administration were recorded. 

Feeds were standardized and were administered in a volume sufficient to meet daily 

nutritional requirements. Commercially available preparations were used as follows: EN 

was provided using Fresubin Original® 1 kcal ml-1 polymeric feed (Fresenius Kabi Ltd, 

Cheshire, United Kingdom), peripheral PN was administered using Kabiven® peripheral 

9 (Fresenius Kabi Ltd, Cheshire, United Kingdom), a 0.7 kcal ml-1 peripheral parenteral 

feed, while Kabiven® 14 (Fresenius Kabi Ltd, Cheshire, United Kingdom), a 0.9 kcal ml-1 

parenteral feed for central venous administration, was used for central TPN 

administration. The availability of these feeds was determined solely by hospital 

contracts active at the time and as such there were no commercial (or other) biases on the 

part of the author in their use. Constituents of these feeds are summarised in appendix 5.  

 

Tolerance to oral or enteral feeding was recorded hourly for the duration of hospital stay. 

Fluid balance charts, food charts and diet diaries, together with regular clinical reviews 

were used to collate this data. Episodes of intolerance were determined by documented 

episodes of vomiting, feed aspiration, severe abdominal pain, distension or bloating that 

necessitated cessation or alterations to feed administration. Patients were considered to 
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have achieved enteral tolerance when they were able to retain U>U80% of their calculated 

nutritional requirements by the oral / enteral routes for a minimum contiuous period of 

U> U48 hours. The time necessary for a patient to achieve enteral tolerance from the 

instigation of feeding was documented in hours. Non-protein energy administration was 

determined and compared to calculated nutritional requirements to permit cumulative 

energy balances as well as weekly energy surplus/deficit assessments to be ascertained. 

The length of adjuvant feeding was documented and the appropriateness of nutritional 

support was assessed by a minimum of five days of feed administration.  

 

Evidence of single organ failures was determined along standard clinical and biochemical 

lines together with criteria used in the APACHE II, Glasgow Coma Scale (GCS), and the 

SOFA score (appendix 3). Cardiac, respiratory, renal, hepatic, haematological, and 

neurological failure were ascertained in this way. Adequate gut function was determined 

by the oral or enteral tolerance of U> U80% of calculated nutritional requirements for a 

minimum contiuous period of U> U48 hours. Anything less than this was considered to 

represent a state of gut failure. 

 

In view of the heterogeneity of patients included in this study, disease severity was 

assessed using the APACHE II scoring system according to parameters measured at the 

time of commencement of feeding (appendix 3). All complications during hospital stay 

were documented prospectively and grouped into feed related, delivery related or septic 

complications. For purposes of this study, septic morbidity was defined as the presence of 

recognized pathogens in body tissues that are normally sterile, confirmed by the results of 
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culture and supported by clinical, radiological, or haematological evidence of infection as 

follows:  

 

• A Uchest infectionU was recorded with the isolation of pathogens in purulent 

sputum, with or without evidence of consolidation or pneumonia on chest x-ray. 

 

• A Uwound infectionU was recorded with the isolation of pathogens in pus or 

discharge from a wound. 

 

• A Uurinary tract infectionU was recorded when there was evidence of a bacteruria at 

a concentration of 105 organisms/ml urine together with other signs of infection in 

case of a catheter specimen.  

 

• A Upercutaneous endoscopic gastrostomy (PEG) or jejunostomy site infection Uwas 

recorded with the isolation of pathogens from an inflamed exit site. Similarly, a 

line infection was recorded with the isolation of pathogens from line tips or 

discharge from an inflamed exit site. 

 

• An Uintra-abdominal abscessU was recorded with the isolation of pathogens from an 

intra-abdominal collection requiring percutaneous or open drainage.  

 

• USepticaemiaU was recorded with the isolation of pathogens in peripheral venous 

blood in the absence of an overt focus of infection. 
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A patient was designated as manifesting SIRS if they demonstrated two or more of the 

following criteria: a temperature of >38oC or <36oC, a heart rate of >90 beats per minute, 

a respiratory rate of >20 per minute or a PaCO2 <32 mm Hg, and a white cell count 

(WCC) of >12 or <4 x 109 L-1 (Bone, Balk and Cerra, 1992). 

 

 

5.2.1 Statistical analysis 

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA). All parametric data were 

expressed as means (SD) and nonparametric data as medians (IQR). Comparisons 

between groups were made using Student’s t-test or Mann-Whitney U test for 

quantitative data as appropriate. Qualitative data was assessed using the χ2 test or 

corresponding Fisher’s exact test for small cohorts. A p-value of less than 0.05 was taken 

to signify a statistically significant difference.  

 

Factors associated with outcome at 6 months were identified using univariate analysis 

and these were then evaluated for independent prognostic significance using a logistic 

regression analysis model. Odds ratios (OR) and 95 per cent confidence intervals (C.I.) 

for these variables were quoted. Assumptions for multivariate analysis were assessed 

(Pallant, 2002). Possible associations between variables were further investigated by 

manipulating the resulting model and by sequentially eliminating variables from the 
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analysis. 

 

Data relating to death from the instigation of feeding was presented diagrammatically by 

plotting Kaplan-Meier plots showing survival curves for patients with adequate gut 

function separate from those with gut failure. The importance of the state of gut function, 

as defined by enteral tolerance, on prognosis was assessed for sensitivity, specificity, 

PPV, NPV, the number needed to diagnose (NND; calculated as 1/[sensitivity –(1-specificity)]) 

and the number needed to treat (NNT; calculated as 1/difference in proportions). 95 per cent 

confidence intervals (C.I.) for these variables were also presented.  

 

The data was also analysed in such a way as to assess those factors which were 

independently associated with gut failure. Factors associated with gut failure were 

similarly identified using univariate analysis and these were then evaluated for 

independent association using a multivariate logistic regression model for this 

dichotomous variable. Assumptions for this multivariate analysis were checked in a 

similar fashion to the methodology described above.  

 

A sample size calculation for generalisability was based on the method for standard (as 

opposed to stepwise) regressions analysis described by Tabachnick and Fidell (1996) 

using the formula N > 50 + 8m (where N is the minimum size of the whole cohort and m 

is the number of independent variables). Assuming 10 independent variables associated 

with outcome at 6 months, a minimum total sample size of 130 patients would be 

required for purposes of generalizability. 
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5.3 RESULTS OF THE VALIDATION PROCESS 

 

A total of 315 patients (M:F = 181:134, mean age 64.2 (±17.6) years) were recruited 

during the 21 month study period, of which 101 (32%) died during the first six-months of 

follow-up. Demographic data and other characteristics for these patients are summarised 

in Table 5.2. Fifty (16%) patients demonstrated evidence of gut failure, of which 44 

(88%) died, when compared to a mortality of around 22% in patients with an adequately 

functioning gastrointestinal tract as defined by the oral/enteral tolerance of U>U80% of 

calculated nutritional requirements for 48 hours or more (p<0.001). 

 

To assess for factors which were associated with outcome at 6 months, comparisons were 

made between the 214 patients who were alive at the end of this follow-up period and the 

101 patients who died during this time interval. These are summarised in Table 5.2. On 

univariate analysis, increased age (p<0.001), lower nutritional requirements (p<0.001), 

curtailed feeding for less than 5 days (p=0.002), the presence of complications (p=0.006), 

and the development of septic complications (p<0.001) were all negative prognostic 

indicators. In addition, the presence of cardiac (p<0.001), respiratory (p<0.001), renal 

(p<0.001), neurological (p<0.001), hepatic (p=0.017), and gut failure (p<0.001), together 

with higher APACHE II scores (p<0.001) were also associated with poorer outcomes. 

These variables were analysed using multivariate logistic regression to assess for 

independent association with outcome at 180 days. For purposes of co-linearity, the 

presence of complications was excluded from the statistical model in favour of the 

presence of septic  complications.  APACHE  II  scores  were  also  excluded  for  similar 
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Factor 

 
9B80B151BWhole cohort 

 

 
10B81B152BAlive at 6 
months 

 
11B82B153BDead at 6 
months 

 
12B83B154BP-value 

 
Patients 
 
 
 
57B128B199BDemographics 
  
58B129B200B Age (years) * 
  
59B130B201B Sex 
    Male 
   Female 
 
 
 
Hospital Stay 
 
60B131B202B Admitted to ICU 

 
 Needed surgery 
 
 Length of hospital stay 
 (days) * 
 
 
 
 
Nutritional parameters 
  
 Height (meters) 
 
 Weight (kg) 
 
 BMI * 
 
 Nutritional requirements 
 (kcal/day) * 
 
 Length of feeding  (days) * 
 
 <5 days of feeding 
     
 
 

 
315 

 
 
 
 
 

64.2 (±17.6) 
 
 

181 (57.5%) 
134 (42.5%) 

 
 
 
 
 

183 (58.1%) 
 
 

160 (50.8%) 
 

23 (15–39) 
 
 
 
 
 
 
 

1.70 (1.61–1.76) 
 

70.0 (59.1–81.0) 
 

24.8 (20.6–29.0) 
 

1577 (±288) 
 
 

7 (5–14) 
 

70 (22.2%) 
 
 

 
214 

 
 
 
 
 

59.7 (±18.5) 
 
 

127 (59.3%) 
87 (40.7%) 

 
 
 
 
 

117 (54.7%) 
 
 

116 (54.2%) 
 

23 (15–42) 
 
 
 
 
 
 
 

1.70 (1.61–1.76) 
 

72.0 (56.8–82.0) 
 

24.8 (20.0–30.1) 
 

1624 (±306) 
 
 

8 (5–15) 
 

37 (17.3%) 
 

 
101 

 
 
 
 
 

73.6 (±10.4) 
 
 

53. (53.5%) 
47 (46.5%) 

 
 
 
 
 

66 (65.3%) 
 
 

44 (43.5%) 
 

23 (13–33) 
 
 
 
 
 
 
 

1.70 (1.61–1.72) 
 

68.5 (60.1–79.4) 
 

24.5 (21.5–27.8) 
 

1476 (±215) 
 
 

7 (4–14) 
 

33 (32.7%) 
 
 

 
– 
 
 
 
 
 

<0.001 
 

0.324 ‡ 
 
 
 
 
 
 
 

0.073 
 
 

0.148 
 

0.187 
 
 
 
 
 
 
 

0.573 
 

0.580 
 

0.982 
 

<0.001 
 
 

0.069 
 

0.002 
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Table 5.2: Factors associated with outcome at 6 months on univariate analysis. 

  Factors which are associated with outcome at 6 months are highlighted. 

  (* results denote median (IQR);  ‡ Fischer’ s exact test) 

 

 
Factor 

 
13B84B155BWhole cohort 

 

 
14B85B156BAlive at 6 
months 

 
15B86B157BDead at 6 
months 

 
16B87B158BP-value 

 
Organ Failure 
 
 Cardiac Failure 
 
 Respiratory failure 
 
 Renal failure 
 
 Hepatic failure 
 
 Neurological failure 
 
 Haematological failure 
 
 Gut failure 
    
 
Complications 
 
   Any 
 
   Septic 
 
   Feed related 
 
   Delivery system related 
  
 
APACHE II score * 
 
 
61B132B203BMortality 
 
 Death by 180 days 
 
 Time to death (days) * 
 

 
 
 

78 (24.8%) 
 

104 (33.0%) 
 

44 (14.0%) 
 

15 (4.8%) 
 

24 (7.6%) 
 

5 (1.6%) 
 

50 (15.9%) 
 
 
 
 

158 (50.1%) 
 

98 (31.1%) 
 

86 (27.3%) 
 

86 (27.3%) 
 
 

12 (8–15) 
 

 
 
 

101 (32.1%) 
 

15 (7–31) 

 
 
 

36 (16.8%) 
 

50 (23.4%) 
 

11 (5.1%) 
 

6 (2.8%) 
 

9 (4.2%) 
 

1 (0.5%) 
 

6 (2.8%) 
 
 
 
 

94 (43.9%) 
 

45 (21.0%) 
 

50 (23.3%) 
 

61 (28.5%) 
 
 

10 (7–14) 
 

 
 
 
- 
 
- 

 
 
 

42 (41.6%) 
 

54 (53.5%) 
 

 33 (32.7%) 
 

9 (8.9%) 
 

15 (14.9%) 
 

4 (4.0%) 
 

44 (43.6%) 
 
 
  
 

64 (63.3%) 
 

53 (52.5%) 
 

36 (35.6%) 
 

25 (24.8%) 
 
 

15 (11–20) 
 

 
 
 

101 (100%) 
 

15 (7–31) 

 
– 
 

<0.001 
 

<0.001 
 

<0.001 
 

0.017 
 

<0.001 
 

0.076 ‡ 
 

<0.001 
 
 
 
 

0.006 
 

<0.001 
 

0.059 
 

0.240 
 
 

<0.001 
 
 
 
 
- 
 
- 
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reasons of co-linearity. 

 

Results of the logistic regression analysis are shown in Table 5.3. From these results, it is 

apparent that an increase in age (p<0.001; OR 1.068; 95%CI 1.036, 1.101), the 

development of septic complications (p=0.001; OR 3.093; 95%CI 1.543, 6.202), and the 

presence of   renal (p<0.001; OR 5.903; 95%CI 2.077, 16.780), neurological (p=0.048; 

OR 3.566; 95%CI 1.009, 12.607) and gut failure (p<0.001; OR 16.121; 95%CI 5.374, 

48.354), were all independently associated with outcome.  Individuals who passed away 

in the first 6 months of follow-up were 16 times more likely to have manifested gut 

failure than patients who survived (Table 5.3). Manipulation of the model was performed 

by sequential elimination of cardiac and then respiratory failure from the analysis to 

assess whether possible interdependence of these variables could have resulted in their 

loss of association with outcome on multivariate analysis. The exclusion of one or the 

other factor from the model had no effect on their respective association with outcome 

(results of model manipulation are not shown).   

 

In a similar fashion, comparisons were made between the 265 patients who manifested 

adequate gut function and the 50 patients who had inadequate function to assess for 

factors which were associated with gut failure. These are shown in Table 5.4. On 

univariate analysis, increased age (p<0.001), lower nutritional requirements (p<0.001), 

curtailed feeding (p<0.001), the presence of complications (p=0.006), and the 

development of septic complications (p=0.001) were all associated with gut failure. In 

addition, the presence of cardiac (p=0.006), respiratory (p=0.014), renal (p<0.001), 
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Table 5.3: Results of the multivariate logistic regression analysis performed with 

  factors associated with outcome on univariate analysis. Factors which are 

  independently associated with outcome at 6 months are highlighted.

 
Factor 

 
17B88B159BP-value 

 
18B89B160BOdds ratio (95% C.I.) 

 
 
 
Demographics 
 
 Age 
 
 
 
Nutritional parameters 
  
 Nutritional requirements (kcal/day) * 
 
 <5 days of feeding 
 
 
 
Complications 
 
   Septic 
 
 
 
Organ Failure 
 
 Cardiac Failure 
 
 Respiratory failure 
 
 Renal failure 
 
 Hepatic failure 
 
 Neurological failure 
 
 Gut failure   

 
 
 
 

<0.001 
 
 
 
 
 

0.092 
 

0.617 
 
 
 
 
 

0.001 
 
 
 
 
 

0.914 
 

0.198 
 

0.001 
 

0.413 
 

0.048 
 

<0.001 
 

 
 
 
 

1.068 (1.036, 1.101) 
 
 
 
 
 

0.999 (0.998, 1.000) 
 

1.249 (0.523, 2.979) 
 

 
 
 
 

3.093 (1.543, 6.202) 
 
 
 
 
 

0.941 (0.312, 2.839) 
 

2.004 (0.695, 5.782) 
 

5.903 (2.077, 16.780) 
 

1.750 (0.458, 6.681) 
 

3.566 (1.009, 12.607) 
 

16.121 (5.374, 48.354) 
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Factor 

 
19B90B161BWhole cohort 

 

 
20B91B162BAdequate gut 

function 

 
21B92B163BInadequate gut 

function 
 

 
22B93B164BP-value 

 
 
Patients 
 
 
 
62B133B204BDemographics 
  
63B134B205B Age (years) * 
  
64B135B206B Sex 
    Male 
   Female 
 
 
 
Hospital Stay 
 
65B136B207B Admitted to ICU 
 
 Needed surgery 
 
 Length of hospital stay 
 (days) * 
 
 
 
 
Nutritional parameters 
  
 Height (meters) 
 
 Weight (kg) 
 
 BMI * 
 
 Nutritional requirements 
 (kcal/day) * 
 
 Length of feeding  (days) * 
 
 <5 days of feeding 
 
   Time to tolerance (hours) * 
 
 

 
 

315 
 
 
 
 
 

64.1 (±17.6) 
 
 

181 (57.5%) 
134 (42.5%) 

 
 
 
 
 

183 (58.1%) 
 
 

160 (50.8%) 
 

23 (15–39) 
 
 
 
 
 
 
 

1.70 (1.61–1.76) 
 

70.0 (59.1–81.0) 
 

24.8 (20.6–29.0) 
 

1577 (±288) 
 
 

7 (5–14) 
 

70 (22.2%) 
 
- 

 
 

265 
 
 
 
 
 

62.2 (±17.9) 
 
 

154 (58.1%) 
111 (41.9%) 

 
 
 
 
 

151 (57.0%) 
 
 

137 (51.7%) 
 

26 (15–41) 
 
 
 
 
 
 
 

1.70 (1.61–1.76) 
 

70.8 (58.7–81.7) 
 

24.9 (20.6–29.3) 
 

1597 (±291) 
 
 

8 (5–16) 
 

42 (15.8%) 
 

141 (71–216 ) 

 
 

50 
 
 
 
 
 

74.6 (±11.2) 
 
 

27 (54.0%) 
23 (46.0%) 

 
 
 
 
 

32 (64.0%) 
 
 

23 (46.0%) 
 

15 (9–30) 
 
 
 
 
 
 
 

1.70 (1.61–1.72) 
 

69.9 (60.0–75.9) 
 

24.3 (20.8–26.9) 
 

1471 (±252) 
 
 

4 (2–8) 
 

28 (56.0%) 
 
- 

 
 

– 
 
 
 
 
 

<0.001 
 

0.589 
 
 
 
 
 
 
 

0.356 
 
 

0.543 
 

<0.001 
 
 
 
 

 
 
 

0.511 
 

0.515 
 

0.737 
 

0.002 
 
 

<0.001 
 

<0.001 
 
- 
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Table 5.4:  Factors associated with gut failure on univariate analysis.  Factors which 

  are associated with gut failure are highlighted. (* results denote median 

  (IQR);  ‡ Fisher’s exact test) 

 

 
Factor 

 
23B94B165BWhole cohort 

 

 
24B95B166BAdequate gut 

function 
 

 
25B96B167BInadequate gut 

function 
 

 
26B97B168BP-value 

 
Organ Failure 
 
 Cardiac Failure 
 
 Respiratory failure 
 
 Renal failure 
 
 Hepatic failure 
 
 Neurological failure 
 
 Haematological failure 
 
    
Complications 
 
   Any 
 
   Septic 
 
   Feed related 
 
   Delivery system related 
  
 
APACHE II score * 
 
 
66B137B208BMortality 
 
 Death by 180 days  
  
 Time to death (days) 
 

 
 
 

78 (24.8%) 
 

104 (33.0%) 
 

44 (14.0%) 
 

15 (4.8%) 
 

24 (7.6%) 
 

5 (1.6%) 
 
 
 
 

158 (50.1%) 
 

98 (31.1%) 
 

86 (27.3%) 
 

86 (27.3%) 
 
 

12 (8–15) 
 

 
 
 

101 (32.1%) 
 

21 (8–58) 

 
 
 

58 (21.9%) 
 

80 (30.2%) 
 

29 (10.9%) 
 

9 (3.4%) 
 

14 (5.3%) 
 

3 (1.1%) 
 
 
 
 

123 (46.4%) 
 

73 (27.5%) 
 

69 (26.0%) 
 

70 (26.4%) 
 
 

11 (7–14) 
 

 
 
 

57 (21.5%) 
 

31 (15–100) 

 
 
 

20 (40.0%) 
 

24 (48.0%) 
 

15 (30.0%) 
 

6 (12.0%) 
 

10 (20.0%) 
 

2 (4.0%) 
 
 
 
 

35 (70.0%) 
 

25 (50.0%) 
 

17 (34.0%) 
 

16 (32.0%) 
 
 

17 (12–22) 
 

 
 
 

44 (88.0%) 
 

7 (4–16) 

 
– 
 

0.006 
 

0.014 
 

<0.001 
 

0.009 
 

<0.001 
 

0.360 ‡ 
 
 
 
 

0.006 
 

0.001 
 

0.401 
 

0.625 
 
 

<0.001 
 
 
 
 

<0.001 
 

<0.001 
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neurological (p<0.001), and hepatic (p=0.009) failure, together with higher APACHE II 

scores (p<0.001) and shorter hospital stays (p<0.001) were also similarly associated with 

IGF. These variables were analysed using multivariate logistic regression to assess for 

independent association with outcome at 180 days. For purposes of co-linearity, the 

presence of complications was excluded from the statistical model in favour of the 

presence of septic complications. Similarly, the continuous variable of length of feeding 

was excluded in favour of the categorical variable <5 days of feeding. APACHE II 

scores, length of hospital stay and time to death were also considered as dependent 

variables and were therefore excluded from the model.  

 

Results of the logistic regression analysis are shown in Table 5.5. From these results, it is 

apparent that an increase in age (p<0.027; OR 1.068; 95%CI 1.005, 1.090), curtailed 

feeding of less than 5 days (p<0.001; OR 10.137; 95%CI 3.975, 25.852) and mortality by 

180 days (p<0.001; OR 16.081; 95%CI 5.356, 48.282), were all independently associated 

with gut failure. IGF was not independently associated with the development of septic 

complications (p=0.255; OR 1.688; 95%CI 0.685, 4.158). 

 

Manipulation of the model was once again performed by sequential elimination of 

cardiac and then respiratory failure from the analysis to assess whether possible 

interdependence of these variables could have resulted in their loss of association with 

outcome on multivariate analysis. The exclusion of one or the other factor from the 

model had no effect on their respective association with outcome (results not shown). 

Similarly, less than 5 days of feeding was also excluded because of possible co-linearity 
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Table 5.5: Results of the multivariate logistic regression analysis performed with 

factors associated with the state of gut failure on univariate analysis. 

Factors which are independently associated with gut failure are 

highlighted. 

 
Factor 

 
27B98B169BP-value 

 
28B99B170BOdds ratio (95% C.I.) 

 
 
 
Demographics 
 
 Age 
 
 
Nutritional parameters 
  
 Nutritional requirements (kcal/day)  
 
 <5 days of feeding 
 
 
Complications 
 
   Septic 
 
 
Organ Failure 
 
 Cardiac Failure 
 
 Respiratory failure 
 
 Renal failure 
 
 Hepatic failure 
 
 Neurological failure 
 
 
Mortality 
 
 Death by 180 days 
 

 
 
 
 

0.027 
 
 
 
 

0.418 
 

<0.001 
 
 
 
 

0.255 
 
 
 
 

0.077 
 

0.143 
 

0.935 
 

0.062 
 

0.131 
 
 
 
 

<0.001 
 

 
 
 
 

1.068 (1.005, 1.090) 
 
 
 
 

0.999 (0.997, 1.001) 
 

10.137 (3.975, 25.852) 
 

 
 
 

1.688 (0.685, 4.158) 
 
 
 
 

3.723 (0.866, 15.996) 
 

0.339 (0.080, 1.440) 
 

0.953 (0.296, 3.069) 
 

4.141 (0.930, 18.442) 
 

2.625 (0.751, 9.177) 
 

 
 
 

16.081 (5.356, 48.282) 
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 with mortality data, but once again little change to the results was noted (results of 

model manipulation are not shown).  

 

Further analysis demonstrated that patients with IGF were 16 times more likely to die by 

6 months when compared to those with a functioning gastrointestinal tract (Table 5.5). 

This difference in mortality between the two groups is shown graphically in the Kaplan 

Meier survival plot in Figure 5.1. From this plot, it is evident that the majority of deaths 

in both groups occurred during the first month of follow-up. The sensitivity, specificity, 

PPV, NPV, NND and NNT on outcome at 6 summarised in Table 5.6. 

 

 

5.4 DISCUSSION OF THE VALIDATION PROCESS 

 

The results of this study demonstrate that in this cohort of 315 patients, the state of gut 

function, as quantifiably defined by enteral tolerance, is an independent indicator of 

prognosis. Most patients with gut failure die early, often within the first 30 days of 

follow-up. The cause of death in these patients is unclear but was not independently 

associated with the detection of septic complications. In addition, results from this study 

suggest that the effective and timely treatment of patients with gut failure can potentially 

save numerous lives. The fact that the gut is involved in many vital homeostatic 

mechanisms makes observations from this study about the importance of gut failure on 

prognosis all the more plausible. 
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Figure 5.1: Kaplan-Meier survival plot for the first 180 days of follow-up for patients 

with and without gut failure (shown respectively in red and green). The 

difference in survival between the two groups was statistically significant 

(p<0.001). The majority of deaths in both groups occurred in the first 30 

days (dotted line). 
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Table 5.6: Association between survival and the tolerance by the gut of U> U80% of 

  nutritional requirements for 48 hours or more. 

 
Variable 

 

 
Tolerance of U>U80% for U>U48 hours 

 
 

 
 
Patients (%) 
 
 
Sensitivity (95% C.I.) 
 
Specificity (95%  C.I.) 
 
PPV (95%  C.I.) 
 
NPV (95%  C.I.) 
 
NND (95%  C.I.) 
 
NNT (95%  C.I.) 
 
 
P-value 
 

 
 

265 (84.1%) 
 
 

0.972  (0.947, 0.987) 
 

0.436  (0.383, 0.467) 
 

0.785  (0.765, 0.797) 
 

0.880  (0.773, 0.943) 
 

2.453  (2.207, 3.031) 
 

1.504  (1.353, 1.858) 
 
 

<0.001 
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This study was rigorous with the methodology employed. All data points were 

meticulously defined prior to the commencement of the study to allow for consistent data 

collection. The data was also cross referenced with available medical, dietetic and patient 

administration records prior to analysis to ensure concordance.  In addition, numerous 

factors that were known or have been reported to be associated with outcome were 

assessed simultaneously in an attempt to decrease the potential bias associated with 

studying only those variables of direct interest to this work. The author recognises that 

this methodology has its limitations. A considerable amount of data needed to be 

collected for each individual patient, making the study extremely laborious to undertake. 

Standardization of the data collection went some way in facilitating this.  The large 

number of variables also meant that some factors may have achieved significance solely 

on the basis of chance. However, the author is of the opinion that the staggered univariate 

to multivariate approach of data analysis chosen for this study should have decreased the 

opportunity for this error in data analysis. 

 

A definition of adequacy of gut function based on the tolerance of calculated nutritional 

requirements may be perceived to disadvantage those patients with higher nutritional 

requirements. On a purely theoretical basis, the higher one’s requirements, the more feed 

the gut has to accept to achieve tolerance, and therefore the greater the chance of failure. 

Results from this study suggest the opposite. Patients with higher nutritional 

requirements were more likely to have adequate gut function despite the fact that they 

had to tolerate more feed. In turn they had a better outcome overall. Patients who died at 

6 months had lower overall nutritional requirements when compared to survivors. This is 
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in agreement with the literature that suggests that well nourished or obese patients with 

higher nutritional requirements are more likely to have a better outcome than cachectic or 

malnourished patients with lower requirements (Garrouste-Orgeas et al., 2004;  

Aldawood, Arabi and Dabbagh, 2006;  Peak et al., 2006;  Zamora et al., 2007). A 

definition of gut function based on enteral tolerance does not bias in favour of patients 

with lower nutritional requirements. 

 

The fact that on multivariate analysis there was no association between gut failure and 

sepsis may appear to be at variance with the gut origin of sepsis hypothesis. There are at 

least three possible explanations for this result. Firstly this may represent a type II 

statistical error because the number of patients that manifested gut failure in this study 

was relatively small; however it is the author’s opinion that this is unlikely. Alternatively, 

it may be possible that gut failure causes overwhelming sepsis and death before sepsis 

becomes clinically apparent or detectible. This may help to explain the pathogenesis of 

some cases which are labelled as exhibiting ‘pyrexia of unknown origin’. Finally, it is 

plausible that gut failure results in death by means other than sepsis, such as by means of 

SIRS and an uncoordinated cytokine response, with the development of infection 

representing little more than an epiphenomenon in an otherwise immunocompromised 

host. The results of Deitch and co-workers (Deitch, 2001;  Deitch, 2002;  Deitch et al. 

2006) supports this contention. These investigators have proposed that BT and resultant 

sepsis is not essential for the cascade of events eventually resulting in MOF. In their 

theoretical model, called the multi-hit hypothesis (Figure 1.3), the deleterious effects 

leading to MOF are brought about by a deregulated cytokine cascade. This cytokine 
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imbalance which ultimately overcomes the host result in, but does not necessarily 

require, BT for its propagation. This corroborates work published by Moore and co-

workers who failed to demonstrate bacteria or endotoxins in portal venous blood of 

polytrauma patients (Moore et al., 1991;  Koike et al, 1994). The gut, as the body’s single 

largest immunological and cytokine producing organ is hypothesised to play a central 

role in perpetuating this process, but the exact mechanisms concerned remain unclear.  

 

Further elucidation of the homeostatic upset caused by gut failure and the pathways 

involved in the development of MOF and delayed death may be important in developing 

effective strategies to treat this deleterious cascade of events. From this study, survival 

analysis demonstrates that almost all patients with gut failure died. Most succumbed in 

the first month, with the median (IQR) time to death being 7 (4–16) days. Contrary to 

popular belief, this observation makes it unlikely for malnutrition to be a major 

contributor to death in patients with gut failure. Further, optimal nutrition practices in the 

index institution would have meant that these patients would have been receiving TPN to 

prevent this eventuality. Sepsis, on the other hand, was not independently associated with 

gut failure, as mentioned above. This early death with gut failure appears to be the result 

of a catastrophic event, one which currently eludes detection in daily clinical practice. It 

is increasingly plausible that this event is a result of a rapid and profound imbalance 

between anti-inflammatory and pro-inflammatory cytokines, rapidly spiralling out of 

control, resulting in SIRS, MOF and eventually death. Trials which study specific 

cytokine levels and cytokine ratios are necessary to investigate this hypothesis.  
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Another finding from this study was that cardiac and respiratory failure, both traditional 

prognostic indicators, failed to show independent association with outcome at six months, 

while other organ insufficiencies, including neurological and gut failure, were associated 

with outcome independently of other prognostic factors. Data from this study do not 

provide adequate explanations for this observation. The author speculates that this may 

relate to the fact that cardiac and respiratory function are intensely monitored in daily 

clinical practice, and aggressively treated with a battery of effective therapies and 

interventions when they fail. The same cannot be said for gut failure, for which there are, 

to date, no effective therapies. It is plausible that it is not failure of the organs per se 

which is a prognostic indicator; rather, inadequately treated or irreversible organ failures 

condition outcome. The inference from this is that early detection and effective and 

aggressive treatment of gut failure holds a potential to save numerous lives. The 

independent association of gut failure with increased mortality may justify the 

development of gut-directed therapies aimed at preventing gastrointestinal failure or 

attenuating the period of established gut dysfunction.  

 

 

5.5 CONCLUSION: A VALIDATED DEFINITION OF GUT FAILURE 

 

In conclusion, adequacy of gut function may be defined by the tolerance of a quantifiable 

oral or enteral challenge. More specifically, the tolerance of 80% or more of calculated 

nutritional requirements for a continuous period of at least 48 hours may be used to 

identify those patients in whom the gut is working adequately from those in whom it is 
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not. This test to establish gut failure or function is easily applicable clinically.  

 

Characterised in this way, gut failure becomes an independent indicator of clinical 

outcome. It remains to be seen whether therapies can be developed to accelerate the 

return of normal gut function and attenuate periods of gut failure. These therapies could, 

in theory, be associated with real improvements to patient outcomes but further research 

is necessary. 
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‘The difficulty lies not in the new ideas,  

but in escaping the old ones.’ 

John Maynard Keynes

( H1883H –H1946 H)

CHAPTER 6:    

PREPYLORIC & POSTPYLORIC FEEDING:  

THE SIGNIFICANCE OF THE SITE OF FEED 

DELIVERY TO ENTERAL TOLERANCE. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 



 

 189

6.1 INTRODUCTION 

 

Defining gastrointestinal performance in terms of enteral tolerance is challenging. The 

main difficulty lies in the fact that a number of extraneous factors, in particular the site of 

enteral feed administration, have been suggested to affect tolerance, and therefore, by 

inference, the state of gut function. It is said that postpyloric feeding, by delivering 

nutrients further down the gastrointestinal tract and bypassing the stomach, facilitates the 

tolerance of enteral feeding, and increases the number of patients who achieve this end 

point (Heyland et al., 2004). If this were to be the case, then any definition of gut 

function based on enteral tolerance would have to take into account, and possibly correct 

for, the site of feed administration. 

 

Definite conclusions about the importance of the site of feed delivery on patients’ ability 

to achieve enteral tolerance cannot be reliably drawn from the literature. Published 

studies comparing pre and postpyloric feeding are biased in favour of the latter, partly 

because of a failure to factor for the main disadvantage of postpyloric feeding, namely 

the difficulty and time necessary to place tubes beyond the pylorus. This chapter aims to 

address this issue.  

 

Two studies are described sequentially. The first describes and validates a bedside 

technique of postpyloric tube placement, necessary groundwork for the second study 

aimed at comparing pre versus postpyloric feeding and the effects of changing feed 

delivery site on the proportion of patients achieving enteral tolerance. For purposes of 
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convenience, enteral tolerance was similarly defined as the tolerance of 80% or more of 

calculated nutritional requirements over a minimum continuous period of 48 hours.  

 

 

6.2 DEVELOPING AND VALIDATING A BEDSIDE TECHNIQUE OF 

POSTPYLORIC TUBE PLACEMENT: INTRODUCTION 

 

The administration of enteral feeds beyond the pylorus has been suggested as a method to 

improve feed tolerance and offers an alternative route of feed administration when 

prepyloric EN fails. However,   the placement of postpyloric feeding tubes is fraught with 

difficulties both to organize and subsequently to establish feeding tube insertion.  

Historically, postpyloric feeding tubes have been inserted using endoscopy or 

fluoroscopy with varying success (Shipps et al., 1979;  Rives et al., 1989). These 

techniques have the advantage of inserting feeding tubes under visual guidance with rates 

of success in excess of 75 per cent in many studies (Hillard et al., 1995; Hernandez-

Socorro et al., 1996). However, tube placement by radiology or endoscopy also present a 

number of drawbacks, including the increased time required for initiation of feeding, the 

occasional need to transfer patients to endoscopy or radiology suites, the inherent risks 

associated with these procedures, and the need for specialized staff to ensure correct 

insertion.  These problems are further compounded if and when tubes get blocked or 

dislodged necessitating repositioning.  It has been suggested that these drawbacks may 

outweigh any potential benefits of postpyloric feeding and provide a justification for the 

development of techniques of tube insertion that can be used by the bedside, are safe and 
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provide cost-effective routes of nutritional support.  

 

This study describes an observational study of one such a method of postpyloric tube 

placement.  The primary aim of this trial was to validate the success of this technique.  A 

secondary aim was to assess the time to establish EN using bedside NJ tube placement. In 

addition, the value of aspirate pH as an indicator of tube tip placement was evaluated, as 

was the discomfort of feeding tube insertion experienced by patients. 

 

 

6.3 METHODS 

 

Consecutive patients in one institution requiring enteral nutritional support were 

observed.  A single researcher was informed of all patients considered for EN by the 

attending physician or dietician.  Subject to consent for tube insertion and the inclusion 

criteria summarised in Table 6.1, all patients underwent NJ intubation. A total of 43 NJ 

tubes were inserted in 32 patients. X-ray confirmation of the tube tip position was 

obtained prior to the commencement of feeds.  Patients were then followed up till the 

discontinuation of feeding and data was collected prospectively.   
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Inclusion criteria Exclusion criteria 

 

- All patients needing enteral feeding - Candidates for PEG / PEGJ  

 - Contraindication to metoclopramide  

 - Age <18 years 

 - Pregnancy 

- Intolerance to intubation 

 

 

 

 

 

Table 6.1:  Inclusion and exclusion criteria.  

  (PEG, percutaneous endoscopic gastrostomy;   

  PEGJ, percutaneous endoscopic gastrojejunostomy)  

 

 

 



 

 193

6.3.1 End points and statistical analysis 

 

The primary outcome was the position of the tube tip after attempted intubation.  Portable 

chest and abdominal x-rays were taken in all patients after tube insertion to confirm tube 

tip position.  In the case of failed postpyloric placement, no further attempts were made 

to achieve the required position if the tube was proven radiologically to be placed in the 

stomach.  X-rays were repeated weekly during the duration of feeding and where possible 

immediately prior to tube removal to assess for tube tip displacement. 

 

The main secondary outcome measures were the time necessary to insert the tubes and 

the time necessary to establish EN from the clinicians’ decision to feed the patient.  This 

latter time period was calculated from the time the investigator was informed of the 

intention to feed the patient to the time the feed actually started.  A subsidiary aim was to 

assess the pH of any aspirate obtained during tube insertion, and whether this could be 

reliably used as an indicator of tube tip position.  The pH of aspirate obtained at time of 

tube insertion was assessed with Multistix® 10 SG (Bayer Diagnostics Mfg., Ltd. 

Bridgend, UK) reagent strips as well as by using an electronic handheld pH meter (Hanna 

pH tester, Progen Scientific Ltd, Mexborough, UK) which was regularly calibrated as 

recommended by the manufacturer and which gave digital pH readings between the pH 

of 0 and 14 to the closest two decimal points. A pH of U< U5 was considered to indicate 

gastric passage (Phang et al., 2004). The administration of any acid suppressing 

medications in the 2 weeks prior to tube insertion was also recorded.   
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The patients’ perspective of nasoenteral tube discomfort was assessed immediately after 

tube insertion and at 24 hours from tube placement.  One hundred millimetre visual 

analogue scores without intersections were employed for this purpose.  

 

Non-weighted Corflo®, Merck; 140cm long Fr 8 feeding tubes (Merck Pharmaceuticals, 

Windsor, Berkshire, UK) were used throughout the study. Tubes were selected based on 

a number of characteristics necessary to the study design.  They were both easily and 

widely available, had graduations at every 5cm, showed good radiological visibility, and 

an indwelling guide wire. The tubes were available in the index institution and as such 

the author had no financial interest or other biases in selecting to use these tubes.  

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA).  Results obtained were 

expressed as medians (IQR).  Dependent variables were assessed using the Wilcoxon 

sign rank test. Statistical significance was considered at the 5 per cent level. 

 

 

6.3.2 Technique of bedside nasojejunal tube placement (Figure 6.1): 

 

This intubation technique involved three distinct stages; those of oesophageal, gastric and 

postpyloric placement.  Key to the success of this technique was the confirmation of tube 

tip position at each phase and prior to proceeding to the next stage.  



 
 

Figure 6.1:  Flow diagram summarising the method of NJ tube insertion. 

Position patient 

Intragastric placement

Radiological confirmation prior to starting feed

Confirm positioning
- Air insufflation & aspiration
- Guide wire 
- pH of aspirate

Postpyloric placement

Confirm positioning
- Air insufflation & aspiration
- Guide wire 
- pH of aspirate 

Oesophageal placement

Confirm positioning
- Air insufflation 
- Guide wire 
- Laryngoscopy 
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Preparation & positioning: Patients were administered 10mg metoclopramide    

intravenously 15 to 30 minutes prior to tube insertion.  Having prepared the necessary 

equipment (Table 6.2), the tube was checked for integrity and the internal lumen was 

then lubricated by flushing with 10ml of sterile water.  The indwelling guide wire was 

partially withdrawn and all the water from within the lumen was emptied to avoid 

aspiration.  The guide wire was then repositioned and the patient was placed supine with 

the head of the bed raised at 30 to 45 degrees.  The tube was looped behind the patient’s 

ear and the distance from the tip of the ipsilateral nostril to the xiphisternum was 

measured as an estimate of the depth of insertion necessary for the tube tip to lie within 

the stomach.  The feeding tube was then externally lubricated with aqueous gel.   

    

Oesophageal placement (Figure 6.2a): Cooperative patients with an intact gag reflex 

were asked to take a sip of water and keep this in the mouth.  The tube was then passed 

into the nostril, parallel to the hard palate.  As soon as the tube was felt to touch the back 

of the nasopharynx, the patient was asked to swallow while the tube was simultaneously 

advanced to 35 to 40cm. At this level, oesophageal placement was confirmed by a 

combination of air insufflation with auscultation in the epigastrium (the ‘whoosh test’; 

Dawson, 2007), and by assessing for coiling using the indwelling guide wire.  If doubt 

still existed as to oesophageal placement, laryngoscopy was performed in unconscious 

patients to exclude the possibility of tracheo-bronchial intubation.  Finally, if placement 

in the oesophagus could not be confirmed, the tube was withdrawn back into the nose, 

and further attempts at oesophageal placement were made. 
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• Fine-bore feeding tube 

• 2x 10ml syringes 

• 2x 20ml syringes 

• 20ml water for injection 

• Lubricating gel 

• Adhesive tape 

• Gauze swabs 

• pH indicator sticks and/or electronic pH meter 

• 1x Luer-lock blind end cap 

• Gloves & apron 

• Stethoscope 

• Tray 

• Wheeled trolley 

• Glass of water (only for conscious patients with an intact gag reflex) 

 

 

 

 

Table 6.2: Equipment necessary for NJ tube insertion  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2:  Method of NJ tube insertion. Figure (a) demonstrates oesophageal placement to 35-40 cm (dashed line).  Figure (b) 

demonstrates the NJ tube tip in the stomach at a depth of 60 cm (dashed line). Figure (c) demonstrates the progressive 

insertion of the feeding tube at 5 cm intervals (dashed lines) so that the tip passes the pylorus and comes to lie at 

approximately 115 cm as measured from the nostril. (Figures adapted from open source internet images from the 

following websites Uwww.wikipedia.org U and HUwww.mydr.com.auUH). 

 

(a) (b) (c) 
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Gastric placement (Figure 6.2b): Following successful oesophageal intubation, the tube 

was advanced into the stomach, as guided by measurements taken prior to tube insertion.  

This level invariably lay at between 55 and 65cm as measured from the tip of the nostril.  

Starting at 40cm, aspiration was attempted at 5cm intervals till the required position was 

established.  Aspiration with a 20 cc syringe was attempted three times at each level.  Air 

insufflation and patient turning were employed if aspiration failed. 

 

Confirmation of gastric placement was again performed using the ‘whoosh test’, and then 

by instilling and reaspirating 100ml of air. This latter ‘vacuum test’ manoeuvre (Welch et 

al., 1994) is possible only in the large volume of the stomach.  Any fluid aspirate was 

tested for pH, and assessment for coiling was also performed using the guide wire. 

 

Postpyloric placement (Figure 6.2c): Once gastric tube placement was confirmed, 

postpyloric placement was achieved by advancing the tube at 5cm intervals and checking 

its position at each stage.  In this manner, the tube was advanced to 115cm such that the 

tube tip lay at or beyond the DJ flexure.  Placement was checked at each 5cm once again 

by the insufflation of 100 ml of air which resulted in a minimal return of air on aspiration 

(usually <20ml using a 20 cc syringe) once the tube had passed the pylorus (the vacuum 

test; Welch et al., 1994).  This probably occurs because the relatively low volume 

duodenum collapses against the tube once negative pressure is applied, preventing any 

residual air from being withdrawn. Any fluid aspirate obtained was also checked for pH.  

However the most useful information with regards to correct placement was gleaned from 

the guide wire.   
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The main difficulty encountered at this stage was coiling of the tube in the stomach 

(Figure 6.3a).  In a coiled tube, an indwelling guide wire can be withdrawn with ease, but 

not readvanced without some force (Slagt et al., 2004).  Learning to detect this subjective 

‘catching’ sensation is a fundamental part of the learning curve for this technique as it 

suggests coiling, and indicated the need to withdrawn the tube back to 55 cm for further 

attempts at pyloric intubation.   

 

Once the required position was achieved, the tube was secured to the nose with adhesive 

tape, and correct placement was confirmed radiologically prior to starting the feed 

(Figure 6.3b).  X-rays were interpreted by two consultant radiologists and placement of 

the tube tip at different levels was recorded as lying at the level of ‘D1, D2, D3 or D4’ if 

placed respectively within the first, second, third or fourth part of the duodenum, ‘DJ’ if 

the tube tip lay at the duodeno-jejunal flexure, or ‘beyond DJ’ if the tube was placed in 

the small bowel beyond the DJ flexure. 

 

 

6.4 RESULTS OF EMPLOYING THIS TECHNIQUE 

 

32 patients (22 males, 10 females) with a median (IQR) age of 64 (59 - 74) years were 

recruited.  Additional patient characteristics are summarised in Table 6.3. A total of 43 

postpyloric tubes were inserted to a median (IQR) of 115 (94-115) cm as calculated from 

the ipsilateral nostril. 
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          (a)            (b) 

 
 
 

Figure 6.3:  Plain  abdominal  x-rays  showing  an  NJ  tube  which  has  coiled  in  the  

  stomach (a), and one where the tip is positioned beyond the DJ flexure (b). 

  The latter also demonstrates the classical C-shaped duodenal configuration 

  diagnostic of  postpyloric placement. Radiographs are reproduced with  

  the consent of patients from this study.    
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Table 6.3: Patient characteristics and indications for feeding  

  * values are median (IQR) 

 Variable  Value 

 

Patients 

 

32 

Number of NJ feeding tubes placed 

Postpyloric placement (%) 

 

Demographics 

 Age (years) * 

 Sex ratio (M : F) 

 BMI 

 APACHE II score * 

 

Patients on acid suppressing medications (%) 

Patients on intensive care during feeding (%) 

Patients on ventilation during feeding (%) 

Length of hospital stay (days) 

 

43 

35 (81%) 

 

 

64 (59 - 74) 

22 : 10 

26.3 (22.0 - 31.1) 

13 (6 - 19) 

 

25 (78%) 

24 (75%) 

17 (53%) 

 28 (12 - 48) 

 

Nutritional data 

 Daily nutritional requirements (kcal / 24h) 

 Length of feeding (days) 

 

Diagnosis being treated (%) 

 Post-operative 

  Colorectal resection / peritonitis 

  Perforated peptic ulcer 

  Ruptured abdominal aortic aneurysm 

 Pancreatitis 

 Sepsis / Multiorgan failure 

 Polytrauma 

 Other 

 

1576 (1498 - 1834) 

7 (6 - 14) 

 

 

11 (34%) 

    8 

    2 

    1 

9 (28%) 

5 (16%) 

4 (13%) 

3 (9%) 
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81% (35/43) of NJ tubes were successfully placed postpylorically, 7 (16%) coiled in the 

stomach, and one tube was placed intrabronchially, as judged radiologically.  The latter 

occurred in a mechanically ventilated patient. None of the 7 tubes that coiled in the 

stomach spontaneously passed postpylorically on subsequent X-rays. Of the 35 (81%) 

tubes successfully positioned postpylorically, 30 (70% of all NJ tubes) were placed at or 

beyond the duodeno-jejunal (DJ) flexure as determined by plain abdominal x-rays.  Of 

the remainder, 3 (7%) were placed in D2, 1 (2%) tube tip was in D3 and 1 (2%) was in 

the 4th part of the duodenum, just proximal to the DJ flexure.  At completion of feeding, 

none of the postpyloric tubes had displaced back into the stomach. 

 

Gastric fluid aspirates were obtained from 26/43 (60%) intubations.  A gastric aspirate 

pH of U< U5 was obtained in 19/43 (44%) intubations while a pH of >5 was obtained in 7/43 

(16%) intubations.  A postpyloric aspirate was obtained in only 2 of 35 (6%) successful 

postpyloric intubations.  35/43 (81%) of all intubations were in patients receiving acid 

suppressing medications (25/32 (78%) of all patients). Radiology easily demonstrated the 

position of the tube tip in all cases (Fig. 6.3).  

 

The median (IQR) time necessary for tube insertion was 18 (14 - 30) minutes.  Using this 

technique of bedside postpyloric tube placement, it was possible to start EN at a median 

(IQR) of 6 (5 - 18) hours from the decision to feed. Median (IQR) visual analog pain 

scores on tube insertion were 43 (28-67) which decreased to 17 (7-24) after 24 hours 

(p<0.001). These discomfort scores are represented graphically in Figure 6.4.  
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Figure 6.4: Comparison of visual analog pain scores for NJ tube insertion (43 [28 -

 67]) and then one day later (17 [7 - 24]; p<0.001). The range of possible 

 pain scores varied from a minimum of 0 to a maximum of 100.  

p<0.001
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6.5 DISCUSSION 

 

The results of this study indicate that by-the-bedside postpyloric tube placement using 

this novel blind technique is usually successful.  Although NJ tube placement takes 

longer to achieve than NG tube insertion, this difference is insignificant when compared 

to the cumulative time necessary both to organize and to insert NJ tubes by endoscopy or 

radiology.  Findings from this study also suggest that the reliance on enteric aspirate pH 

to confirm feeding tube position is limited by low aspirate yields through fine bore tubes. 

 

In developing this technique the investigators wished to devise a method which would 

allow for blind bedside placement with a high degree of success.  It was also felt that 

such a technique should not require specialized equipment, incur any increases in cost, or 

indeed necessitate patient transfer.  Blind by-the-bedside postpyloric tube placement has 

been described before, with varying degrees of success (Thurlow, 1986;  Lord et al., 

1993;  Salasidis, Fleiszer and Johnston, 1998;  Ahmed et al., 1999).  The technique 

described in this study was put together after an extensive literature review and 

incorporates both novel practices as well as elements of previously described techniques. 

Laryngoscopy was used to confirm oesophageal placement of tubes in ventilated patients.  

This innovation was incorporated into the tube-insertion protocol following inadvertent 

intrabronchial intubation in one such ventilated patient. The literature suggests that 

patients with an indwelling endotracheal tube, far from being protected from 

intrabronchial placement, are in fact those most at risk from this complication 

(Marderstein, Simmons and Ochoa, 2004). 
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There is a learning curve for insertion of such tubes.  The researcher in question had no 

prior experience of inserting NJ tubes such that the learning process is integrated in the 

study results.  Further, confirmed failure to achieve postpyloric placement was not 

followed by reattempts at correct placement if the NJ tube was coiled in the stomach on 

radiography.  In the absence of definitive evidence in favour of postpyloric feeding, this 

was deemed as unnecessary distress to patients.  For both these reasons, it may be 

speculated that the results of this study may actually underestimate the true success of 

this technique.  

 

Postpyloric tubes took a median of 18 minutes to be inserted and were successfully 

placed beyond the pylorus in 81% of cases on the first attempt.  This compares 

favourably with other similar techniques described in the literature, including 

radiological, endoscopic and in particular, other blind methods of tube insertion (Shipps 

et al., 1979;  Thurlow, 1986;  Rives et al., 1989;  Lord et al., 1993;  Hillard et al., 1995;  

Hernandez-Socorro et al., 1996;  Salasidis, Fleiszer and Johnston, 1998;  Ahmed et al., 

1999).  The authors recognise that the delay of 6 hours to the instigation of feeding was 

primarily introduced by the study design which necessitated radiological confirmation of 

tube tip position prior to the commencement of feeding. This interval overestimates the 

actual delay necessary to instigate feeding outside the remits of a study and when tube tip 

position can be confirmed clinically without the need to rely on radiology. 

 

The procedure of nasoenteral feeding tube insertion is uncomfortable to patients.  

Discomfort persists even once the tube is in place, but this decreases significantly with 
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time.  To the authors’ knowledge, this is the first study of its kind to attempt to quantify 

this endpoint and highlights the need to regularly reappraise the need for adjuvant 

nutritional support by means of nasoenteral tubes as this is distressing to patients.  

Metoclopramide was used in all patients, with no adverse complications associated with 

its use in agreement with other reported studies, even though its value remains somewhat 

contentious (Rhoney et al., 2002;  Heyland et al., 2004;  Nursala et al., 2007). 

 

While most trials have shown no difference in the transpyloric passage of different fine-

bore feeding tubes (Levenson et al., 1988), a study by Lord et al. (1993) comparing 

weighted and non-weighted tubes showed a distinct advantage in favour of non-weighted 

tubes.  Rees, Payne-James and Silk (1988) have further shown that non-weighted tubes 

stay in position for longer than their weighted counterparts, with a decreased propensity 

of the former to dislodge back into the stomach despite costing less. For these reasons, 

non-weighted tubes were used throughout in this study.  None of the NJ tubes 

successfully placed beyond the pylorus spontaneously dislodged back into the stomach.  

This suggests but does not prove that the phenomenon of spontaneous tube dislodgement 

back into the stomach may be tube-type dependent and highlights the importance of 

selecting good feeding tubes made of quality materials.  Further studies are however 

necessary to make definitive conclusions in this respect. 

 

Much has been written in both the medical literature and the lay media about adverse 

outcomes following malpositioning of fine bore feeding tubes.  Most authorities, 

particularly those in the United Kingdom, now recommend the use of pH in favour of 
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other techniques to establish tube placement (MHRA, 2004;  NPSA, 2007).  In this study, 

gastrointestinal placement of the feeding tube was confirmed by a combination of 

techniques.  These included the use of direct laryngoscopy to ensure oesophageal 

placement in ventilated patients, the insufflation of air with auscultation in the 

epigastrium (the ‘whoosh’ test) for placement in the stomach and / or duodenum, the 

reaspiration of insufflated air (the vacuum test) to differentiate pre- from postpyloric 

position, pH measurements of fluid aspirates as well as a confirmatory radiograph.  An 

indwelling guide wire was also used to ensure that the tube was not coiled, but provided 

no further information as to the position of the tube tip.   

 

Previous studies report an 80-85% PPV of the ‘whoosh test’ to confirm the position of 

nasoenteral tubes in the stomach or the duodenum (Welch et al., 1994). However other 

publications have questioned the accuracy of this technique (Stroud, Duncan and 

Nightingale, 2003;  MHRA, 2004;  Seguin et al., 2005;  NPSA, 2007;  Elpern et al., 

2007).  Similarly, the low NPV of the ‘vacuum test’ to confirm duodenal placement 

limits its discriminating value (Welch et al., 1994).  The determination of fluid aspirate 

pH has been reported to be very effective in predicting the placement of tubes within the 

gastrointestinal tract since an acidic pH of 4 to 5 is diagnostic of gastric placement. A 

conservative approach was taken in this study given that 78% of patients were on acid 

suppressing medications, such that a pH of U< U5 was taken to indicate gastric placement 

(Phang et al., 2004).  A prepyloric fluid aspirate was only obtained in 60% of all 

intubations with only 44% showing a gastric pH U< U5.  This observation question the 

advice currently being circulated which encourages the use of gastric aspirate pH in 
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preference to other techniques for confirming gastrointestinal tube placement.  The 

evidence from his study suggests that this will only yield reliable information in less than 

half of intubations.  Given the potentially lethal consequences of feeding into the lungs, 

the authors are of the opinion that no single test should be used to confirm gastrointestinal 

placement.  It is felt that the reliability of multiple tests together with a conscious 

interpretation of their findings should be encouraged. 

 

In conclusion, this study confirms that it is possible to place postpyloric tubes blindly by 

the bedside in the majority of patients requiring adjuvant enteral nutritional support.  

Incorporation into this protocol of newer technologies which provide real-time by-the-

bedside visual feedback of the tube tip location, may further improve the success rate and 

decrease the time necessary to achieve NJ placement (Gabriel and Ackermann, 2004;  

Young et al., 2005;  Phang, Marsh and Prager, 2006). By employing successful bedside 

techniques of postpyloric tube placement, one may pursue randomized feeding studies 

without bias relating to difficulty of establishing tube placement. This may allow one to 

answer the pertinent question of whether the site of nutrient delivery influences the 

enteral tolerance of feeds, or whether this is more a function of underlying gut function 

itself and will be pursued in the next study. 
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6.6 A RANDOMIZED CLINICAL TRIAL TO ASSESS THE IMPORTANCE 

 OF THE SITE OF FEED DELIVERY ON ENTERAL TOLERANCE: 

 INTRODUCTION 

 

Controversy persists as to the respective roles of pre and postpyloric feeding. Prepyloric 

or intragastric feeding is safe, easy to establish and permits early commencement of EN. 

A major drawback, however, is a high incidence of enteral intolerance which many 

assume to be related to varying degrees of gastroparesis or gastroduodenal dysmotility, 

particularly in the critically ill (Ritz et al., 2000;  Mentec et al., 2001;  Davis et al., 2002;  

Heyland et al., 2004,  Binnekade et al., 2005). Not surprisingly, therefore, many 

authorities advocate the use of postpyloric feeding, which, it is argued, is associated with 

improved tolerance and less frequent bloating, nausea, vomiting or aspiration 

(Montecalvo et al., 1992;  ASPEN, 2002). However, the inconsistency of the literature 

has led some to doubt these and other claimed benefits of postpyloric feeding (Marik and 

Zaloga, 2003;  Kreymann et al., 2006;  Ho, Dobb and Webb, 2006;  McGuire and 

McEwan, 2007). Further, there is increasing concern that the use of jejunostomies is often 

associated with a delay in the instigation of feeds and are themselves occasionally 

associated with significant morbidity (Zapas, Karakozis and Kirkpatrick, 1998;  Abou-

Assi, Khurana and Schubert, 2005).  

 

There are many possible reasons for the discrepancies in published results. Firstly, 

protocols for delivery of enteral nutrients are variable, secondly, there is little agreement 

as to the primary end point that needs to be measured, and thirdly, an unavoidable bias is 



 

 211

introduced into most studies as a consequence of inevitable delays that occur in 

establishing postpyloric access. A randomised clinical trial was set up to readdress these 

issues. For purposes of this trial, the authors developed and validated a bedside technique 

for postpyloric tube placement (section 6.2 - 6.5) in an attempt to eliminate bias relating 

to the difficulty in attaining postpyloric tube access.  

 

The primary end point of this prospective trial was to determine whether or not the site of 

feed delivery (pre or postpyloric) influenced the number of patients who achieved 

‘enteral tolerance’. Enteral tolerance, for the purposes of this study, was defined as the 

ability to tolerate U> U80% of prescribed intakes for a minimum continuous period of 48 

hours. Secondary end points included measurements of the time required to initiate 

feeding, as well as to achieve goal feed rates and tolerance, the adequacy of calorie 

intakes between groups, morbidity and mortality, and an assessment of the accuracy of 

methods used to establish tube position. 

 

 

6.7 METHODS 

 

This study was approved by the Scarborough LREC (Ref. No. PB/rh/03/313). All patients 

referred for EN were eligible for entry into this study. Exclusion criteria included failure 

to obtain consent, intolerance to intubation, age <18yrs, pregnancy and those patients 

deemed to have IGF necessitating supplemental PN. Patients were randomized by means 

of lists of randomly generated numbers to receive prepyloric feeding via a NG tube, or 
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postpyloric feeding via a NJ tube. NG or NJ tubes were converted to percutaneous 

gastrostomies (PEG) or percutaneous endoscopic gastrojejunostomies (PEGJ) 

respectively if clinically appropriate to the individual patient.   

 

All patients receiving nutritional support in Scarborough Hospital are managed by a 

multidisciplinary hospital nutrition team. EN is employed whenever possible and feeds 

are established according to a strict feeding protocol which includes the routine use of 

metoclopramide. CORFLO® Fr 8 fine bore feeding tubes (Merck Pharmaceuticals, 

Windsor, Berkshire, UK) which were 92 or 140 cm long, were used respectively for NG 

or NJ intubation.  Freka® Fr 15 tubes (Fresenius Kabi AG, Bad Homburg, Germany) were 

used as PEGs. A Fr 9 intestinal tube (Freka® Intestinal Tube Fr 9 for PEG Fr 15, 

Fresenius Kabi AG, Bad Homburg, Germany) was used to establish PEGJ feeding. All 

feeding tubes (NG and NJ) were placed by the bedside by the same individual using the 

technique described in section 6.3.2.  

 

All other members of the nutrition team as well as the attending clinical staff were 

blinded to the results of randomization throughout the study period. Radiological 

confirmation of tube tip placement was performed in all patients prior to the 

commencement of feeds, at weekly intervals thereafter, and where possible at the 

termination of feeding prior to tube removal.  A baseline chest X-ray was also performed 

prior to the commencement of feeds. All X-rays were kept separate from the patient and 

were reported without referring to the tube tip position in an effort to assist blinding. For 

this purpose, reports of tube tip position were only forwarded to the primary investigator. 
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All patients received the prokinetic metoclopramide via the intravenous route in a dose of 

10 mg three times a day for the duration of feeding unless medically contraindicated or 

side-effects developed. Nutritional requirements were calculated using measurements of 

body weight in conjunction with standard tables (appendix 4). These estimates were used 

to establish a goal rate for each patient. A commercially available 1kcal/ml fibre-free tube 

feed (Fresubin® original, Fresenius Kabi AG, Bad Homburg, Germany) was used in all 

patients. The constitution of this feed is summarised in appendix 5.  

 

Enteral feeding was managed according to a standard protocol.  All feeds were 

commenced at 20 ml/hour.  Subject to tolerance and gastric residual volumes (GRV) of 

less than 200 ml, this was followed by 4 hourly increments of 20 ml/hour until goal rate 

was achieved. Feeding occurred over 20 hours in each 24 hours with a four hour feed 

break. GRV were assessed 4 hourly during feed build-up or more frequently if patients 

developed symptoms of intolerance. Once goal rates were achieved, GRVs were then 

assessed 6 hourly for the duration of feeding. Patients were reviewed twice daily until 

discharge or death.   

 

 

6.7.1 End points recorded 

 

All end points were recorded prospectively. The primary outcome measure was the 

ability to achieve enteral tolerance. This was defined as the ability to achieve at least 80% 

of the prescribed intakes (i.e. U>U80% of goal feed rate) for a minimum continuous period 
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of 48 hours. Secondary outcome measures included recording the time in hours necessary 

to achieve the goal rate (hourly targeted intake), duration of feeding, calorie intakes and 

all morbidity. In addition, the time (in hours) necessary to instigate feeding from the 

decision to feed was also recorded. 

 

Complications were classified as feed or tube related complications, septic complications 

and in-hospital deaths. Septic complications were defined as the presence of recognised 

pathogens in normally sterile body tissues or fluids, confirmed by culture and supported 

by clinical, haematological and/or radiological evidence.  All complications were 

recorded from the time of recruitment till discharge from hospital or patient demise.   

 

Aspirate pH obtained during tube insertion was assessed using Multistix® 10 SG (Bayer 

Diagnostics Mfg., Ltd. Bridgend, UK) reagent strips and confirmed using an electronic 

handheld pH meter (Hanna pH tester, Progen Scientific Ltd, Mexborough, UK) which 

was regularly calibrated as recommended by the manufacturer and which gave digital pH 

readings between the pH of 0 and 14 to the closest two decimal points. A pH of U< U5 was 

considered to indicate gastric placement (Phang et al., 2004).  

 

The success of by-the-bedside post-pyloric tube placement was confirmed by radiology 

and was recorded. In the case of failed postpyloric placement, no further attempts were 

made to adjust the position of the tube and data handling was conducted on an ‘intention 

to treat’ basis. 
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6.7.2 Statistical analysis 

 

Based on published data (Woodcock et al., 2001), a sample size calculation showed that a 

minimum of 32 patients would be required in each group in order to demonstrate a 

reduction in enteral intolerance to 30% at the 5% level of significance with a power of 

80%. Results from the study were tabulated on an Excel® spreadsheet (Excel for 

Windows®, Microsoft Corporation, Redmond, Washington, USA) and then analysed 

using SPSS® for Windows® version 11.5 (SPSS®, Chicago, Illinois, USA).  Continuous 

variables were expressed as medians (IQR).  Continuous variables were compared with 

the Mann-Whitney U Test for non-parametric variables and relationships between groups 

were assessed using χ2 test for binary outcomes or Fisher’s exact test for small cohort as 

appropriate.  Statistical significance was considered at the 5 percent level and data was 

analysed on an ‘intention to treat’ basis.    

 

 

6.8 RESULTS: THE IMPORTANCE OF THE SITE OF FEED DELIVERY 

 

Of 103 eligible patients, 29 were excluded because of an inability to obtain consent and 9 

as a result of feeding tube intolerance. A total of 65 patients were finally recruited to the 

trial (M:F of 41:24; median (IQR) age of 66 (57-76) years) and followed up for a total of 

658 (359 prepyloric versus 299 postpyloric) patient feeding days. There were 33 patients 

randomized to prepyloric and 32 to postpyloric feeding. Three patients in the prepyloric 

group required conversion to PEG feeding and 4 in the postpyloric group had a PEGJ 
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inserted (p=0.964).  Table 6.4 summarises the demographic data of the two groups which 

were comparable with respect to age, sex ratios, height, weight, BMI, length of feeding, 

goal feed rate, prevalence of diabetes and malignancy, as well as disease severity as 

assessed using APACHE II scoring.  The reasons for feeding are summarised in Table 

6.5. All except 2 patients, one from each group, received metoclopramide. In one patient, 

metoclopramide was withheld because of previously reported hypersensitivity while the 

second patient had severe Parkinson’s disease. There were no recorded side-effects from 

the use of this prokinetics in this study. 

 

Overall, enteral tolerance was achieved in 66% (n = 43) of patients in this study. There 

was, however, no significant difference between the groups in this primary end-point 

(p=0.539). Enteral tolerance was achieved in 23/33 (70%) patients in the prepyloric group 

compared to 20/32 (63%) patients in the postpyloric group. In these patients who did 

achieve enteral tolerance (23 and 20 patients in the two groups respectively), this was 

achieved significantly more rapidly in patients in the postpyloric group (83 (66-207) 

hours versus 67 (63-87) hours, p=0.024).   

 

With the implementation of a bedside technique of postpyloric tube placement, no 

differences were observed between groups in the time necessary to instigate feeding from 

the clinical decision to institute EN (prepyloric, 8 (5-17) hours versus postpyloric, 7 (5-

22) hours; p=0.896). Similarly, patients in both groups achieved their goal feeding rates 

in comparable times from feed initiation (22 (15-85) hours versus 20 (16-24) hours 

respectively; p=0.203).There was no significant difference between the groups in the 
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Table 6.4:  Comparison of groups and patient demographics.     

  (* median (IQR); §  Fisher’s exact test; ‡ χ2 test; † Mann-Whitney U Test) 

 Prepyloric feeding 

 

Postpyloric feeding 

 

p-value 

 

Patients (Total = 65) 

 

33 

 

32 

 

- 

Demographics 

 Age (years) * 

 Sex ratio (M : F) 

 Height (meters) * 

 Weight (kg) * 

 BMI * 

 

67 (60-79) 

20 : 13 

1.67 (1.61-1.75) 

71.0 (60.8-77.9) 

25.7 (22.1-28.3) 

 

64 (57-72) 

21 : 11 

1.70 (1.66-1.78) 

76.3 (64.6-89.2) 

25.5 (21.8-30.1) 

 

0.213† 

0.675‡ 

0.188† 

0.088† 

0.443† 

Nutritional data 

 Total days of feeding * (days) 

 Median length of feeding * (days) 

 Target feed rate * (ml/hr) 

 Median daily nutritional requirements * (Kcal/day) 

 Median daily feed delivery * (Kcal/day) 

 Overall calories delivered* (Kcal) 

 Patients achieving U>U80% of total requirements (%) 

 Patients requiring PEGJ  /  PEG (%) 

 

359 

8 (4-14) 

75 (70-80) 

1513 (1401-1608) 

1298 (1138-1483) 

12104 (4464-17593) 

23 (70) 

3 (9) 

 

299 

6.5 (5-13) 

75 (75-90) 

1519 (1486-1798) 

1249 (1066-1486) 

9120 (5221-17412) 

20 (63) 

4 (13) 

 

- 

0.665† 

0.142† 

0.285† 

0.837† 

0.501† 

0.539‡ 

0.964§ 

Indicators of outcome 

 Patients with diabetes (%) 

 Patients with malignancy (%) 

 Patients requiring surgery (%) 

 Patients requiring ventilation (%) 

 Patients requiring inotropes (%) 

 Patients on ICU (%) 

 APACHE II  score * 

 

5 (15) 

3 (9) 

18 (54) 

16 (48) 

13 (39) 

21 (64) 

13 (11-16) 

 

5 (16) 

1 (3) 

14 (44) 

13 (41) 

11 (34) 

19 (59) 

13 (5-17) 

 

0.957‡ 

0.636§ 

0.384‡ 

0.451‡ 

0.469‡ 

0.724‡ 

0.573† 
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Table 6.5:  Clinical information relating to the main diagnosis treated and the reason  

  for instituting adjuvant feeding. ( † 32 patients underwent surgery, but  

  only 23 were fed as a direct result of having had a surgical intervention.)  

 

 

 

Prepyloric feeding 

N=33 

Postpyloric feeding 

N=32 

 

UPrimary diagnosis treated 

 Postoperative† 

  Peritonitis / obstruction 

  Trauma / Orthopaedic   

  Peptic ulcer disease   

  Aneurysm surgery 

  Oesophageal perforation 

 Upper gastrointestinal pathology 

  Acute severe pancreatitis 

  Pancreatic mass 

  Dysphagia 

  Obstructive jaundice 

 Sepsis / Organ failure 

  Generalized sepsis / shock 

  Chest infections / COPD exacerbation 

  Liver failure / encephalopathy  

 Stroke 

 Miscellaneous 

 

 

 

 

4 

3 

1 

2 

1 

 

3 

0 

2 

1 

 

6 

4 

3 

2 

1 

 

 

 

 

6 

3 

2 

1 

0 

 

5 

2 

0 

0 

 

4 

3 

1 

1 

4 

 

 

UReason for feeding 

 Intubated and ventilated 

 Inadequate oral intake 

 Pancreatitis 

 Dysphagia / unable to swallow / absent gag 

 Other 

 

 

16 

9 

3 

4 

1 

 

 

13 

11 

5 

1 

2 
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median duration of feeding (prepyloric, 8 (4-14) days versus postpyloric, 6.5 (5-13) days; 

p=0.665). and the total calories received (p=0.501). The proportion of feed actually 

administered in relation to the total requirements for the same time period was also 

comparable (p=0.847). 

 

There were no differences between the groups with respect to recovery time, 

complications or mortality (Table 6.6). High gastric residual volumes (GRV) 

necessitating the alteration or cessation of feeding occurred more frequently in patients 

fed prepylorically (9 versus 1 respectively; p=0.014).  High GRV were positively 

associated with vomiting (p=0.003), but neither high GRV nor the documentation of 

vomiting during the feeding period were associated with the development of new onset 

pneumonia.  Similarly, the presence of high GRV necessitating feed alteration was not 

associated with the ability or otherwise of patients to ultimately achieve enteral tolerance.   

 

All tubes were readily visible on plain radiology, and all were placed in the alimentary 

tract. A fluid aspirate for pH estimation was obtained from 32/65 (49%) patients, with 22 

(33%) aspirates showing an acidic pH confirming gastric placement or passage. 82 per 

cent of patients randomized to postpyloric feeding had successful postpyloric intubation. 

In the postpyloric group, none of the successfully placed tubes dislodged back into the 

stomach over the course of the study. Similarly, none of the NJ tubes that coiled in the 

stomach were propelled postpylorically with time. Two of the 4 PEGJ tubes were found 

to be coiled in the stomach on radiology at 1 week after insertion. 
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Table 6.6:  Complications and outcomes.  

  (* median (IQR);  ¥  where relevant / subgroup analysis;  ‡  χ2 test;  

   § Fisher’s exact test;  †  Mann-Whitney U Test) 

 
Prepyloric feeding 

N=33 

Postpyloric feeding 

N=32 

p-value

 

Patients developing one or more complications (%) 

Patients with tube related complications 

 Tube blockage 

 Tube dislodgement 

  1 dislodgement 

  2 dislodgements 

  U> U3 dislodgements 

 Abrasions/erosions/bleeding 

Patients with feed related complications (%) 

 High GRV necessitating changes to feeding (%) 

 Vomiting 

 Diarrhoea 

 Bloating / Distension 

Patients with new septic complications (%) 

 New onset pneumonia 

 Bacteraemia 

 Urinary tract infection 

 Subphrenic collection 

Outcome 

 Patients achieving enteral tolerance (%)   

 Length of ICU stay in days *¥   

 Overall hospital stay in days *  

 Death (%) 

29 (88) 

21 (64) 

5 (15) 

16 (48) 

9 

6 

1 

6 (18) 

16 (48) 

9 (27) 

7 (21) 

5 (15) 

2 (6) 

8 (24) 

7 (21) 

4 (12) 

2 (6) 

0 (0) 

 

23 (70) 

14 (8-24) ¥ 

34 (20-79) 

11(33) 

27 (84) 

18 (56) 

5 (16) 

15 (47) 

9 

6 

0 

4 (13) 

11 (34) 

1 (3) 

5 (16) 

7 (22) 

6 (19) 

2 (6) 

1 (3) 

2 (6) 

0 (0) 

1 (3) 

 

20 (63) 

8 (5-23) ¥ 

25 (16-45) 

6 (19) 

0.683‡ 

0.543‡ 

0.957‡ 

0.897‡ 

- 

- 

- 

0.773§ 

0.248‡ 

0.015§ 

0.561‡ 

0.485‡ 

0.238§ 

0.092§ 

0.060§ 

0.702§ 

0.507§ 

0.984§ 

 

0.539‡ 

0.283†¥

0.100† 

0.181‡ 
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6.9 DISCUSSION: THE IMPORTANCE OF THE SITE OF FEED DELIVERY 

 

The results of this randomized clinical study indicate that the delivery of nutrients beyond 

the pylorus is not associated with any improvements in the patient’s ability to achieve 

enteral tolerance compared to prepyloric administration. In those patients who did 

achieve tolerance, however, postpyloric feeding did permit more rapid attainment of goal 

rates and was associated with a reduced incidence of high gastric residual volumes. 

However, this was not associated with significant differences in nutritional intakes, 

enhanced recovery or incidence of complications. 

 

A major drawback to postpyloric nutrition is the need to establish jejunal access (Davis et 

al., 2002;  Heyland et al., 2004). This often necessitates endoscopic or fluoroscopic 

assistance which may result in significant delays in the instigation of feeds. Failure of 

published randomized trials to correct for this anomaly constitutes a bias which favours 

postpyloric feeding. This hidden bias may account for some of the inconsistencies in the 

literature relating to the perceived benefits of postpyloric feeding; benefits which are not 

appreciated in daily clinical practice as they do not really exist. Bedside techniques 

similar to the one employed in this study eliminates this problem by ensuring that 

instigation of feeding occurs in comparable times irrespective of the site of feed delivery. 

The technique of NJ tube placement employed in this study has been previously validated 

by the authors (sections 6.2 - 6.5) and has a success rate in the order of 81% which 

compares favourably with radiological, fluoroscopic and other blind techniques of 

postpyloric intubation (Shipps et al., 1979;  Thurlow, 1986;  Rives et al., 1989;  Lord et 
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al., 1993;  Hillard et al., 1995;  Hernandez-Socorro et al., 1996;  Salasidis, Fleiszer and 

Johnston, 1998;  Ahmed et al., 1999). 

  

As a result of the perceived difficulties in establishing jejunal access, many advocate the 

use of percutaneous jejunostomies placed radiologically or at the time of abdominal 

surgery (Kreymann et al., 2006). These allow early feeding and there is good evidence to 

show that their use permits early achievement of goal rates (Kreymann et al., 2006). 

However, these and other percutaneous techniques of establishing feeding are not without 

serious potential complications such as intestinal obstruction, dislodgement and leaking 

around the tubes, resulting in peritonitis (Díaz de Liaño et al., 2005;  Khan et al., 2008). 

In the absence of proven benefits for postpyloric feeding, their routine use is difficult to 

justify. The adoption of bedside techniques for establishing NJ tubes obviates the need 

for most percutaneously placed jejunostomies with their attendant risks. 

 

The setting for this study was a busy district general hospital. Strict feeding protocols are 

implemented locally. These protocols adhere to international feeding guidelines and 

determine the indications for, and nature of, nutritional support therapy. Consecutive 

patients requiring EN were recruited. As such, the author considers the case mix of 

patients entered into this study to be representative of the majority of patients who may 

require EN in general hospital in the UK. It is noteworthy that the majority of patients 

were critically ill on the intensive care unit (ICU). As a result of the breadth of patients 

included, we recognise that our findings may not be directly applicable to certain sub-

groups of patients such as the critically ill or those with confirmed gastric outlet 
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obstruction but otherwise normally functioning intestinal tracts.  

 

It could be argued that results from this study favour prepyloric feeding on the basis that 

a high success with meeting requirements was achieved overall. In this study 66% 

patients were adequately fed, and was achieved through a dedicated multidisciplinary 

nutrition team adhering strictly to feeding management protocols which included the 

routine use of prokinetics drugs. These results compares very favourably with reported 

figures in the literature which frequently cite failure to achieve targeted intakes in up to 

60% of patients receiving EN (Woodcock et al., 2001).  

 

In contrast to other trials comparing gastric and small bowel feeding, the primary 

endpoint of this study was enteral tolerance. This was assessed by strict criteria based 

upon observed intakes over time recorded by trained dieticians. Based upon the work 

presented in chapters 4 and 5, a cut-off point of 80% of prescribed calories for a 

minimum of 2 days was adopted to indicate ‘tolerance’. It has been previously shown that 

this measure of enteral tolerance is reproducible and independently predicts outcome. In 

the author’s view, use of this end point is preferable to using unvalidated markers such as 

gastric residual volumes as surrogate measures of tolerance. Other authors have also 

concluded that gastric residuals are not indicative of tolerance (Zaloga, 2005;  McClave 

et al., 2005). Findings from this study support this because while gastric residuals were 

greater in patients fed nasogastrically, this did not equate with reduced tolerance. The 

assumption is often made that such reductions in gastric residuals may be associated with 

a reduced incidence of aspiration pneumonia. We and others have been unable to 
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demonstrate any effect on pneumonia confirming results of studies using radioisotopes 

which do not show increased risks of aspiration with gastric feeding or commensurate 

reductions with post-pyloric feeding (Lull et al., 1980;  Heyland et al., 2001[a]). 

Similarly, there is no evidence to confirm that changes in GRV equate with tolerance 

(Zaloga, 2005;  McClave et al., 2005). It is likely, therefore, that differences in gastric 

residuals simply reflect ease of aspiration related to tube position. The results of this 

study would suggest that management protocols for EN that are based on the repeated 

measurement of gastric residual volume require reassessment. 

 

In this study, there were no differences in tube related complications between groups.  

This included tube blockage, complete tube dislodgement, abrasions caused by the tubes, 

and the need for tube repositioning. Previous authors have commented upon the high 

incidence with which jejunal tubes recoil back into the stomach with time (HBoulton-

Jones, et al., 2004 H) and this has often been used as an argument against postpyloric 

feeding. A number of these studies, however, related to the use of PEGJ tubes or were 

limited to children. Radiological findings from this study confirmed that none of the NJ 

tubes successfully placed beyond the pylorus recoiled back into the stomach, however 2 

of the 4 PEGJ tubes dislodged proximally. This suggests that postpyloric tube 

dislodgement may be tube type dependent but is probably infrequent after successful NJ 

tube placement. In addition, the importance of radiological confirmation of tube position 

was emphasised by the results of pH testing in this study. Fluid aspirates could be 

obtained in only 32/65 (49%) patients and these were acidic, confirming gastric 

placement or passage, in only 22 (33%) patients. 
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The most significant finding of this study is that administration of EN beyond the pylorus 

confers no advantage over gastric feeding with respect to enteral tolerance or the ability 

to achieve targeted intakes. This finding is in accord with many other studies. There is a 

growing consensus, based on a number of randomized trials and a few systematic 

reviews, that the site of delivery of EN has no influence on total caloric intake, lengths of 

intensive care or hospital stay, or enteral tolerance in the majority of patients (Marik and 

Zaloga, 2003;  Kreymann et al., 2006;  Ho, Dobb and Webb, 2006;  McGuire and 

McEwan, 2007). Taken together these findings suggest that isolated gastroparesis or 

gastroduodenal dysmotility is unlikely to be a common reason for enteral intolerance. 

Whilst this may occur in selected subgroups, such as in patients with acute pancreatitis, it 

is probably uncommon and cannot be used as a justification for routine postpyloric 

delivery of nutrients. Enteral intolerance is probably a reflection of overall 

gastrointestinal function and not a consequence of isolated dysfunction of selected parts 

of the gut. A number of physiological studies support this contention. Dive et al. (Dive et 

al., 1994[a];  Dive et al., 1994[b]) studied migrating motor complexes (MMC) in the 

anthrum and proximal and distal duodenum of starved and enterally fed critically ill 

patients.  This group was able to show that disruption in MMC could be detected at all 

three sites. In other words, the assumption that enteral intolerance may be largely due to 

an isolated gastroparesis, particularly in the critically ill, is probably inaccurate. The 

evidence suggests that enteral intolerance is more likely a result of ‘overall’ 

gastrointestinal dysfunction. It would be anticipated that such patients will not tolerate 

adequate EN irrespective of site of feed delivery, be that pre- or postpyloric. 
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Proponents of postpyloric feeding argue that early and aggressive EN is associated with 

improved clinical outcomes. These, it is said, occur as a consequence of meeting patients’ 

nutritional requirements and maintaining the function and integrity of the gut. Early EN is 

particularly promoted in the care of burns patients and throughout the intensive care 

literature (Artinian, Krayem, and DiGiovine, 2006;  Wasiak, Cleland, and Jeffery, 2006). 

The results of this study, and others, casts doubt on some of these assumptions. Our 

results show that postpyloric feeding does permit more rapid attainment of goal rates in 

the setting of a functioning gut, but this was not associated with any clinical 

improvements of significant overall calorie intakes. It is more probable that enteral 

tolerance itself is a reflection of underlying gut function. In those patients in whom there 

is no abnormality of gut function, tolerance will be achieved by whatever method of feed 

administration is employed.  

 

This way of thinking allows for a new paradigm about the administration of adjuvant 

nutrition. This concept is that studies showing benefits from early EN show benefit not 

because of some ill defined mechanism relating to the act of EN or earlier attainment of 

some ill defined nutritional goal. Instead, improved outcomes relates to the fact that these 

patients have a normally functioning gastrointestinal tract allowing early enteral feeding 

to be instigated, and nutritional goals to be met. The same effect probably accounts for 

many of the perceived benefits of enteral over PN. Simply put, if patients are unable to 

tolerate EN thereby requiring parenteral feeding, this indicates gut failure which is itself a 

prognostic indicator. Given the numerous homeostatic roles of the gut over and above its 

nutritional function, including amongst others its barrier, immunological and hormone 
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producing roles, we feel this is a plausible conclusion and supports the theory that it is the 

state of underlying gut function or failure which is of prognostic significance, and not the 

method employed for feed delivery per se. 

 

In summary, the site of enteral feed delivery appears to have little effect on overall 

tolerance in the majority of patients. There may still be a minority of patients in whom 

NG feeding may be inappropriate, such as those with gastric outlet obstruction, or the 

rare cases of isolated gastroparesis in whom the risks of regurgitation with intragastric 

feeding are substantial. Postpyloric feeding should probably only be instituted as a 

second-line method of enteral feeding where intragastric nutrition has failed, and in those 

units where intubation can be rapidly organised and instigated safely.   

 

 

6.10  CONCLUSION 

 

It is increasingly apparent that the ability of patients to achieve enteral tolerance probably 

relates more to the overall function of their gastrointestinal tract than to the site of enteral 

feed delivery per se.  As such, when defining the state of gut function it is not essential to 

make allowance for the site of enteral feed delivery, be this pre- or postpyloric.  
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‘ HWhat is food to one, is to others bitter poison.H’ 

 

HLucretius H 

96 BC - 55 BC

De Rerum Natura

CHAPTER 7:    

THE EFFECTS OF DIFFERENT MODALITIES 

OF FEEDING ON SUPERIOR MESENTERIC 

ARTERY BLOOD FLOW 
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7.1 INTRODUCTION: SPLANCHNIC PERFUSION AND FEEDING 

 

Increasing awareness of the deleterious effects of malnutrition in hospitalized patients has 

led to earlier institution of adjuvant feeding (Jeejeebhoy, 2002;  Dominioni et al., 2003).  

However, alterations in basic physiology brought about by such treatment modalities are 

poorly characterized. It is generally accepted that oral alimentation increases 

gastrointestinal blood flow (Moneta et al., 1988); but there is a relative paucity of data 

regarding the effects of adjuvant nutritional support, whether enteral or parenteral, on 

splanchnic perfusion in man. 

 

Historically, measurements of changes in splanchnic blood flow have been difficult, 

relying on invasive assessment modalities (HAckland, Grocott and MythenH, 2000).  This 

has resulted in a wealth of information from animal models, but for ethical and logistical 

reasons, data from humans has been shortcoming, and mostly inferred.  The advent of 

non-invasive methods of flow assessment, and in particular Doppler ultrasonography 

(DUS), has made repeated non-invasive measurements of splanchnic flow easy, practical, 

and safe in humans.  The primary aim of this study was to use DUS to assess qualitative 

changes in SMA flow associated with enteral and parenteral nutrition in patients 

requiring adjuvant feeding. 
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7.2 PATIENTS AND METHODS 

 

This prospective ‘before-after’ study comprised 34 subjects of whom 14 were healthy 

volunteers and 20 were consecutive patients who were receiving nutritional support. 

Patients were all being treated on the ICU or general wards of the index institution. Five 

groups were identified and these are summarised in Table 7.1. The volunteers were 

divided into a control group who received no feed (CF), a group who ate a standard meal 

(CO), and a group who received EN (CE). The patients were grouped according to the 

method of feeding they were receiving (enteral, PE; parenteral, PT). 

 

All subjects had a baseline SMA measurement performed using DUS at 9.00 am after an 

overnight fast from midnight and a second measurement was performed 3 hours later. A 

total of 3 volunteers were allocated to group CF and received no feeding. This group was 

used to assess reliability of the method. In group CO, 6 patients received a standard oral 

test meal (530kcal) immediately following the baseline measurement of SMA flow. 

Group CE volunteers (n=5) received EN. In these subjects, an 8Fr NG feeding tube 

(CORFLO®, Merck Pharmaceuticals, Leicester, United Kingdom) was inserted after 

baseline measurement of SMA flow and then a 60 ml/hour infusion of a commercially 

available 1 kCal/ml enteral feed (Osmolite®, Abbot Nutrition, Berkshire, United 

Kingdom) was administered for 2 hour.  The feed was then discontinued and the second 

scan performed an hour later.   

  

The same study protocol was followed for the 20 patients receiving adjuvant nutritional



 

 
Group 
 
 

 
Individuals in 

each group 

 
First assessment 

(9.00 am) 

 
Intervention 

 
Second assessment 

 (12.00 pm) 

 
1. Controls, Fasting (CF) 
 

3 Fasting None Fasting 

 
2. Controls, Oral (CO) 
 

6 Fasting 

 
Oral meal 
(530 kCal) 

 

Postprandial 

 
3. Controls, EN (CE) 
 

5 Fasting 

 
Enteral challenge 

(120 kCal) 
 

Postprandial 

 
4. Patients, EN (PE) 
 

10 Fasting 

 
Enteral challenge 

(120 kCal) 
 

Postprandial 

 
5. Patients, TPN (PT) 
 

10 Fasting 

 
Parenteral challenge 

(175 kCal) 
 

Postprandial 

 

Table 7.1: Summary of the five groups and their corresponding intervention. 
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support. All feeding was discontinued from midnight and a baseline scan performed at 

9.00 am. Feeding was then recommenced for 2 hours. In the patients receiving EN (group 

PE) this was 60ml/hr of a 1 kcal/ml enteral feed (Osmolite®, Abbot, UK). For the 10 

patients receiving PN (group PT) this consisted of a 125 ml/hour infusion of a 

commercially available 0.7 kCal/ml peripheral parenteral feed (Kabiven® peripheral 9, 

Fresenius Kabi Ltd, Cheshire, United Kingdom). As with volunteers, the second scan was 

not performed until after a one hour ‘stabilisation’ period with no feeding.  

 

Recruitment of controls was on a voluntary basis.  To be eligible for the study, volunteers 

had to be healthy and off any regular medications, while having none of the exclusion 

criteria listed in Table 7.2.  Consecutive patients receiving only enteral or only parenteral 

nutrition and satisfying the inclusion criteria were eligible for the study.  Commercially 

available adjuvant feeds, as mentioned previously, were used for this purpose.  The 

decision with regards to the modality of feeding was made by the attending physicians 

and the local nutrition support team and was based on clinical grounds alone.  

Recruitment of patients to this study only occurred once patients had been established on 

their designated feed for a minimum of 24 hours.  This study had the approval of LREC 

(Ref. No. PB/RH/345) and all subjects gave informed and signed consent. 

 

 

7.2.1 Superior mesenteric artery flow assessments 

 

To permit changes in SMA flow to be measured after the appropriate intervention, two
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Inclusion Criteria 

 
     Exclusion Criteria 
 

 
 
• On EN only or on parenteral 

nutrition only 
 
• Established on EN or TPN for U> U24 

hours 
 
 
 
 
 
 
 
 

 
 

• Unable to obtain consent   
 
• History of severe atherosclerotic 

disease 
 

• Previous aortic surgery 
 

• On inotropic support 
 

• Bowel ischaemia 
 

• Unable to identify SMA on DUS 
 

 

 

Table 7.2: Inclusion and exclusion criteria.  

(EN, enteral nutrition;  TPN, total parenteral nutrition;  SMA, superior 

mesenteric artery;  DUS, Doppler ultrasound) 
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separate sessions of DUS assessments were recorded for each patient. These were at an 

interval of three hours from one another. All measurements were performed by a single 

consultant radiologist in an attempt to decrease observer bias (Perko and Just, 1993;  

Iwao et al., 1996). This individual was blinded to the assigned group and to the method of 

feeding employed. Volunteers and patients in whom the SMA could not be identified on 

DUS were excluded from the trial. 

 

SMA flow measurements were performed using a multi-frequency 2.5 MHz probe and 

real-time spectral analysis on an HDI 5000 UltrasoundSystem (ATL Ultrasound, 

Bothwell, USA). SMA flow was measured at the proximal 1-2 cm segment of the SMA 

near to its origin from the aorta.  Angle of insonation was maintained as low as possible 

to minimise errors in velocity calculations.  All measurements were performed in the 

supine position after a minimum of 5 minutes rest to further minimise inaccuracies 

caused by physical exertion. 

 

Each SMA flow measurement consisted of 3 time-velocity waveform readings and 3 

cross-sectional area (CSA) measurements (Figure 7.1).  Time-velocity waveform 

readings measured peak systolic velocity, mean diastolic velocity and time-average mean 

velocity (TAMV).  TAMV measurements were calculated by the machine’s software and 

represent the mean blood flow velocity for the duration of the waveform.  CSA 

measurements were obtained on the B-mode transverse plane image.  The mean of the 

three TAMV readings and three CSA readings were obtained at each scan in an attempt 

to increase reproducibility.   SMA blood   flow   was  then   calculated  using  the
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Figure 7.1: A time-velocity waveform reading (left) and a cross-sectional view of the 

SMA using B-mode imaging (dotted circle, right). SMA blood flow is a 

function of the mean TAMV and the mean CSA of the SMA. Readings 

from each patient were repeated three times at both the 9.00 am and 12.00 

pm sittings to allow an average measurement to be calculated. Doppler 

and ultrasound images are reproduced with the consent of individual 

patients from this study. 
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formula:   

 

 

SMA blood flow  =  Mean TAMV  x  Mean CSA 

 

 

SMA flow on the postprandial scan was calculated in a similar fashion.  Changes in flow 

were then quoted as a percentage of the preprandial flow.  Preprandial flow was 

designated as 100%, such that an identical flow in subsequent postprandial assessments 

would be represented as 100% (i.e.: 100% of the original flow).  This method avoided the 

documentation of negative flow changes which could otherwise wrongly suggest a 

change in the ‘direction’ of flow, as opposed to a simple diminution of perfusion.  

 

 

7.2.2 Statistical analysis 

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA).  Results are presented as 

medians (IQR).  Since there are numerous factors which may account for alterations in 

splanchnic flow, statistical comparisons were only made between the preprandial and 

postprandial SMA flow assessments of individuals within the same group, thus using 

individuals as their own controls.  No attempt was made to quantitatively compare SMA 
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flows of patients in different cohorts. Only qualitative comparisons between groups were 

made. Relationships between measurements were assessed using Wilcoxon signed rank 

test for dependent variables and statistical significance was considered at the 5 percent 

level. 

 

 

7.3 RESULTS 

 

Of the 36 individuals recruited to the study, two were excluded as the SMA could not be 

identified on DUS. The 34 subjects comprised 14 healthy volunteers and 20 patients 

needing adjuvant nutrition.  Of the 10 enterally fed patients, the reasons for feeding were 

as follows; 4 had failed a swallowing assessment but had an otherwise functioning gut, 3 

were being ventilated while 3 patients required supplementation to meet nutritional 

requirements because of an inadequate oral intake.  The 10 patients receiving TPN all had 

a non-functioning gastrointestinal tract (4 with prolonged ileus, 3 with high output 

fistulae, 2 had gastrointestinal obstruction and 1 had profuse diarrhoea).  All 34 subjects 

tolerated their appropriate feeding regime well and had two SMA flow assessments at an 

interval of three hours as stipulated in the study protocol.  Results for each group and 

other patient characteristics are summarised in Tables 7.3 and 7.4, as well as Figures 7.2 

and 7.3. 

 

The three volunteers in the CF group had a median SMA flow of 3.6 ml/s at 9 am and 

again 4.3 ml/s following a further 3 hour fast.  There was no significant difference 



 

Table 7.3: Characteristics of the groups along with pre versus postprandial SMA measurements. 

                   †  Values are median (IQR); ** % change over a preprandial flow of 100% 

Group Number of 
patients 

M:F ratio Age 
(years)† 

Pre vs. postprandial flow  
(ml/s)† 

Median %      
flow change** 

p-value

Controls, 
Fasting (CF) 

3 1:2 28 (26 - 29) 
3.6 (2.4 – 6.9) 

vs.  
4. 3 (2.0 – 6.9) 

119 1.000 

Controls (CO),  
600 kCal oral 

6 3:3 30 (26 – 30) 
7.6 (6.0 – 11.2) 

vs. 
20.4 (16.9 – 27.9) 

268 0.046 

Controls (CE),  
NG (60ml/hr)  

5 2:3 26 (25 – 28) 
10.5 (7.8 – 12.4) 

vs. 
16.0 (15.1 – 19.2) 

152 0.043 

Patients (PE),  
NG (60ml/hr)  

10 5:5 73 (66 – 80) 
7.3 (2.9 – 12.1) 

vs. 
11.2 (8.2 – 25.0) 

153 0.007 

Patients (PT),  
TPN (125ml/hr)  

10 3:7 82 (80 – 82) 
14.5 (4.8 – 24.8) 

vs. 
6.1 (2.4 – 9.2) 

42 0.013 

 
**  Median postprandial flow as compared to median preprandial flow (assuming 100% represents no change) 
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Group CF  

(n=3) 

CO  

(n=6) 

CE  

(n=5) 

PE  

(n=10) 

PT  

(n=10) 

 

Age (years) 

Sex (M:F) 

Height (meters) 

Weight (kg) 

BMI 

On ICU (%) 

Postoperative (%) 

MUST score 

APACHE II 

 

28 (26-29) 

1 : 2 

1.69 (1.66-1.71) 

57 (54-60) 

20.1 (19.6-20.6) 

- 

- 

- 

- 

 

30 (26-30) 

3 : 3 

1.65 (1.63-1.67) 

60 (56-64) 

21.0 (20.5-22.3) 

- 

- 

- 

- 

 

26 (25-28) 

2 : 3 

1.69 (1.65-1.74) 

57 (53-62) 

21.0 (20.0-21.0) 

- 

- 

- 

- 

 

73 (66-80) 

5 : 5 

1.65 (1.62-1.73) 

68.5 (65-74) 

24.3 (22.5-28.4) 

7 (70%) 

6 (60) 

4 (3-4) 

13 (10-17) 

 

82 (80-82) 

3 : 7 

1.62 (1.57-1.66) 

54 (46-65) 

19.6 (17.5-23.0) 

8 (80%) 

5 (50) 

4 (3-5) 

16 (12-21) 

 

 

 

Table 7.4:  Additional characteristics of the individuals in each group. MUST scores of U> U2 are indicative of a high risk for 

malnutrition. APACHE II scores were estimated prior to the fasting SMA assessment. 

(BMI, body mass index;  ICU, intensive care unit;  MUST, malnutrition universal screening tool;  APACHE, acute 

physiological and chronic health evaluation) 
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Figure 7.2: Box plots summarising the 9 o’clock (white) and 12 o’clock (grey) SMA 

flow measurements for each group. 
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Figure 7.3:  Before-and-after line plot demonstrates fasting and postprandial SMA 

  blood flow assessments for each individual in the study. All patients fed  

  orally or enterally experienced an increase in splanchnic flow after an  

  enteral challenge. Conversly, all patients who recieved TPN demonstrated  

  a drop in postprandial SMA flow when compared to their fasted state. 
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between the two assessments (p=1.000) suggesting reproducibility of this method of 

assessment.  Controls administered an oral feed (CO group) had an increase in SMA flow 

from a median (IQR) of 7.6 (6.0 – 11.2) ml/s to 20.4 (16.9 – 29.9) ml/s postprandially 

(p=0.046).  Following administration of a NG feed, volunteers in the CE group were also 

noted to have an increased SMA flow.  This increased from a fasting flow of 10.5 (7.8 – 

12.4) ml/s to 16.0 (12.1 – 19.2) ml/s postprandially (p=0.043).   

 

Likewise, patients challenged with EN (PE group) also had a significant increase in SMA 

flow from 7.3 (2.9 – 12.1) ml/s up to 11.2 (8.2 – 26.0) ml/s (p=0.007) postprandially.  All 

individuals fed orally or enterally (groups CO, CE and PE) demonstrated an increase in 

postprandial splanchnic perfusion when compared to fasting SMA blood flow estimations 

(Figure 7.3). Patients allocated to receive TPN (PT group) had a median fasting flow of 

14.5 (4.8 – 24.8) ml/s which decreased significantly to 6.1 (2.4 – 9.2) ml/s (p=0.013) after 

feed administration. Each patient that was fed parenterally showed decreased postprandial 

SMA flows when compared to their preprandial measurements. 

 

 

7.4 DISCUSSION: HOW FEEDING EFFECTS SPLANCHNIC PERFUSION 

 

It is generally accepted that splanchnic blood flow increases following a meal, 

presumably as an adaptive response to facilitate digestion (Moneta et al., 1988). The 

results of this study corroborate with this and, in addition, demonstrate that PN causes a 

significant decrease in splanchnic perfusion in humans, as assessed by DUS. These fluxes 
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in alimentary tract blood flow may have implications to daily clinical practice particularly 

in the management of patients with a labile cardiovascular system, to those with 

suspected gut ischaemia, as well as to individuals at risk of gastrointestinal ischaemia-

reperfusion injury (Ackland, Grocott and Mythen, 2000).   

 

We recognise certain limitations with the design of this study. Firstly, the methodology 

employed describes a qualitative, not a quantitative assessment of pre- versus 

postprandial SMA blood flow. This was deemed appropriate because comparison 

between groups would have posed logistical problems because of the large number of 

variables that might impact on splanchnic flow. Age, height and weight, body surface 

area, rate of gastric emptying, and drugs, are some of the many factors thought to affect 

SMA flow, however the true effects of most of these factors on splanchnic perfusion 

remain poorly characterized in humans. To allow for these variables would require very 

large patient cohorts and prospective randomization into the various groups. It is not 

possible to randomize patients in studies such as this, as the decision as to whether 

patients require enteral or parenteral nutrition is a clinical one determined by underlying 

gut function and other considerations.   

 

A second limitation is the fact that the study groups varied both with respect to the 

calorific value as well as the composition of the nutrients administered.  It is well 

documented that different food constituents and changes in caloric load significantly 

affect splanchnic perfusion (Moneta et al., 1988; Parker et al., 1995). However, it must 

be reemphasised that the intention of the study was to make qualitative assessments of 
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SMA flow fluxes within groups, not absolute quantitative measurements or comparisons 

between disparate groups.   

 

Thirdly, although assessments of SMA blood flow using DUS are well described, and 

despite being a non-invasive and reproducible method of measuring splanchnic blood 

flow, many would consider this method of measurement of blood flow suboptimal. It 

does not necessarily relate to end-organ perfusion, and as such its relevance to illness and 

patient management may be limited. Alternatives, which include vascular catheterization, 

dilution techniques, and surface mucosal transducers, have more appeal in these respects, 

but they tend to be more costly, increasingly labour-intensive, dependent on specialised 

equipment and comparatively more invasive, subjecting patients to risks of both 

complications as well as radiation. Their reproducibility and specificity has also been 

questioned (Apostolakos, 1995;  Ackland, Grocott and Mythen, 2000). Notwithstanding 

these limitations we feel the trends observed within groups in this study are probably 

correct.  

 

The gastrointestinal tract is central to the pathogenesis of many disease states and is 

thought to be the motor which drives MOF (HMarshall, Christou and MeakinsH, 1993; 

HNieuwenhuijzenH, HDeitchH and HGorisH, 1996;  MacFie, 2000;  Ding and Li, 2003). The 

mechanism by which this occurs is thought to relate to a breakdown in gut barrier 

function possibly mediated or propagated by BT (MacFie, 2000;  HMagnottiH and HDeitchH, 

2005;  HDeitchH, HXu H and HKaiseH, 2006). It has been suggested that a predisposing factor to 

translocation is ischaemia-reperfusion injury to the gut, which is likely to be significantly 
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influenced by splanchnic flow (HDeitchH, HXu H and HKaiseH, 2006). Clearly therefore, any 

intervention that impacts on splanchnic flow is potentially significant, particularly in the 

critically ill patient.  

 

One such intervention is the role of adjuvant feeding in hypovolaemic or otherwise 

haemodynamically labile patients. Blood is normally diverted away from the splanchnic 

circulation to more ‘vital’ organs in states of shock or critical illness. The institution of 

early enteral feeding and resultant gastrointestinal hyperaemia may potentially upset this 

protective homeostatic function, particularly in critically ill patients where early adjuvant 

feeding is routinely advocated (Dominioni et al., 2003;  HArtinian, Krayem and DiGiovineH, 

2006). There are isolated reports of gut ischaemia occurring in patients following 

instigation of EN and it is possible that alterations in splanchnic flow occurring as a 

consequence of nutritional support are responsible (Lawlor, Inculet and Malthaner, 1998;  

Jorba et al., 2000;  Munshi, Steingrub and Wolpert, 2000). 

 

There are no published studies which have investigated the effects of variations in SMA 

flow with TPN in humans. Our results suggest that TPN is associated with a significant 

reduction in SMA flow. We consider it unlikely that this is a type 1 statistical error on the 

basis that it occurred in all patients and the changes observed were significant. In addition 

a study by Niinikoski et al. (2004) using the piglet model corroborates this finding of 

TPN-associated decrease in SMA blood flow. The mechanisms which bring about these 

changes in perfusion remain unclear. It is the authors’ opinion that either it has to occur 

as a consequence of a systemic effect or as a result of redistribution of blood flow within 
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the splanchnic circulation. Definitive conclusions in this respect cannot be drawn from 

the results of this study as changes in systemic blood flow were not directly assessed; 

however the author considers a systemic effect unlikely. All patients in the study were 

systemically stable and were closely monitored throughout the study. Further, any 

systemic effect of TPN would be likely to increase cardiac output as a consequence of 

increased metabolic rate and increased stroke volume. It is well known that intravenous 

infusion of substrates such as glucose or amino acids results in an increase in metabolic 

rate particularly if infused in excess of requirements (Carlson et al., 1994;  HBrundin, 

Branstrom and WahrenH, 1996;  Sellden, 2002). Recruited patients were systemically 

stable and the volumes of TPN administered are not such that one would anticipate 

significant effects on metabolic expenditure. The alternative explanation relates to 

redistribution of blood flow. In particular, the possibility that intravenous infusion of 

nutrients causes an increase in portal, hepatic and systemic perfusion with a 

commensurate reduction in SMA flow. We know of no human or animal data to 

corroborate this hypothesis with TPN, but it is interesting to note that Brudin et al. 

reported that intravenous glucose administration resulted in increased metabolism (as 

evidenced by increased oxygen demands and thermic effect) and blood flow in 

extrasplanchnic tissue, with a corresponding, albeit lesser, decrease in splanchnic 

expenditure and perfusion ( HBrundin, Branstrom and WahrenH, 1996). In other words, 

intravenous caloric loads appear to increase overall basal metabolism while preferentially 

shunting blood to other tissues and away from the gut, and is consistent with our own 

observations in the present trial. 
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The constituents and volume of feeds administered to the gut as well as the site of enteral 

delivery appear to differentially influence fluxes in SMA flow. In a small study of 6 

volunteers, Parker et al. (1995) elegantly demonstrated that postprandial SMA flow 

increases correlated positively with the energy content of an oral meal (r=0.969)  possibly 

by influencing gut hormone release, in particular N-terminal neurotensin (r=0.967) and 

plasma noradrenaline (r=0.900). Using DUS, Moneta et al. (1988) were able to detect 

changes in SMA, but not coeliac or femoral artery blood flow following the 

administration of enteral meals of varying protein, fat and carbohydrate compositions.  

Further, Meehan and Kreulen (1992) report that large intestinal distension leads to SMA 

smooth muscle hyperpolarization and a resultant increased blood flow in an animal 

model, while Geelkerken and co-workers (1998) were able to demonstrate that the site of 

meal stimulation within the gut also effected gastrointestinal blood flow. While 

quantitative comparisons between groups were not possible in the present study, 

qualitative differences demonstrate that the intravenous delivery of nutrients represents 

yet another factor which influences SMA blood flow and highlights a poor understanding 

of factors which modulate gastrointestinal perfusion.      

 

 

7.5 CONCLUSION 

 

In conclusion, it is widely accepted that an increase in SMA flow is a normal 

physiological adaptive response to an increase in oxygen demand associated with oral 

and enteral intakes. To date, it is not yet possible to discriminate between the supportive 
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and stressful effects of enteral feeding (HBrundin, Branstrom and WahrenH, 1996;  Trager et 

al., 2001) nor, similarly, the adaptive or ischaemic effects brought about by TPN-induced 

decreased SMA perfusion. Much remains to be established about changes to splanchnic 

flow in humans. Future studies investigating patient characteristics and other extrinsic 

factors which modulate splanchnic flow are much needed, as are trials investigating the 

mechanisms involved. The results of this study confirm increases in SMA flow in 

individuals receiving oral or EN. However, the most striking observation was a 

significant decrease in splanchnic flow in every patient receiving TPN. The clinical 

significance of these findings requires further investigation. 
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‘A state without the means of some change 

is without the means of its conservation.’ 

 

Edmund Burke

Irish Statesman, 1729 -1797

 CHAPTER 8:    

MODULATION OF INTESTINAL FUNCTION 

USING GUT–SPECIFIC NUTRIENTS AND ITS 

EFFECTS ON OUTCOME 
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8.1 INTRODUCTION: WHAT ARE GUT-SPECIFIC NUTRIENTS? 

 

Intolerance to an enteral diet is common, particularly in postoperative surgical and 

critically ill patients and has been independently associated with prognosis (chapters 4 & 

5). As a result, enhancing the recovery of gut function or curtailing the period of gut 

failure may be associated with corresponding improvements in patient outcomes. 

 

Numerous therapeutic interventions, such as prokinetics, epidural or spinal anaesthesia, 

postpyloric delivery or alterations to feeding protocol have been investigated as means of 

enhancing enteral tolerance, possibly by modulating gut function. These and other 

therapies assume that gut function can be modulated in the first place, and their 

implementation has had varying degrees of success on the return of gut function (Kehlet, 

2000;  Mentec et al., 2001;  Kehlet and Holte, 2001;  Davis et al., 2002;  Binnekade et 

al., 2005; Gatt et al., 2005; Traut et al., 2008).  

 

The use of GSN represents a novel means of enhancing the return of gut function as 

assessed by enteral tolerance. While an extensive literature exists on their usage, no 

previous study has selected a ‘cocktail’ of these nutrients and used them in a prospective 

study in which the primary end point was return of gut function. As such, the primary aim 

of this study was to record the effects of a cocktail of GSN on the time to return of 

normal gut function in critically ill patients. For purposes of this study normal gut 

function was defined by the oral or enteral tolerance of 80 per cent or more of calculated 

nutritional requirements over a minimum consecutive period of 48 hours. 
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8.2 METHODS 

 

This study was approved by the Scarborough LREC (Ref. No. LREC/04/378). Critically 

ill patients considered to have gut failure by the Scarborough Hospital multidisciplinary 

nutrition team were eligible for recruitment. For the purposes of this trial, critical illness 

was defined by the failure of at least one organ system without necessarily requiring 

admission to the intensive care (ICU) or high dependency units (HDU).  

 

On entry into the study, all patients were receiving PN by virtue of their gut failure. 

Exclusion criteria included the failure to obtain consent (or assent by the next-of-kin), 

known intolerance to one or more of the study preparations (Table 8.1), age <18yrs, and 

pregnancy. Patients who were strictly ‘nil-by-mouth’ and therefore unable to receive the 

study preparations or appropriate placebos were also excluded. 

 

The basic study design was that of a double-blind, externally randomized, placebo-

controlled clinical trial. The study design is summarised in a flow diagram in Figure 8.1. 

Subject to informed consent (or assent from the next-of-kin in case of ventilated/sedated 

patients), patients were randomized to one of two study arms, either a control group 

(receiving placebo) or a study group (receiving GSN). For purposes of blinding the 

placebos were visually indistinguishable from the GSN preparations. All preparations 

were administered for one month and patients were followed up for a total of 3 months or 

until death.  
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Table 8.1: Preparations administered to the two arms of the study 

 

GSN cocktail 

 

Placebo cocktail 

 

1. UMultivitamin CapsulesU:   

 Forceval®  

 Alliance Pharmaceuticals, Chippenham, UK  

 (Formerly provided by Unigreg Ltd) 

 Dose:  1 capsule daily.  

 Route:   Oral/via NGT dissolved in milk 

 

2. UProbiotic Capsules U:  

 Trevis®  

 Chr. Hansen, Hørsholm, Denmark 

 Dose:  1 capsule three times a day.   

 Route:   Oral/via NGT dissolved in water 

 

3. UPrebiotic PowderU: 

 Oligofructose  

 Orafti, Tienen,  Belgium 

 Dose:  16g/day in 2 divided doses 

 Route:   Oral/via NGT  dissolved in water 

 

4. UGlutamineU:   (2 options) 

 Dipeptiven®  

 Fresenius Kabi, Bod Homburg, Germany 

 Dose:  100ml dly 

 Route:    Intravenous   

  or 

 GlutaminOx®  5g powder sachets 

 Oxford Nutrition, Witney, UK 

 Dose:  20 g/day in four divided doses / day 

 Route:   Oral/via NGT in 4x200ml water 

 

 

1. UMultivitamin Placebo Capsules U:  

Forceval® placebo,  

 Alliance Pharmaceuticals, Chippenham, UK  

 (Formerly provided by Unigreg Ltd) 

 Dose:  1 capsule daily. 

 Route:   Oral/via NGT dissolved in milk 

 

2. UProbiotic Placebo CapsulesU:  

 Trevis® placebo,  

 Chr. Hansen, Hørsholm, Denmark 

 Dose:  1 capsule three times a day.   

 Route:   Oral/via NGT dissolved in water 

 

3. UPrebiotic Placebo PowderU:  

Ground sucrose 

 Dose: Twice daily administration  

 Route:   Oral/via NGT dissolved  in water 

 

 

4. UGlutamine PlaceboU:   (2 options)    

Sterile saline for iv administration 

 Dose:  100ml dly 

 Route:   Intravenous 

  

  or 

 Ground sucrose 

 Dose:  Four divided doses / day 

 Route:   Oral/via NGT in 4x200ml water 
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Figure 8.1: Flow diagram of study design 

  

 

Critically ill patients with  

Inadequate gut function  

Randomization 

Control arm (receiving placebos) 

N = 25 

UExclusionsU:   (Total = 11) 
 

- No consent:   7 
- Intolerance to GSN: 0 
- <18 years:  1 
- Pregnancy:  0 
- Nil by mouth:  3 

Intervention arm (receiving GSN) 

N = 25 

Preparations administered for 30 days 

Follow-up for 90 days / till death 
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The cocktail of GSN comprised a combination of a prebiotics (oligofructose, Orafti, 

Tienen, Belgium), a multi-strain probiotics (Trevis®, Chisten Hansen, Hørsholm, 

Denmark), a multivitamin/antioxidant preparation (Forceval®, Alliance Pharmaceuticals, 

Chippenham, UK; formerly provided by Unigreg Ltd.) and glutamine (GlutaminOx®, 

Oxford Nutrition, Witney, UK or Dipeptiven®, Fresenius Kabi, Bod Homburg, Germany) 

the details of which are shown in Table 8.1. Each capsule of Trevis® contained 4x109 

colony forming units of Lactobacillus acidophilus La5, Lactobacillus bulgaricus, 

Bifidobacterium lactis Bd-12 and Streptococcus thermophilus. The constituents of 

Forceval® are summarised in appendix 5. Glutamine (or its placebo) was administered 

intravenously for the first 7 days and then orally or enterally thereafter. All other 

preparations were administered orally or dissolved in small quantities of fluid and 

administered via an indwelling nasogastric tube (NGT) from recruitment. Patients in both 

groups received appropriate supplementation of physiological doses of essential macro- 

and micro-nutrients, so that any GSN provided to the intervention arm where over and 

above physiological requirements. 

 

All nutritional support was managed by a multidisciplinary hospital nutrition team. 

Nutritional support is usually entertained in patients with an anticipated or actual 

inadequate oral intake of five days duration or more, with or without the evidence of 

malnutrition, risk of malnutrition (as predicted by the malnutrition universal screening 

tool [MUST] Todorovic et al., 2003) and/or the presence of critical illness. The quantity 

and method of feeding was based on individually calculated nutritional requirements 

using the modified Schofield equation (Todorovic and Micklewright, 2004) and aimed to 
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provide intakes of 20 – 25 kcal kg-1 d-1 non-protein energy and approximately 0.17g 

nitrogen kg-1 d-1. Nutritional requirements were calculated by senior dieticians, and feed 

administration was guided by strict feeding protocols along the principles of optimal 

nutritional support to ensure a more adequate delivery of both macro- and micronutrients. 

EN was provided using Fresubin Original® 1 kcal ml-1 polymeric feed (Fresenius Kabi 

Ltd, Cheshire, United Kingdom), and PN was administered using Kabiven® 9 or 14 

depending upon requirements (Fresenius Kabi Ltd, Cheshire, United Kingdom). The 

constituents of these commercially available feed preparations is summarised in appendix 

5. GSN provided to the intervention arm where in addition to basal requirements. 

 

 

8.2.1 End points recorded 

 

The primary end point of this study was the time to the return of normal gut function. 

This was calculated in hours from the commencement of the study preparations to the 

oral/enteral tolerance of U> U80% of calculated nutritional requirements for a minimum 

continuous period of 48 hours (Gatt et al., 2007). The state of gut function was also 

evaluated daily by the traditional assessments of bowel sounds, passage of flatus, passage 

of faeces/diarrhoea, bloating, abdominal distension, high NG aspirates, vomiting and feed 

aspiration. Episodes of feed intolerance were determined by documented episodes of 

vomiting, feed aspiration, severe abdominal pain, distension or bloating that necessitated 

cessation or alterations to feed administration as guided by the unit’s feeding protocols. 

The use of opiates, overall fluid balance, as well as the need for surgery, were recorded as 
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predisposing factors for ileus. The duration of intravenous infusions was recorded as a 

surrogate indicator of fluid tolerance by the gut. IP was also assessed on entry into the 

study and on days 30 and 90 by employing the triple sugar test of lactulose, rhamnose and 

sucralose is described in section 2.4.1. A log was kept of all analgesic requirements, and 

particularly the use of opiates which are known to effect gut function. Similarly, the use 

of prokinetic medications including metoclopramide and erythromycin, and the amount 

of GSN administered to each patient was also registered. 

 

Multiple other end points were recorded. These are summarised in Table 8.2 together 

with the periodicity of the measurements taken. Patients were reviewed at least twice 

daily for the duration of their hospital stay, and then at one month and again at three 

months from recruitment. Data were all collected prospectively. In view of the multiple 

end-points recorded, emphasis in the results section below will be given to those which 

showed significant differences between groups. 

 

APACHE II scores were calculated on admission into the study, weekly thereafter for the 

duration of hospital stay, and again on days 30 and 90. Details of organ failure were 

recorded including the duration of support with inotropes, ventilators and/or dialysis. The 

occurrence of septic, non-septic, and feed related complications were recorded for the 

duration of hospital stay. Septic complications were defined as the presence of recognised 

pathogens in normally sterile body tissues, confirmed by culture and supported by 

clinical, haematological and/or radiological evidence. 

 



 
Table 8.2:  Variables   recorded.     The  primary  outcome  was the  time  to  the  return  of  normal  gut  function.  (Periodicity of  

  measurements: * on recruitment only, § daily during admission, and on days 30 & 90 where applicable; ‡ weekly during  

  admission and on days 30 & 90 where applicable; ¥ on discharge; ƒ after discharge or on days 30 & 90 only; P see text)

Variables
 
Demographics 
 Age * 
 Sex * 
 Height * 
 
Hospital stay 
 Length of hospital stay  
 Need for ICU admission §   
 Length of ICU admission  
 Diagnosis * 
 Need for hospital readmission  ƒ 
 Total length of stay 
  
Operative data 
 Surgery during admission § 
 Operation performed § 
 Date/s of operation § 
 Presence of a stoma § 
 
 Intestinal permeability (triple sugar) 
 Urinary lactose:rhamnose ratio P  
 Urinary sucralose excretion  P   
 
Gut function 
 Clinical assessment § 
 Tolerance to oral/enteral intake § 
 Episodes of intolerance § 
 Reasons for intolerance §  
 Time to return of gut function P   

Nutritional data 
 Weight ‡   
 Weight prior to illness * 
 Weight change ‡ 
 BMI ‡   
 Nutritional requirements § 
 Reason for feeding * 
 Length of feeding 
 <5 days feeding 
 Length of TPN 
 Length of EN 
 Need for combination feeding § 
 Method of feed administration § 
 Volume of feed prescribed § 
 Volume of feed administered § 
 Cumulative energy balance 
 Weekly energy surplus/deficit ‡ 
 Reasons for inadequate intake § 
  
Nutritional status & anthropometry
 MUST * 
 Serum albumin ‡ 
 Mid-arm circumference ‡ 
 Skin fold thickness ‡ 
  
Strength & mobility 
 Grip strength ‡ 
 Spirometry ‡ 
 Time to mobilization § 
 Time to activities of daily living §   

Other organ failures 
 Cardiac §  
 Respiratory §  
 Renal § 
 Hepatic §  
 Neurological § 
 Haematological §   
 
Severity of illness 
 ASA score * 
 APACHE II score ‡ 
 SIRS / Sepsis syndrome § 
 Need for ventilation § 
 Length of ventilation 
 Need for inotropic support § 
 Length of inotropic support 
 Need for dialysis § 
 Length of dialysis 
 Duration of catheterization 
  
GSN / Placebo 
 Amount administered § 
 Adverse reactions § 
 Palatability of preparations  ƒ 
 
Drugs § 
 Analgesics/opiates/epidural  
 Antibiotics 
 Prokinetics  
 Other medications  

Complications & clinical outcome 
 Septic §  
 Tube related §  
 Feed related §  
 
Lab/X-ray investigations 
 Chest and abdominal X-rays * 
 Full blood count ‡ 
 Urea, creatinine & electrolytes ‡ 
 Liver function tests & albumin ‡ 
 Zinc, phosphate, magnesium ‡ 
 CRP ‡ 
  
Fluids & fluid balance 
 Fluid balance § 
 Time to discontinuation of IVI 
 
Psychological wellbeing 
 HAD score P     
 
Pain & fatigue assessments   
 Visual analog scales ‡ 
 
GP visits after discharge  ƒ 
 
Mortality data 
 Death in first 3 months 
 Date of death 
 Time to death from recruitment 
 Cause of death 
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A number of anthropometric parameters and other indicators of physiological and 

psychological well-being were also recorded. FEV1 and FVC were recorded using a 

portable spirometer (Vitalograph® Limited, Buckingham, UK).  MAC, skin fold 

thickness and hand grip strength were recorded on the non-dominant side. Skin fold 

thickness was assessed using an apposite digital skin fold measuring calliper (Oxford 

Nutrition, Witney, UK). Hand grip strength was measured using a Jamar® dynamometer 

(NexGen Ergonomics, Montreal, Quebec, Canada).  Strict charting of all input and output 

was maintained to calculate overall fluid balance.  Mobilisation was recorded daily, 

assisted by the use of a patient diary of daily activities. The time spent by the patient out 

of bed on each day, the time to mobilise to the toilet with help and unaided, and the time 

to walk the length of the ward with help and independently were all recorded for 

comparison. 

 

Patients had daily clinical observations and regular blood investigations carried out as 

part of their in-hospital care. Serum albumin, white cell count estimates and CRP were 

also recorded as indicators of the acute phase response. Ten centimeter visual analogue 

scales without intersections were used to record fatigue and pain scores on a weekly 

basis.  Pain assessments were performed at rest, on coughing and on movement. 

Cognitive function was determined by means of a validated hospital anxiety and 

depression (HAD) questionnaire summarised in appendix 3 (Zigmond and Snaith, 1983). 

 

The length of hospital and ICU stay (where relevant) were recorded. Following 

discharge, the need for patient readmission and the total number of GP (GP) visits were 
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documented at one and three months. Details of mortality were recorded for 3 months 

after hospital discharge. 

 

 

8.2.2 Randomization and blinding 

 

All members of staff and patients were blinded to treatment allocation. This was aided by 

the availability of visually identical study and placebo preparations. Randomization was 

performed externally by telephone. The individual involved was independent of the 

research team.  For purposes of patient allocation, reference was made to lists of 

randomly generated numbers with no fixed starting point which ensured a 1:1 allocation 

to groups. A coding system then permitted the appropriate dispensation of products by 

the pharmacy department without compromising the blinding process. The randomization 

sequence was only deciphered once all patients had completed the 3 month follow-up 

period. 

 

 

8.2.3 Statistics and sample size calculation   

 

Results were tabulated on an Excel® spreadsheet (Excel for Windows®, Microsoft 

Corporation, Redmond, Washington, USA) and then analysed using SPSS® for 

Windows® version 11.5 (SPSS®, Chicago, Illinois, USA). Results for non-parametric data 

were expressed as medians (IQR).  Relationships between groups were assessed using χ2 
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test for binary outcomes or Fischer’s exact test for small cohorts as appropriate. 

Continuous variables were compared with the Mann-Whitney U-test.  Changes over time 

within groups were analysed with Friedman’s test.  Statistical significance was 

considered at the 5 percent level. 

 

No similar study could be identified in the literature for purposes of a power calculation. 

For this reason, sample size was estimated from a previous study performed by the author 

and described in chapter 5 (Gatt et al., 2007). In this earlier study the median time to the 

return of normal gut function was 141 hours from commencement of the study, with a 

mean of 191 hours. A power calculation showed that a minimum of 21 patients would be 

required in each arm in order to demonstrate a difference in return of gut function of 72 

hours at the 5% level of significance with a power of 90%.  Correcting for the 16% of 

patients in this previous study that never achieved normal gut function would require an 

additional 4 patients per cohort, resulting in a total of 25 patients per arm. 

 

 

8.3 RESULTS: EFFECTS OF GSN ON GUT FUNCTION 

 

A total of 50 patients were recruited to the trial, with 25 randomized to each of the two 

arms of the study. The two groups were similar in all respects as summarised in Table 

8.3. This included disease severity as assessed by APACHE II scoring, prevalence of 

surgery as well as opiate and prokinetic usage. 
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Table 8.3: Basic characteristics of both groups. Cohorts were comparable in all 

  respects. (* figures represent median (IQR) values) 

 
29B100B171BFactor 

 
30B101B172BControl arm 

31B102B173B(Placebos) 
N=25 

 
32B103B174BIntervention arm 

33B104B175B(GSN) 
34B105B176BN=25 

 

 
35B106B177BP-value* 

 
 
67B138B209BDemographics 
  
68B139B210B Age (years) * 
  
69B140B211B Sex 
    Male 
   Female 
 
 
Hospital Stay 
  
 Needing surgery (%) 
 
 Admitted to ICU (%) 
 
  
Nutritional parameters 
  
 Height (meters) * 
 
 Weight (kg) * 
 
 BMI * 
 
 Nutritional requirements 
 (kcal/day) * 
 
  MUST score * 
 
  
Severity of illness 
 
 ASA grade * 
 
 Initial APACHE II score * 
 

 
 
 
 

73.4 (65.4–80.4) 
 
 

11 
14 
 
 
 
 

15 (60) 
 

12 (48) 
 
 
 
 

1.71 (1.54-1.80) 
 

73.6 (61.0-94.6) 
 

24.2 (19.1-32.2) 
 

1520 (1424–1650) 
 
 

3 (2-3) 
 
 
 
 

3 (2–3) 
 

10 (9–15) 

 
 
 
 

63.3 (56.2–76.4) 
 
 

16 
8 
 
 
 
 

13 (52) 
 

16 (64) 
 
 
 
 

1.78 (1.62-1.88) 
 

77.6 (62.3-98.7) 
 

24.6 (18.4-31.0) 
 

1610 (1455–1875) 
 
 

3 (2-3) 
 
 
 
 

3 (3–3) 
 

11 (8–14) 
 

 
 
 
 

0.308 
 

0.191 
 
 
 
 
 
 

0.569 
 

0.254 
 
 
 
 

0.343 
 

0.157 
 

0.778 
 

0.388 
 
 

0.945 
 

 
 
 

0.883 
 

0.404 



 

 262

The administration of GSN resulted in a significantly earlier return of normal gut 

function when compared to controls (respectively 164 (120–225) hours versus 214 (184–

401) hours; p=0.016) as illustrated in Figure 8.2. This is despite patients in both groups 

being started on an oral/enteral diet at comparable times from recruitment (respectively 

52 (12–136) hours versus 69 (44–151) hours; p=0.201). No differences in fluid balance, 

opiate usage, prokinetic drug administration or abdominal surgery could be detected 

between groups during this time period.  

 

This earlier return of gut function in the GSN group was not associated with any 

detectable differences in anthropometric, physiological or psychological parameters 

(Table 8.4). In addition, no difference were detected between the two groups in small gut 

(5 hour L:R ratios), whole gut (24 hour sucralose excretion) or colonic (final 19 hour 

sucralose excretion) permeability at any time point when measurements were taken 

(Table 8.4). In addition, there was no change in permeability measurements over the 

study period that could be detected within groups using Friedman’s test (results not 

shown).  

 

There were no detectible differences in the acute phase response between the groups at 

any single time point as measured by white cell count, CRP and serum albumin 

assessments (Figure 8.3). However, when changes over time within groups were assessed 

using Friedman’s test, the patients receiving GSN were noted to have a significant 

increase in serum albumin with time (p=0.048). Increases in absolute serum albumin 

levels were also noted in the control group, but these did not achieve significance 
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Figure 8.2: Time to return of normal gut function for the two groups. Time is shown 

in both hours (left y-axis) and days (right y-axis). The administration of 

GSN resulted in a significantly earlier return of normal gut function when 

compared to controls receiving placebos (p=0.016). Medians for the two 

groups are highlighted by the two dotted lines. 
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36B107B178BFactor 

 
37B108B179BControl arm 

38B109B180B(Placebos) 

 
39B110B181BIntervention arm 

40B111B182B(GSN) 
 

 
41B112B183BP-value* 

 
 
Patients tolerating placebos/GSN (%) 
 
 
Nutritional parameters 
  
 Length of feeding  (hours) * 
 
 Time to starting oral intake (hours) * 
 
   Time to tolerance (hours) * 
 
 
Patients receiving prokinetics (%) 
 
 
Organ Failure  
 
 Cardiac Failure (%) 
 
 Respiratory failure (%) 
 
 Renal failure (%) 
 
 Hepatic failure (%) 
 
 Neurological failure (%) 
 
 Haematological failure (%) 
 
 
Intestinal permeability 
 
 Day 0 L:R (small gut) * 
 
 Day 0 Sucralose (whole gut) * 
 
 Day 0 Colonic (19 h sucralose) * 
 
 Day 90 L:R (small gut) * 
 
 Day 90 Sucralose (whole gut) * 
 
 Day 90 Colonic (19 h sucralose) * 
 
 

 
 

25 (100) 
 
 
 
 

122 (77–231) 
 

69 (44–151) 
 

214 (184–401) 
 
 

23 (92) 
 
 
 
 

4 (16) 
 

5 (20) 
 

2 (8) 
 

2 (8) 
 

0 (0) 
 

1 (4) 
 
 
 
 

0.125 (0.070–0.227) 
 

0.795 (0.225-3.539) 
 

0.372 (0.009-1.445) 
 

0.074 (0.038-0.113) 
 

0.260 (0.180-1.780) 
 

0.164 (0.142-1.640) 

 
 

25 (100) 
 
 
 
 

121 (98–208) 
 

52 (12–136) 
 

164 (120–225) 
 
 

23 (92) 
 
 
 
 

2 (8) 
 

6 (24) 
 

1 (4) 
 

1 (4) 
 

2 (8) 
 

0 (0) 
 
 
 
 

0.055 (0.029–0.097) 
 

0.715 (0.155-1.975) 
 

0.205 (0.103-0.530) 
 

0.042 (0.023-0.068) 
 

0.570 (0.090-1.450) 
 

0.270 (0.001-0.680) 
 

 
 

1.000 
 
 
 
 

0.891 
 

0.201 
 

0.016 
 
 

1.000 
 
 
 
 

0.864 ** 
 

0.432 ** 
 

0.824 ** 
 

0.824 ** 
 

0.965 ** 
 

0.942 ** 
 
 
 
 

0.057 
 

0.704 
 

0.255 
 

0.463 
 

0.739 
 

0.641 
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Table 8.4:  Physiological parameters and other end points recorded for the two 

  groups. (* figures represent median (IQR) values) 

 

 
42B113B184BFactor 

 
43B114B185BControl arm 

44B115B186B(Placebos) 

 
45B116B187BIntervention arm 

46B117B188B(GSN) 
 

 
47B118B189BP-value* 

 
 
Complications 
 
   Any 
 
   Septic 
 
   Feed related 
 
   Delivery system related 
 
 
 
Hospital Stay 
  
 Length of hospital stay (days) * 
 
 Number of readmissions * 
 
 Total length of stay (days) * 
 
 
 
GP visits after discharge * 
 
 
 
70B141B212BMortality 
 
 Death by 90 days (%) 
  
 Time to death (days) * 
 

 
 
 
 

18 (72) 
 

13 (52%) 
 

6 (24%) 
 

7 (28%) 
 
 
 
 
 

29 (17–43) 
 

1 (0-1) 
 

37 (19–51) 
 
 
 

1 (0-1) 
 
 
 
 
 

7 (28%) 
 

29 (5–51) 

 
 
 
 

10 (40) 
 

4 (8%) 
 

4 (16%) 
 

4 (16%) 
 
 
 
 
 

24 (15–42) 
 

0 (0-1) 
 

31 (15–44) 
 
 
 

0 (0-1) 
 
 

 
 
 

2 (8%) 
 

56 (30–101) 
 

 
 
 
 

0.227 
 

0.015 ** 
 

0.725 ** 
 

0.496 ** 
 
 
 
 
 

0.691 
 

0.342 
 

0.516 
 
 
 

0.331 
 
 
 
 
 

0.138 
 

0.494 
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(p=0.054). Both groups showed a significant decrease in CRP over time, (respectively 

p<0.001, and p<0.001) but no change in their WCC (respectively p=0.144, and p=0.227). 

These changes over time are represented diagrammatically in Figure 8.3. 

 

A total of 17 (34%) patients developed 20 culture-proven septic complications during the 

study period. Thirteen (52%) of these patients (15 septic episodes) were randomized to 

the control arm while the remaining 4 (16%) patients (5 septic episodes) received GSN 

(p=0.015). Figure 8.4 summarises the twenty septic complications detected.  

 

There were no recordable differences between the two groups with regards to the 

presence of other single organ failures, the time patients required organ support with 

inotropes, ventilators or dialysis and the length of ICU stay.  In addition, initial hospital 

stay, the number of readmissions and total hospital stay (to include readmissions) was 

similar for both groups, as were the total number of GP visits after discharge. There were 

a total of 9 deaths which occurred during the 3 month study period. Seven (28% of all 

patients in the group) of these occurred in patients in the control arm with 2 (8% of all 

patients in the group) occurring in patients receiving GSN during the same time period 

(p=0.138). Causes of death are summarised in Figure 8.5. Four (8%) patients had 

persistent gut failure for the duration of the study period. Three (12%) of these were 

randomized to the control group, and 1 (4%) was receiving GSN (p=0.609). All 4 patients 

who had persistent gut failure died during follow-up. 
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Figure 8.3: Changes in the acute phase response with time. Controls are represented in 

  green and patients receiving GSN in purple. There were no differences 

  between the groups at any time point. Changes over time within groups 

  were assessed using Friedman’s test.  There was no change in WCC over 

  time in either group (p=0.227 vs. p=0.144 respectively). CRP estimates

  decreased with time in both arms (p<0.001 vs. p<0.001 respectively). 

  Both groups showed increases in serum albumin with time,  but this was 

  only significant in the GSN group (p=0.048 vs. p=0.054 respectively).  
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Figure 8.4: The number of patients in each group who developed septic complications

   (13 vs. 4) and a list of the 20 culture-proven septic episodes.  
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Figure 8.5: Summary of patient mortality in both groups and the causes of death. 
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8.4 DISCUSSION: EFFECTS OF GSN ON GUT FUNCTION 

 

The results of this study demonstrate that the provision of GSN to critically ill patients 

with non-functioning gastrointestinal tracts was associated with an earlier return of gut 

function as assessed by enteral tolerance. GSN administration was also associated with an 

attenuation of the acute phase response, a decrease in the number of septic episodes, and 

a reduction in the absolute number of deaths (albeit non-significant). The implication 

from these results is that similar to the function of other single organs, gut function can 

also be modulated and this is associated with measurable improvements in outcome. 

 

There is increasing recognition of the importance of the ‘gut barrier’ in health and 

disease. Failure of the gut barrier has been associated with significant increases in both 

morbidity and mortality (O’Boyle et al., 1998). The primary interface between ingested 

nutrients and the blood and lymphatic systems and an integral part of the gut barrier are 

the gastrointestinal epithelial cells. These epithelial cells are dependent on both luminal 

and bloodstream sources for nutrition. Certain nutrients, collectively known as gut- 

specific nutrients (GSN), have been shown to exert specific effects on these epithelial 

cells and hence on intestinal mucosal integrity (Duggan, Gannon and Walker, 2002). 

Additionally, GSN have important effects on gastrointestinal function and gut 

immunology, which are separate and distinct to their role as nutrients or 

immunomodulators.   

 

Numerous substances have been shown to have ‘gut-specific’ effects and include 
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glutamine (Burke et al., 1989;  O'Dwyer et al., 1989;  Van der Hulst et al., 1993;  Tremel 

et al., 1994;  Heyland et al., 2001[b];  Wischmeyer, 2005;  Wischmeyer, 2007), arginine 

(Daly, Reynolds and Thom, 1988;  Daly et al., 1992;  Bowler et al., 1995;  Alican and 

Kubes, 1996;  Schleiffer and Raul, 1996;  Senkal et al., 1995;  Weimann et al., 1998; 

Luiking and Deutz, 2007;  Vermeulen, 2007), zinc (Koo and Turk, 1977;  Clarkson and 

Elmes, 1987;  Roy, 1992;  Wapnir, 2000), vitamin A (McCullough, Northrop-Clewes and 

Thurnham, 1999; Thurnham et al., 2000), probiotics (Bengmark, 1996;  Sanders, 2000;  

Lu and Walker, 2001), prebiotics (Gibson et al., 1995;  Niness, 1999), short-chain fatty 

acids (Daly et al., 1992;  Weimann et al., 1998;  Teitelbaum and Walker, 2001), and 

nucleotides (Daly et al., 1992;  Weimann et al., 1998;  Carver, 1999). However, despite 

the fact that enormous research endeavour has been undertaken investigating these 

substances, their role in clinical practice remains uncertain. There are many possible 

reasons for this, but almost certainly a major factor is that most studies have adopted 

mortality or morbidity as primary end points thereby necessitating the recruitment of very 

large patient numbers. We have previously demonstrated that gut function determined by 

tolerance of enteral feeds is common in postoperative and critically ill patients and does 

impact independently on prognosis (Gatt et al., 2007). On this background and taking the 

return of normal gastrointestinal function as our primary endpoint, the rationale for this 

study was that a selection of purposely chosen GSNs might, based on their cumulative 

effect, be more likely to manifest difference in the return of gut function. 

 

At the time of commencement of this study, there was no commercially available GSN 

preparation which had the desired constituents and properties necessary to fit the study 
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design. After a critical review of the literature, a cocktail of GSN was specifically put 

together so as to provide only the desired preparations at the required doses. As the GSN 

were to be dispensed for a month, it was also considered necessary to be able to 

administer the preparations orally or down an NGT, and in as small a volume as possible 

to encourage tolerance and compliance. Four separate preparations were included into the 

final GSN cocktail: pre- and probiotics as they have been shown to beneficially modulate 

the gastrointestinal microflora, (Rastall, 2004;  Reddy et al., 2007[b]), multivitamin and 

antioxidant preparation as these attenuate oxidant stress and decrease ischaemia-

reperfusion injury (Baines and Shenkins, 2002;  Molyneux, Glyn and Ward, 2002;  

Duggan, Gannon and Walker, 2002) and finally glutamine, because it is recognised as 

being the preferred fuel substrate for the enterocytes as well as having other desirable 

gut-specific effects (Wischmeyer, 2005;  Wischmeyer, 2007). The evidence for the 

benefits of enterally administered glutamine is weaker than that for its intravenous 

administration. In an attempt to curtail costs, decrease the daily enteral volume necessary 

for GSN administration, and above all to improve efficacy of the GSN cocktail, 

glutamine was administered parenterally for the first seven days, and then orally for the 

remainder. Arginine was specifically excluded from the cocktail because of isolated 

reports of detrimental outcomes in the critically ill septic patient (Bertolini et al., 2003). 

 

A potential criticism of this study is that the dosages of GSNs employed may be 

considered too low on the basis of evidence available now that was not in the literature at 

the time this study was designed. We recognise that higher GSN concentrations, as 

recommended in more recent literature, might produce further enhancement of gut 
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function that might have been associated with changes in one or other of our secondary 

endpoints. 

 

There is little doubt that nutrition effects immunity (Johnson and Kudsk, 1999).  Well-

nourished patients sustain fewer complications and recover from infection and illness 

faster than malnourished patients (Windsor and Hill, 1988).  Protein energy malnutrition 

develops rapidly during critical illness, which if prolonged and progressive impairs host 

immune and antibacterial defences (Deitch et al., 1987;  Deitch et al., 1990[b]), disrupts 

the normal ecology of the resident microflora (Deitch et al., 1987;  Chandra and Gupta, 

1991), and may produce changes in mucosal architecture and mucosal mass (Bragg, 

Thompson and Rikkers, 1991;  Tappenden, 2006).  It is, therefore, somewhat surprising 

that adjuvant nutritional support, whether enteral or parenteral, has not been consistently 

shown to be associated with improvements in clinical outcome particularly in critically ill 

patients. In this study, there were no differences in the adequacy of feeding or basic 

nutritional characteristics between the groups. It is not possible to attribute differences in 

outcome between the two to variations in nutrition. One of the strengths of the study 

design is the incorporation of optimal nutritional practices. This ensured that more 

patients achieved their nutritional requirements (Woodcock and MacFie, 2002;  Chahal et 

al., 2004;  Woodcock and MacFie, 2004), and therefore decreased the likelihood of there 

being a confounding factor of GSN acting simply as nutrients in the setting of 

malnutrition. In other words, optimal nutrition helped to ensure that observed differences 

between the study arms related to the gut-specific effects of GSN and not to their effects 

as simple nutrients.  
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The recognised importance of nutrition on immunity together with an inability to 

decrease the prevalence of deaths in the critically ill caused by delayed sepsis and MOF 

has led to increasing interest in immunomodulating preparations, and in particular, the 

use of immunonutrients.  These are substrates specifically designed to stimulate the 

immune response on the theoretical grounds that they will assist the recovery of 

immunocompromised patients.  Many studies investigating the use of immunonutrients 

have now been reported and their results reviewed (Heys et al., 1999;  Heyland et al., 

2001[b];  Montejo et al., 2003;  Beale et al., 2008).  Suffice to say there is again no 

consistent evidence of benefit with some studies showing improvements in outcomes 

(Bowler et al., 1995;  Galban et al., 2000;  Beale et al., 2008)  but others a significant 

deterioration (Bertolini et al., 2003). There are many possible explanations for the 

discrepancies observed in the results of these studies. Most are underpowered for the 

primary endpoints employed, feeding regimens are inconsistent between control and 

study groups, blinding is often absent, enteral and parenteral nutrition are often used 

inappropriately, and gut function is rarely assessed objectively since, until recently, no 

validated quantifiable definition for it existed in the literature. Unlike similar studies, the 

primary outcome of this trial was the return of gut function using a quantifiable and 

therefore objective measure based on enteral tolerance. This method of assessment of gut 

function has been previously validated (Gatt et al., 2007). 

 

The findings of this study demonstrate that the return of adequate gut function can be 

expedited with the use of GSN. The administration of GSN was also noted to have other 

benefits on patient outcomes which included an attenuation of the acute phase response, 
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decreased septic complications, and possibly improved survival, albeit the latter being 

non-significant in this study. While a mortality rate of 28% in the control arm may be 

perceived as excessive for patients with a median APACHE II score of 10, one must be 

mindful that all patients in this study had evidence of gut failure at recruitment. In other 

words, the control cohort was not representative of all patients with an APACHE II score 

of 10. On the contrary, they were only representative of that sub-group of patients with an 

APACHE II score of 10 that in addition manifested IF. The relevance of this observation 

is that while APACHE II takes into consideration most organ failures, it does not score 

for factors relating to gut failure. However, since IF is independently associated with 

outcome, APACHE II effectively disregards the effects of gut function on patient 

prognosis and probably explains the high mortality of 28% despite a relatively low 

APACHE II score.  

 

It is self-evident that failure to treat an organ dysfunction will have deleterious effects on 

patient outcome. The difference in mortality between groups in this study, albeit 

statistically insignificant, was approximately threefold. In this respect, it is relevant to 

note that it has previously been shown that the NNT for patients with gut failure was 

1.504 (Table 5.6). In other words, for every 3 patients in who gut failure is treated 

effectively, 2 will be predicted to survive. Extrapolating from this observation, of the 7 

patients (28% of cohort) who died in the untreated arm, two thirds of these 

(approximately 5 patients) would have been expected to survive with adequate treatment 

of their IF. While the study was not powered to assess differences in survival between the 

two groups, the documented mortality of 7 patients (28%) in the control arm and of 2 
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patients (8%) in the intervention arm is consistent with previous work relating to the 

effect of gut failure on outcome and with the fact that APACHE II does not score for gut 

failure despite its independent association with patient outcome. 

 

Whether the attenuation of the acute phase response, decreased septic complications, and 

improved absolute survival noted in this study were simply a result of GSN 

administration, or alternatively a consequence of an earlier return of normal gut function 

brought about by GSN cannot be confidently concluded from this study. However with 

the gut representing the single largest immunological and cytokine producing organ in 

the body, it is interesting to note many similarities in the findings from this study and the 

results of other trials investigating the gut origin of sepsis hypothesis.  

 

Deitch proposes a central role of the gut in propagating the cytokine imbalance 

eventually resulting in SIRS, MOF and death (Cohen et al., 2004). Marshall, on the other 

hand, describes the gut as the ‘undrained abscess of multiorgan failure’ (Marshall, 

Christou and Meakins, 1993). It remains unclear whether failure of the gut, together with 

dysfunction of its barrier and immunological roles, initiates or simply propagates MOF 

and death. What is evident from daily clinical practice, however, is that the treatment of 

delayed sepsis in the critically ill is often unsuccessful despite ongoing advances in 

critical care and the availability of new broader-spectrum antimicrobial therapies. 

Critically ill patients more commonly than not succumb to this insult, possibly because 

the overwhelming sepsis is not the cause of their demise, but simply a sign of underlying 

gut failure (which defies both detection and effective treatment). Findings from this study 
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support the hypothesis that gastrointestinal dysfunction, much like other single organ 

failures, predisposes to disease. As a consequence, the curtailing of gut dysfunction and 

the attenuation of the acute phase response, in this case by the administration of GSN, 

might represent the mechanisms for improved outcomes in the intervention arm of this 

study.     

 

 

8.5 CONCLUSION 

 

In conclusion, results of this study demonstrate that the use of GSN expedites the return 

of gut function. This was associated with an attenuation of the acute phase response, 

decreased rates of sepsis, and possibly improved survival, albeit not significant. Whether 

these beneficial outcomes came about as a result of the enhanced recovery of gut function 

or were only associated with it remains unclear. The prognostic advantage of an earlier 

return of gut function makes theoretical sense and the results of larger studies are awaited 

to confirm survival benefit. 
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‘All diseases begin in the gut. 

Death sits in the bowel, 

a bad digestion is the root of all evil.’ 

 
Hippocrates,

c. 460 - 370 BC

CHAPTER 9:  

CONCLUSION & FUTURE RESEARCH 
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9.1 RATIONALE FOR THIS RESEARCH 

 

The overarching aims of this thesis were to investigate the importance of gut function and 

subsequent failure as an indicator of clinical outcome, derive a definition for this 

phenomenon, and then develop a strategy to treat it. A scoping review of relevant 

literature found that supporting evidence for the role of the gut as the motor which drives 

disease, MOF and death can be drawn from a variety of seemingly unrelated sources in 

the medical and surgical literature. Studies investigating the so-called ‘gut origin of 

sepsis hypothesis’ and BT provided strong support for this contention, Additional 

evidence could be drawn from trials assessing enhanced recovery programmes after 

surgery as well as from papers relating to various aspects of human nutrition. However, 

from this evidence, it became apparent that definitive proof of the importance of 

underlying gut function on clinical outcome is hindered by the absence of a quantifiable 

definition for the state of gut function. More specifically, there existed no definition for 

what constitutes adequate gut function as distinguishable from a state of gut failure.  

 

The literature review in chapter 1 highlighted at least three main areas of insufficiency in 

the literature. Firstly, how can one distinguish adequate gastrointestinal function from 

bowel insufficiency (i.e. gut failure)? Secondly, much like other single organ failures, is 

gut failure associated with poorer outcomes? Thirdly, can gut failure be treated, and if so 

what effects does this have on outcomes?  

 

This theses set out to investigate these issues by means of a series of clinical studies 
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carried out by the author. This chapter summarises the findings of these clinical trials.   

 

 

9.2 SUMMARY OF RESEARCH FINDINGS 

 

The first study in chapter three was set up to investigate the merits of a gut-directed 

multimodal optimization package on patients undergoing major colorectal surgery in the 

setting of a randomized clinical study. The effects on the recovery of postoperative gut 

function were also recorded. From this trial, it was evident that enhanced recovery 

programmes benefited patients undergoing elective colorectal surgery by curtailing the 

need for urinary catheterisation, expediting postoperative mobilization, and  allowing 

patients to tolerate fluids and diet sooner than controls who were receiving traditional 

surgical care.  In addition, optimization enhanced the return of normal gut function and 

decreased the period of hospitalisation without any measurable increases in morbidity or 

mortality. This study corroborated evidence that gut function is important to patient 

outcomes, but also highlighted the difficulties in the interpretation of data relating to 

gastrointestinal function because of the lack of an objective definition for adequate as 

distinct from IGF.  

 

UConclusion 1U: Multimodal optimization improved outcomes and this may relate to 

 an earlier recovery of gut function 
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Having established the need for an objective definition of the state of gut function, the 

two studies described in chapter 4 set out to achieve this. The main aim was to develop a 

definition for adequate gut function as distinct from gut failure which was quantifiable, 

objective, reproducible, evidence-based, pragmatic, easily applicable by the bedside, and 

associated with patient outcome. This was achieved by associating the tolerance of 

varying amounts of nutritional intakes by the gut for different time periods with 

prognosis. In the first of these studies, the tolerance by the gut of 70, 80 and 90 per cent 

of calculated nutritional requirements were sequentially associated with prognosis. The 

value of 80 per cent was considered to represent the best trade off between specificity, 

sensitivity, positive and negative predictive values of outcome. The subsequent study 

built on these results by asking how long a patient needed to tolerate U> U80% of their 

calculated nutritional requirements to be deemed as having adequate gut function. 

Similarly, the methodology employed involved the association of enteral tolerance with 

outcome. The study concluded that a continuous period of U> U48 hours enteral tolerance 

was the optimal test for gut function. In other words, patients whose gut tolerated U> U80% 

of their calculated nutritional requirements for a continuous period of U>U48 hours could be 

said to have adequate gut function. By inference, anything less than this would represent 

gastrointestinal insufficiency, a state of gut failure. 

 

UConclusion 2U: Adequate gut function can be defined by the oral or enteral 

 tolerance of U>U80% of calculated nutritional requirements for a 

 minimum continuous period of 48 hours or more. Anything less 

 represents gut failure and is associated with a poorer prognosis.  
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However, a vast number of factors are known to influence patient outcome. These 

include patient age, the emergence of complications, and the presence of other single 

organ failures. To demonstrate that gut failure was independently associated with 

outcome, it was necessary to correct for as many variables as possible that influenced 

prognosis. This validation process was the aim of the fourth study presented in chapter 5. 

A large number of variables that may have influenced outcome were prospectively 

recorded from 315 patients receiving adjuvant nutritional support. This permitted 

univariate identification of a number of factors associated with outcome followed by 

multivariate analysis of these factors.  Multivariate analysis showed that in this cohort of 

patients, gut failure was associated with outcome even when correcting for the effects of 

all the other variables. In other words, gut failure was independently associated with 

patient outcome. A sample size calculation suggested generalizability of these findings. 

 

UConclusion 3U: Gut failure, defined by oral/enteral intolerance is independently 

 associated with outcome.  

 

 

One issue in particular about the established definition of gut function still needed 

clarification. If tolerance defines whether the gut functions or not, then anything that may 

influence feed tolerance may be said to also influence gut function. The delivery of feed 

beyond the pylorus is popularly believed to enhance feed tolerance over intragastric 

feeding. A problem with all the studies in the literature comparing pre- and postpyloric 

feeding is the fact that they do not consider the major drawback of the latter modality of 
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feeding, namely the difficulty and consequently the extra time necessary to achieve 

postpyloric tube placement, with the inevitable delays this has on the instigation of 

feeding. In other words, all studies in the literature comparing pre- and postpyloric 

feeding are biased in favour of postpyloric feeding. Two studies were therefore necessary 

to investigate the effects of feeding beyond the pylorus on enteral tolerance. These are 

described in chapter 6. In the first study, a novel bedside technique of postpyloric tube 

placement was developed and validated so as to do away with delays in postpyloric tube 

placement associated with transfer to the radiology or endoscopy departments. Using this 

technique, just over 80 percent of tubes could be placed beyond the pylorus. Subsequent 

to this, a second study was performed employing this technique of tube placement. This 

second study compared pre- and postpyloric feeding within the remits of a randomized 

and controlled clinical trial. The bedside technique allowed for similar time delays till the 

instigation of feeding between the two groups. As such this technique permitted the 

design of an unbiased study comparing the two modalities of nutrition. The results of this 

study showed that the number of patients who achieved enteral tolerance in both groups 

was similar irrespective of whether patients were fed into the stomach or beyond. The 

definition of gut function did not need to incorporate corrections for the site of enteral 

feed delivery.    

 

 

UConclusion 4U: The site of delivery of nutrients, be this pre- or postpyloric, is not 

 associated with enhanced enteral tolerance or gut function. 
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Gut function may also be investigated by assessing splanchnic blood flow and how this 

varies with different modalities of feeding. It is widely recognised that enteral perfusion 

increases to meet the demands of an oral or enteral food challenge, but no studies have 

investigated the effects of TPN on SMA flow in man. This was addressed in a qualitative 

before-and-after study described in chapter 7. The aim of this study was to observe 

changes in SMA perfusion associated with oral, enteral and parenteral challenges. The 

results of this study showed that when compared to fasting levels of SMA blood flow, 

splanchnic perfusion increased in all individuals subjected to an oral or enteral challenge, 

but decreased universally in patients receiving TPN. This may suggest a therapeutic role 

for nutritional support as a means of modulating gut perfusion. 

 

UConclusion 5U: An enteral food challenge increases SMA blood flow while parenteral 

nutrition administration decreases  splanchnic perfusion. This may 

have therapeutic implications by allowing nutritional manipulation 

of gut perfusion.  

 

 

The final study in this series of clinical trials is described in chapter 8. This study 

addressed the issue of modulation of gut function and failure. The basic argument behind 

this study is that if one accepts that gut function is indeed independently associated with 

outcome, then might it be possible to enhanced recovery of gut function and would this, 

in turn, be associated with demonstrable clinical improvements?  
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It was unclear whether gut function, as defined by enteral tolerance, could be modulated 

in the first place. For this reason, a gut-directed therapy consisting of a number of GSN 

was put together by the author and investigated. This cocktail of GSN was administered 

to critically patients with evidence of gut failure. The setting was that of an externally 

randomized, double-blind, and placebo-controlled clinical trial. The primary aim of this 

study was to assess whether the cocktail of GSN had an effect on the time to return of 

normal gut function. A subsidiary aim was to record the consequences, if any, of the 

modulation of gut function on clinical outcomes.  

 

The results of this study demonstrated that the use of GSN was associated with an earlier 

return of gut function, and improved outcomes. Patients receiving GSN were noted to 

have a diminished chance of developing septic complications, they demonstrated an 

attenuation of the acute phase response, as well as a decrease in the absolute number of 

deaths at three months, albeit not significant. Whether these beneficial outcomes came 

about as a result of the enhanced recovery of gut function or whether they were only 

associated with a curtailed period of gut failure remains unclear.  

 

 

UConclusion 6U: The administration of GSN was associated with an enhanced 

recovery of gut function and a commensurate  improvement in 

other clinical outcomes.  
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9.3 FULFILMENT OF THE AIMS OF THE THESIS 

 

Taken together, the findings from the eight studies presented in this work fulfil the aims 

of the thesis. The importance of gut function on clinical outcomes is emphasised, and the 

deficiencies in the relevant medical literature are highlighted, in particular the need to 

define adequate gastrointestinal function and gut failure. The research continues by 

developing such a definition and then validating it by demonstrating its independent 

association with prognosis.  

 

Potential issues in the established definition are then interrogated, specifically by 

addressing the importance of the site of enteral feed delivery on enteral tolerance (pre- 

versus postpyloric feeding) and the effects of different modalities of nutritional treatment 

(oral, enteral and parenteral) on splanchnic flow. In the process, a novel bedside 

technique for postpyloric tube placement was developed. Allowance for changes in the 

site of feed delivery was not felt to be necessary when defining the state of gut function.  

 

Finally, the question of whether gut function could be modulated and whether this was to 

the advantage of patients was considered. A gut-directed therapy was developing and 

implementsed. Using this therapy, a cocktail of GSN  were able to expedite the return of 

normal gut function over placebo, and that this in turn was associated with direct benefits 

to clinical outcomes. The aims of the thesis were fulfilled. Within the limitations of these 

eight trials, the cause-effect loop for the effects of gut failure on outcome were 

established and verified.   
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9.4 CONCLUSION: CLINICAL RELEVANCE OF THE FUNCTIONAL 

STATE OF THE GUT 

 

There is mounting evidence that the state of gut function, much like that of other organs, 

effects patient outcome. A more comprehensive understanding of how the state of 

gastrointestinal function affects human physiology represents both a compelling 

challenge to clinical research as well as a tremendous opportunity for improving care. 

 

The overall conclusion of this thesis is that gut function, as defined by enteral tolerance, 

is independently associated with patient prognosis. Modulation of gut function is possible 

with apposite therapies, and this is, in turn, associated with commensurate improvements 

in outcome. Further work will need to be carried out to confirm these findings.  

 

 

9.5 FUTURE RESEARCH 

 

Findings from the work in this thesis have highlighted a number of areas that require 

further investigation. Areas of possible future research include:   

 

- UValidation of the work performed in this thesisU: All the work that has been 

presented is from one institution. For purposes of scientific validity, the ability of 

other researchers to reproduce the findings of these studies would add increased 

legitimacy to the observations made.   
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- UInvestigations to elucidate the mechanisms by which ERAS programs bring about 

improvements in the postoperative patientU: A better understanding of the 

mechanisms involved in patients on ERAS programs may shed light on those 

interventions that are of actual clinical relevance. Current literature makes it 

impossible to point to the relative value of one intervention over another. In this 

respect, ERAS trials in which groups differ by only one intervention (such as the 

use of laparoscopic techniques, the provision of detailed written and verbal 

preoperative information, or the use of Doppler-guided perioperative fluid 

administration) are eagerly awaited. Such studies are currently being undertaken 

in various units including our own institution.  

 

- UFurther interrogation of the established definition of gut dysfunctionU: A limitation 

of defining the state of gastrointestinal function in terms of enteral tolerance is 

that gut failure becomes an all-or-nothing event. Incorporation of indicators of 

severity into this definition may prove useful and help to guide future treatment. 

 
- UAdditional assessments of gut kineticsU: Assessments of gut function based on 

enteral tolerance rely on the adequate cranio-caudal propulsion of food by co-

ordinated gut peristalsis. Kinetic studies which investigate both mechanical 

migratory motor complexes as well as electrical activity in the gut and then relate 

this activity to enteral tolerance may add important insights into the mechanisms 

involved in gut failure and the recovery of gut function.   

 

- UEstablishing other methods of distinguishing adequate gut function from IFU: In 
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daily clinical practice, distinguishing normal organ function from failure can be 

achieved by implementing one of a number of accepted definitions. For example, 

renal failure can be defined in terms of glomerular filtration rates, serum 

creatinine levels, and rates of urine formation, but to name a few examples. The 

specific clinical setting then allows for the most appropriate definition to be 

chosen to make this distinction between, in this case, adequate renal function and 

renal failure. This thesis sets out to validate the distinction between adequate and 

inadequate gut function based on the phenomenon enteral tolerance. The ability to 

validate other methods to assess gut function may be clinically useful. In this 

respect, the use of specific probe absorption assays may hold some promise, but 

the relevance of these assays on outcome remains to be validated.  

 

- UElucidating the mechanisms which promote deterioration and death in patients 

with gut failureU: Defining specific immunological pathways and measurement of 

specific cytokine levels associated with gut failure may be necessary to better 

understand the mechanisms involved.     

    

- UInvestigating the role of nutritional therapy as a method of modulating gut 

perfusionU: The finding that enteral feeding upregulates splanchnic perfusion while 

TPN decreases SMA flow may hold therapeutic potential. It remains to be 

established whether nutritional therapies may be harnessed to modulate 

splanchnic blood flow. 

 
- UInvestigating other factors which effect gut perfusionU: It is plausible that 
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numerous constitutional factors (such as gender, age and BMI) as well as extrinsic 

factors (such as drugs, constitution and quantity of nutrition) effect splanchnic 

blood flow in vivo. A better understanding of the impact of these variables on gut 

perfusion is necessary in man. Additionally, the relative importance and clinical 

significance of different methods of assessing gastrointestinal perfusion in vivo 

(such as DUS, dilutional techniques and mucosal pH assessments) needs 

clarification.  

 

- ULarger scale studies looking at the effects of cocktails of GSN on decreasing 

mortalityU: The study described in this thesis (chapter 8) was underpowered to 

accurately assess the secondary end point of mortality. Larger studies will be 

necessary to investigate the effects of GSN on prognosis.  

 

- UThe development of other gut-directed therapiesU: One therapy (i.e. GSN) for the 

treatment of gut failure is likely to have limited success in effectively treating this 

deleterious condition. Similar to the management of other organ failures, a wide 

range of therapies aimed at curtailing gut failure and enhancing the return of 

normal gut function need to be developed and validated. These strategies may 

take the form of a number of interventions grouped together in an attempt to 

enhance the return of gut function or attenuate the period of gut failure similar to 

multimodal optimization strategies in the postoperative patient.  
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APPENDIX 3: SCORING SYSTEMS AND QUESTIONNAIRES 

 
 

 
ASA Grading 
 
 

ASA Grade   
 
Definition   
 

I Normal healthy individual   

II Mild systemic disease that does not limit activity   

III Severe systemic disease that limits activity but is not incapacitating   

IV Incapacitating systemic disease which is constantly life-threatening   

V Moribund, not expected to survive 24 hours with or without surgery   

 
 
 
 
Figure iii.1: The ASA grading system. 
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APACHE II Scoring System 
 
 
 

 
 

 

Figure iii.2:  The APACHE II scoring system  (adapted from Knaus et al., 1985).
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POSSUM Scoring System 

 

Figure iii.3:  The POSSUM scoring system (adapted from Copeland et al., 1991)
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Sequential Organ Failure (SOFA) Score 
 

The SOFA score evaluate status of the following organ systems separately: 

 

H1. RespirationH   

H2. CoagulationH   

H3. LiverH       

H4. CardiovascularH             

H5. Central Nervous SystemH   

H6. Renal 

 

 

1. Respiration 

PaO2/FiO2, mmHg SOFA score 

< 400 1 

< 300 2 

< 200 3 

< 100 4 
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2. Coagulation 

Platelets×103/mm3 SOFA score 

< 150 1 

< 100 2 

< 50 3 

< 20 4 

3. Liver 

Bilirubin, mg/dl SOFA score 

1.2 – 1.9 1 

2.0 – 5.9 2 

6.0 – 11.9 3 

> 12.0 4 

4. Cardiovascular 

PaO2/FiO2, mmHg SOFA score 

< 400 1 

< 300 2 

< 200 3 

< 100 4 
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5. Central Nervous System 

Glasgow coma score SOFA score 

13 – 14 1 

10 – 12 2 

6 – 9 3 

< 6 4 

 

6. Renal 

Creatinine, mg/dl  
(or urine output) 

SOFA score 

1.2 – 1.9 1 

2.0 – 3.4 2 

3.5 – 4.9 (or < 500 ml/d) 3 

> 5.0 (or < 200 ml/d) 4 

 

 

Figure iii.4: The Sequential Organ Failure (SOFA) Score 
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Glasgow Coma Score (GCS) 

 

 

 

 

 

Figure iii.5: The Glasgow Coma Scale (GCS) 
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Hospital Anxiety and Depression (HAD) Scale  

Patients are asked to choose one response from the four given for each interview.   They 
should give an immediate response and be dissuaded from thinking too long about their 
answers.  The questions relating to anxiety are marked "A", and to depression "D".  The 
score for each answer is given in the right column.  Instruct the patient to answer how it 
currently describes their feelings. 

 A I feel tense or 'wound up':   

  Most of the time 3 

  A lot of the time 2 

  From time to time, occasionally 1 

  Not at all 0 

  

D I still enjoy the things I used to enjoy:   

  Definitely as much 0 

  Not quite so much 1 

  Only a little 2 

  Hardly at all 3 

  

A 
I get a sort of frightened feeling as if 
something awful is about to happen:

  

  Very definitely and quite badly 3 

  Yes, but not too badly 2 

  A little, but it doesn't worry me 1 

  Not at all 0 
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D I can laugh and see the funny side of things:   

  As much as I always could 0 

  Not quite so much now 1 

  Definitely not so much now 2 

  Not at all 3 

  

 

A Worrying thoughts go through my mind:   

  A great deal of the time 3 

  A lot of the time 2 

  From time to time, but not too often 1 

  Only occasionally 0 

  

 

D I feel cheerful:   

  Not at all 3 

  Not often 2 

  Sometimes 1 

  Most of the time 0 
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A I can sit at ease and feel relaxed:   

  Definitely 0 

  Usually 1 

  Not Often 2 

  Not at all 3 

  

 

D I feel as if I am slowed down:   

  Nearly all the time 3 

  Very often 2 

  Sometimes 1 

  Not at all 0 

  

 

A 
I get a sort of frightened feeling like
'butterflies' in the stomach:

  

  Not at all 0 

  Occasionally 1 

  Quite Often 2 

  Very Often 3 
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D I have lost interest in my appearance:   

  Definitely 3 

  I don't take as much care as I should 2 

  I may not take quite as much care 1 

  I take just as much care as ever 0 

  

A I feel restless as I have to be on the move:   

  Very much indeed 3 

  Quite a lot 2 

  Not very much 1 

  Not at all 0 

  

D I look forward with enjoyment to things:   

  As much as I ever did 0 

  Rather less than I used to 1 

  Definitely less than I used to 2 

  Hardly at all 3 

  

A I get sudden feelings of panic:   

  Very often indeed 3 

  Quite often 2 

  Not very often 1 

  Not at all 0 
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D 
I can enjoy a good book or radio or TV 
program: 

  

  Often 0 

  Sometimes 1 

  Not often 2 

  Very seldom 3 

  

  
Scoring (add the As = Anxiety.  Add the Ds = 
Depression).  The norms below will give you an 
idea of the level of Anxiety and Depression. 

  

  0-7 = Normal   

  8-10 = Borderline abnormal   

  11-21 = Abnormal   

      

Reference: Zigmond and Snaith (1983) 

 

 
Figure iii.6: Hospital Anxiety and Depression (HAD) Scale  
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Figure iii.7: MUST scoring system (reproduced from Todorovic et al., 2003) 
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APPENDIX 4:   ESTIMATING NUTRITIONAL REQUIREMENTS  

 

Figure iv.1: Estimation of nutritional requirements for adults using the Schofield 
  method (adapted from Todorovic and Micklewright, 2004) 
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APPENDIX 5:  CONSTITUENTS OF FEEDS & MULTIVITAMINS 

 
 

 
Figure v.1: Osmolite (Abbott Laboratories Ltd., Kent, UK) 1kcal/ml enteral feed.    
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Figure v.2: Fresubin Original® 1 kcal ml-1 polymeric feed (Fresenius Kabi Ltd, 
  Cheshire, United Kingdom) 
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Figure v.3: Composition of Kabiven® 14 (Fresenius Kabi Ltd, Cheshire, UK), a 
  0.9 kcal ml-1 parenteral feed represented by the 2566ml bag above.  
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Figure v.4: Composition of Kabiven® peripheral 9 (Fresenius Kabi Ltd,  
  Cheshire, UK), a 0.7 kcal ml-1 parenteral feed represented by the 2400ml 
  bag above.  
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Each capsule of Forceval® contains:  
 
 
Vitamin A (as β-Carotene) HSE 2,500.0 iu  
Vitamin D2 (Ergocalciferol) HSE 400.0 iu  
Vitamin B1 (Thiamine) USP 1.2 mg  
Vitamin B2 (Riboflavin) BP 1.6 mg  
Vitamin B6 (Pyridoxine) BP 2.0 mg  
Vitamin B12 (Cyanocobalamin) PhEur 3.0 mcg  
Vitamin C (Ascorbic Acid) BP 60.0 mg  
Vitamin E (dl-α-Tocopheryl Acetate) USP 10.0 mg  
d-Biotin (Vitamin H) FCC 100.0 mcg  
Nicotinamide (Vitamin B3) BP 18.0 mg  
Pantothenic Acid (Vitamin B5) USP 4.0 mg  
Folic Acid (Vitamin B Complex) BP 400.0 mcg  
Calcium FCC 100.0 mg  
Iron BP 12.0 mg  
Copper HSE 2.0 mg  
Phosphorus HSE 77.0 mg  
Magnesium BP 30.0 mg  
Potassium HSE 4.0 mg  
Zinc HSE 15.0 mg  
Iodine BP 140.0 mcg  
Manganese HSE 3.0 mg  
Selenium BP 50.0 mcg  
Chromium HSE 200.0 mcg  
Molybdenum HSE 250.0 mcg  
 
 
 
Figure v.5: Composition of Forceval® capsules (Alliance Pharmaceuticals,  
  Chippenham, UK; formerly provided by Unigreg Ltd.) 
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