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HIGHLIGHTS

Functional gastrointestinal disorders (FGIDs) are a heterogeneous group of disorders.
Aetiology remains an enigma but visceral hypersensitivity causes pain in FGIDs.

Peripheral and central mechanisms cause visceral hypersensitivity and pain.

Inflammatory mediators activate and sensitize normal and silent nociceptors peripherally.

® Changes in CNS pain modulating mechanisms cause central hyperalgesia.

® Gastrointestinal microbiota is an ecosystem modulating motility and visceral perception.

® Connective tissue abnormalities affect gut mobility and sensations.

® Gastrointestinal neuromuscular disorders disturb gut motility and cause transient dilatations.

ARTICLE INFO ABSTRACT
Articlﬁ history: Background and aims: Chronic visceral pain is common both in patients with identifiable organic dis-
Received 31 December 2013 ease and also in those without any structural, biochemical or immunological abnormality such as in the

Accepted 7 January 2014 functional gastrointestinal disorders (FGIDs). We aim to provide a contemporaneous summary of path-

ways involved in visceral nociception and how a variety of mechanisms may influence an individual’s
Keywords: experience of visceral pain.
Visceral pain o Methods: In this narrative review, we have brought together evidence through a detailed search of
\é;zci:alulxieigsensmwty Medline in addition to using our experience and exposure to recent research developments from ourselves
Pain dﬁsters and other research groups.

Results: FGIDs are a heterogeneous group of disorders whose aetiology largely remains an enigma. The
germane hypothesis for the genesis and maintenance of chronic visceral pain in FGIDs is the concept
of visceral hypersensitivity. A number of peripheral and central mechanisms have been proposed to
account for this epiphenomenon. In the periphery, inflammatory mediators activate and sensitize noci-
ceptive afferent nerves by reducing their transduction thresholds and by inducing the expression and
recruitment of hitherto silent nociceptors culminating in an increase in pain sensitivity at the site of
injury known as primary hyperalgesia. Centrally, secondary hyperalgesia, defined as an increase in pain
sensitivity in anatomically distinct sites, occurs at the level of the spinal dorsal horn. Moreover, the stress
responsive physiological systems, genetic and psychological factors may modulate the experience of
visceral pain. We also address some novel aetiological concepts in FGIDs, namely the gastrointestinal
microbiota, connective tissue abnormalities and the gastrointestinal neuromuscular disorders. Firstly,
the gastrointestinal microbiota is a diverse and dynamic ecosystem, that safeguards the host from exter-
nal pathogens, aids in the metabolism of polysaccharides and lipids, modulates intestinal motility, in
addition to modulating visceral perception. Secondly, connective tissue disorders, which traditionally
have been considered to be confined largely to the musculoskeletal system, have an increasing evidence
base demonstrating the presence of visceral manifestations. Since the sensorimotor apparatus of the GI
tract is embedded within connective tissue it should not be surprising that such disorder may result
in visceral pain and abnormal gut motility. Thirdly, gastrointestinal neuromuscular diseases refer to a
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heterogeneous group of disorders in which symptoms arise from impaired GI motor activity often mani-
festing as abnormal transit with or without radiological evidence of transient or persistent dilation of the
viscera. Although a number of these are readily recognizable, such as achalasia or Hirschsprung’s disease,
the cause in a number of patients is not. An international working group has recently addressed this “gap”,
providing a comprehensive morphologically based diagnostic criteria.

Conclusions/implications: Although marked advances have been made in understanding the mecha-
nisms that contribute to the development and maintenance of visceral pain, many interventions have
failed to produce tangible improvement in patient outcomes. In the last part of this review we highlight
an emerging approach that has allowed the definition and delineation of temporally stable visceral pain
clusters, which may improve participant homogeneity in future studies, potentially facilitate stratification
of treatment in FGID and lead to improvements in diagnostic criteria and outcomes.

© 2014 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Background

Visceral pain is a highly variable experience in both health and
disease. Chronic visceral pain is common, occurring in patients with
organic disease and also in those without any identifiable struc-
tural, biochemical or immunological abnormality such as in the
functional gastrointestinal disorders (FGIDs). FGIDs are a hetero-
geneous group of disorders in which a complete understanding
of the pathophysiology remains elusive. A central defining fea-
ture of the FGID is chronic visceral pain, which is a major factor
in motivating patients to seek healthcare and causes a significant
reduction in quality of life [ 1]. Within the European Union, approx-
imately 100 million people are affected by chronic somatic and
visceral pain, with 28 million suffering from regular severe pain
[2]. This prevalence is associated with a marked societal burden,
with 60% sufferers having consulted their doctors between two
and nine times in the preceding six months, and approximately
1/5th of patients unable to work [3]. The effective management of
visceral pain in FGID is problematic despite substantial progress in
basic gastrointestinal (GI) research aimed at identifying the respon-
sible mechanisms [4]. However, the successful translation of this
research into improvements in patient outcomes has been limited
arguably because a significant proportion of our understanding of
visceral nociception has been extrapolated from somatic pain stud-
ies [5].

2. Aims

For the purposes of this review we aim to provide the reader
with a state of the art update of mechanisms of visceral pain in
health but also to provide clinical context through special reference
to FGID.

3. Methods

In this narrative review, we have brought together many diverse
strands of research through searching the PubMed interface of
Medline in addition to using our experience and exposure to recent
research developments from colleagues and collaborators across
the world. In order to contextualize visceral pain we commence
this review with a summary of the sensory pathways from the
GI tract to the brain via the spinal dorsal horn that facilitate vis-
ceral nociception. In addition, we examine the burden of chronic
unexplained visceral pain, and explain how such pain may develop
through either peripheral or central sensitization. We also discuss
how an individual’s experience of visceral pain may be modulated
by psychology, genetic factors and the physiological stress respon-
sive systems as well as describing some novel aetiological concepts.
Finally we shall introduce, what we believe to be, an exciting and
emerging theory in visceral nociceptive research - the definition
and delineation of human pain clusters.
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Fig. 1. Schematic representation of the sensory innervation of the GI tract. Left: (blue box) - spinal afferent pathways to the spinal cord are via prevertebral and paravertebral
ganglia. Right: (green box) vagal afferents supply the entirety of the GI tract except the distal 2/3rd of the colon, which is innervated by pelvic nerve afferents. The input of
these pathways to the spinal cord is via the nodose and dorsal root ganglia respectively, onto the nucleus tractus solitarius (NTS).

From Blackshaw and Gebhart with permission [6].

4. Results

4.1. Sensory pathways from the gastrointestinal tract to the
spinal dorsal horn

The GI tract receives a dual innervation from two extrinsic
pathways known as vagal and spinal afferent pathways (see Fig. 1).
These pathways are complemented by an intrinsic nervous system
located within the GI tract known as the enteric nervous system.
Vagal afferent endings are more numerous in the proximal GI tract
and their axons project directly to the brainstem with their cell
bodies located in the nodose or jugular ganglia. In contrast, spinal
afferent endings are distributed throughout the GI tract, and course
in the splanchnic nerves to the thoracolumbar spinal cord and in the
pelvic nerves to the sacral portion of the spinal cord. Spinal afferent
axons synapse with the spinal dorsal horn and their cell bodies are
located in the dorsal root ganglia [6]. The GI tract has several types
of afferent fibres that can be usefully classified according to their
response to either innocuous/physiological or noxious stimuli, or
both. For instance, there are fibres that respond to tactile, chemical,
distensile or contractile stimuli at physiological or noxious levels.
In addition to these specific nociceptors, it has been proposed that
muscular-mucosal afferents may also function as nociceptors and
are referred to as wide dynamic range afferents as they initially
respond to low threshold stimuli but heighten their response
to increasing distension into the noxious range. It is presumed
that these provide the ability to “grade” the spectrum of visceral
sensation from gas to urge to mild discomfort to frank pain [7].

4.2. Central pathways from dorsal horn to higher centres

The spinal dorsal horn is a central and critical junction within
visceral nociceptive pathways as the afferent ascending signals
from the periphery are constantly modulated by local and descen-
ding interneurons [8]. The spinal dorsal horn may thus accentuate,
or indeed attenuate, this ascending volley of information through
anumber of localized viscera-visceral and viscera-somatic reflexes

[9]. The advent of functional neuroimaging has allowed the cen-
tral aspects of visceral nociception to be studied in an objective
manner. This body of work has led to significant advances in
our understanding of the central circuitry involved in mediating
and maintaining visceral pain. Spinal afferents, synapsing on the
spinal dorsal horn, project second order neurons to higher cen-
tres through three distinct long tract pathways: the dorsal column
pathway, parabrachial pathway and spinothalamic tract. In com-
bination with projections from the nucleus of the solitary tract
which receives input from vagal afferents via the nodose ganglia,
spinoparabrachial projections are transmitted to limbic and cog-
nitive higher brain centres including the amygdala, hypothalamus
and periaqueductal grey [10]. These centres largely facilitate the
cognitive evaluative aspects of visceral pain sensation. Conversely,
the sensory discriminatory aspects of visceral pain are derived
from thalamic projections to the insula and somatosensory cortices
whilst the medial thalamic nuclei are posited to have a greater role
in affective and motivational aspects, prior to projecting onwards
to the prefrontal and anterior cingulate cortex [11]. Interestingly,
an important quantitative meta-analysis of functional neuroimag-
ing studies examining brain activation by rectal distension reported
that patients with irritable bowel syndrome (IBS), itself character-
ized by chronic visceral pain associated with alterations in bowel
habit, have greater activation of regions associated with emotional
arousal and endogenous pain modulation whereas healthy controls
have greater activation in cognitive modulatory regions [12].

4.3. The functional gastrointestinal disorders as examples of
chronic visceral pain syndromes

Arguably, the FGIDs are the most prevalent examples of chronic
visceral pain syndromes. FGIDs represent a considerable burden to
healthcare economies in both primary and secondary care [13,14].
The Rome multi-national consensus defines FGID as “variable com-
binations of chronic or recurrent gastrointestinal symptoms which
are not explained by structural or biochemical abnormalities [1].”
The understanding of the processes that underpin the genesis of
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symptoms in FGIDs remains incomplete. The most prevalent exam-
ple of a FGID is IBS, with a global prevalence of 5-20% [15]. On
account of the current paucity of effective treatments for managing
chronicvisceral pain in FGIDs the inevitable result is often symptom
chronicity, patient dissatisfaction, disenfranchisement, and signif-
icant morbidity. Moreover, the direct and indirect healthcare costs
associated with FGIDs have been estimated to be in the order of
$34 billion in the 7 largest western healthcare economies [1,16].
In the following section we shall highlight the putative mechanis-
tic basis of chronic visceral pain, namely peripheral sensitization,
central sensitization and their modulating factors relating these to
frequently encountered examples of FGIDs in clinical practice.

4.4. Peripheral sensitization as a mechanism of visceral pain

Noxious stimuli may cause the peripheral release of several
inflammatory mediators such as K*, H*, adenosine triphosphate, 5-
hydroxytryptamine, bradykinins and prostaglandins [17,18]. These
mediators may elicit a number of effects, including the activa-
tion and peripheral sensitization of nociceptive afferent nerves
by reducing their transduction thresholds and by inducing the
expression and recruitment of hitherto silent nociceptors. The main
consequence of these inflammatory mediators is an increase in
pain sensitivity at the site of injury known as primary hyperalgesia
[19]. A number of ion channels, neurotransmitter receptors and
trophic factors have been implicated in the development of periph-
eral sensitization. Whilst it is beyond the scope of this review to
examine all of the mechanisms studied in the literature to date, we
will highlight, in our opinion, some of the more important recent
advances in our understanding of the underlying molecular fea-
tures of peripheral sensitization: the transient receptor potential
vallinoid receptors (TRPV), and the protease activated receptors
(PAR).

4.4.1. Transient receptor potential vallinoid receptors

TRPV1 is an ion channel that serves a diverse range of sen-
sory functions such as temperature sensing and hearing [20,21].
The TRPV1 receptor was first identified and subsequently cloned in
the late 1990s and is ubiquitously expressed on small to medium
sized neurones [22]. The TRPV1 receptor may be activated by cap-
saicin and heat and is postulated to play an important role in
mechano-transduction within the Gl tract [20,23]. Upon activation,
the TRPV1 receptor evokes a sensation of burning and pain and
when associated with concomitant release of substance P, neu-
rogenic inflammation. As hydrogen ions strongly potentiate this
activation it is not surprising that this ion channel has been widely
studied in gastro-oesophageal reflux disease, a disorder where
excess acid exposure in the distal oesophagus is central to the
pathogenesis [24,25]. There is accumulating evidence in humans
linking increased TRPV1 expression with visceral hypersensitivity
[26]. Interestingly, TRPV1 receptor antagonists have been found
to ameliorate visceral hypersensitivity in a rat model [27]. These
observations have led to considerable interest in the development
of TRPV1 antagonists [28]. For instance, Krarup et al. reported a
randomized, placebo-controlled, double-blinded, crossover study
investigating the effect of a TRPV1 antagonist (AZD1386) on exper-
imentally induced oesophageal pain. Whilst pain thresholds to
modalities such as mechanical and chemical stimulation were
unaffected, AZD1386 did increase pain thresholds to heat stimuli
within the oesophagus [29]. In a recent study, the effects AZD1386
were investigated in patients with acute pain following a dental
extraction [30]. Compared to placebo, perceptible pain relief was
significantly faster following AZD1386 although these differences
were not appreciable when compared to naproxen.

4.4.2. Protease activated receptors

Four types of PAR have been described in the literature. Of note,
PAR-1 and PAR-2 are expressed on spinal afferents and contain cal-
citonin gene related peptide [31]. PAR-2 receptors are activated
by mast cell tryptase and are G-protein coupled receptors [32].
PAR-1 is activated by a number of mediators including thrombin
and trypsin and are expressed throughout the GI tract [33]. Inter-
estingly, increased expression of PAR-1 has been demonstrated in
patients with inflammatory bowel disease thereby providing an
interesting mechanistic insight into inflammation induced sen-
sitization [34]. PAR-4 is activated by thrombin, trypsin and the
enzymatic protein cathepsin G, but can also be selectively acti-
vated by a number of small synthetic peptides. Recent evidence
suggests that PAR-4 is an endogenous analgesic, which can modu-
late nociceptive responses in normal and inflammatory disorders
[35].

4.5. Central sensitization as a mechanism of visceral pain

Sarkar et al. demonstrated the concept of central sensitization
in a reproducible human oesophageal model in which hydrochloric
acid is infused into the distal oesophagus [36]. Pain thresholds, to
electrical stimulation, were not only reduced in the acid exposed
distal region but also in the adjacent unexposed proximal region
thereby suggesting the development of secondary hyperalgesia and
central sensitization (see Fig. 2).

Using pharmacological interventions with this model has pro-
vided some important insights into the molecular mechanism
involved. For instance, it has been demonstrated that administra-
tion of a prostaglandin receptor antagonist prior to acid infusion
blocks the subsequent development of oesophageal hypersensi-
tivity suggesting that prostaglandins play an important role in
mediating peripheral and central sensitization [37]. The n-methyl
D-aspartate receptor has been proposed as a critical molecular fac-
tor in the development and maintenance of central sensitization,
through interactions occurring at the spinal dorsal horn [38]. Inter-
estingly, antagonism of n-methyl p-aspartate receptors can prevent
the development of acid induced central sensitization within the
oesophagus [39].

4.6. Evidence linking peripheral and central sensitization in
functional gastrointestinal disorders

Chronic episodic abdominal pain and discomfort cause appre-
ciable morbidity in FGIDs and are integral components of the
diagnostic criteria in these disorders. It has been 35 years since
it was first reported that a proportion of patients with FGIDs may
display elevated pain sensitivity to experimental gut distension —
visceral pain hypersensitivity (see Fig. 3) [40-43]. Whether these
observed alterations in visceral sensitivity are part of a global
phenomenon of generalized sensory dysfunction is controversial
[36,44-46]. Visceral pain hypersensitivity has become the germane
hypothesis to account for chronic pain in FGIDs. The putative patho-
physiology of visceral pain hypersensitivity may be conceptualized
as being due to aberrant processes that may arise at any level of
the visceral nociceptive pathway (neuraxis) encompassing both
peripheral and central sensitization.

Arguably, the prototypical example of FGIDs in which the
aforementioned mechanisms predominant in the development of
chronic visceral pain is post-infectious IBS (PI-IBS) [49]. Whilst the
overwhelming majority of individuals who develop bacterial gas-
troenteritis have acute self-limiting symptoms, between 4 and 32%
of patients develop symptoms consistent with IBS that outlast the
initial infectious insult [50]. Chronic symptoms, such as abdominal
pain, bloating, and diarrhoea, have been documented after a variety
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Fig. 2. Aschematic representation of the oesophageal pain hypersensitivity model. From left to right: Panel A - a catheter is placed in the oesophagus which has a proximal pH
probe and silver bipolar electrical stimulation electrodes to measure oesophageal pain sensitivity and a distal pH probe and infusion port. Panel B - subjects are randomized
to received either a saline or acid infusion. As expected when saline is infused there is no change in pH in either the proximal or distal oesophagus, whereas there is a
demonstrable drop in pH in the distal, but not in the proximal, oesophagus during acid infusion. Panel C - pain thresholds in the proximal oesophagus, which has not been
exposed to acid, show decreased pain sensitivity (shaded green area) due to habituation following saline infusion but following acid infusion there is increased pain sensitivity
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Adapted from [36].

of enteric pathogens including Campylobacter, Salmonella, Shigella
strains and Escherichia coli. Indeed, public health calamities such as
the E. coli outbreak in Walkerton, Ontario have afforded researchers
the opportunity to prospectively study the natural history, patho-
physiology and genetic susceptibility of PI-IBS at the population
level [51]. Although there is an absence of universally applicable
pathophysiological features, intestinal inflammation, alterations
in GI motility and permeability have all been implicated. Fur-
thermore, hyperplasia of serotonin-containing enterochromaffin
cells, intestinal T lymphocytes, mast cells, and pro-inflammatory
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cytokines within the mucosa have been demonstrated [52]. Given
the emerging evidence that PAR mediate peripheral sensitization,
it is not surprising that their function as possible mediators of PI-
IBS has been examined. Han et al. investigated the expression of
PAR(2) and PAR(4) in the colonic mucosa of patients with PI-IBS,
focusing on correlation with mast cell activation status [53]. It was
shown that the immune-reactivity of PAR(4) decreases, while the
activity of mast cells increases in post-infectious irritable bowel
syndrome patients in comparison to healthy controls offering a
potential target for therapy.
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Although elevated expression of TRPV1 in rectal biopsies has
been demonstrated, a recent study by van Wanrooij et al. addressed
the important question of its role in mediating visceral hyper-
sensitivity [54]. In this study, IBS patients and healthy controls
underwent assessment of sensitivity to rectal distension before
and after the intra-rectal application of capsaicin (to sensitize the
TRPV1 receptor). In addition, rectal biopsies were examined for
TRPV1 expression. Whilst approximately half of the IBS patients
demonstrated visceral hypersensitivity to rectal distension, the
investigators did not demonstrate any evidence for up-regulation
of TRPV1 expression. Despite these results, it remains a speculative
possibility that there is an increase in the receptor sensitivity
rather than up-regulation per se.

4.7. Modulation of visceral pain

There is dynamic bidirectional communication from the GI tract
to the brain and back again, often referred to in the literature as
the brain-gut axis. There are a number of “top-down” interactions
and influences on the brain-gut axis [55] that modulate visceral
pain perception and experience such as psychological traits, genetic
factors and the stress responsive physiological systems. In combi-
nation with peripheral and central sensitization these modulating
factors can lead to a heighten perception, and a perpetuation of,
visceral pain.

4.7.1. Psychological and genetic influences

Psychological comorbidity such as depression, anxiety, somati-
zation and hypochondriasis are common extra-Gl features of FGIDs
[56,57]. In animal models, studies have shown that adverse early
life events are risk factors for the development of chronic visceral
pain in adulthood [58]. In patients with IBS, pain amplification and
hypervigilance might result from altered affective-motivational
modulation of the pain response. Elsenbruch et al. investigated
the effects of emotional context on the behavioural and neural
response to visceral stimuli in IBS patients using functional mag-
netic resonance imaging to assess neural responses to non-painful
and painful rectal distension in IBS patients against healthy con-
trols [59]. IBS patients had disrupted of emotional modulation of
neural responses to visceral stimuli, possibly reflecting the neural
basis for altered visceral interoception by stress and negative
emotions. Therefore, it maybe reasonably surmised that anxiety
and negative emotional context may influence the perception of
visceral pain. Furthermore, adverse life events, such as a history of
sexual abuse, can modulate visceral pain sensitivity [60-62]. The
increased recognition and appreciation of PI-IBS as a clinical entity
has facilitated the prospective examination of role of psychological
factors in FGIDs. Early data from the Sheffield group, subsequently
confirmed by others, has shown that at the time of the initial
infectious illness those who had higher scores for anxiety, depres-
sion, somatization, and neuroticism were more likely to develop
symptom chronicity [63].

FGIDs display a certain degree of heritability with twin cohort
studies suggesting that there may be a genetic influence in their
development, although social learning remains an important fac-
tor [64,65]. Whilst several candidate genes have been proposed
as being linked to FGIDs, no study to date has identified a single
gene locus, although it must be noted that several of the published
studies are small and statistically under powered to detect what is
probably a small influence. Over the recent past the genome wide
association studies have been a fruitful line of enquiry for delineat-
ing the genetic factors that contribute to the development of other
Gl disorders [66,67]. However, it is our opinion that such method-
ologies currently have limited applicability within FGIDs, as the
prerequisite step for their success remains the further definition of

the clinical phenotype based on pathophysiological features rather
than purely symptom based criteria.

4.7.2. The stress responsive systems — the autonomic nervous
system and the hypothalamic pituitary adrenal axis

Stress may be defined as an acute threat to homeostasis
engendering an adaptive, or if chronic, a potentially maladaptive
response. The response to stress in the GI tract is co-ordinated
within the brain gut axis by the autonomic nervous system (ANS)
and the hypothalamic-pituitary-adrenal (HPA) axis [68].

Central communication to the GI tract is via the parasympa-
thetic and sympathetic pathways of the efferent ANS. Autonomic
dysfunction has been demonstrated in a number of syndromes
where chronic pain is a feature, such as IBS, fibromyalgia and
chronic pelvic pain [69,70]. To date, specific patterns of dysau-
tonomia have not been consistently demonstrated largely due to
the heterogeneity of FGIDs, lack of control for psychological factors
and the multiple differences in methodologies employed for recor-
ding and analysing autonomic data. In a recent systematic review,
Masurak et al. reported that most studies reported no difference in
autonomic measures when comparing IBS patients to healthy con-
trols. However, when following sub-classification of IBS sufferers
according to their predominant bowel habit, those with consti-
pation had decreased parasympathetic and increased sympathetic
tone in comparison to those with diarrhoea predominant IBS [71].
However, such results must be tempered with a degree of caution,
as we need to consider a number of important methodological con-
siderations. For instance, whether autonomic parameters derived
from the measurement of heart rate variability is a sufficiently
sensitive surrogate marker of specific gut autonomic innervation
is uncertain. Moreover, with many measures of autonomic tone
that are currently and widely utilized, there are considerable limi-
tations regarding their temporal resolution. However, Keszthelyi
et al. note in a recent review article “new advances in (autonomic
neuroscience) technology may give us the opportunity to expand on
these experiments in a degree of detail not previously possible” [72].
Our group and others have recently started using such a novel piece
of technology, known as the Neuroscope, which allows the real
time beat-to-beat measurement of validated markers of PNS tone.
This measure has begun to provide fascinating insights into auto-
nomic responses to mechanical and acid induced oesophageal pain
[73-75].

Similarly, the HPA axis exerts important influences on immune
function, motility and sensation within the GI tract [76,77]. Dys-
function of the HPA axis has been recognized in a number of chronic
pain syndromes [78]. In a recent study of patients with non-cardiac
chest pain, it was found that patients had elevated cortisol at base-
line and following the administration of somatic and visceral pain
in comparison to healthy controls [79]. Similarly in a study by Dinan
et al., the HPA axis was examined in a group of 76 IBS patients and
75 healthy controls. It was found that in the IBS group, irrespec-
tive of IBS sub-type as defined by predominant stool consistency,
there was over activity of the HPA axis and an excess of the pro-
inflammatory cytokines interleukin 6 and 8 [80].

4.8. Associated and emerging mechanisms in chronic visceral
pain syndromes

4.8.1. Gastrointestinal microbiota

The human microbiota is a diverse and dynamic ecosystem,
which has evolved to form a symbiotic relationship with the host.
The microbiota safeguards the host from external pathogens, aids
in the metabolism of polysaccharides and lipids, modulates intesti-
nal motility, in addition to modulating visceral perception [81].
There is a gradual increase in the concentration of microbiota along
the GI tract, peaking at 101°-12 colony forming units per gram of
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faeces in the colon, which is composed of between 400 and 1000
different species [82]. Bacteroides and Firmicutes are the two pre-
dominant bacterial phylotypes, with Proteobacteria, Actinobacteria,
Fusobacteria and Verrucomicrobia phyla present in relatively low
concentrations [83]. Several lines of evidence indicate that bacte-
ria may be involved in the pathogenesis and pathophysiology of
many FGIDs, via the metabolic capacity of luminal microbiota, and
the potential of the mucosa associated microbiota to influence the
host via immune-microbial interactions [84]. For instance, in addi-
tion to the phenomenon of PI-IBS, there are studies reporting a
beneficial effect of interventions directed at altering the GI micro-
biota [85]. The relevance of small intestinal bacterial overgrowth
in IBS remains to be fully determined, on account of methodo-
logical problems, the influence of confounding factors and multiple
large differences between reported studies [86]. Arecent important
study by Jeffery et al. performed a detailed pyrosequencing analy-
sis of faecal microbiota composition and demonstrated two species
specific subtypes of IBS, independent of symptom based classifi-
cation derived from the Rome III criteria [87]. The first of these
showed a microbial composition similar to normal whereas the
second was characterized by an increase in Firmicutes-associated
taxa in association with a relative depletion of Bacteroides-related
taxa. The implication of these data is that in future GI microbial
enterotyping may facilitate stratifications of IBS sub-populations.
However, at the present time such methods have limited practical-
ity as a routine clinical biomarker as they are resource and labour
intensive [88]. Nevertheless, there is intense commercial interest
in the GI microbiota reflected in the expanding market of probiotics
and prebiotics, some of which have shown benefits in the setting
of clinical trials [89].

4.8.2. Narcotic bowel syndrome

Opioids markedly influence GI motility and such effects may
manifest as constipation, nausea and bloating [90]. Although opi-
oid analgesics can relieve pain effectively, the side effects of chronic
opioid administration often limit their therapeutic benefit. For
instance, constipation is known to occur in 15-90% on patients
receiving opioids and have a negative impact on quality of life [91].
Counter-intuitively, abdominal pain can be a side effect of chronic
opioids therapy and when it becomes the predominant side effect,
it is known as narcotic bowel syndrome. Paradoxically, there is an
increase in abdominal pain despite continued or escalating dosing
of opioids by the clinician in an attempt to relieve the abdominal
pain. Narcotic bowel syndrome is characterized by chronic or inter-
mittent colicky abdominal pain or discomfort that worsens after the
analgesic effects of opioids wear off. Escalating the opioid dosage
only compounds the effect on pain sensitivity and further reduces
GI secretion and motility. However, given the profound analgesic
effects of opioids it is somewhat baffling to accept the argument
that opioids can provoke the very pain that they are treating. Evi-
dence from a number of recently published studies has shown that
pain may be dynamically modulated by the CNS, peripheral neu-
ral and opioid pathways which inhibit, as well as facilitate, pain
perception [90]. Moreover, chronic opioid use induces neuroplas-
tic changes that paradoxically enhance hyperalgesia and give rise
to tolerance. It has been proposed that there are at least 3 puta-
tive mechanisms that may lead to pro-nociceptive opioid effects:
bimodal opioid dysregulation, abnormalities in counter-regulatory
mechanisms and glial activation, see reviews by Grunkemaier et al.
and Farmer et al. [90,92].

4.8.3. Connective tissue disorders

Within current gastroenterological practice, many patients in
our opinion with unexplained GI symptoms are often erroneously
classified as having a FGID, despite clinical features being evident
of the presence of a more widespread systemic disorder. Data from

our group and others have suggested that symptoms that would
traditionally been considered to be typical of FGIDs may in fact
be GI manifestations of hereditary disorders of connective tissue,
the most prevalent example being joint hypermobility syndrome
(JHS), a disorder many authorities consider to be indistinguish-
able from Ehlers-Danlos syndrome hypermobility-type [93,94].
JHS is characterized by musculoskeletal symptoms in a hyper-
mobile individual in the absence of a systemic rheumatological
disease. JHS and FGIDs share many epidemiological and extra-Gl
features [95]. Studies have linked JHS with a number of GI symp-
toms such as abdominal pain, nausea, bloating, constipation and
diarrhoea [93] as well as abnormalities in GI physiology [96]. The
rationale for linking these two seemingly dissimilar entities cen-
tres around the abnormalities in the extracellular connective tissue
matrix. Such abnormalities maybe readily identifiable in the mus-
culoskeletal system as excessive joint mobility, yet to date scant
attention has been placed on assessing for such pathology within
the Gl tract. The sensorimotor apparatus of the GI tract is embedded
within connective tissue which itself significantly contributes to
the biomechanical properties of the viscera. Changes in the rate or
degree of deformation/stretch in the GI tract are likely to influence
the function of cellular mechano-receptors such as intramuscu-
lar arrays, intra-ganglionic laminar endings and interstitial cells of
Cajal. Considering that acquired medical conditions that alter the
structure and function of the extracellular matrix of the GI tract,
such as systemic sclerosis, are characterized by reduced compli-
ance and ineffective GI motility, it is not unreasonable to propose
that similar abnormalities exist in JHS. Nevertheless, these puta-
tive associations warrant further investigation in a well-designed
longitudinal epidemiological study.

4.8.4. Gastrointestinal neuromuscular disease

The term GI neuromuscular diseases refer to a heterogeneous
group of disorders in which symptoms arise from impaired GI
motor activity often manifesting as abnormal transit with or with-
out radiological evidence of transient or persistent dilation of the
viscera. Primary causes refer to disorders limited to the GI tract and
secondary to those that are part of a systemic condition. Potentially,
all segments of the GI tract can be affected from the oesopha-
gus to the rectum. Whilst a number of disorders maybe readily
identified, such as achalasia or Hirschsprung’s disease, the cause
in a number of patients are not. However, there are numerous
small case series reported in the literature that have associated
gastrointestinal neuromuscular diseases with a number of under-
lying histopathological abnormalities. Nevertheless, the diagnosis
of GI neuromuscular disease has been hampered by inadequate
morphological study and lack of standardization in histological
reporting of the different components of the enteric neuromus-
culature. These deficiencies have recently been addressed by an
international working group who have provided a comprehensive
structured system of classification accompanied by robust diagnos-
tic criteria [97]. This initiative particularly highlights the utility of
taking a full thickness sample of GI tissue in facilitating a diagnosis
[98]. Such pathophysiological stratifications may lead to improve-
ments in treatment strategies, which in future can potentially be
mechanism based, rather than being focused on symptomreliefand
palliation.

4.9. A new way forward on the road to the Fourth Rome
consensus on functional gastrointestinal disorders? The emerging
concept of pain clusters

The Rome diagnostic criteria for FGIDs, whose process employs
a consensus approach which critically appraises the available
evidence, is shortly to undergo its fourth iteration. These diag-
nostic criteria are based on characteristic symptoms within a
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Pain Cluster 1

Baseline
Higher neuroticism scores
Higher anxiety
Elevated cortisol
Elevated sympathetic tone
Reduced parasympathetic tone
Sallele of 5-HTTLPR

In Pain
Lower pain thresholds
Less habituation
Elevated parasympathetic tone
Increased activity in left frontal
cortex

83%

Distribution of pain clusters
the healthy population

Distribution of pain clusters
in functional chest pain patients

66%

Baseline
Higher extroversion scores
Lower anxiety
Lower cortisol
Reduced sympathetic tone
Elevated parasympathetic tone
L allele of 5-HTTLPR

In Pain

Higher pain thresholds
Increased habituation
Elevated sympathetic tone
Increased activity in right
medial/frontal cortex and right
anterior insula

Fig. 4. A schematic representation of the pain clusters and their relative distributions in health and in patients with functional chest pain.

defined temporal pattern. Whilst this process has unarguably
enhanced homogeneity with the research niche, it has not always
translated to improvements in patient satisfaction and outcomes
[99]. Although the sub-typing of disorders, such as IBS based on
predominant symptom pattern such as diarrhoea or constipation,
has improved the stratification of treatment interventions, to
many experts it remains a source of controversy. Considering that
visceral pain is a common defining feature of FGIDs, its experience
is subject to marked inter-individual variability. This variability is
multiply determined through genetic, psychological, physiological
and neuroanatomical factors [100]. Whilst numerous studies have
identified and examined many of these factors in isolation, such
a singular approach has constrained our wider understanding of
their co-relationships within possible homogenous sub-groups or
“pain clusters.” The development of homogeneous sub-groups for
human disease susceptibilities has received considerable attention
in other disciplines such as psychiatry [101]. There is a correspond-
ing need for such an approach within FGIDs, as contemporaneous
studies are fraught with difficulties in identifying homogenous
groups of participants both in health and in FGIDs [102-104]. In
a recent study, we have attempted to define distinct pain clus-
ters comprising of differing personality traits, stress responsive
physiology and genetic profiles coupled with differences in brain
processing of somatic and visceral pain. We demonstrated the
existence of two temporally stable pain clusters in health. The first
of these, accounting for approximately 1/3rd of healthy subjects,
had higher neuroticism/anxiety scores, sympathetic tone and
cortisol levels at baseline yet during pain, they had lower pain
tolerance thresholds and increased their parasympathetic tone.
In this pain cluster, the serotonin transporter long polymorphic
region (SHTTLPR) short allele was over-represented. The second
pain cluster, accounting for approximately 2/3rds of healthy
subjects, had the converse profile at baseline and during pain.
Brain activity differed between the two clusters, with the first
cluster having greater activity in left frontal cortex, whereas the
second showed greater activity in the right medial/frontal cortex
and right anterior insula (see Fig. 4). In a follow on study, we have

evaluated these pain clusters in a preliminary cohort of patients
with functional chest of presumed oesophageal origin, a diagnosis
akin to that of non-cardiac chest pain. We found that patients were
over-represented in pain cluster 1 (relative risk 3.6, 95% confidence
interval 1.3-10.5, p=0.004)[79]. In future it may be possible that
such psychophysiological characterizations may aid in the identi-
fication of subjects at risk for developing chronic pain syndromes,
such as FGID, and reduce variability in brain imaging and genetic
studies. Furthermore, when applied to FGID it may allow stratifica-
tion of patients and “personalization” of therapeutic interventions
as the two clusters may differentially respond. The adoption of
such a strategy may refine in diagnostic criteria and management,
a key consideration in over burden healthcare economies, and
ultimately improve patient outcomes. Assimilating the evidence
that we have discussed in this paper, it is likely that FGID as an
overall entity represent a heterogenous group of disorders which
encompasses structural, inflammatory and biochemical abnormal-
ities. Moreover, within the contemporaneous diagnostic criteria,
such abnormalities maybe variable present even within a singular
diagnostic group. For example certain patients with IBS may have
a largely structural abnormality whereas in others inflammation
may predominant. Perhaps we need to move away from the label of
functional bowel disorders as in the coming decades it will be pos-
sible to identify predominant mechanisms of disease in individual
patients.

5. Conclusions and implications

Important advances in our understanding of mechanisms that
underlie both the development and maintenance of visceral pain
have been achieved through convergent research strategies across
a diverse array of academic disciplines encompassing neuro-
gastroenterology, molecular pharmacology, neurophysiology and
psychology. Nevertheless further challenges remain if we are to
provide evidence based efficacious treatments to our patients with
chronic visceral pain syndromes.
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