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Abstract

Gastric emptying (GE) exhibits a wide inter-individual variation and is a major
determinant of postprandial glycaemia in health and diabetes; the rise in blood
glucose following oral carbohydrate is greater when GE is relatively more rapid
and more sustained when glucose tolerance is impaired. Conversely, GE is
influenced by the acute glycaemic environment acute hyperglycaemia slows,
while acute hypoglycaemia accelerates it. Delayed GE (gastroparesis) occurs
frequently in diabetes and critical illness. In diabetes, this poses challenges for
management, particularly in hospitalised individuals and/or those using insulin.
In critical illness it compromises the delivery of nutrition and increases the risk of
regurgitation and aspiration with consequent lung dysfunction and ventilator
dependence. Substantial advances in knowledge relating to GE, which is now
recognised as a major determinant of the magnitude of the rise in blood glucose
after a meal in both health and diabetes and, the impact of acute glycaemic
environment on the rate of GE have been made and the use of gut-based therapies
such as glucagon-like peptide-1 receptor agonists, which may profoundly impact
GE, in the management of type 2 diabetes, has become commonplace. This
necessitates an increased understanding of the complex inter-relationships of GE
with glycaemia, its implications in hospitalised patients and the relevance of
dysglycaemia and its management, particularly in critical illness. Current
approaches to management of gastroparesis to achieve more personalised
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diabetes care, relevant to clinical practice, is detailed. Further studies focusing on the interactions
of medications affecting GE and the glycaemic environment in hospitalised patients, are required.

Key Words: Glycaemia; Gastric emptying; Clinical practice; Glucagon-like peptide-1
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Core Tip: Gastric emptying (GE) is a major determinant of postprandial glycaemia in health, diabetes and
critical illness. Acute hyperglycaemia slows GE while insulin-induced hypoglycaemia accelerates it.
Gastroparesis occurs frequently in diabetes and critical illness with a weak correlation between
gastrointestinal symptoms and GE. Accordingly, diagnosis of gastroparesis should ideally be made after
measuring GE with an optimal technique. Glucagon-like peptide-1 receptor agonists, commonly used in
the treatment of type 2 diabetes and increasingly in obesity, may profoundly impact GE. We explore the
rationale for current glycaemic targets and the implications of dysglycaemia and its management in hospit-
alised and critically ill populations.
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INTRODUCTION

In recent years there has been increasing interest regarding the relevance of gastrointestinal (GI)
function, particularly gastric emptying (GE), to post-prandial glycaemia. GE is now recognised as a
major determinant of the magnitude of the rise in blood glucose after a meal in both health and diabetes
[1,2]. Moreover, in the past decade, use of gut-based therapies such as glucagon-like peptide-1 (GLP-1)
receptor agonists (RAs), which may profoundly impact GE, in the management of type 2 diabetes, has
become commonplace. On the other hand, it is also clear that the acute glycaemic environment impacts
the rate of GE. This review focuses on two inter-related areas: Current knowledge of GE, including the
pathophysiology of gastroparesis, and the inter-relationships between GE and glycaemia, including the
clinical implications of these insights in hospitalised patients with diabetes, and for critical illness.

Gl SYMPTOMS IN DIABETES

Although GI symptoms occur frequently in the general community[3], they are much more prevalent in
people with diabetes and the consequences are generally underappreciated, despite impacting quality of
life negatively[4]. These symptoms can be classified based on their apparent predominant site of origin
in the GI tract, such as from the oesophagus (reflux, dysphagia), stomach (nausea/vomiting, bloating,
abdominal distension, early satiety, abdominal pain and discomfort) or the intestines (diarrhoea,
constipation, faecal incontinence)[5]. Epidemiological studies are indicative of a wide, but consistently
high, prevalence (between 40% to 80%) of upper GI symptoms in people with diabetes, particularly
females, the obese, those with Helicobacter Pylori infection and the elderly[5]. It is uncertain whether the
prevalence differs between type 1 and type 2 diabetes. The natural history of GI symptoms remains
poorly characterized, but a substantial turnover (i.e., appearance and disappearance of symptoms over
time) has been observed. The latter may be to the order of 25% over a 24-mo period, such that the
overall prevalence appears to be relatively constant[6]. A number of validated questionnaires for the
assessment of GI symptoms, including the Patient Assessment of Upper Gastrointestinal Symptom
Severity Index[7] and the Diabetes Bowel Symptom Questionnaire, are available but unfortunately,
many clinical trials, particularly those related to glucose-lowering therapies[8] continue to report GI
symptoms/adverse effects relying solely on participant self-reporting, which is known to be unreliable
[9]. An important concept that is still poorly appreciated is that the association of upper GI symptoms
with GI motility, including the rate of GE is generally weak in people with diabetes[9-11]. Therefore, a
diagnosis of GI dysmotility (including gastroparesis) should not rely on symptoms alone and
necessitates objective measurement.
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GE

GE exhibits a wide inter-individual variability (approximately 1-4 kcal/min) in health, which is even
greater in type 2 diabetes. A substantial proportion of people with longstanding, complicated type 2
diabetes (40%) have gastroparesis whereas, in uncomplicated type 2 diabetes[12] and adolescents with
type 1 diabetes[13], GE is often abnormally accelerated. It should be appreciated that in patients with
gastroparesis, the magnitude of the delay in GE is often modest[14]. The prevalence of delayed GE in
ambulant people with diabetes remains uncertain, particularly as the diagnosis has been based
primarily on the presence of significant upper GI symptoms, but diabetes appears to be the most
common cause of gastroparesis[15]. The techniques currently available for measurement of GE are
summarized in Figure 1.

Physiology of normal GE

The principal function of the stomach is transient storage, breakdown and transportation of ingested
food. Patterns of gastroduodenal motility are distinct between the fasting and fed states. In the fasted
state, a characteristic pattern is observed, referred to as the migratory motor complex (MMC) which has
a “house-keeping’ role to propagate residual or undigested food through the GI tract[16]. The MMC,
which lasts approximately 85-110 min comprises four, distinct phases: The first phase is quiescent
(approximately 45-60 min) in which there are no contractions, the second involves initiation of
intermittent and irregular contractions, the latter become stronger and more regular with bursts in the
third phase, with each burst lasting for 5-15 min and occurring periodically every approximately 90-120
min. The fourth is a transitory period of irregular contractions between the third phase and the
quiescent first phase. Thus, the MMC prepares the stomach for the arrival of food, by clearing its
content[17]. The MMC continues until nutrients (liquid or solid) are ingested, when it is replaced by
continuous post-prandial contractile activity. An important function of the stomach is to ‘accommodate’
the ingested food from the oesophagus with minimal increase in intra-gastric pressure, facilitated by a
reduction in gastric tone and increase in compliance after meal ingestion[18]. As food moves from the
proximal to the distal stomach, larger solid food particles are ground, predominantly in the antrum, into
a fine chyme (partly digested semi-solid contents of the stomach) consisting of particles 1-2 mm in size
which are delivered into the small intestine[19].

The rate of GE is regulated primarily by inhibitory feedback arising from the interaction with
receptors in the small intestine, rather than intragastric factors[20], The magnitude of this feedback is
dependent on both the region and length of small intestine exposed. GE involves a coordinated
interplay of the extrinsic nervous system (mediated by the vagus), intrinsic or enteric nervous system
(comprising Auerbach’s or myenteric, which controls the rate of peristalsis and Meissner’s plexus
located below the level of the musculature, which controls secretion into the lumen of digestive tract),
neurotransmitters [both excitatory e.g., acetylcholine and substance-P and inhibitory e.g., nitric oxide
(NO) and VIP], the interstitial cells of Cajal (ICCs), mesenchymal cells including platelet-derived growth
factors-alpha + cells, fibroblasts, haem-oxygenase 1, macrophages etc.[14,21], immune and smooth
muscle cells. Gastric accommodation is mediated, at least in part, by the inhibitory neurotransmitter
NO, while antral contractility is modulated by the excitatory neurotransmitter acetylcholine[22,23]. The
ICCs are densely located in the corpus and antrum of the stomach, within the Auerbach plexus and
regarded as ‘pacemakers’ for GI motility[24] by generating slow-waves responsible for contractions[25]
and acting as mechanosensors by affecting the resting membrane potential through nitrergic and
cholinergic transmission[26]. The ICCs act as a bridge between the extrinsic nervous system and the
enteric nervous system to facilitate smooth muscle contraction.

Pathophysiology of disordered GE

Abnormally delayed GE, or gastroparesis, is generally a chronic disorder which can be defined as
delayed emptying of nutrients from the stomach in the absence of mechanical obstruction[25]. The most
common causes of gastroparesis are diabetes, post-surgical and idiopathic. The pathophysiology of
disordered GE is, not surprisingly, multifactorial. Significant advances have been made in the last
decade and a half, in part, due to concerted efforts of the National Institutes of Health funded, Gastro-
paresis Clinical Research Consortium (GpCRC). Autonomic neuropathy is mainly responsible for
gastroparesis and vagal dysfunction is believed to contribute[27]. At the cellular level, a hallmark
feature of gastroparesis is a reduction in the ICC[14]. GpCRC data indicates that in 50% of those with
diabetic gastroparesis there is a reduction in ICC[28] and even when there is not a reduction, there are
abnormalities in the ICC[28], so that the majority of these cells show signs of apoptosis, with increased
mast cells and altered nerve endings which are either large or empty[29]. Expression of neuronal NO
synthase[30] is reduced in diabetic gastroparesis[29]. The Kit receptor, tyrosine kinase, is expressed in
ICC and loss of the receptor is characteristic in delayed GE[14]. In some studies this has been observed
to be associated with a reduction in macrophages and their expression of Haeme-oxygenase 1,
potentially affecting the capacity for repair and anti-inflammatory response in these cells[14] as well as
increasing their susceptibility to oxidative damage. The heterogenous nature of the dysfunctions in
gastroparesis has major implications for effective management.
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Figure 1 Measurement of gastric emptying.
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Relationship between GE and glycaemia

The rate of GE is both a determinant of, as well as determined by, acute changes in glycaemia.
Accordingly, studies exploring the impact on glycaemia have tended to control the rate of GE (e.g., by
use of naso-duodenal infusions) and those exploring the impact on rate of emptying have controlled the
glycaemic level (usually withglucose-insulin clamps). These studies are thus experimental in nature and
the conclusions should be regarded as ‘proof-of-principle’. There is less information about the impact of
spontaneous fluctuations in blood glucose.

The impact of GE on glycaemia: There are number of determinants of post-prandial glycaemia,
including pre-prandial glycaemia, endogenous glucose production (hepatic and renal), intestinal
glucose absorption and its disposal by the liver, hormone secretion (incretins, insulin) and insulin
sensitivity[31]. GE, is now recognised to account for almost 35% of the variance in the initial post-
prandial glycaemic response in both health[1] and type 2 diabetes[32]. In individuals with normal
glucose tolerance, GE of a 75 g oral glucose drink is directly related to the “initial” i.e. 30 min, plasma
glucose, not 60 min and inversely related to the blood glucose at 120 min[1]. In contrast, in individuals
with impaired glucose tolerance and type 2 diabetes, the rate of GE is related directly to glycaemia at 30
and 60 min and, particularly in type 2 diabetes, there is also a direct relationship at 120 min (the blood
glucose level used in the diagnosis of diabetes) with a relatively faster GE associated with an increased
glycaemic response, indicative of a ‘rightward” shift[33,34].

There is evidence that in insulin-treated patients delayed GE/gastroparesis predisposes to post-
prandial hypoglycaemia by inducing a mismatch in the coordination of nutrient delivery with the
systemic availability of insulin we have proposed the term “gastric hypoglycaemia” to describe this
phenomenon[35]. A Japanese study reported that in type 1 patients with gastroparesis, on continuous
subcutaneous (SC) insulin infusion therapy, there was a reduction in the post-prandial insulin
requirement in the first 120 min, and a greater requirement between 180-240 min[36]. A community
study from Israel reported that GE was delayed in the majority of patients (approximately 80%) with
unexplained hypoglycaemia[37]. The effect of accelerating/normalising GE on glycaemic control in
these groups is not known and warrants evaluation.

The impact of glycaemia on GE: As mentioned, studies evaluating the impact of acute changes in
glycaemia on emptying have largely relied on experimental models, particularly the so-called glucose-
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insulin ‘clamp’ technique. These have shown that acute hyperglycaemia slows GE of nutrient containing
meals in health and type 1 diabetes, an effect which is dependent on the level of glycaemia[38-41]. Even
so-called “physiological” hyperglycaemia (i.e. approximately 8 mmol/L), compared to 4 mmol/L slows
GE in health[42] and type 1 diabetes[41]. Hebbard et al[43] studied regional stomach motility in health
and showed that acute hyperglycaemia (15 mmol/L) affected proximal gastric motor function[43] while
Samsom et al[40] studied antroduodenal motility using manometry in patients with type 1 diabetes and
evidence of autonomic neuropathy and demonstrated a reduction in post-prandial antral contractility
during hyperglycaemia (16-19 mmol/L)[40]. Acute hyperglycaemia also appears to delay GE in type 2
diabetes[44] and critically ill[45,46]. In contrast, spontaneous fluctuations in glycaemia has none, or a
lesser effect on GE [47].

The impact of chronic glycaemia, as assessed by glycated haemoglobin (HbAlc) on GE is poorly
defined, including the effect of improved glycaemic control. Analysis of the data from the Diabetes
Control and Complications Trial (DCCT) and Epidemiology of Diabetes Interventions and Complic-
ations (EDIC) study[48] indicates that delayed GE is associated with abnormal measures of longer-term
hyperglycaemia, such as HbA1c[49]. The impact of intensive glucose lowering on GE is uncertain.
Laway et al[50] studied asymptomatic women with newly diagnosed type 2 diabetes and reported a
substantial acceleration of GE with improved glycaemic control, but the design of the study was
uncontrolled[50]. Other studies failed to find any effect of improved glycaemic control[51]. Bharucha et
al[49], followed up participants from the DCCT[49] and its subsequent follow-up (DCCT-EDIC)[48] and
found that those with a longer duration of diabetes and worse glycaemic control at baseline, tended to
have delayed GE. However, because GE was not quantified at baseline, the impact of intensive glucose-
lowering on GE could not be evaluated. The outcomes of other retrospective studies evaluating the
relationship of chronic glycaemia (based on HbAlc) and GE are inconsistent[52-54]. Accordingly,
further studies are required.

While there is less information about the effects of acute insulin-induced hypoglycaemia on GE, the
outcomes are more consistent. Hypoglycaemia is the most common and feared symptom of insulin, and
sulfonylurea, treated diabetes and represents a major limiting factor in achieving optimal glucose
control[55]. In response to an acute reduction in blood glucose, a predictable sequence of protective
(counter-regulatory) mechanisms are elicited in health[56]. Most widely recognised are the hormonal
counter-regulatory responses (early response modulated by glucagon and catecholamines and later
responses by cortisol and GH)[57,58]. It is not well appreciated that acute hypoglycaemia also
accelerates GE markedly. As early as 1924, i.e. within 3 years of the commercial availability of insulin,
Bulatao and Carson[59] reported increased contractions of the fasting canine stomach after insulin
administration and attributed this effect to hypoglycaemia. In the 1990s and 2000s, acceleration of GE
was confirmed employing the ‘gold standard’ technique of scintigraphy to measure GE, in both health
and type 1 diabetes. We recently showed that the magnitude of acceleration of GE is also dependent on
the level of the hypoglycaemia in health GE was accelerated during both mild; Approximately 3.6
mmol/L (approximately 20% difference) and marked; Approximately 2.6 mmol/L (40% difference)
hypoglycaemia when compared to euglycaemia; approximately 6 mmol/L, but was faster during
marked compared with mild hypoglycaemia[42]. This acceleration of GE, which is still evident in type 1
patients with gastroparesis or cardiovascular autonomic neuropathy[56]. This acceleration of GE, which
is still evident in type 1 patients with gastroparesis and/or cardiovascular autonomic neuropathy[60], is
likely to be an important counter-regulatory mechanism which supports more rapid intestinal glucose
absorption[57]. Studies evaluating the effects of hypoglycaemia on GE in the critically ill are, not

surprisingly, lacking because of the established harmful effects of hypoglycaemia in this population[61,
62].

Relevance of the insights of the GE-glycaemia relationships to clinical situations

The management of dysglycaemia and its consequences in hospitalised patients is of more relevance
due to increasing prevalence of diabetes in this group. The implications of the use of the newer anti-
diabetic medications in this group is also of substantial interest.

HOSPITAL (NON-CRITICAL CARE SETTING)

Dysglycaemia is a major issue in hospitalised patients and associated with poor outcomes, including
increased length of stay, morbidity and mortality[63].The prevalence of diabetes is markedly higher in
hospitalised patients when compared to the community ranging from 22%-46%[60,64]. While
hyperglycaemia is a well-recognised poor prognostic indicator, hypoglycaemia has been reported to
occur in about 6% of hospitalised patients[64]. There is only limited information about the relationship
of GE to dysglycaemia in this group.

Gastroparesis in hospitalised diabetic patients
GE is seldom measured using an optimal technique in the hospital setting unless gastroparesis is
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suspected. Iatrogenic aetiologies (due to medications or post-surgery) are also common. Nevertheless,
the prevalence of delayed GE measured with scintigraphy has been estimated to be between 17% to 30%
[65] in hospitalised patients with diabetes. Kojecky et al[65] found that female gender, nausea and early
satiety were associated with a higher probability of delayed GE[65]. The impact of medications affecting
GI motility (e.g., anticholinergics, sympathomimetic vasopressors, GLP-1RAs, opioids, prokinetics etc.)
on drug and nutrient absorption during hospitalization is not known. While it is intuitively likely that
undiagnosed gastroparesis will increase morbidity in hospitalised patients, there is lack of information
about this.

GLP-1 based therapies in the management of type-2 diabetes

The gut-derived incretin hormones (GIP and GLP-1) account for about 50% of the post-prandial insulin
response in health[66,67] and are responsible for the “incretin effect’ [the amplified insulin secretory
response to oral compared with intravenous (IV) glucose]. GIP is the dominant incretin in health[68] but
its insulinotropic capacity is markedly attenuated in type 2 diabetes[69], unlike GLP-1, which largely
retains the insulin stimulating and glucagon supressing properties. The rate of GE impacts the secretion
of incretin hormones. Studies employing intraduodenal glucose infusion, an experimental model for
estimating the impact of GE on incretin secretion by bypassing the gastric pylorus, suggest that there
may be a ‘threshold’ rate of emptying at which significant GLP-1 release is observed following a
carbohydrate containing meal[70]. Increasing the rate of intraduodenal glucose infusion from 1 to 4
kcal/min results in a proportionate increase in GIP release; in contrast there is minimal, if any GLP-1
release with an infusion rate < 2 kcal/min, with sustained responses at 3 and 4 kcal/min[71].

Native GLP-1, located primarily in the distal small intestine and triggered following macronutrient
exposure, is degraded within minutes in vivo, by the ubiquitous enzyme, dipeptidyl peptidase IV (DPP-
IV). Two strategies: (1) DPP-IV inhibition which prevents degradation of the enzyme; and (2) GLP-1RAs
have been developed to exploit GLP-1 pharmaceutically. Both classes of medication are widely available
but the use of GLP-1RA’s, in particular, is expanding rapidly (approximately $11.3 billion global sales in
2019, projected to grow to approximately $18.2 billion by 2027). Recent, large-scale, cardiovascular and
renal outcome studies have shown positive benefits of these agents particularly in individuals with
diabetes and concomitant ischaemic heart disease or cardiac failure[72].

GLP-1RAs are, in nearly all cases, administered by SC injection either daily or weekly. GLP-1RAs,
especially the “short acting” agents, such as exenatide BD and lixisenatide, primarily act by delaying GE
and thereby reducing post-prandial glycaemia[73], while the effect of ‘long-acting” GLP-1RA’s (e.g.,
dulaglutide, semaglutide) has been poorly characterised due to the use of suboptimal methodology
(paracetamol absorption)[74,75]. It had been assumed that they had no effect with sustained use due to
tachyphylaxis, but it is now clear that both the exenatide once weekly preparation and liraglutide do
slow GE[76,77] and there are anecdotal reports of retained gastric content at endoscopy with these
drugs[78]. The effects of these drugs on small intestinal transit, which may affect carbohydrate
absorption are poorly studied. Long-acting GLP-1RAs are used increasingly to induce weight loss in
obese individuals.

A fundamental issue with these agents is their current essentially empirical use. Given its central
importance, the effect of these drugs on GE should be characterised; it is likely that they all slow GE;
patients taking long-acting GLP-1RAs for type 2 diabetes or obesity (higher dose) should be,
accordingly, regarded at increased risk for delayed GE (i.e., gastroparesis), until this is shown not to be
the case, whereas the effect of short-acting GLP-1RA’s should be transient, reflecting their plasma half-
life. The impact of GLP-1RA on GE in different glycaemic environments (such as acute hyperglycaemia
or hypoglycaemia) is not known. While GLP-1RA by themselves seldom cause hypoglycaemia (i.e., their
actions are glucose-dependent)[79], in combination with insulin or sulphonylureas, there is an increased
risk of hypoglycaemia. There is need for further studies evaluating the effect of long-acting GLP-1RAs
in the presence of other medications that affect GE (prokinetics, oral opioid pain medications efc.). In
contrast, DPP-IV inhibitors have minimal or no impact on GE[80], presumably because of the more
modest elevation in GLP-1. However, the rate of GE influences the post-prandial glycaemic response to
DPP-1V inhibitors[81].

HOSPITAL (CRITICAL CARE SETTING)

Dysglycaemia is also common in critically ill patients, can present as hyperglycaemia, hypoglycaemia or
glycaemic variability and is associated with increased mortality[82,83], infection[84,85] and other
complications[86,87]. Hyperglycaemia during critical illness can be attributed to pre-existing diabetes
(both type 1 and type 2; 13%-20% of patients)[61,83], incidental /unrecognised diabetes (defined as
HbAlc > 6.5% identified for the first time during acute illness; 5%-15%)[88-90] or stress hyperglycaemia
(defined as a peak blood glucose concentration that, in health, would lead to a diagnosis of diabetes;
17%-50%)[91-94]. The underlying mechanisms of acute hyperglycaemia in the critically ill include
increased insulin resistance[95] and relative insulin insufficiency[96]. Long-term consequences of stress
hyperglycaemia include a higher rate of subsequent diabetes and its associated complications[97,98].
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Exogenous insulin used to achieve glycaemic control can cause hypoglycaemia and increased glycaemic
variability, both of which have an impact on mortality[61,99,100].

Gastroparesis in critically ill patients

In the critically ill, nutrition is most commonly delivered via the nasogastric route and success is,
accordingly, dependant on intact gut function. Delayed GE is common, (50%-80%), as indicated by large
gastric residual volumes (GRVs), and associated with early cessation of enteral nutrition, increased
infection, increased length of stay and increased mortality[101-103]. Surprisingly, pre-existing type 2
diabetes does not appear to be a risk factor for delayed GE[104], suggesting that the delayed GE in
critical illness is mechanistically unrelated. We have reported that the rate and extent of glucose
absorption following intragastric administration is markedly reduced in about 1/3* of intensive care
unit patients[46] and is dependent on the rate of GE[105]. Thus, GE is a major determinant of
postprandial glycaemia in this group[1,13] and may predispose to increased glycaemic variability[106].
Furthermore, delayed GE in patients treated with insulin may represent a risk factor for hypoglycaemia
[37]. Likewise, acute hyperglycaemia has been associated with delayed GE in the critically ill[46]. Due to
the interdependent relationships and extent of glycaemic variability noted in many studies there are
likely to be multiple factors affecting this relationship in both directions. Thus, interventions aimed at
overcoming delayed GE, for example the use of prokinetics, post-pyloric tubes and parenteral nutrition,
may have as yet unidentified effects on glycaemia. Prokinetic therapy can improve critical illness gastro-
paresis and has been associated with better clinical outcomes[107], but its impact on glycaemic
variability is uncertain[108-110].

Role of feed composition

The macronutrient composition of feed formulae is likely to have both direct and indirect effects on
glycaemia, the latter by affecting the rate of GE. Energy dense and high lipid feed formulae are
associated with slower GE (i.e., emptying proceeds at a specific caloric rate (kcal/min) and is,
accordingly prolonged) with no significant improvement in glycaemic control[111]. The large, multi-
centre TARGET trial, reported that the administration of a high density formula (additional calories
from additional lipid and carbohydrate) resulted in both hyperglycaemia requiring higher insulin doses
[112] and larger GRVs. The additional carbohydrate is likely to account for the higher blood glucose and
the increased lipid could contribute to the slower GE. As these parameters are interrelated, it is
impossible to determine from this study whether, and by how much, hyperglycaemia per se is causing
the slowing of GE or vice versa. Rugeles et al[113] reported less hyperglycaemia with high-protein
hypocaloric feeds. In another pilot RCT (FEED trial) comparing the effect of two protein doses (1.2 g/
kg/day vs 0.75 g/kg/day) on muscle mass, no difference in feed intolerance (GRV > 300 mL) was
evident[114]. In another pilot study investigating the feasibility of delivering higher protein doses (1.52
*£0.52 vs 0.99 + 0.27 g/kg/d), there was no difference in glycaemia and mean daily GRVs were less
[115]. High protein feed formulae may, accordingly, potentially result in less GI intolerance and
dysglycaemia, but this requires confirmation in larger studies.

GLP-1 based therapies in the management of glycaemia in critical illness

Insulin remains the most frequently used medication to treat hyperglycaemia in critically ill patients.
Most other oral anti-antidiabetic medications are withheld in intensive care patients due to their
unpredictable absorption and concerns about their impact on glycaemic variability and variable
nutrition intake. Long-acting insulin is sometimes used in patients tolerating enteral nutrition for
sustained glycaemic control during the recovery phase of illness due to the convenience of adminis-
tration. However, in the acute phase of critical illness, short-acting, continuously infused, IV insulin is
generally used. This carries the risks of increased glycaemic variability and hypoglycaemia,
necessitating intensive monitoring. Thus, other medications that can normalise elevated blood glucose
levels and reduce glycaemic variability and the risk of hyperglycaemia are being explored.

Gut-based antidiabetic therapies (e.., incretin hormones) may offer a safe yet effective alternative to
insulin. Our group has published “proof of concept’ studies over the past decade in which we have
demonstrated that exogenous GLP-1 infusion attenuates, but does not normalize, hyperglycaemia
induced by enteral nutrition in critically ill patients with both type 1 diabetes[116] and stress
hyperglycemia. The slowing of GE by GLP-1 appears to be a plausible contributory mechanism[105]. IV
GLP-1 may also reduce glycaemic variability, although in this small study it did not appear to impact IV
insulin requirements or the frequency of hypoglycaemia)[117]. This study was also limited by the
dosing of the medication (FDA mandate limiting GLP-1 dose to 1.5 pmol/kg/min) and the magnitude
of glucose lowering (desired glucose range of 4.44-6.11 mmol/L was achieved in only a minority of
patients)[117]. The use of GLP-1RAs is of interest, mainly due to the low risk of hypoglycaemia, given
the glucose-dependency of the insulinotropic effect and glucagon suppression in comparison to
currently used IV insulin therapy. The impact of GLP1-RAs on glycaemic management, GE, nutrition
delivery and medium and longer term clinical outcomes in critically ill patients is not known. A
potential limitation related to their current SC, rather than IV, use and the lack of safety data in the
critically ill. It should be appreciated that GLP-1RAs have cardiac and renal protective effects with
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longer-term use which may be of relevance[118].

CONCLUSION

GE has an important and inter-dependent relationship with the acute glycaemic environment in health,
diabetes, and critical illness, which is relevant to clinical practice. Abnormally delayed GE, or gastro-
paresis, is common in type 1 and type 2 diabetes, and in critical illness. Recent insights have led to a
better understanding of the pathophysiology of diabetic gastroparesis, especially at the cellular level.
Glucose-lowering medications such as GLP-1RAs that act primarily by slowing GE, are used widely
today in the management of type 2 diabetes but their actions on GE under various glycaemic conditions
are not known and their place in the management of dysglycaemia in critical illness remains uncertain.
Advantages of reduced hypoglycaemia and glycaemic variability will need to be balanced against the
potentially adverse impact of slowing of GE on nutrition delivery and the risk of aspiration. Further
studies building on these insights and focusing on the interactions of medications affecting GE and
glycaemic environment in hospitalised patients are required.
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