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Abstract

Abdominal pain is a common symptom of inflammatory bowel disease (IBD: Crohn’s disease,
ulcerative colitis). Pain may arise from different mechanisms, which can include partial blockage
and gut distention as well as severe intestinal inflammation. A majority of patients suffering from
acute flares of IBD will experience pain, which will typically improve as disease activity
decreases. However, a significant percentage of IBD patients continue experiencing symptoms of
pain despite resolving inflammation and achieving what appears to be clinical remission. Current
evidence suggests that sensory pathways sensitize during inflammation, leading to persistent
changes in afferent neurons and central nervous system pain processing. Such persistent pain is
not only a simple result of sensory input. Pain processing and even the activation of sensory
pathways is modulated by arousal, emotion, and cognitive factors. Considering the high
prevalence of iatrogenic as well as essential neuropsychiatric comorbidities including anxiety and
depression in IBD patients, these central modulating factors may significantly contribute to the
clinical manifestation of chronic pain. The improved understanding of peripheral and central pain
mechanisms is leading to new treatment strategies that view pain as a biopsychosocial problem.
Thus, improving the underlying inflammation, decreasing the excitability of sensitized afferent
pathways, and altering emotional and/or cognitive functions may be required to more effectively
address the difficult and disabling disease manifestations.
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PREVALENCE AND IMPACT OF PAIN ON IBD

Pain is an important manifestation of inflammation, as inflammatory cytokines and
mediators sensitize primary afferent neurons. It should thus not be surprising that pain is 1
of the presenting symptoms in about 50%—-70% of patients experiencing the initial onset or
exacerbations of inflammatory bowel disease (IBD).1:2 However, ongoing and/or severe
inflammation does not suffice to explain pain in IBD patients, as about 20% of patients in
clinical and even endoscopic remission continue experiencing significant symptoms. Up to
one-sixth of IBD patients are chronically treated with opioids. 375 Physicians and patients
typically think of pain as an alarm symptom that is triggered by high intensity and
potentially noxious stimuli. This physiologic role of pain as an indicator of impending injury
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or harm is certainly relevant for IBD patients, as shown by the increase in pain prevalence
and severity during disease flares. Pain may be the only symptom of disease activity in some
patients. Thus, newly developing discomfort and/or a change in symptoms should always
trigger appropriate diagnostic tests to determine whether it is due to an exacerbation of the
underlying disease (Fig. 1). Not only inflammation, but also obstructions can manifest as
pain and may necessitate specific, typically surgical interventions (Fig. 2). Inflammation or
stricture formation requiring more intense medical or even surgical therapy likely explain
why significant pain requiring analgesic therapy is a negative prognostic indicator.5 When
confounding factors, such as immunomodulator or steroid use, are taken into account, this
increased mortality risk was no longer significant, supporting the relevance of pain as an
alarm symptom.

However, a subgroup of IBD patients without evidence of active inflammation, obstruction,
or other biologically defined abnormalities continue to have pain. More than other sensory
input, pain is associated with a significant emotional component. Detailed psychophysical
studies suggest that this affective dimension is especially prominent in visceral pain.6 Thus,
pain or fear of pain constitute a significant burden for IBD patients and can impair their
quality of life.3:7 Despite its prevalence and impact on affected individuals, few studies
have addressed pain management in IBD patients. Traditional nonsteroidal antiinflammatory
drugs or the more selective COX-2-specific agents have been linked to a higher likelihood
of disease exacerbation.8:9 Chronic use of narcotics in benign disorders is controversial, as
it is linked to the potential for abuse as well as significant adverse reactions involving
gastrointestinal function and dysmotility.3:4:10 Perhaps 1 of the most concerning findings
regarding narcotic treatment of pain in Crohn’s disease (CD) emerged from an analysis of
the TREAT registry, which prospectively followed over 6000 patients, half of whom
received biologic therapy with the agent infliximab.5 Use of chronic narcotic analgesics by
CD patients was associated with significantly increased morbidity and mortality on
multivariate logistic regression, suggesting that these agents may unfortunately mask
underlying organic and potentially serious health problems. Thus, while novel therapies
have significantly improved our ability to treat the underlying inflammatory processes and
their complications, pain management options continue to remain limited for patients
suffering from IBD. In the following sections we will discuss the current understanding of
mechanisms that may contribute to the pathogenesis of chronic pain in IBD with the goal to
identify potential targets for possible innovative therapies.

PERIPHERAL MECHANISMS OF VISCERAL PAIN

Changing luminal contents and ongoing motor activity continuously activate intrinsic and
extrinsic afferent neurons that project to the enteric and central nervous system, respectively.
Detailed physiologic studies have shown that most of the sensory neurons respond to low-
intensity stimuli, such as distension, flow, or chemical signals within the gut lumen.11
Despite the ongoing afferent barrage, healthy individuals rarely sense (ie, consciously
perceive) signals emanating from their intestinal tract. Intense stimuli are required to trigger
sensations that, more often than not, are felt as uncomfortable or even painful. This
relationship between stimulus intensity and perception is changed in disease states: low-
intensity stimuli that would normally not be perceived are felt as painful and noxious (Fig.
3A). Thus, a change in the stimulus—response function sensitizes afferent pathways.
Experimental and clinical data have provided important information about underlying
mechanisms and identified some potential treatment targets.

Experimental Data

Several rodent models of intestinal inflammation have been established to identify possible
mechanisms that contribute to the development of chronic IBD. As pain cannot be directly
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assessed in these animal models, investigators typically rely on surrogate measures, such as
reflexes or behavioral responses that are triggered by high-intensity stimuli. Under control
conditions, distension pressures need to exceed 20 mmHg before one can observe consistent
increases in such nocifensive responses. However, colonic inflammation shifts the normal
stimulus—response relationship, leading to such reflex or behavioral responses during low-
intensity stimulation as well as raising the magnitude of responses over the entire range of
stimulus intensities (Fig. 3B).12714

Complex behavioral or reflex responses cannot identify the role of peripheral sensitization
because the experimental readout is a combination of changes in both the central nervous
system (CNS) and peripheral sensory neurons. Two different approaches have been used to
more clearly define changes in primary sensory neurons: 1) single-fiber recordings from the
isolated and dissected visceral nerves, and 2) direct recordings from the cell body of dorsal
root ganglion (DRG) neurons projecting to the gastrointestinal tract. Both approaches
independently show an increase in excitability with spontaneous activity at baseline and
higher response frequency during stimulation that has been attributed to changes in the
properties and expression of ion channels (see below).15717 Inflammation also indirectly
affects primary sensory neurons. Enteroendocrine cells and other epithelial cells within the
mucosa can release mediators, such as serotonin or ATP, which increase during
inflammation and also activate sensory neurons through serotonin and purinergic receptors,
respectively.18720 This combination of increased neuronal excitability and enhanced
release of mucosal signals provides the basis of peripheral sensitization observed during
visceral inflammation.

Considering concerns about chronic opioid therapy, animal models of colitis have been
studied to develop alternative treatment options for patients with visceral pain. In addition to
exhibiting responses to inflammation that are similar to those seen in humans, rodent models
have allowed the identification of unique characteristics of populations of sensory neurons
that innervate the gut. These features are being used to develop new drugs that can target
those neurons responsible for chronic visceral pain in a manner that will not affect normal
function. As a first step in identifying unique receptors/channels on visceral afferents,
various laboratories have injected neuronal markers to label both afferents that project to
various gastrointestinal organs.21724 Interestingly, there are common features of sensory
neurons innervating different organs including colon, stomach, and pancreas. All of these
structures are densely innervated by sensory fibers that express calcitonin gene-related
peptide (CGRP). This peptide, a potent vasodilator, is released by peripheral sensory nerve
terminals in response to noxious and nonnoxious stimulation and can have effects on
vasculature and other structures. This property highlights 1 of the underappreciated aspects
of visceral (and most somatic) sensory neurons; ie, in addition to detecting internal (visceral)
or external (environmental) stimuli, sensory neurons release a number of compounds
including CGRP and substance P (SP) that can have peripheral motor and/or autocrine/
paracrine effects on other cells or sensory neurons. Under normal conditions these
compounds contribute to homeostatic regulation, but in disease states, including those with
an inflammatory component, they may exacerbate symptoms (“neurogenic inflammation”).
Dramatic demonstration of the importance of the sensory neurons in contributing to the
onset of disease comes from mouse models of type | diabetes. In diabetes-prone NOD
(nonobese diabetic) mice, elimination of a subset of sensory neurons blocks the development
of inflammation and destruction of islet cells.25 The sensory neurons that were ablated in
these studies express the vanilloid receptor, TRPV1. TRPV1 is a nonselective cation channel
that has been shown to be required for inflammatory hyperalgesia in a number of organs
including pancreas, skin, and colon.26™29 Most TRPV1-expressing neurons release SP and/
or CGRP and it is thought that the release of these compounds may drive inflammatory
responses. TRPV1 may play a central role in setting the overall sensitivity of colon
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afferents. In mice lacking TRPV1 gene expression, there is a significant reduction of colonic
sensitivity to distension.26 In addition, the hypersensitivity that develops in response to
inflammatory mediators in wild-type mice is absent in TRPV1-deficient mice. Moreover,
pharmacologic inhibition of the TRPV1 blocks the development of hyperalgesia during
colitis.26:30 Whereas TRPV1 has received considerable attention recently, no single
channel is likely to be responsible for colonic hypersensitivity. Deletion of a member of acid
sensitive ion channels (ASIC3) or another member of the TRP (transient receptor potential)
family (TRPV4) blunt or completely block the development of hyperalgesia in response to
colonic inflammation.26+31

We have identified some of the molecular mechanisms involved in peripheral sensitization.
Yet the results described in the preceding sections also raise questions about signaling
pathways leading to the functional changes in primary afferents neurons. Serotonin,
prostaglandin, bradykinin, ATP, or other signaling molecules can be released during colonic
inflammation or in response to injury and rapidly alter neuron properties. However, the
changes are transient in nature and cannot sufficiently explain the lasting changes seen
experimentally. Neurotrophic factors have emerged as potential mediators for these
prolonged effects. Most of these molecules produce sensitization of sensory neurons that can
convert nonnoxious stimuli into pain-producing stimuli, as discussed above. Among the
most potent of these molecules are the growth factors in the glial cell-line-derived
neurotrophic factor (GDNF) family and nerve growth factor (NGF). These growth factors
act on sensory neurons by upregulating the expression of ion channels such as TRPV1 and/
or altering the properties of these channels. For example, a single injection of NGF
combined with artemin (a member of the GDNF family) can produce cutaneous
hypersensitivity lasting for up to 6 days.32

NGF and members of the GDNF family have attracted significant attention because their
high affinity receptors are found on sensory neurons that also express TRPV1, ASIC3,
TRPA1 (a molecule related to TRPV1 and also found to be required for inflammatory
hyperalgesia), and TRPV4, as well other molecules that are preferentially found in
nociceptive neurons.33 Consistent with a role in the development of hypersensitivity, NGF
levels increase during colitis and neutralizing NGF antibodies block the enhanced responses
to colorectal distension during colitis.12:34:35

Taken together, experimental evidence certainly supports a role of inflammation in the
pathogenesis of visceral pain. Drug companies are working on therapies for persistent pain
that involve antibodies targeting neurotrophic factors, including NGF. Based on the success
of treatments using humanized TNFa-antibodies in IBD patients, investigators are optimistic
that a similar approach might work to block growth factors that contribute to hyperalgesia
associated with IBD.

Clinical Data

Consistent with a potentially sensitizing effect of inflammation on afferent nerve function,
small studies showed rectal hypersensitivity, with the severity of inflammation inversely
correlating with pain thresholds.36:37 In view of the potential importance of NGF in the
development of pain, investigators studied NGF levels in human diseases and showed
increases several neoplastic and inflammatory disorders associated with pain, including
IBD.38740 While there is no direct and simple link between NGF increases and changes in
function and/or structure of afferent neurons, chronic intestinal inflammation is also
associated with an increase nerve fiber expressing the capsaicin receptor TRPV1 and the
purinergic P2X3 receptor measured in mucosal biopsies.41743 Thus, the data fit into the
general framework defined by the more detailed experiments with animal models of human
disease.
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Several small studies and case series have demonstrated autonomic or sensory neuropathies
in IBD patients.44~47 latrogenic causes, such as metronidazole or thalidomide, or
micronutrient deficiencies are certainly important in the pathogenesis of such neuropathies.
However, causal factors cannot be identified in some patients, suggesting that demyelinating
or small fiber neuropathy may be a rare extraintestinal manifestation of IBD. Considering
the small and often retrospective studies, the association between neuropathy and pain has
not been clearly established.

Clinical Implications

While IBD is a biologically defined illness, pain in IBD patients is mediated by more than
the biologically defined abnormalities. Thus, pain is an alarm symptom that should trigger
appropriate evaluations if newly developed or significantly changing in intensity or
character. Yet pain may become a continuing problem even if the disease is controlled.
There is no question that peripheral sensitization plays a major role in pain and discomfort
during acute flares. Under such circumstances, treatment should target the underlying
inflammation rather than sensory neurons that convey alarm signals to the CNS. However,
sensory changes may persist beyond the acute event. In patients with irritable bowel
syndrome (IBS), an acute and self-limited infection can be the initial trigger, leading to the
manifestation of the functional disorder.48 This relationship between inflammation and
chronic pain development may also explain persistent symptoms of IBD patients in clinical
remission. So, can we decrease the excitability of primary afferent neurons? Despite the
potential contribution of peripheral sensitization, only 2 treatment strategies have emerged
that target visceral afferent pathways. Rectal instillation of lidocaine enemas transiently
alleviated pain in small studies with IBS patients.49:50 While not specific to visceral
afferents and certainly not convenient, this strategy may be beneficial and acceptable in a
small subgroup of patients with significant and temporarily limited symptoms, such as rectal
pain, tenesmus, or urgency. The second strategy relies on peripherally acting p-opioid
agonists. Kappa opioid receptors are expressed on primary visceral afferent neurons and
exert an analgesic effect in animal models of visceral pain without causing constipation or
other adverse effects on the gastrointestinal tract that are typically mediated by activation of
u-opioid receptors.51:52 A recent multicenter trial in IBS patients suggests a potential
benefit of asimadoline.53 However, the benefit was only seen in a post-hoc subgroup
analysis of patients with diarrhea and moderate pain. As the findings also contradict results
from an earlier trial,54 additional investigations are needed to determine the true potential of
peripherally acting p-opioid agonists as analgesic agents for patients with acute or chronic
gastrointestinal pain.

CENTRAL MECHANISMS OF VISCERAL PAIN

In the preceding section we discussed the effects of acute or chronic inflammation, such as
colitis, on visceral sensory neurons projecting to the CNS. However, these peripheral
mechanisms alone are not sufficient to explain the differential manifestation of pain in IBD
patients. Subjective symptoms poorly correlate with biological markers of disease activity,
suggesting that factors other than inflammation and sensitization of afferent pathways
contribute to the clinical manifestation of the disorder.55 As peripheral sensitization
increases the excitability of primary afferents, we can certainly expect secondary changes in
higher-order sensory neurons in the spinal cord or brain. The brain as the ultimate source of
perception not only receives sensory input, it can also modulate input and alter visceral
function, thus creating a complex interrelationship between gastrointestinal function,
sensory input, perception, cognitive, and emotional processing.
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Experimental Data

A mild and transient form of acute colitis can trigger robust visceral hypersensitivity, even
after the initially increased excitability of primary colorectal afferents has normalized. 56
Thus, visceral sensory processing must have changed with these changes, outlasting the
altered properties of primary afferent neurons. Indeed, the temporal and spatial summation
of increased input may activate N-methyl-D-as-partate (NMDA) receptors on second- or
higher-order sensory neurons within the CNS. Activation of NMDA receptors allows
calcium influx, which in turn functions as a second messenger within cells and can lead to
lasting increases in excitability through phosphorylation of ion channels or changes in gene
transcription.57

Pain referral to distant cutaneous areas is 1 of the hallmarks of visceral pain. Convergent
input of cutaneous and visceral input onto a single second-order neuron provides the
anatomical basis for this pain referral. Inflammation, such as colitis, will sensitize primary
colonic afferents. The resulting increase in visceral input will enhance the excitability of
secondary sensory neurons within the spinal cord. As these second-order neurons receive
convergent input from other sites, such as skin, input from those sites may also be processed
differently, resulting in secondary hypersensitivity within the referral area and/or wider
areas of pain referral (Fig. 4).13:58 Such cross-sensitization can be blocked by NMDA
antagonists, supporting the importance of NMDA receptors in central sensitization.59:60

As already indicated, the CNS not only receives and processes peripheral input, it can also
modulate afferent information through descending pathways. Neurons within brainstem
nuclei (rostral ventromedial medulla and periaqueductal gray) project through the
bulbospinal tract to spinal afferents and can facilitate or inhibit reactions to noxious visceral
stimuli, such as colorectal distension.61 These brainstem regions are also connected to the
locus coeruleus, linking them to stress and arousal.62 Evolutionarily, such a link makes
sense, as it provides a structural basis for a decrease in pain perception during acute stress,
such as “fight or flight” reactions. Because of its potential importance as a filter for sensory,
especially noxious input, this system has been labeled descending noxious inhibitory control
(DNIC). Interestingly, current data suggest a differential activation of these modulating
filters during acute and chronic (“unphysiologic™) stress, with acute stress blunting but
chronic stress enhancing responses to noxious stimuli.62 Experimental evidence certainly
supports a role of stressors in the development of visceral hyperalgesia.63~65 Stress
typically activates the hypothalamic—pituitary—adrenal axis, triggering increases in
corticosteroids and activation of the sympathetic nervous system. Stereotactic injection of
corticosteroids into the amygdala increased anxiety and results in visceral hypersensitivity in
rats, which was associated with decreased activation of descending inhibitory pathways.
66'67 The role of stress in inflammatory disorders is more complex, as chronic stress can
also modulate intestinal inflammation, which in turn may sensitize primary afferent neurons
and further alter sensory input.68=70

Clinical Data

Considering the complexity of cognitive and emotional pain processing, animal experiments
can certainly only provide limited insight into central responses to visceral pain in humans.
Despite this conceptual shortcoming, investigations performed in healthy human volunteers
and IBD patients showed findings consistent with data obtained in animal studies. As
described above, temporal and/or spatial summation can alter spinal processing of visceral
input. To investigate the effect of temporal summation, Ness et al71 performed repetitive
colorectal distensions in human volunteers, which caused a progressive increase in the area
of referred pain and in the subjective pain ratings. A small study of patients with CD without
active colonic disease showed an increased viscerosomatic referral during rectal distension
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compared to controls comparable to results seen in IBS patients.72 However, pain
thresholds were higher than those of IBS patients. As viscerosomatic pain referral is due to
convergent input onto spinal neurons, these provide evidence of central sensitization at the
level of the spinal cord.

Descending inhibitory control mechanisms have been studied in patients with different
chronic pain syndromes. Most investigations demonstrated impaired activation of inhibitory
circuits in patients compared to healthy controls, which may contribute to the pathogenesis
of chronic pain and also explain the frequent coexistence of different pain syndromes
affecting more than a single area of the body in a single patient.72~78 IBD may cause
extraintestinal manifestations associated with pain, complicating systematic studies to define
the coexistence of multiple pain syndromes in these patients as a potential marker of
impaired modulation of nociceptive input. The current evidence remains inconclusive, with
only some studies suggesting an increased incidence of fibromyalgia or noninflammatory
joint pain.79781 Extensive psychophysical characterizations of colorectal sensation that
even included functional brain imaging suggest a more effective activation of descending
inhibitory control mechanisms in IBD patients with quiescent disease, as patients showed
higher discomfort thresholds in response to rectal distension compared to patients with IBS,
a finding that correlated with stronger activation of medullary structures. 37:82 However,
studies were performed in small groups, with selection bias potentially skewing results. The
reason for this note of caution lies in several studies suggesting a high prevalence of
psychological problems in IBD patients, with emotion potentially linking pain and IBD.
Current evidence indicates that emotional problems contribute to the development of chronic
pain syndromes.

Two distinct abnormalities underlie increased pain in response to visceral stimuli:
hypersensitivity with lowered thresholds during experimental stimulation and hypervigilance
with increased focus on and more negative rating of visceral sensory input.83 Affect and
hypervigilance relate to each other in a complex fashion, as pain triggers emotional
responses and cognitive processing of pain potentially increases anxiety, leading to worries
and further enhancement of vigilance.84 Consistent with the importance of emotional
processing, anxiety is a predictor for the development of IBS in individuals suffering from
an acute gastrointestinal infection. 85 These findings may also be relevant in IBD patients,
many of whom suffer from psychiatric problems.86791 Similar to the role of anxiety in the
development of IBS, mood disorders are associated with persistent symptoms in patients
who are in clinical remission of their underlying IBD.88:92794 In a large epidemiologic
study, the presence of pain was significantly associated with depression.91 Thus, pain and
other symptoms in IBD patients are initiated by sensitization of afferent pathways due to the
underlying inflammation. The associated affective response and coexisting emotional
problems, most notably anxiety, influence arousal and cognitive processing, which, in turn,
modulate descending inhibitory pathways, thereby potentially further enhancing sensory
input (Fig. 5).

Stress may be an important link between inflammation, emotion, and pain. Several studies
reported an increased stress exposure or a perception of increased stress in IBD patients,
leading to the question of whether stress may contribute to the manifestation or
exacerbations of the disease. 86:87+95 Such a causal role is theoretically supported by stress-
induced changes in inflammatory activity.96 While the impact of stress on disease activity is
controversial, many studies support a role of stress on symptoms. Subjective distress
tolerance and perceived stress predict the development of IBS symptoms after acute, but
self-limited gastrointestinal inflammation.97:98 Once manifest, increased stress carries a
negative prognostic value for patients with functional gastrointestinal disorders.99
Experimental stressors acutely lower rectal pain thresholds in IBS patients but not controls,
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which is likely due to impaired activation of descending pain-modulating pathways.100:101
Such a relationship has not been examined in IBD patients. The high prevalence of stress
suggests that similar mechanisms may be responsible for the development of chronic pain or
other persistent symptoms in IBD patients. However, the interaction between stress and
disease-related symptoms is reciprocal rather than causal, as the experience of a chronic
disease and its associated symptoms itself constitute stress.

Clinical Implications

CNS processing highlights the importance of psychosocial contributions in the development
of chronic pain, even if the underlying disease is biologically defined. Considering the
important interaction between affect and pain, antidepressants have been tried extensively in
many disorders associated with chronic pain. Current evidence supports the use of tricyclic
antidepressants and agents affecting serotonin and norepinephrine reuptake, while the more
specific serotonin reuptake inhibitors seem to be less effective.102 Antidepressant drugs are
commonly prescribed in patients with functional bowel disorders. Despite their frequent use,
published results are inconclusive, with many underpowered studies, lack of appropriate
control groups, and different outcome measures.103-106 A post-hoc “per protocol” analysis
in 1 of the largest trials took into account actual use rather than treatment assignment to
desipramine, showing a potential benefit of the tricyclic.106:107 While up to 20% of IBD
patients are treated for depression, no systematic study has addressed the impact of such
treatments on gastrointestinal symptoms. 108:109

Several studies have clearly demonstrated that psychological treatments are very effective in
treating individuals with functional gastrointestinal disorders.1107115 Based on the high
prevalence of emotional disorders in IBD patients, such treatments have also been examined
in patients with CD and ulcerative colitis (UC). Supportive individual or group
psychotherapy is not effective.1167118 Initial investigations have shown promising results
with cognitive behavioral therapy in treating depression and abdominal pain in children and
adolescents suffering from CD and UC, making it a potentially attractive alternative
approach for pain management in adult IBD patients.1197121 Similarly, hypnosis, which is
effective in decreasing anxiety and pain across a variety of illnesses, has shown some benefit
for IBD patients.1227124

CONCLUSION

Medical treatment of CD and UC has greatly improved over the past several years and will
be effective in the majority of patients. However, for a subgroup of patients, symptoms of
abdominal pain often persist after improvement or even resolution of the mucosal
inflammation and continue to impair the quality of life. Pain and discomfort are among the
most significant problems for the often young patients who suffer from these chronic
illnesses. While more mechanistic insight and systematic and appropriately powered studies
are needed, current evidence supports a complex interaction between the sensitizing effects
of inflammation on afferent pathways and the emotional and cognitive processing of the
increased visceral input. This model requires a more comprehensive approach to the
“palliative”—meaning symptom-oriented—treatment of IBD patients. Such a
comprehensive strategy may include gut-specific analgesics that are currently under
development, having shown initial benefit in early trials. Perhaps more important, the
psychological burden of the disease needs to be recognized and addressed more effectively,
as emotional factors significantly contribute to the pathogenesis of chronic pain and other
symptoms. Considering the importance of central processing, specifically designed
psychological interventions have also shown promise. While time- and labor-intensive,
recent studies focusing on ways to decrease the associated costs may facilitate the more
widespread use of such therapies.125
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FIGURE 1.

Computerized tomography (A) and colonoscopic findings (B,C) in a patient with worsening
abdominal pain, but no other symptoms of disease exacerbation. The CT scan shows wall
thickening and enhancement in the neoterminal ileum, which was inflamed and strictured on
colonoscopy.
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FIGURE 2.
Filiform stricture in a patient with isolated small bowel Crohn’s disease.
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FIGURE 3.

Colitis causes visceral hypersensitivity. Potentially noxious stimuli (eg, colorectal
distension) trigger responses that encode stimulus intensity, as shown in panel A. Once a
threshold is passed, pain is perceived as indicated by the box. In many disorders associated
with pain the stimulus response relationship is shifted to the left (sensitization), as indicated
by the dotted line. Previously innocuous stimuli cause pain (allodynia) and the perceived
pain intensity of noxious stimuli is increase (hyperalgesia). (B) An example of sensitization
due to experimental colitis in mice. Animals were tested at baseline and 3 days after
induction of colitis. Responses to colorectal distension were assessed using
electromyographic recordings of the abdominal wall muscles (VMR: visceromotor
response). Filled circles indicate baseline conditions, open circles represent findings on day
3 after induction of colitis.
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FIGURE 4.

Acute experimental colitis causes hypersensitivity of the left foot tested with small filaments
(mechanical hypersensitivity; A) or a radiant heat source (thermal hypersensitivity; B).
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FIGURE 5.

Conceptual model of pain in IBD patients. The inflammatory process sensitizes visceral
afferent neurons, leading to increased central input and perception. The affective dimension
of pain (valence) triggers emotional responses, which can result in enhanced worrying and
hypervigilance, impairing descending inhibitory control mechanisms.
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