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Abstract
Irritable bowel syndrome (IBS) is a common functional gastrointestinal disorder,
characterized by abdominal pain and altered intestinal motility. Visceral hypersensitivity is an
important hallmark feature of IBS and is believed to underlie abdominal pain in patients with
IBS. The two main risk factors associated with the development of IBS are gastrointestinal
inflammation and psychological distress.
On a peripheral level, visceral sensitivity seems to be modulated by several mechanisms.
Immune cells in the mucosal wall, such as mast cells, and enterochromaffin cells may
sensitize afferent nerves by release of their mediators. Furthermore, increased mucosal
permeability, altered intestinal microflora and dietary habits may contribute to this feature. On
a central level, an increased prevalence of psychiatric comorbidities is demonstrated in IBS
patients, alongside alterations in the hormonal brain-gut axis, increased vigilance towards
intestinal stimuli and functional and structural changes in the brain.
The pathogenesis of IBS is complicated and multifactorial and the treatment remains
clinically challenging. Dietary measures and symptomatic control are the cornerstones for IBS
treatment and may be sufficient for patients experiencing mild symptoms, alongside
education, reassurance and an effective therapeutic physician-patient relationship. New
pharmacological therapies are aimed at interfering with mediator release and/or blockade of
the relevant receptors within the gut wall, while modulation of the intestinal flora and diet
may also be of therapeutic benefit. Tricyclic antidepressants and serotonin reuptake inhibitors
act both on a central and peripheral level by modulating pain signalling pathways.
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Introduction

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder, characterized by
chronic abdominal pain and an altered bowel habit. Visceral hypersensitivity and altered
intestinal motility are presumed to underlie these symptoms. In the Western population the
prevalence of IBS is 5-15% and affects slightly more women compared to men (OR 1.67,
95% CI: 1.53-1.82) (1). Specific prevalence rates for Belgium are lacking but presumably
approximate those of the Netherlands (5.8%) (2). IBS negatively affects patients’ quality of
life as demonstrated by the SF-36 questionnaire (a patient reported survey of patient health)
(3). In combination with its chronicity and high prevalence, IBS therefore undoubtedly poses
an important health care issue associated with absenteeism and increased health care
expenditure. In primary care 10-15% of patients consult for IBS symptoms and this amounts
to 25-50% in secondary and tertiary care (1). Nevertheless, only a subgroup of patients (1050%) consults for medical care, an indication that the true health care burden is even larger (1,
4).
As currently no cure is available, treatment is directed towards symptom control. However,
treatment options are limited and clinical results are often disappointing. Reassurance,
understanding and patient education are the main cornerstones of treatment (5). In addition,
dietary measures and symptom diaries may be sufficient for patients experiencing mild
symptoms (6). In moderate-to-severe IBS pharmacological and psychological therapies are
often required (7). However, the development of new therapeutic targets is hampered by the
insufficiently elucidated underlying pathophysiological mechanisms (8). In this review we
provide a short overview of identified risk factors and pathophysiological mechanisms in the
development of IBS and visceral hypersensitivity and how these can be used to explore new
therapeutic options for the treatment of IBS.
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Diagnostic criteria for IBS
IBS is a functional bowel disorder for which a diagnostic marker is currently not available.
Therefore, to date the diagnosis of IBS is based on symptom criteria, the Rome III criteria
(table 1), composed of the combined presence of chronic abdominal discomfort (altered
visceral sensitivity) and an altered bowel habit (altered motility). In addition, IBS patients can
be subtyped according to their predominant bowel pattern: constipation-predominant (IBS-C;
20-30%), diarrhoea-predominant (IBS-D; 38-50%) or mixed (IBS-M; 6-16%) when
alternating between loose and hard stools; the remainder is classified as IBS-U (unsubtyped;
24-60%) (5, 9).
The diagnosis of IBS can only be made after a concise anamnestic interview and careful
physical examination. The need for laboratory testing and/or structural evaluation should be
based on the patients’ age, the duration, severity and nature of symptoms, psychosocial
factors and family history and may include analysis of blood and stool samples, colonoscopy
and/or abdominal ultrasonography to exclude an organic cause (5). 'Alarm' signs such as
fever, gastrointestinal bleeding, anaemia, weight loss, abdominal mass, nocturnal symptoms,
faecal soiling or family history of colon cancer are not compatible with a diagnosis of IBS and
always warrant further investigation (4, 5).
Many IBS patients additionally report upper GI symptoms and there is considerable overlap
between IBS and other functional gastrointestinal disorders such as functional dyspepsia in 7
to 79% of cases, suggesting a common underlying dysfunction and pathophysiology (10).

Risk factors: psychological distress and intestinal inflammation
Currently the two main risk factors associated with the development of IBS are psychological
distress and intestinal inflammation (figure 1).
IBS is associated with a increased prevalence of adverse life events during childhood, such as
emotional or sexual abuse or the loss of a parent (11, 12). IBS patients with a burdened
4

history display more psychiatric co-morbidities and tend to utilize healthcare services more
frequently. These adverse life events also correlate with symptom severity and response to
treatment. Hence, a history of adverse life events influences the therapeutic approach and
outcome. Centrally-acting therapies are often preferred over symptom-based therapies in this
group of patients (13).
A second important risk factor in IBS development is a previous gastrointestinal
inflammation. In up to 35% of IBS cases, new-onset IBS follows a severe episode of
gastroenteritis and symptoms may persist up to eight years post-infection (14). This postinfectious IBS (PI-IBS) is associated with disease-related factors (e.g. severity and duration of
infection and invasiveness of the pathogen), as well as with host-specific factors (such as
smoking, female sex, depression or adverse life events preceding the infection) (15). The fact
that previous bowel inflammation can trigger new-onset IBS is further corroborated by
observations of an increased prevalence of IBS-like symptoms in patients with quiescent
inflammatory bowel disease (IBD). Despite mucosal healing, 46% of Crohn’s disease patients
and 36% of those with ulcerative colitis in remission continue to suffer from abdominal pain
and altered bowel habits, meeting the diagnostic criteria for IBS (16).

Visceral hypersensitivity
Visceral hypersensitivity, or an increased perception of stimuli originating from the viscera, is
a hallmark feature of IBS and is currently regarded as the main factor underlying abdominal
pain in IBS patients (17). Visceral hypersensitivity entails both hyperalgesia and allodynia
(figure 2) (18). Hyperalgesia refers to an increased response to a normally painful stimulus.
Allodynia refers to a painful response to a normally innocuous stimulus (19). In clinical trials,
visceral hypersensitivity or disturbed stimulus perception is most commonly objectified by
balloon distension. A balloon is inserted in the distal colon or rectum and is inflated with
increasing pressures or volumes to stimulate the sensory afferent nerve endings in the colon
5

wall (17). After each distension, patients grade their perceived pain on a visual analogue
scale. IBS patients report significant lower pain thresholds and higher pain scores compared
to healthy controls. Studies report that 35-90% of IBS patients demonstrate visceral
hypersensitivity and that this increased sensitivity may correlate with the severity of
symptoms, such as abdominal pain and bloating (17, 18).
Visceral hypersensitivity can arise from a peripheral or central level (figure 3). In the
periphery, vagal and spinal (splanchnic and pelvic) afferent nerves register mechanical,
thermal and chemical stimuli and convey this information to the spinal cord. Here, vagal and
spinal afferents connect with second order neurons whose cell bodies reside in respectively
the brainstem and the dorsal horn of the spinal cord (20). In the spinal cord, these secondary
afferents cross the midline and ascend mainly through the spinothalamic tract to the thalamus.
The signal is then transferred from the thalamus to cerebral areas involved in somatosensory
perception and cognitive and affective modulation, such as the somatosensory and insular
cortex, the anterior cingulate cortex (ACC) and the limbic system. Besides the spinothalamic
tract, the ipsilateral dorsal columns are also involved in the transmission of sensory
information to the thalamus (21). Finally, the central nervous systems (CNS) modulates pain
transmission actively through descending pathways, which can either inhibit or facilitate the
signal transduction (21). Visceral hypersensitivity may result from dysfunctional pain
modulation on each of the aforementioned levels. For a more extensive description of the
neuroanatomic components involved in visceral pain perception, we refer to a recent review
of Vermeulen et al. (22).
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Pathogenesis of visceral hypersensitivity
Peripheral factors
Mucosal inflammation: the role of specific cell types
The observation of new-onset IBS after an acute gastroenteritis and the increased prevalence
of IBS-like symptoms in patients with quiescent IBD cultivated the hypothesis that a chronic
low-grade mucosal inflammation or immune activation contributes to symptom generation in
IBS (18, 23). Activation of mucosal immune cells influencing neuronal activity has further
nursed the concept of neuroimmune modulation as an underlying mechanism in visceral
hypersensitivity (24). Corroborating evidence for this theory was delivered by multiple
studies showing increased numbers of mast cells (MCs), lymphocytes and enterochromaffin
cells (ECCs) in the gut wall of IBS patients (25).
Changes in the intestinal barrier function resulting in an increased uptake of luminal antigens
have been suggested to represent the driving force behind the enhanced immune activation
(25). The permeability of this intestinal barrier is potently modulated by stress, via the release
of corticotropin releasing factor (CRF) and by mediators released by immune cells such as
MCs (histamine, tryptase, prostaglandins) and T-lymphocytes (tumour necrosis factor alpha
(TNF-α) and interferon γ (IFN-γ)) (26, 27). The pathophysiological importance and
therapeutic potential of each of these targets will be discussed in the following section.
Mast cells
The location of MCs in close proximity to afferent nerve endings in the gut wall, which
convey sensory information to the CNS, together with the bidirectional communication
between MCs and afferent nerves, suggest an important role for the mast cell in the
pathogenesis of visceral hypersensitivity and IBS (28, 29). In addition, a positive correlation
was reported between the increased number of MCs in the bowel wall and the frequency and
severity of abdominal pain in IBS patients (28). MCs are activated by crosslinking of IgE
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antibodies (against food antigens, the intestinal microflora or invading pathogens) that bind to
the IgE receptor (FcεRI) on the mast cell membrane, but MC activation also occurs through
non-IgE related mechanisms, such as cytokines, neuropeptides and stress. Activation of MCs
results in degranulation and mediator release (25). Conversely, treatment with the MC
stabilizer ketotifen (8 mg, 8 weeks) increased the pain threshold and decreased abdominal
pain in a population of 60 IBS patients (30). The most important MC mediator is histamine,
acting on specific histamine receptors (H1-H4). As several studies demonstrate increased
histamine release in the colonic mucosa of IBS patients, blocking these receptors may result
in a new therapeutic strategy (28). Preliminary results from a phase II study corroborate this
hypothesis as abdominal pain was significantly reduced by the selective histamine H1 receptor
antagonist ebastine in 28 IBS patients (31). Based on these promising results, the investigators
recently initiated a multicenter trial (NCT01908465). In addition, preclinical data also suggest
involvement of the histamine H4 receptor in the pathogenesis of IBS (32). A recent study
demonstrated a dose-dependent effect of the histamine H4 receptor antagonist JNJ7777120 on
visceral hypersensitivity in a rat model for post-inflammatory IBS (33). However, clinical
studies in IBS patients regarding this receptor are not yet initiated.
Tryptase, another MC mediator, binds to proteinase activated receptors (PARs) and is also
believed to contribute to visceral hypersensitivity as PAR-2 antagonists and PAR-4 agonists
display anti-nociceptive effects in preclinical studies (34). Furthermore, it was recently
demonstrated in a preclinical study that tryptase contributes to increased rectal permeability in
IBS and that the elevated permeability could be repressed by addition of the tryptase inhibitor
nafamostat to rectal biopsy specimens of IBS patients (35).
T-lymphocytes
The number of T-lymphocytes is also increased in mucosal biopsies from IBS patients.
Several studies have quantified the expression of pro-inflammatory cytokines (such as
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interleukin (IL)-1β, IL-2, IL-5, IL-6, IL-13, IFN-γ and TNF-α) and anti-inflammatory
cytokines (such as IL-10) in the intestinal mucosa, in order to gain further insight in their
contribution to the local immune disturbance, however so far results are inconclusive (25, 3639). Nevertheless, the anti-inflammatory drug mesalazine, which inhibits cytokine release
from T-lymphocytes, was demonstrated to be effective in the treatment of IBS (40).
Enterochromaffin cells
ECCs are sensory cells located in the intestinal mucosa. They react to luminal stimuli such as
pressure and the presence of nutrients. ECCs translate these signals into neuronal responses
by secretion of peptides and amines, which are able to excite enteric nerve endings (15).
Several studies support the role of ECCs and their main mediator serotonin (5-HT) in the
pathogenesis of IBS. Firstly, several groups reported ECC hyperplasia in the colonic and
rectal mucosa of IBS patients (41-43). Secondly, elevated levels of 5-HT were demonstrated
in the supernatants of IBS mucosal biopsies (43). Thirdly, IBS has been associated with
polymorphisms in the tryptophan hydroxylase, the rate-limiting step in the 5-HT biosynthesis
and in the serotonin reuptake transporter, which is expressed on enterocytes and terminates 5HT-mediated actions by removing it from the interstitial space (44-47).
In addition to motor and sensory effects in the gastrointestinal tract, 5-HT is also involved in
the transmission of sensory information by afferent neurons to the CNS and acts as a
neurotransmitter in the descending inhibitory and facilitating tracts in the spinal cord (48).
5-HT binds to seven receptor subtypes; three are presumed to be involved in the pathogenesis
of visceral hypersensitivity, and therefore represent interesting targets for IBS treatment: the
5-HT3 receptor, 5-HT4 receptor, and 5-HT2B receptor.
The 5-HT3 receptor is expressed on extrinsic afferent neurons and is involved in the
transmission of sensory information to the CNS and in the peristaltic reflex (48, 49). Several
studies show the alleviating effect of selective 5-HT3 antagonists like alosetron, cilansetron
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and ramosetron on abdominal pain in IBS patients (48, 50). Initially, alosetron was
successfully introduced in the United States for treatment of IBS-D, but was later withdrawn
from the market due to severe side effects (severe constipation and ischemic colitis) (50).
Although the 5-HT4 receptor is thought to mainly mediate motor and secretory activity, the 5HT4 agonist tegaserod also decreased visceral hypersensitivity in IBS patients (51). Tegaserod
is effective in the treatment of IBS-C, but was also withdrawn from the market in 2007 due to
serious cardiovascular side effects (increased risks of acute myocardial infarction and stroke)
(50). The selective 5-HT4 agonist prucalopride has prokinetic properties and was
demonstrated to be beneficial in the treatment of chronic constipation, although no highquality controlled studies have addressed the efficacy of prucalopride in IBS-C yet (52).
Moreover, prucalopride is currently not reimbursed by the INAMI/RIZIV.
Preclinical data concerning the selective 5-HT2B receptor antagonist RS-127445 demonstrate a
significant reduction of visceral hypersensitivity and defecation frequency in animal models
for IBS (53). Further research is required to explore the potential of this receptor antagonist in
a clinical setting.
Mucosal inflammation: other possible targets
Besides MC, T-lymphocytes and ECCs and their mediators, other receptors and signal
molecules are emerging as potential targets for new therapies in IBS. Prostaglandins and
leukotrienes are synthesized from arachidonic acid by the enzymes cyclo-oxygenase and
lipoxygenase. They stimulate afferent neurons and play an important role in the sensitization
process (54). Also mediators released during acute inflammation contribute to visceral
hypersensitivity. In this regard ATP and bradykinin potently activate afferent nerve endings in
the intestinal wall by binding to their respective receptors (55, 56). Transient receptor
potential (TRP) channels such as TRPV1 receptor are expressed on extrinsic sensory
afferents, enteric neurons, epithelial cells and endocrine cells and are involved in visceral
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sensations (57). Activation of the TRPV1 receptor by heat (>43°C), low pH and capsaicin (the
active substance in peppers) leads to calcium influx and results in the sensation of burning
pain. Several mediators involved in the pathogenesis of IBS, such as histamine, 5-HT,
bradykinin, prostaglandines and ATP sensitize TRPV1 receptors (50, 58, 59). These TRP
channels are considered the integrators of sensory input. Studies on the anti-nociceptive
potential of selective antagonists for TRP channels have reached the clinical phase. However
a number of clinical trials with a systemic TRPV1 antagonist were terminated prematurely
due to severe hyperthermia (60), indicating the need for a more specific target. In this regard,
TRPV4 and TRPA1 may be of interest. TRPV4 channels seem to take part in the generation
of pain and hyperalgesia in the colon and integrate with PAR-2 receptors (61). TRPA1
channels are involved in mechanical and chemical colonic hypersensitivity, provoked by
inflammation and stress (57, 61). Although effective agonists and antagonist have been
identified for each of these channels in a preclinical setting, further research is required before
clinical studies can be initiated.
Role of microflora and small intestinal bacterial overgrowth
The role of the microflora in the pathogenesis of IBS has gained increased interest over the
past years. The current working hypothesis is that changes in the interaction between
intestinal microbiota and permeability of the colonic wall may initiate mucosal inflammation,
which results in the activation of nociceptive sensory pathways and a disruption of the enteric
nerve system signalling (62).
Small intestinal bacterial overgrowth (SIBO) is associated with various aspects of IBS, such
as postprandial bloating and abdominal distension, altered motility, visceral hypersensitivity,
an abnormal brain-gut interaction, a disturbance of the autonomic nervous system and
immune activation. SIBO as a feature of IBS pathogenesis is supported by several studies,
which demonstrate that IBS symptoms decrease after eradication of SIBO (62, 63). Other
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studies demonstrate that the non-systemic antibiotic rifaximin significantly improves IBS
symptoms such as bloating and flatulence (64). Currently, rifaximin is only approved for the
treatment of travellers' diarrhoea and hepatic encephalopathy .
Besides SIBO, an altered microflora is also associated with IBS. Quantitative research shows
a decreased number of Lactobacillus and Bifidobacterium species in the colon of IBS patients
and an increased number of gas-producing bacteria like Clostridium species (4, 65).
Lactobacilli and Bifidobacteria are mucosa-adherent species that prevent binding of
pathogens and in this way they reinforce the mucosal barrier (4). Noxious micro-organisms,
such as Clostridium species, produce gas and short-chain fatty acids and deconjugate
intraluminal bile salts. The products of this deconjugation result in changes in water and
electrolyte transport, which may influence gastrointestinal motility and sensitivity (4, 65).
Probiotics aim to re-establish the intestinal microbiotal balance. A recent meta-analysis
demonstrates a positive effect of probiotics on overall IBS symptoms (66). However, to date it
remains unclear which species or dose should be administered for an optimal effect. The use
of probiotics should be considered individually, secondary to dietary adjustments. When
probiotics do not achieve a beneficial effect after at least 4 weeks, a different formulation can
be tried (67). Long-term effects are still unclear and further research is warranted before
probiotics should be incorporated in the standard of care.
Prebiotics are specific nutrients that create an optimal environment for beneficial bacterial
species and could potentially prove useful in the treatment of IBS. The prebiotic transgalacto-oligosaccharide (B-GOS) decreased IBS symptoms compared to placebo and
stimulated the growth of Bifidobacteria in a double-blind placebo-controlled trial (68).
Finally, symbiotics, the combination of prebiotics and probiotics, also seem an interesting
new therapeutic approach, but again, further research is required to explore its full potential
(69).
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Faecal microbiota transplantation (FMT) refers to introducing faeces from healthy donors into
the gastrointestinal tract of diseased individuals. There is a growing interest in FMT as a
treatment for various gastrointestinal diseases, including IBS, as it may restore the intestinal
microbial balance. Currently, only a few reports on the use of FMT in the treatment of IBS are
available, but show promising clinical responses for IBS-D as well as IBS-C (70-72).
Currently, several well-designed controlled trials are investigating the therapeutic potential of
FMT in IBS (http://clinicaltrials.gov) and the results are eagerly awaited by both patients and
clinicians.
Finally, diet and nutrition can also alter intestinal microflora. Fermentable oligo- di- and
monosaccharides and polyols (FODMAPs) are small, osmotically active molecules that are
poorly resorbed and rapidly fermented by the intestinal flora. Reduction of nutritional
FODMAPs is a simple way to interfere with the microflora and decrease luminal distension
(73). A recent controlled cross-over study with 30 patients showed that a diet low in
FODMAPs reduced IBS symptoms such as bloating and abdominal pain (74). These data
support the proposition to include a FODMAP-low diet in the first-line treatment of IBS.
Although patients frequently perceive an association between certain foods and their
symptoms, this has not been objectified in clinical trials (67). Based on the individual patient
history, patients may be advised to alter their dietary habits. If IBS symptoms do not improve
after a period of 2-4 weeks, the diet should be revised (67). A balanced nutrition should be
maintained at all times.
Herbal preparations and peppermint oil
The herbal preparation STW 5, a formula containing hydroethanolic extract of 9 herbs, was
also shown to reduce abdominal pain and IBS symptom scores in a multi-center, double-blind
randomized controlled trial (75, 76). The effects seems to be mediated by inhibition of TNF-
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α (77), interaction with 5-HT3 and 5-HT4 receptors and enhanced gastrointestinal secretions
(75, 78).
Among the single herbal preparations, most evidence is available for the efficacy of the
essential oil of Mentha piperita in IBS (75). A significant improvement of quality of life and
overall IBS symptoms compared to placebo has been reported and is contributed mainly to its
antispasmodic effect (79-82). Similarly, otilonium bromide was also shown to reduce
abdominal pain indirectly by interfering with smooth muscle activity (83).
Central factors
Altered neuroendocrine responses
Interaction between the CNS and the gut is established by the so-called 'brain-gut axis' (BGA)
consisting of a hormonal and a neuronal pathway (figure 1). The hormonal pathway consists
of the hypothalamic-pituitary-adrenal axis (HPA-axis). CRF is released from the
hypothalamus and stimulates the secretion of cortisol from the adrenal glands. In addition,
CRF also has a direct effect on gastrointestinal sensitivity and motility by stimulating mast
cell degranulation and altering intestinal permeability (84).
Dysregulation of the HPA-axis combined with an altered neuroendocrine response is thought
to contribute to IBS symptoms such as abdominal pain and an altered bowel habit. In this
respect, it was demonstrated that basal CRF levels are lower in IBS, but increase significantly
more during mental stress compared to controls. These results point towards excessive
activity of the HPA-axis during stress and might explain some of the stress-related symptoms
in IBS (85).
CRF receptors (CRF-R1 and CRF-R2) are expressed both centrally and peripherally. Binding
of CRF to these receptors has opposite effects. Binding of CRF to CRF-R1 induces anxiety on
a central level, whereas binding of CRF to CRF-R2 has a more anxiolytic effect. In addition,
activation of CRF-R1 promotes colonic motility, whereas CRF-R2 inhibits gastric emptying.
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Furthermore, evidence suggests a pro-nociceptive effect of CRF-R1 on visceral perception in
contrast to an anti-nociceptive effect of CRF-R2 and the pro-inflammatory response of CRFR1 activation opposes

anti-inflammatory influences

of CRF-R2

activation

(86).

Unfortunately, oral administration of the selective CRF-R1 antagonist pexacerfont to female
IBS-D patients did not significantly alter bowel function (87). Thus the clinical significance
of CRF receptors in the treatment of IBS remains unclear.
Psychological factors
The prevalence of psychiatric comorbidities such as depression, somatisation and anxiety
seems to be significantly higher in IBS patients compared to controls. Approximately 50% of
IBS patients display signs of mental distress (88). Whitehead et al. collected data from a
computerized information system containing ICD-9CM diagnostic codes, assigned by
physicians to a large group of IBS patients at each medical clinic visit or hospital admission
over a 4-year period. The prevalence of depression was doubled in this group of IBS patients
compared to controls (30.5% versus 16.2%) and the prevalence of anxiety was tripled (15.5%
versus 5.8%) (89). IBS patients also display an increased tendency to maladaptive coping and
catastrophizing (88). These psychological factors correlate with the severity of IBS and with a
poorer therapeutic outcome (90). Furthermore, the presence of various psychiatric symptoms
may differ between IBS subtypes, which needs to be considered in the therapeutic plan.
Ford et al. further corroborated the important role of psychological factors in the pathogenesis
of IBS by confirming the effectiveness of antidepressants and psychological therapies in IBS
patients in a meta-analysis (7). Tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs) are the most-studied psychotropic medications in IBS patients. The
interest in this form of therapy for functional disorders is increasing, not only in the treatment
of IBS, but also in the treatment of chronic pain syndromes like fibromyalgia and chronic
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fatigue syndrome (91). Table 2 shows the potential target sites of psychotropic agents, both
centrally and peripherally.
TCAs and SSRIs prevent the reuptake of respectively norepinephrine and serotonin by
blocking the norepinephrine and serotonin reuptake transporters on synaptic nerve endings
throughout the body. On the central level, noradrenergic neurones in the locus coeruleus and
serotonergic neurones in the raphe nuclei are involved in processing of sensory information
and are the main targets of TCAs and SSRIs. From these areas numerous axon bundles project
to the frontal cortex and limbic system where affect, attention, anxiety, agitation and pain
perception are modulated (92).
TCAs are recommended as a second-line treatment for moderate to severe IBS in which pain
is prominent, although the effectiveness may vary between different IBS subtypes (7). Since
constipation is a well-known anti-cholinergic side effect of TCAs, they may especially
ameliorate the bowel pattern of IBS-D patients (91). TCAs such as amitriptyline, imipramine
or clomipramine are prescribed in a subpsychiatric dose of 10 mg/day, increasing to 50-100
mg/day, and can be combined with antispasmodic agents to optimize the clinical effect (91,
93). However, SSRIs are often preferred over TCAs because of their more favourable side
effect profile. SSRIs such as paroxetine, sertraline, fluoxetine, citalopram or escitalopram, are
prescribed in a dose of 10-50 mg/day (depending on the drug) and they may be beneficial in
the presence of psychiatric comorbidities (91, 93). SSRIs may have an advantageous effect on
a constipation-dominant pattern due to diarrhoea as a well-known side effect (91). It is
important to keep in mind that the optimal therapeutic effect of antidepressants may take 4-6
weeks to achieve, despite the immediate occurrence of the side effects (94).
Likewise, the interest in behavioural therapies for the treatment of IBS has increased over the
last decade. The most evidence is available for cognitive behavioural therapy (95). This form
of treatment is based on the hypothesis that maladaptive cognitive patterns result in

16

maladaptive behaviours, emotional responses and symptom exacerbation. The aim is to
increase patients’ awareness of these patterns and provide more adaptive ways of coping.
Cognitive behavioural therapy generally consists of 6-12 sessions, on an individual basis or in
group, but can also be self-administered, requiring minimal involvement of clinicians and
medical staff while achieving the same positive effect (96). Other psychological therapies
used in the treatment of IBS are dynamic interpersonal psychotherapy, relaxation therapy,
biofeedback therapy and hypnotherapy. For an extended review concerning the effectiveness
of these various psychotherapies, we refer to the recent review of Palsson et al. (96).
Vigilance and gut perception
Recent data suggest that IBS patients are over-attentive (hypervigilant) towards internal
gastrointestinal stimuli. IBS patients show altered brain responses to rectal stimuli, regardless
of whether these stimuli are actually delivered or only anticipated. In these patients,
alterations take place not only in areas involved in attention and perception, but also in
subcortical regions involved in emotional and autonomous responses on the visceral stimuli
(97). Furthermore, it was shown that pain perception increases when attention is specifically
focussed towards the gut, whereas stimulus perception significantly decreases during
distraction of the stimulus by a cognitive task (98). In this regard, the relation between anxiety
and IBS may be an important factor contributing to hypervigilance and hypersensitivity.
Anxiety towards painful abdominal sensations may lead to increased vigilance towards
intestinal stimuli, which may in turn result in increased perception and even more anxiety,
enabling a vicious circle of pain, anxiety and increased vigilance.
Functional and structural alterations in the central nervous system
Functional imaging allows us to visualise brain areas involved in the processing of pain
stimuli and to study functional alterations in IBS patients. It is now established that IBS
patients demonstrate increased activity in brain areas associated with emotional arousal (the
17

perigenual anterior cingulate cortex and amygdala) and endogenous pain modulation during
rectal balloon distension compared to healthy controls (99). In contrast, controls show
enhanced engagement of the medial and lateral prefrontal cortex, areas involved in
modulation of pain and emotion and cognitive control of emotion. Increased activity in these
regions is associated with a more effective down-regulation of the emotional arousal circuit in
controls (99). It was also demonstrated that IBS patients show altered activity in descending
pathways in the spinal cord, which may facilitate or inhibit the transmission of sensory
information to the brain (100).
In addition, structural differences in the brain of IBS patients compared to controls were
reported. IBS patients show increased grey matter in the hypothalamus, which may be
associated with altered function of the stress system and the HPA-axis. Furthermore, a
negative correlation between dorsolateral prefrontal cortical thickness and maladaptive coping
and a positive correlation between the anterior insulate cortical thickness and IBS duration
were found (101). All these findings underscore the importance of the central nervous system
in the pathogenesis of IBS symptoms.

Perspectives and conclusion
This review highlights possible mechanisms involved in the pathogenesis of IBS and visceral
hypersensitivity in particular. Two main risk factors associated with the development of IBS
are previously endured gastrointestinal infection or inflammation and psychological stress. As
discussed, mediators released during intestinal inflammation (such a histamine, tryptase or
ATP) may have several effects, namely 1) direct activation of afferent neurons within the gut
wall, 2) an indirect effect on afferent neurons by increasing intestinal permeability, 3) a
potentiating effect of signal transduction pathways by peripheral and/or central sensitization.
Inhibiting the release of these mediators and antagonizing their respective receptors is an
interesting approach in the development of new IBS therapies. Furthermore, the role of altered
18

microflora and dietary factors in the pathogenesis of IBS and the therapeutic potential of preand probiotics is not yet fully elucidated. Finally, the involvement of central factors such as
psychological distress, depression and anxiety is to be considered and warrants the use of
antidepressants and psychological therapies as a second-line treatment of IBS.
In conclusion, it is clear that the pathogenesis of IBS is not yet fully understood. Without
doubt, IBS is a complicated and multifactorial disorder, in which peripheral as well as central
mechanisms are implicated. Figure 1 provides a simplified overview of these mechanisms and
their mutual interactions. The treatment of IBS remains challenging and further research in
this field is required to improve treatment strategies for patients with IBS.

Financial support: A. Deiteren is an aspirant of the FWO (Fund of Scientific Research Flanders). This work was funded by the FWO (G.0341.13 and G.0249.09N).

References
1.
Choung RS, Locke GR, 3rd. Epidemiology of IBS. Gastroenterol Clin North Am.
2011,40:1-10.
2.
Boekema PJ, van Dam van Isselt EF, Bots ML, Smout AJ. Functional bowel
symptoms in a general Dutch population and associations with common stimulants. Neth J
Med. 2001,59:23-30.
3.
Gralnek IM, Hays RD, Kilbourne A, Naliboff B, Mayer EA. The impact of irritable
bowel syndrome on health-related quality of life. Gastroenterology. 2000,119:654-660.
4.
El-Salhy M. Irritable bowel syndrome: diagnosis and pathogenesis. World J
Gastroenterol. 2012,18:5151-5163.
5.
Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller RC.
Functional bowel disorders. Gastroenterology. 2006,130:1480-1491.
6.
Drossman DA, Camilleri M, Mayer EA, Whitehead WE. AGA technical review on
irritable bowel syndrome. Gastroenterology. 2002,123:2108-2131.
7.
Ford AC, Talley NJ, Schoenfeld PS, Quigley EM, Moayyedi P. Efficacy of
antidepressants and psychological therapies in irritable bowel syndrome: systematic review
and meta-analysis. Gut. 2009,58:367-378.
8.
Mayer EA, Bradesi S, Chang L, Spiegel BM, Bueller JA, Naliboff BD. Functional GI
disorders: from animal models to drug development. Gut. 2008,57:384-404.
9.
Olafsdottir LB, Gudjonsson H, Jonsdottir HH, Thjodleifsson B. Stability of the
irritable bowel syndrome and subgroups as measured by three diagnostic criteria - a 10-year
follow-up study. Aliment Pharmacol Ther. 2010,32:670-680.

19

10.
Rasmussen S, Jensen TH, Henriksen SL, Haastrup PF, Larsen PV, Søndergaard J, et
al. Overlap of symptoms of gastroesophageal reflux disease, dyspepsia and irritable bowel
syndrome in the general population. Scand J Gastroenterol. 2015,50:162-169.
11.
Bradford K, Shih W, Videlock EJ, Presson AP, Naliboff BD, Mayer EA, et al.
Association between early adverse life events and irritable bowel syndrome. Clin
Gastroenterol Hepatol. 2012,10:385-390.e381-383.
12.
Drossman DA. Abuse, Trauma, and GI Illness: Is There a Link? Am J Gastroenterol.
2011,106:14-25.
13.
Grover M, Drossman DA. Psychotropic agents in functional gastrointestinal disorders.
Curr Opin Pharmacol. 2008,8:715-723.
14.
Marshall JK, Thabane M, Garg AX, Clark WF, Moayyedi P, Collins SM, et al. Eight
year prognosis of postinfectious irritable bowel syndrome following waterborne bacterial
dysentery. Gut. 2010,59:605-611.
15.
Spiller R, Lam C. An Update on Post-infectious Irritable Bowel Syndrome: Role of
Genetics, Immune Activation, Serotonin and Altered Microbiome. Journal of
neurogastroenterology and motility. 2012,18:258-268.
16.
Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria for irritable bowel
syndrome in inflammatory bowel disease: systematic review and meta-analysis. Am J
Gastroenterol. 2012,107:1474-1482.
17.
Azpiroz F, Bouin M, Camilleri M, Mayer EA, Poitras P, Serra J, et al. Mechanisms of
hypersensitivity in IBS and functional disorders. Neurogastroenterol Motil. 2007,19:62-88.
18.
Barbara G, Cremon C, De Giorgio R, Dothel G, Zecchi L, Bellacosa L, et al.
Mechanisms underlying visceral hypersensitivity in irritable bowel syndrome. Curr
Gastroenterol Rep. 2011,13:308-315.
19.
Sandkuhler J. Models and mechanisms of hyperalgesia and allodynia. Physiol Rev.
2009,89:707-758.
20.
Blackshaw LA, Brookes SJ, Grundy D, Schemann M. Sensory transmission in the
gastrointestinal tract. Neurogastroenterol Motil. 2007,19:1-19.
21.
Anand P, Aziz Q, Willert R, van Oudenhove L. Peripheral and central mechanisms of
visceral sensitization in man. Neurogastroenterol Motil. 2007,19:29-46.
22.
Vermeulen W, De Man J, Pelckmans P. The neuroanatomy of lower gastrointestinal
pain disorders. World J Gastroenterol. 2014,in press.
23.
Long MD, Drossman DA. Inflammatory bowel disease, irritable bowel syndrome, or
what?: A challenge to the functional-organic dichotomy. Am J Gastroenterol. 2010,105:17961798.
24.
Elsenbruch S. Abdominal pain in Irritable Bowel Syndrome: a review of putative
psychological, neural and neuro-immune mechanisms. Brain Behav Immun. 2011,25:386394.
25.
Ford AC, Talley NJ. Mucosal inflammation as a potential etiological factor in irritable
bowel syndrome: a systematic review. J Gastroenterol. 2011,46:421-431.
26.
Keita AV, Söderholm JD. The intestinal barrier and its regulation by neuroimmune
factors. Neurogastroenterol Motil. 2010,22:718-733.
27.
Martínez C, González-Castro A, Vicario M, Santos J. Cellular and molecular basis of
intestinal barrier dysfunction in the irritable bowel syndrome. Gut Liver. 2012,6:305-315.
28.
Barbara G, Stanghellini V, De Giorgio R, Cremon C, Cottrell GS, Santini D, et al.
Activated mast cells in proximity to colonic nerves correlate with abdominal pain in irritable
bowel syndrome. Gastroenterology. 2004,126:693-702.
29.
De Winter BY, van den Wijngaard RM, de Jonge WJ. Intestinal mast cells in gut
inflammation and motility disturbances. Biochim Biophys Acta. 2012,1822:66-73.

20

30.
Klooker TK, Braak B, Koopman KE, Welting O, Wouters MM, van der Heide S, et al.
The mast cell stabiliser ketotifen decreases visceral hypersensitivity and improves intestinal
symptoms in patients with irritable bowel syndrome. Gut. 2010,59:1213-1221.
31.
Van Wanrooij S, Wouters MM, Van Oudenhove L, Vermeire S, Rutgeerts PJ,
Boeckxstaens GE. Effect of the H1-receptor antagonist ebastin on visceral perception and
clinical symptoms in IBS. Gastroenterology. 2013,144:S-160.
32.
Deiteren A, De Man JG, Pelckmans PA, De Winter BY. Histamine H(4) receptors in
the gastrointestinal tract. Br J Pharmacol. 2015,172:1165-1178.
33.
Deiteren A, De Man JG, Ruyssers NE, Moreels TG, Pelckmans PA, De Winter BY.
The effects of JNJ7777120, a selective histamine H4 receptor antagonist, on visceromotor
responses in a rat model for post-inflammatory visceral hypersensitivity. Gastroenterology.
2013,144:S-394.
34.
Cenac N, Andrews CN, Holzhausen M, Chapman K, Cottrell G, Andrade-Gordon P, et
al. Role for protease activity in visceral pain in irritable bowel syndrome. J Clin Invest.
2007,117:636-647.
35.
Lee JW, Park JH, Park DI, Kim HJ, Cho YK, Sohn CI, et al. Subjects with diarrheapredominant IBS have increased rectal permeability responsive to tryptase. Dig Dis Sci.
2010,55:2922-2928.
36.
Coeffier M, Gloro R, Boukhettala N, Aziz M, Lecleire S, Vandaele N, et al. Increased
proteasome-mediated degradation of occludin in irritable bowel syndrome. Am J
Gastroenterol. 2010,105:1181-1188.
37.
Macsharry J, O'Mahony L, Fanning A, Bairead E, Sherlock G, Tiesman J, et al.
Mucosal cytokine imbalance in irritable bowel syndrome. Scand J Gastroenterol.
2008,43:1467-1476.
38.
Kindt S, Van Oudenhove L, Broekaert D, Kasran A, Ceuppens JL, Bossuyt X, et al.
Immune dysfunction in patients with functional gastrointestinal disorders. Neurogastroenterol
Motil. 2009,21:389-398.
39.
Liebregts T, Adam B, Bredack C, Roth A, Heinzel S, Lester S, et al. Immune
activation in patients with irritable bowel syndrome. Gastroenterology. 2007,132:913-920.
40.
Hanevik K, Dizdar V, Langeland N, Eide GE, Hausken T. Tolerability and effect of
mesalazine in postinfectious irritable bowel syndrome. Aliment Pharmacol Ther.
2011,34:259-260.
41.
Dunlop SP, Jenkins D, Neal KR, Spiller RC. Relative importance of enterochromaffin
cell hyperplasia, anxiety, and depression in postinfectious IBS. Gastroenterology.
2003,125:1651-1659.
42.
Lee KJ, Kim YB, Kim JH, Kwon HC, Kim DK, Cho SW. The alteration of
enterochromaffin cell, mast cell, and lamina propria T lymphocyte numbers in irritable bowel
syndrome and its relationship with psychological factors. J Gastroenterol Hepatol.
2008,23:1689-1694.
43.
Cremon C, Carini G, Wang B, Vasina V, Cogliandro RF, De Giorgio R, et al.
Intestinal serotonin release, sensory neuron activation, and abdominal pain in irritable bowel
syndrome. Am J Gastroenterol. 2011,106:1290-1298.
44.
Grasberger H, Chang L, Shih W, Presson AP, Sayuk GS, Newberry RD, et al.
Identification of a Functional TPH1 Polymorphism Associated With Irritable Bowel
Syndrome Bowel Habit Subtypes. Am J Gastroenterol. 2013,108:1766-1774.
45.
Jun S, Kohen R, Cain KC, Jarrett ME, Heitkemper MM. Associations of tryptophan
hydroxylase gene polymorphisms with irritable bowel syndrome. Neurogastroenterol Motil.
2011,23:233-239, e116.

21

46.
Kumar S, Ranjan P, Mittal B, Ghoshal UC. Serotonin transporter gene (SLC6A4)
polymorphism in patients with irritable bowel syndrome and healthy controls. Journal of
gastrointestinal and liver diseases : JGLD. 2012,21:31-38.
47.
Wang YM, Chang Y, Chang YY, Cheng J, Li J, Wang T, et al. Serotonin transporter
gene promoter region polymorphisms and serotonin transporter expression in the colonic
mucosa of irritable bowel syndrome patients. Neurogastroenterol Motil. 2012,24:560-565,
e254-565.
48.
Greenwood-van Meerveld B. Importance of 5-hydroxytryptamine receptors on
intestinal afferents in the regulation of visceral sensitivity. Neurogastroenterol Motil. 2007,19
Suppl 2:13-18.
49.
Ford AC, Brandt LJ, Young C, Chey WD, Foxx-Orenstein AE, Moayyedi P. Efficacy
of 5-HT3 antagonists and 5-HT4 agonists in irritable bowel syndrome: systematic review and
meta-analysis. Am J Gastroenterol. 2009,104:1831-1843; quiz 1844.
50.
Akbar A, Walters JR, Ghosh S. Review article: visceral hypersensitivity in irritable
bowel syndrome: molecular mechanisms and therapeutic agents. Aliment Pharmacol Ther.
2009,30:423-435.
51.
Tack J, Müller-Lissner S, Bytzer P, Corinaldesi R, Chang L, Viegas A, et al. A
randomised controlled trial assessing the efficacy and safety of repeated tegaserod therapy in
women with irritable bowel syndrome with constipation. Gut. 2005,54:1707-1713.
52.
Manabe N, Rao AS, Wong BS, Camilleri M. Emerging pharmacologic therapies for
irritable bowel syndrome. Curr Gastroenterol Rep. 2010,12:408-416.
53.
Ohashi-Doi K, Himaki D, Nagao K, Kawai M, Gale JD, Furness JB, et al. A selective,
high affinity 5-HT 2B receptor antagonist inhibits visceral hypersensitivity in rats.
Neurogastroenterol Motil. 2010,22:e69-76.
54.
Liu S, Hu HZ, Gao C, Gao N, Wang G, Wang X, et al. Actions of cysteinyl
leukotrienes in the enteric nervous system of guinea-pig stomach and small intestine. Eur J
Pharmacol. 2003,459:27-39.
55.
Bland-Ward PA, Humphrey PP. P2X receptors mediate ATP-induced primary
nociceptive neurone activation. J Auton Nerv Syst. 2000,81:146-151.
56.
Cayla C, Labuz D, Machelska H, Bader M, Schäfer M, Stein C. Impaired nociception
and peripheral opioid antinociception in mice lacking both kinin B1 and B2 receptors.
Anesthesiology. 2012,116:448-457.
57.
Vermeulen W, De Man JG, De Schepper HU, Bult H, Moreels TG, Pelckmans PA, et
al. Role of TRPV1 and TRPA1 in visceral hypersensitivity to colorectal distension during
experimental colitis in rats. Eur J Pharmacol. 2013,698:404-412.
58.
Sugiuar T, Bielefeldt K, Gebhart GF. TRPV1 function in mouse colon sensory
neurons is enhanced by metabotropic 5-hydroxytryptamine receptor activation. J Neurosci.
2004,24:9521-9530.
59.
Kajihara Y, Murakami M, Imagawa T, Otsuguro K, Ito S, Ohta T. Histamine
potentiates acid-induced responses mediating transient receptor potential V1 in mouse
primary sensory neurons. Neuroscience. 2010,166:292-304.
60.
Gavva NR, Treanor JJ, Garami A, Fang L, Surapaneni S, Akrami A, et al.
Pharmacological blockade of the vanilloid receptor TRPV1 elicits marked hyperthermia in
humans. Pain. 2008,136:202-210.
61.
Holzer P. Transient receptor potential (TRP) channels as drug targets for diseases of
the digestive system. Pharmacol Ther. 2011,131:142-170.
62.
Simrén M, Barbara G, Flint HJ, Spiegel BM, Spiller RC, Vanner S, et al. Intestinal
microbiota in functional bowel disorders: a Rome foundation report. Gut. 2013,62:159-176.

22

63.
Pimentel M, Chow EJ, Lin HC. Normalization of lactulose breath testing correlates
with symptom improvement in irritable bowel syndrome. a double-blind, randomized,
placebo-controlled study. Am J Gastroenterol. 2003,98:412-419.
64.
Pimentel M, Lembo A, Chey WD, Zakko S, Ringel Y, Yu J, et al. Rifaximin therapy
for patients with irritable bowel syndrome without constipation. N Engl J Med. 2011,364:2232.
65.
Quigley EM. Bacterial flora in irritable bowel syndrome: role in pathophysiology,
implications for management. J Dig Dis. 2007,8:2-7.
66.
Ford AC, Quigley EM, Lacy BE, Lembo AJ, Saito YA, Schiller LR, et al. Efficacy of
prebiotics, probiotics, and synbiotics in irritable bowel syndrome and chronic idiopathic
constipation: systematic review and meta-analysis. Am J Gastroenterol. 2014,109:1547-1561;
quiz 1546, 1562.
67.
McKenzie YA, Alder A, Anderson W, Wills A, Goddard L, Gulia P, et al. British
Dietetic Association evidence-based guidelines for the dietary management of irritable bowel
syndrome in adults. J Hum Nutr Diet. 2012,25:260-274.
68.
Silk DB, Davis A, Vulevic J, Tzortzis G, Gibson GR. Clinical trial: the effects of a
trans-galactooligosaccharide prebiotic on faecal microbiota and symptoms in irritable bowel
syndrome. Aliment Pharmacol Ther. 2009,29:508-518.
69.
Cappello C, Tremolaterra F, Pascariello A, Ciacci C, Iovino P. A randomised clinical
trial (RCT) of a symbiotic mixture in patients with irritable bowel syndrome (IBS): effects on
symptoms, colonic transit and quality of life. Int J Colorectal Dis. 2013,28:349-358.
70.
Andrews P, Borody TJ, Shortis NP, Thompson S. Bacteriotherapy for chronic
constipation - a long term follow-up. Gastroenterology. 1995,108:A563-A563.
71.
Pinn DM, Aroniadis OC, Brandt LJ. Is fecal microbiota transplantation (FMT) an
effective treatment for patients with functional gastrointestinal disorders (FGID)?
Neurogastroenterol Motil. 2015,27:19-29.
72.
Borody TJ, George L, Andrews P, Brandl S, Noonan S, Cole P, et al. Bowel-flora
alteration: a potential cure for inflammatory bowel disease and irritable bowel syndrome?
Med J Aust. 1989,150:604.
73.
Gibson PR, Shepherd SJ. Evidence-based dietary management of functional
gastrointestinal symptoms: The FODMAP approach. J Gastroenterol Hepatol. 2010,25:252258.
74.
Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG. A diet low in FODMAPs
reduces symptoms of irritable bowel syndrome. Gastroenterology. 2014,146:67-75 e65.
75.
Rahimi R, Abdollahi M. Herbal medicines for the management of irritable bowel
syndrome: a comprehensive review. World J Gastroenterol. 2012,18:589-600.
76.
Madisch A, Holtmann G, Plein K, Hotz J. Treatment of irritable bowel syndrome with
herbal preparations: results of a double-blind, randomized, placebo-controlled, multi-centre
trial. Aliment Pharmacol Ther. 2004,19:271-279.
77.
Michael S, Kelber O, Hauschildt S, Spanel-Borowski K, Nieber K. Inhibition of
inflammation-induced alterations in rat small intestine by the herbal preparations STW 5 and
STW 6. Phytomedicine. 2009,16:161-171.
78.
Krueger D, Gruber L, Buhner S, Zeller F, Langer R, Seidl S, et al. The multi-herbal
drug STW 5 (Iberogast) has prosecretory action in the human intestine. Neurogastroenterol
Motil. 2009,21:1203-e1110.
79.
Merat S, Khalili S, Mostajabi P, Ghorbani A, Ansari R, Malekzadeh R. The effect of
enteric-coated, delayed-release peppermint oil on irritable bowel syndrome. Dig Dis Sci.
2010,55:1385-1390.

23

80.
Liu JH, Chen GH, Yeh HZ, Huang CK, Poon SK. Enteric-coated peppermint-oil
capsules in the treatment of irritable bowel syndrome: a prospective, randomized trial. J
Gastroenterol. 1997,32:765-768.
81.
Cappello G, Spezzaferro M, Grossi L, Manzoli L, Marzio L. Peppermint oil (Mintoil)
in the treatment of irritable bowel syndrome: a prospective double blind placebo-controlled
randomized trial. Dig Liver Dis. 2007,39:530-536.
82.
Grigoleit HG, Grigoleit P. Pharmacology and preclinical pharmacokinetics of
peppermint oil. Phytomedicine. 2005,12:612-616.
83.
Rychter J, Espín F, Gallego D, Vergara P, Jiménez M, Clavé P. Colonic smooth
muscle cells and colonic motility patterns as a target for irritable bowel syndrome therapy:
mechanisms of action of otilonium bromide. Therap Adv Gastroenterol. 2014,7:156-166.
84.
Larauche M, Kiank C, Tache Y. Corticotropin releasing factor signaling in colon and
ileum: regulation by stress and pathophysiological implications. J Physiol Pharmacol. 2009,60
Suppl 7:33-46.
85.
Posserud I, Agerforz P, Ekman R, Bjornsson ES, Abrahamsson H, Simren M. Altered
visceral perceptual and neuroendocrine response in patients with irritable bowel syndrome
during mental stress. Gut. 2004,53:1102-1108.
86.
Fukudo S. Role of corticotropin-releasing hormone in irritable bowel syndrome and
intestinal inflammation. J Gastroenterol. 2007,42 Suppl 17:48-51.
87.
Sweetser S, Camilleri M, Linker Nord SJ, Burton DD, Castenada L, Croop R, et al. Do
corticotropin releasing factor-1 receptors influence colonic transit and bowel function in
women with irritable bowel syndrome? Am J Physiol Gastrointest Liver Physiol.
2009,296:G1299-1306.
88.
Hausteiner-Wiehle C, Henningsen P. Irritable bowel syndrome: relations with
functional, mental, and somatoform disorders. World J Gastroenterol. 2014,20:6024-6030.
89.
Whitehead WE, Palsson OS, Levy RR, Feld AD, Turner M, Von Korff M.
Comorbidity in irritable bowel syndrome. Am J Gastroenterol. 2007,102:2767-2776.
90.
Creed F. The relationship between psychosocial parameters and outcome in irritable
bowel syndrome. Am J Med. 1999,107:74S-80S.
91.
Grover M, Drossman DA. Centrally acting therapies for irritable bowel syndrome.
Gastroenterol Clin North Am. 2011,40:183-206.
92.
Oude Voshaar R, Birkenhäger T, de Haan L. In: Hengeveld MW, van Balkom AJLM,
van Heeringen C, Sabbe BGC, editors. Leerboek Psychiatrie. Utrecht: De Tijdstroom; 2010.
93.
Camilleri M, Bueno L, de Ponti F, Fioramonti J, Lydiard RB, Tack J. Pharmacological
and pharmacokinetic aspects of functional gastrointestinal disorders. Gastroenterology.
2006,130:1421-1434.
94.
Sperber AD, Drossman DA. Review article: the functional abdominal pain syndrome.
Aliment Pharmacol Ther. 2011,33:514-524.
95.
Woutersen-Koch H, Smout AJ, Flik C, Hulshof CT, de Wit NJ, van der Horst HE.
[Multidisciplinary guideline irritable bowel syndrome]. Ned Tijdschr Geneeskd.
2013,156:A4584.
96.
Palsson OS, Whitehead WE. Psychological treatments in functional gastrointestinal
disorders: a primer for the gastroenterologist. Clinical gastroenterology and hepatology : the
official clinical practice journal of the American Gastroenterological Association.
2013,11:208-216; quiz e222-203.
97.
Naliboff BD, Derbyshire SW, Munakata J, Berman S, Mandelkern M, Chang L, et al.
Cerebral activation in patients with irritable bowel syndrome and control subjects during
rectosigmoid stimulation. Psychosom Med. 2001,63:365-375.
98.
Accarino AM, Azpiroz F, Malagelada JR. Attention and distraction: effects on gut
perception. Gastroenterology. 1997,113:415-422.
24

99.
Tillisch K, Mayer EA, Labus JS. Quantitative meta-analysis identifies brain regions
activated during rectal distension in irritable bowel syndrome. Gastroenterology.
2011,140:91-100.
100. Hall GB, Kamath MV, Collins S, Ganguli S, Spaziani R, Miranda KL, et al.
Heightened central affective response to visceral sensations of pain and discomfort in IBS.
Neurogastroenterol Motil. 2010,22:276-e280.
101. Blankstein U, Chen J, Diamant NE, Davis KD. Altered brain structure in irritable
bowel syndrome: potential contributions of pre-existing and disease-driven factors.
Gastroenterology. 2010,138:1783-1789.

25

Figure 1. Simplified figure of the mechanisms involved in the pathogenesis of visceral
hypersensitivity as discussed in this review and thus non-exhaustive.
Figure 2. Concept of hypersensitivity. The black curve represents the normal pain perception.
Only when the pain threshold is exceeded (full thickness arrow) does the stimulus induced
pain. The grey curve demonstrates hypersensitivity, characterized by a decreased pain
threshold (grey arrow), allodynia (dotted arrows) and hyperalgesia (dashed arrows). Based on
(17).
Figure 3. Schematic overview of the neuroanatomic pathways involved in the conduit of
sensory information from the bowel to the brain and in the perception of pain. PS,
parasympathetic nervous system; OS, orthosympathetic nervous system.
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