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Abstract

The occurrence of strictures as a complication of Crohn’s disease is a significant clinical problem.
No specific antifibrotic therapies are available. This systematic review comprehensively addresses
the pathogenesis, epidemiology, prediction, diagnosis and therapy of this disease complication. We
also provide specific recommendations for clinical practice and summarise areas that require
future investigation.
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SEARCH STRATEGY AND STUDY SELECTION

A comprehensive literature search was conducted to identify all relevant citations. The
electronic exploration involved keyword searches in Embase, Medline (service of the US
National Library of Medicine and the National Institutes of Health) and the Cochrane
library, supplemented by manually reviewing the reference list of included studies as well as
relevant review articles. The search included studies from 1960 to October 2012 and the
following search criteria were used (all fields): (‘Crohn’s disease (CD)’ OR ‘Crohn’s’ OR
‘Ulcerative colitis’ OR ‘Inflammatory Bowel Disease (IBD)’) AND (‘stricture” OR “fibrosis’
OR ‘stenosis’ OR ‘complication” OR “surgery’). References from those articles were
examined for additional studies meeting these criteria. FR, EMZ, FHR and WJS assessed the
articles and their relevance to the above topic. The date from these articles as well as our
own experiences form the basis of this review article.

PATHOGENESIS: MOLECULAR AND GROSS HISTOPATHOLOGY

The modern understanding of the pathogenesis of Crohn’s disease (CD) has emerged from
research on the lymphocyte interactions and regulation of cytokine expression, genetics, gut
barrier function, and the relationships between the mucosal immune system and the
microbiota. Less well understood are mechanisms driving the development of complications
of the disease including the formation of fibrotic strictures.

In the presence of an intestinal wound, mesenchymal cells (fibroblasts, myofibroblasts and
smooth muscle cells—in this review termed ‘mesenchymal cells’) accumulate in the area of
the defect and secrete extracellular matrix (ECM) components, such as collagens and
fibronectins, to close the defect!=3 (figure 1). This explains the remarkable ability of the
gastrointestinal tract for self-regeneration following short-lived and mild insults, as in peptic
ulcer disease, infectious enteritis or mild diverticulitis. However, if inflammation becomes
chronic and severe, as in CD, inflammatory mechanisms drive the excessive production of
ECM components. This attempt to repair tissue damage can result in a reduction in the
diameter of the lumen, intestinal stenosis and ultimately obstruction.* In this process
inflammation and fibrosis are intimately intertwined mechanisms and coexist in intestinal
stenoses to varying degrees. Intestinal mesenchymal cells were commonly believed to be a
passive bystander of immune cell activation that reacts to its inflamed local environment by
proliferation and ECM secretion. This view has proved to be overly simplistic. Fibrosis is a
consequence of the pleiotropic actions of inflammatory mediators activated in the process of
chronic inflammation (table 1). Growth factors such as transforming growth factor p1,%6
insulin-like growth factor,’® platelet-derived growth factor®1? basic fibroblast growth factor?
or cytokines, such as interleukin (IL)-13 or IL-171112 are all known to drive the changes in
tissue architecture and function that can ultimately impact the structure and function of the
small intestine and colon and result in clinical symptoms.313 An imbalance of tissue
degradation through matrix metalloproteinases or cathepsins and their tissue inhibitors of
metalloproteinases is likely to be involved.#14-16 Mesenchymal cells themselves are highly
motile and versatile cell types. Once the body senses an intestinal wound it recruits
mesenchymal cells from the intestine through migration from adjacent tissue areas,1’
proliferation of existing local mesenchymal cells,® and differentiation from intestinal
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epithelial or endothelial cells through a process called epithelial or endothelial to
mesenchymal transition.18 19 Circulating mesenchymal cell precursors and bone marrow
stem cell-derived mesenchymal cells can be attracted to expand the pool of cells available
for local repair of the intestinal mucosa.221 To enhance the complexity even further, the
intestinal microbiota can act in a profibrogenic fashion.2223 The factors that activate
mesenchymal cells are the same ones that recruit them and therefore activation and
expansion of mesenchymal cell numbers is likely to happen simultaneously. A detailed
discussion of all mechanisms is beyond the scope of this review and can be found
elsewhere. 13

In chronic intestinal inflammation in humans as well as animal models a change from a
predominantly inflammatory T helper 1 marker profile to a predominantly T helper 2 milieu,
with an increase in profibrotic cytokines, such as IL-4, IL-13 and transforming growth factor
B1, over time can be noted, 242> further fuelling the excessive matrix deposition. It has also
become apparent that fibrosis can progress independently of inflammation. Once matrix
accumulates in the bowel wall it enhances tissue stiffness, which in itself acts as a
mesenchymal cell activator via integrin-mediated mechanisms.26

It is widely accepted that stricture formation, given the transmural nature of CD, affects all
layers of the bowel wall with histomorphological thickening, caused by ECM accumulation
and mesenchymal cell expansion. However, to date no validated or even commonly accepted
histopathological scoring system is available to grade the severity of fibrosis. Most studies
propose their own semiquantitative or gross histopathological parameters.2’-30 These
include factors such as the severity of fibrosis and the thickness of the muscle layers. In
some studies a ‘predominant stricture phenotype’ has been proposed. Due to the lack of
controlled data the authors of this review cannot make any recommendation for a specific
histopathological scoring system. Clinical scoring systems, such as the CD activity index,
correlate to some degree with tissue inflammation, but not fibrosis. In fact, the occurrence of
strictures can confound the CD activity index. This lack of any standardised scoring system
for histological or clinical fibrosis makes comparisons between studies impossible.

EPIDEMIOLOGY, NATURAL HISTORY AND RISK FACTORS

At diagnosis, most CD patients present with predominantly inflammatory pathology. Then,
over time, a majority of patients experience disease progression to complications such as
strictures and fistulae. Using the Vienna classification 77% of patients had pure
inflammatory disease at diagnosis, whereas strictures had already occurred in 11% and
fistulae in 16%.3! These percentages shifted over time from inflammation to complications.
In population-based cohorts 19-36% of patients newly diagnosed with CD present with
complications.32-35 The cumulative rates of complication in patients with CD have been
reported to range from 48% to 52% at 5 years and 69-70% at 10 years after diagnosis, with
approximately half of the patients developing a stricture.313¢ Disease complications of
stricture, fistula and abscess are the main indications for surgery in CD, and population-
based cohort studies describe a cumulative risk of surgery between 40% and 71% within 10
years after diagnosis.3437-42 Concepts describing the natural history of CD have evolved.
The above described concept of different disease phenotype categories, that is,
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inflammatory, stricturing or fistulising is considered too rigid. The subsequent
epidemiological natural history studies emphasised the progressive nature of CD leading to
the modern concept of chronically accumulating bowel damage in CD variably manifesting
as the disease complications of stricture, fistula and abscess.

In years past, patients who had strictures were believed to have a more indolent pre- and
post-operative disease course compared to patients who had penetrating complications of
fistula and abscess,*34 even though only limited evidence for this concept exists. This is
also reflected in the Vienna as well as the Montreal CD classification systems, as patients
with fistulae are scored as having the highest level of disease complication, irrespective of
the presence of strictures. Patients are only classified as having a stricture if this is the only
complication that is present.#®> Therefore, the incidence of strictures in studies using the
Vienna or Montreal classifications is very likely to be underestimated. Pathogenetically,
fistulae and abscess are thought to develop in regions of full thickness bowel wall
inflammation in a high-pressure region upstream from a stricture.#647 In one study the
positive predictive value for fistulae predicting strictures was 86.2%.48 It is also widely
believed that strictures, once present, are gradually progressive over time, but longitudinal
data to confirm this belief do not exist.

The most common location of de novo strictures is the ileum and the ileocolonic region,
presumably due to the smaller diameter of the ileum relative to the colon.#950 However,
strictures can appear at any site affected by CD, including the upper gastrointestinal tract,
the colon and rectum. The frequency and location of de novo strictures probably resembles
the distribution of inflammation—40-55% terminal ileum and colon, 15-25% colon alone,
25-40% exclusively ileum and up to 10% in the upper gastrointestinal tract, but data
supporting this hypothesis are lacking.>152 The National Cooperative Crohn’s Disease Study
reported at least one small bowel stricture in 25% and at least one colonic stricture in 10% of
patients.53 After intestinal resection for the complication of a stricture, postoperative
recurrence of CD at the anastomosis occurs commonly, particularly in patients with an
ileocolonic anastomosis.#154

Biomarkers for strictures could allow for an increased understanding of fibrogenesis and
patient stratification. This knowledge could help to determine follow-up schedules and guide
earlier intervention with highly effective therapy regimens in selected patients. The most
commonly studied risk factors to date are clinical, environmental or endoscopic
parameters®® (table 2). It has to be noted, however, that most of the following discussed
biomarkers have not been shown to be specific for fibrostenosis per se, but rather represent
‘complicated’ or ‘debilitating” CD courses, including stricture formation. Therefore, the
presently available markers are at best only partly related to intestinal fibrosis.

The most commonly used clinical parameters for predicting a more serious course of CD are
age of disease onset less than 40 years of age, perianal disease or the need for steroids
during the first flare.5657 If a patient carries two out of the three parameters the positive
predictive value for disabling CD in the future is approximately 90%. A history of smoking
is another risk factor for complicated CD%859 and a faster rate of progression from diagnosis
to first stricture.89 Patients with active colonic or ileocolonic CD with deep and extensive
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mucosal ulcerations have a higher risk of subsequent surgical intervention.®® Location of
inflammation to the small bowel, rather than the colon, has also been identified as predictive
of a patient’s progression to stricturing disease and a higher rate of surgery.%? The
commonly used classification systems, in particular the Montreal classification,*> only
identify a stricture after it has become clinically apparent, and therefore using this
classification to perform risk factor studies has substantial limitations.

Genetic markers have been proposed to predict stricture formation in CD. NODZ/CARD15,
the first described gene to be linked to CD, confers a mild risk increase for stricturing CD.
Carrying at least one out of the three common variants enhanced the relative risk by 33%.52
The more variants a patient carries, the higher the risk. Surgery for stricturing disease was
significantly more frequent and earlier in CD patients with NOD2/CARD15 variants. In
addition, NOD2/CARD15 variants conferred a higher risk of earlier surgical recurrence.83
However, as NODZ/CARDI15 s also a risk factor for ileal disease location, it is difficult to
separate the association of ileal disease location and stricture formation from the association
of NODZ/CARDI15 and stricture formation. Several single genes and their association with
either stricture formation or time to stricture have been found. The 5T5T genotype in the
MMP3 gene as well as a gene encoding a hypothetical protein near the 1L-12B locus
(rs1363670 GG homozygosity) are independently linked to fibrostenosis.846 The prevalence
of the above genetic variants in the CD population is low and so is their penetrance,
prohibiting their routine use in clinical practice.

A dysregulated immune response towards the luminal microbiota is a pathogenic hallmark
of CD and gives rise to antimicrobial antibodies that can be found in the circulation of
patients with inflammatory bowel diseases, in particular CD.%6 These include the first
discovered and best-described antibody anti-Saccaromyces cervisiae antibody, but recently
several others, such as the antiglycan antibodies, CBirl, anti-12 or OmpC, have been
identified.56 The presence and concentration of these serological markers are quantitatively
and qualitatively linked to more complicated CD, including strictures.56-68 However again,
this predictive value is not specific for strictures, but rather a more complicated disease
course. In addition, these markers are not specific for CD and can be found in other
diseases,%6 and their presence and concentrations are not stable over time.5°

Taken together, clinical parameters are currently the most accurate predictor of
fibrostenosing CD, but they are not specific for this phenotype and rather reflect a tendency
towards developing complications of CD in general. The field is rapidly evolving and
genetic or serological predictors might become relevant in the near future.

DIAGNOSIS

In the later stages of intestinal fibrosis, patients can develop clinical symptoms of intestinal
obstruction, which should trigger a diagnostic work-up. Several imaging modalities are
available for assessing the intestinal tract. Barium small bowel follow-through can determine
the extent and severity of narrowing. Endoscopy techniques, such as colonoscopy,
enteroscopy or double-balloon endoscopy, are very sensitive to investigate changes in the
superficial layers of the mucosa and can detect severe luminal narrowing by visualisation or
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inability to pass the scope, but cannot assess transmural disease and extraintestinal
complications. In recent years, most data are available on cross-sectional imaging
techniques, such as CT or MRI. Even in these powerful techniques, defining strictures is not
straightforward. Bowel narrowing can be confused for underdistension or motility. In
modern protocols, the use of glucagon and neutral oral contrast has minimised these effects.
Furthermore, the definition of a *stricture’ is not uniform across studies, including luminal
narrowing and bowel wall thickening with and without prestenotic dilatation,”? to small
bowel narrowing with prestenotic dilatation,”? to lesion-causing narrowing below 1 cm."?
The presence of upstream dilatation, used in the most rigorous radiographic definition of a
‘stricture’, is not uniformly applied and may be too limiting to be a clinically useful
definition.

CT is gaining increasing acceptance in the evaluation of patients with small bowel disorders
and has almost completely replaced traditional barium small bowel follow-through studies.
Computed tomography enterography (CTE) is the most commonly used technique to assess
CD, at least in the USA.”3 CTE has the advantage of high spatial resolution, wide
availability and rapid diagnosis. New dose-reduction techniques and algorithms for
enhancing image quality have resulted in decreased radiation exposure,’# at least partly
addressing the potential harmful long-term effects of ionising radiation.’®

CTE is superior to conventional CT for the detection of small bowel pathology including
strictures.’® Studies evaluating accuracy for the detection of small bowel stenosis differ
widely in study design, inclusion criteria and gold standard and are hard to compare. CTE
has been shown to have sensitivity for small bowel stenosis of 85-93% and specificity of
100%.71727778 \While the presence of a single stricture was correctly determined in 100% of
patients, the accuracy for the number of strictures was only 83%. CTE overestimated or
underestimated the extent of complicated disease in 31% of CD patients.”® CTE altered
clinical management in nearly half of patients with CD.80

MRI eliminates the ionising radiation exposure, but carries higher costs, takes more time and
is not as readily available. Progress in this field was initially hampered by low spatial
resolution and motion artefacts, but a newer generation of scanners and programmes with
higher resolution and faster imaging sequences have increased its use in CD. MRI has a high
diagnostic accuracy for diagnosis of CD (sensitivity 78% and specificity 85%). The
sensitivity for MRI in the detection of stenoses ranges from 75% to 100% with a specificity
of 91-100%.7181-87 A comparison of magnetic resonance enterography (MRE) and
enteroclysis revealed superior bowel distension with enteroclysis, but a comparable
sensitivity and specificity for the detection of stenosis.8” A direct comparison of CT and
MRI for diagnosis of stenosis showed generally comparable sensitivity (85% vs 92%) and
specificity (100% vs 90%).71

Using surgical pathology/histology as a reference,2” standard CTE findings of inflammation
including abnormal mucosal enhancement, mesenteric hypervascularity, mesenteric
inflammatory stranding and bowel wall thickening correlated well with the histological
grade of inflammation in CD strictures. However, the absence of CTE signs of inflammation
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in an involved segment of bowel did not predict fibrosis.2” Equivalent to CTE, mucosal
enhancement and hypervascularity on MRE correlated with histological inflammation.8889
On the contrary, MRI findings of bowel wall thickening have a negative association with
response to medical therapy and a positive association with small bowel fibrosis.?% In a
different study, CTE was considered accurate in differentiating between inflammatory and
fibrostenotic lesions (77% and 79% accuracy, respectively).28 Inter-observer and inter-
modality agreement between CTE and MRE was found to be high.%1 Once therapy has been
implemented CTE or MRE could be used to monitor response,®293 but further studies need
to address if in fact intestinal healing occurs in relation to the findings on cross-sectional
imaging.

Currently, no cross-ectional imaging modality specifically detects fibrosis. Promise exists in
a MRI sequence that is sensitive to stiff tissue, such as collagen, and relatively insensitive to
tissue oedema and inflammation. This technique, termed magnetisation transfer MR, is able
to measure fibrosis semiquantitatively in a rat model of CD and in early studies when
applied to patients with CD.%4

In most investigations of the sensitivity and specificity of cross-sectional imaging techniques
for identifying diseased bowel regions, surgery has been used as the gold standard. However,
significant selection bias exists, because the prevalence of stricturing disease in this
population is higher than the general disease population. Furthermore, as CD is a chronic
progressive and destructive disease the currently available techniques to measure bowel
damage are insufficient as they only depict one specific point in time. A longitudinal tool,
the Lehman score has been proposed, which is currently being developed and validated
prospectively.9® This score measures the progressive nature or cumulative structural bowel
damage, independent of the current and fluctuating disease activity. This score could serve
as a future methodology to assess fibrostenosing CD as it combines different diagnostic
modalities (CTE, MRE, endoscopy) depending on the location of disease. Finally, existing
cross-sectional imaging techniques do not specifically detect fibrosis. Fibrosis is often
assumed when a thickened bowel segment lacks CT or magnetic resonance evidence of
mucosal enhancement or hypervascularity. However, studies have shown that tissue
inflammation and fibrosis are closely linked, such that a clear distinction based on standard
CT or magnetic resonance criteria is not possible.2730 In the future, unique magnetic
resonance sequences,® combined techniques® or the application of techniques that exploit
fibrotic tissue characteristics, such as ultrasound elastrography,®” will help us guide our
therapeutic approaches.

Up to 80% of CD patients require at least one surgical resection within 10 years of
diagnosis.4 A large portion of these interventions are due to stricturing disease. To avoid
surgery, medical as well as endoscopic treatment options have been described. In addition,
stricturoplasties are employed to preserve bowel length.
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Medical therapy

Traditionally, intestinal strictures in CD have been treated by oral and intravenous
corticosteroids, bowel rest, and in the case of intractable symptoms, bowel resection. With
the emergence of immunosuppressants, such as azathioprine/6-mercaptopurine and
biological agents (anti-tumour necrosis factor a (TNF)) additional medical therapy options
are available.%8 In spite of this evolution, to date no specific intestinal antifibrotic therapy
exists. Strikingly, the incidence of stricture formation and rate of surgery in CD did not
decrease in past decades,®® despite the use of azathioprine.9® Data are emerging that earlier
and prolonged use of immunosuppressive medication, including anti-TNF agents, can reduce
the need for surgical interventions and hospitalisations.199101 These results are encouraging,
but have either been retrospective or in the case of prospective studies follow-up times were
short. Nevertheless, these investigations suggest that our current ability to control
inflammation is not sufficient consistently to prevent stricture formation. Whether earlier
intervention with combination therapy with azathioprine and an anti-TNF agent would be
more effective in the prevention of stricture formation is unknown.102103

At the current time a variety of modalities are used to try and discriminate medically
responsive strictures from those that will require surgery, such as imaging (CTE, MRE),
laboratory biomarkers (C-reactive protein, erythrocyte sedimentation rate) and stool
biomarkers (fecal calprotectin). Yaffe and colleaguesi4 reported their experience with non-
operative management of acute small bowel obstruction in 26 CD patients. In all but one
patient the obstruction was relieved within 72 h using a regimen that included clear liquid
diet, small bowel tube, total parenteral nutrition, prednisone, intravenous fluids and
intravenous crystalline adrenocorticotrophic hormone. Seventy-five per cent of patients
experienced at least a second episode during a mean follow-up of 52 months, all of which
again responded to medical management. Forty-six per cent of patients eventually
underwent elective surgery. If the patients remained free of obstruction after the initial
episode for at least 8 months the risk of surgery thereafter was only 17%, indicating that
medical therapy can ultimately prevent surgery in a clinically meaningful proportion of
patients.104 A theoretical example of an oedematous bowel before and after medical therapy
is illustrated in figure 2.

There was initially some concern regarding the use of infliximab in patients with established
strictures, based on two retrospective reports.195106 Sybsequently, this idea was challenged
by a study of 20 CD patients, 15 of whom had obstructive symptoms, treated with
infliximab. Small intestinal contrast ultrasound was performed. In no case was progression
of strictures or the occurrence of new strictures seen. In 80% of the patients responding to
infliximab the stenosis completely regressed.197 Most importantly, data in large numbers of
patients from the TREAT registry and the ACCENT I infliximab maintenance trial did not
show an increased risk of the clinical occurrence of strictures.198 A recent review on this
topic came to the same conclusion.109

Currently, no specific medical therapy exists to treat fibrotic intestinal strictures. The dogma
is that once fibrosis exists, it cannot be reversed. Data from hepatic cirrhosis and pulmonary
fibrosis challenge this notion. Finding a specific antifibrotic therapy is an intense area of
investigation in pharmaceutical companies and academic centres. A wide variety of
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mechanisms and platforms are being explored. Our hope is that in the next iteration of this
or similar reviews, promising medical therapies for the treatment of fibrotic intestinal
strictures will have emerged.

dilation

If medical therapy fails to improve obstructive symptoms, endoscopic dilation (ED) has
become an accepted modality for the treatment of selected CD strictures. Main applications
are short and isolated strictures within reach of a standard colonoscope, with many amenable
strictures localised at the site of the ileocecal anastomosis after ileocecal resection.110 Most
commonly through-the-scope balloons (TTS) are used to reach and pneumatically dilate
strictures (figure 3). In general, the available reports are highly heterogeneous in respect of
techniques used, follow-up times and endpoints applied.

In a systematic review and descriptive pooled data analysis of 13 retrospective studies from
1990 to 2007, including 347 CD patients, the mean time from diagnosis of CD to occurrence
of stricture was 13 years and the mean stricture length 2.7 cm (0.5-20 cm). This analysis
mainly included postsurgical strictures and all were dilated with TTS. ED was technically
successful in 86% of cases; 89% of the unsuccessful attempts had to undergo surgery. Long-
term clinical efficacy (mean follow-up was 33 months), defined as being free of surgery was
achieved in 58% of the patients. The mean interval between ED and surgery was 15 months
in the remaining 42% of CD patients. A stricture length of 4 cm or less was associated with
a surgery-free outcome in a multivariate analysis (OR 4, 95% CI 1.16 to 13.8). In subsequent
dilations the estimation of clinical efficacy remained unchanged.11 In a single-centre study
assessing 776 dilations in 178 CD patients (80% anastomotic) at 5-year follow-up 52% of
patients had no further intervention or one dilation only and 36% of patients had surgery.112
Thienpont and colleagues!!2 reported the need for repeated dilation in 46% and surgery in
24% of CD patients during a mean follow-up of 5.8 years.

Factors influencing outcome after endoscopic balloon dilation in fibrostenotic CD are
largely unknown. Technically successful dilation,114 115 stricture length of 4 cm or less11
and the absence of ulcer in the stricturel16 are positively associated with successful
dilatation. The data on smoking are inconsistent.216 117 In contrast, neither C-reactive
protein concentrations, endoscopic disease activity nor medical treatment after dilation
influenced the subsequent disease course in a different study.113 The majority of the
observations were made with anastomotic strictures. No difference was noted when
comparing the dilation efficacy or the probability of surgery-free survival of native versus
postsurgical strictures.111112 Small bowel adenocarcinoma is rare, but if overlooked can be
fatal.118 In the CD-affected colon malignancy is more frequent and the incidence is
comparable to ulcerative colitis.119120 The endoscopist should therefore have a low
threshold for taking a biopsy before ED. There is no convincing evidence that such mucosal
biopsies increase the risk of perforation with subsequent balloon dilatation.12! The
availability of deep enteroscopy, including double-balloon endoscopy makes dilatations in
the more proximal upper small bowel feasible,50122123

When mechanically dilating the intestine, perforation is a valid concern. Only few studies
with low patient numbers addressed the safety of this procedure. In a randomised controlled
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trial with 29 paediatric patients with ED and intralesional steroid injection no complications
were reported.124 A systematic review including 13 studies reported a major complication
rate (defined as bleeding, perforation, infection or other event leading to hospitalisation) of
2%, with this value being up to 11% and 18% in two series.115125 |n 776 dilations in 178
patients a complication rate of 5.3% has been reported, which included bowel perforation,
major bleeding, minor bleeding and abdominal pain or fever.112 To our knowledge no death
related to the procedure has ever been reported.

Adjuvant techniques to endoscopic dilation

Intralesional injection of steroids has been successfully used in other stricturing
gastrointestinal conditions, such as peptic, corrosive or anastomotic strictures or fibrosis
post-radiotherapy.126-129 Triamcinolone is considered an appropriate agent given its
prolonged local effect, believed to last for 3-4 weeks.130

In CD strictures most available evidence is retrospective and uncontrolled. Intralesional
steroid injection in 13 CD patients led to a 100% immediate success rate. However, no
follow-up data were provided.31 In a small retrospective series assessing anastomotic
strictures, steroid injection delayed re-stricturing and reduced re-dilation rate.132 Singh et
al?> found a lower stricture recurrence rate in the steroid group compared to placebo. In a
systematic review the use of steroid injection appeared to be related to dilatation efficacy.111
In a single-centre prospective randomised controlled trial with 29 paediatric CD subjects
intralesional triamcinolone injections after ED, led to a longer time to re-dilation and to
surgery in the steroid group compared to placebo. However, sample size was small and
follow-up time short.124 It should be noted that a prospective study in 13 adult CD patients
was terminated early after reporting that triamcinolone injection led to an earlier need for re-
dilation compared to placebo.133 In this series, however, only anastomotic strictures were
examined, the strictures were possibly long-standing (8-30 years after surgery) and the
multicentre design could have influenced different endoscopic procedures among different
centres. Small, non-controlled, case reports and series assessed the use of intralesional TNF
inhibitor therapy with encouraging results.134135

Endoscopic metallic stent insertion has been tried in a few patients. The initial success rate
was reported to be 100%, but major complications, such as migration, perforation or
fistulisation were frequent (67% of patients).13% In a prospective cohort study with 11
patients the authors concluded that the complication rate is too high to make this a routine
treatment option, even when extractable stents are used.13” 138 Biodegradable stents might
be an emerging alternative.139140 Finally, carving the stricture with a sphincterotome
supplementing ED has been reported in one study with no increase in complications,4! and
this technique has been successfully combined with steroid injections.142 A preliminary
report indicates that patients receiving budesonide after dilation as opposed to dilation alone
have a better outcome.143
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After failure of medical therapy and ED or inability to perform ED, surgical resection of the
affected segment is currently the most commonly used treatment strategy. The problem with
this approach arises when performing multiple bowel resections over time and the
subsequent development of loss of gastrointestinal function and ultimately short bowel
syndrome. Therefore, resection should be as limited as possible. Supporting this notion
neither the microscopic presence of inflammation at the resection margin nor the type of
anastomosis (end-to-end vs side-to-side) influences postoperative recurrence.244-146 |n our
clinical practice a gross examination of normal-looking bowel, complemented by a manual
examination to evaluate for tissue thickening, in which the index finger opposes the thumb at
the mesenteric—intestinal border, is sufficient to determine the resection margin in the
operating room (figure 4).

Stricturoplasty

To preserve the bowel length and to lower the risk of anastomotic leakage stricturoplasty
emerged as an option to widen the strictured area without shortening the bowel. Commaonly
performed techniques can be grouped into three categories: the Heineke—Mikulicz (HM)-like
technique (commonly used for strictures <10 cm)47 (figure 5A-C); the intermediate
procedures (eg, Finney procedure, for strictures >10 and <25 cm)148 (figure 5D-F); or the
enteroenterostomies for strictures greater than 25 cm in length (eg, isoperistaltic side-to-side
stricturoplasty by Michelassi)14? (figure 5G-1).

Indications for stricturoplasty include the presence of multiple strictures over an extensive
length of bowel, previous significant small bowel resection (>100 cm), short bowel
syndrome, strictures without phlegmon or septic fistula, duodenal strictures and anastomotic
strictures. 150151 Contraindications have been reported, such as associated abscess or
phlegmon, perforation with diffuse peritonitis, suspicion for carcinoma in the stricture or
poor nutritional status. Strictureplasty can be performed safely in active disease.10 The
overall complication rate of stricturoplasties is reported to range between 0% and 57%, with
an average of 13%,152 with the incidence of major complications (eg, anastomotic leakage,
abscess, fistula, sepsis) being approximately 6%.1%3 The median incidence of perioperative
complications has been reported as high as 11%,193154

Procedure-related recurrence rates have been published for the most commonly used
techniques. The recurrence rates for Finney and HM stricturoplasties was between 28% and
41%.152 Michelassi side-to-side isoperistaltic stricturoplasty was shown to have a 5-year
recurrence rate of 23%.155 In a meta-analysis, the HM technique had a lower morbidity, but
a higher recurrence rate and re-operative rate compared to Finney.16 Disease recurrence at
the site of stricturoplasty was reported to be lower'>” or unchanged!®51%8159 compared to
intestinal resection sites. Suspicion of small bowel cancer should be high and a low
threshold should exist for obtaining tissue biopsies for frozen sections.169161 No direct
comparison of ED and stricturoplasty exists.
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PRACTICAL APPROACH TO STRICTURE THERAPY

How can we use this information in clinical practice? Surgery and ED should not be viewed
as opposed options in the therapy of strictures. Technically successful ED has the potential
to postpone or avoid surgery in naive and previously operated patients. Possibly repeated
recurrence of patients symptoms in between dilations should be taken into consideration
when making the decision for this approach. Within the group of technically non-successful
dilations a large portion of patients had endoscopically non-reachable strictures or angulated
strictures with inability to pass a balloon.111 Available studies do not provide control groups,
making direct comparison between different ED techniques and outcomes impossible, but
most centres have positive experiences with TTS ED.

There seems to be agreement in the field that patients who are not acutely ill and who have a
symptomatic, short (<4 cm), straight, endoscopically accessible, benign and fibrotic (rather
than inflammatory) stricture will benefit most from ED. These features are most commonly
found in postoperative strictures at the anastomotic site. Careful patient selection is
paramount. As most ileal or anastomotic strictures cannot be traversed before dilatation,
cross-sectional imaging before ED is particularly useful to determine the length of the
stricture and/or angulation proximal to the stricture. It is common for native strictures to be
longer than expected and for anastomotic strictures to be shorter than anticipated, based on
endoscopic evaluation alone. Fluoroscopy is not generally needed for ED, except when
angulation or other factors preclude adequate assessment of the stricture characteristics. Full
bowel preparation is recommended before all ED even when the stricture is in the
rectosigmoid region in case perforation should occur. The immediate success of dilation can
be measured endoscopically by the ability to pass the endoscope and clinically by the
alleviation of symptoms of obstruction. Repeated ED is an option, with the limits being the
procedure and sedation-related risk, duration of the symptom-free interval and the prospect
of possibly reduced quality of life due to symptom recurrences.

If ED is not feasible and the patient needs to undergo surgery, stricturoplasty can be
performed whenever indicated and technically possible, because it is effective and the
complication rate is acceptably low. This is especially true in cases of multiple previous
resections and concern for impending short bowel syndrome. Disease recurrence at the
surgery site is similar or reduced compared to intestinal resection. The European Crohn’s
and Colitis Organization (ECCO) guidelines specify stricturoplasty as a safe alternative to
resection in jejuno-ileal CD, including ileocolonic recurrence, for strictures less than 10 cm
in length. In longer strictures non-conventional stricturoplasties can be considered.
Stricturoplasty in the colon can be technically feasible, but is not routinely recommended,
because of the concern of an increased chance of cancer,162163

Given the lack of strong scientific evidence in general and prospective data in particular, the
development of a management plan for patients with stricturing complications of CD
remains a challenge and at this time relies heavily on expert opinion. The European Panel on
the Appropriateness of CD Therapy (EPACT 1) developed appropriateness criteria for the
management of CD strictures.164 We have modified and extended these suggestions (figure
6). The major differences between the recommendations include: (1) medical treatment in
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case of signs of active CD, as this has been shown to prevent surgery in a clinically
meaningful proportion of patients with intestinal obstruction;194 (2) influence of stricture
length on therapeutic decision (<4 cm instead of <7 cm) based on Hassan et a£111 (iii) non-
hierarchical approach to resection and stricturoplasty in the small bowel, dependent on
indications and contraindications for both;159151 (jv) negative recommendation for
stricturoplasty in the colon, because of concern over an increased risk for cancer,162163

UNANSWERED QUESTIONS

Important new insights into the pathogenesis, epidemiology and diagnosis of intestinal
stricture formation are beginning to emerge.

Our inability to determine which patients develop critical strictures and which will have
rapid disease progression remains a significant knowledge gap. Furthermore, detailed
information on the ability of modern biological therapies to alter the natural history of CD
remains a fundamental question in our field. The pathogenesis of intestinal fibrosis is more
complicated than previously thought and the answer to preventing fibrogenesis is more
complex than simply the early treatment of inflammation.

In the area of therapeutic intervention controlled trials are needed to help guide the optimal
treatment approach. The lack of unified definitions for intestinal strictures and thus the lack
of available trial endpoints for the prevention of stricture formation poses a problem.
Pathologists, endoscopists and radiologists all use their own group or centre-specific scoring
systems, making comparisons of different studies difficult to impossible, and none of these
scores has been validated.

Significant promise exists in new or refined imaging modalities and in the extension of our
current disease activity indices to include information about strictures and fibrosis.
Longitudinal studies are necessary in patients with already present strictures. It remains
unclear if existing strictures have the ability to regress (either spontaneously or with medical
therapy) or if fibrosis is a one-way process. A validated biomarker to monitor disease
progression would allow study of medications to treat fibrosis specifically and would enable
controlled trials to address many unanswered questions such as the optimal management of
asymptomatic strictures. A biomarker would help us better determine the role and timing of
endoscopic and surgical therapies as well as the impact of novel strategies such as
manipulation of stress pathways and the microbiome.

The future of CD care is in the understanding and anticipation of disease progression and
designing strategies to impact the natural history of the disease for better long-term patient
outcomes.

CONCLUSION

Significant progress has been made in our understanding of fibrosis and our ability to detect
strictures in CD. We are only scratching the surface of the therapeutic options for preventing
and treating strictures. Progress will be facilitated by adopting uniform definitions of
strictures and consistency in adopting clinical and pathological scoring systems that
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incorporate elements of fibrosis. The future of CD care is in harnessing new medical
therapies and novel biomarkers to predict clinical outcomes and utilise medical and surgical
therapies more effectively.

Acknowledgments

Fu

References
1.

10

11.

12.

13.

14.

15.

16.

17.

nding EMZ (R01 DK073992) and FR (1T32DK083251-01A1) are funded by the National Institutes of Health.

Pucilowska JB, Williams KL, Lund PK, et al. Fibrosis and inflammatory bowel disease: cellular
mediators and animal models. Am J Physiol Cell Physiol. 2000; 279:G653-9.

. Burke JP, Mulsow JJ, O’Keane C, et al. Fibrogenesis in Crohn’s disease. Am J Gastroenterol. 2007;

102:439-48. [PubMed: 17156147]

. Rieder F, Fiocchi C. Intestinal fibrosis in IBD—a dynamic, multifactorial process. Nat Rev. 2009;

6:228-35.

. Speca S, Giusti I, Rieder F, et al. Cellular and molecular mechanisms of intestinal fibrosis. World J

Gastroenterol. 2013; 18:3635-61. [PubMed: 22851857]

. Babyatsky MW, Rossiter G, Podolsky DK. Expression of transforming growth factors alpha and

beta in colonic mucosa in inflammatory bowel disease. Gastroenterology. 1996; 110:975-84.
[PubMed: 8613031]

. Vallance BA, Gunawan MlI, Hewlett B, et al. TGF-betal gene transfer to the mouse colon leads to

intestinal fibrosis. Am J Physiol. 2005; 289:G116-28.

. Pucilowska JB, McNaughton KK, Mohapatra NK, et al. IGF-1 and procollagen alphal(l) are

coexpressed in a subset of mesenchymal cells in active Crohn’s disease. Am J Physiol. 2000;
279:G1307-22.

. Mahavadi S, Flynn RS, Grider JR, et al. Amelioration of excess collagen lalphal, fibrosis, and

smooth muscle growth in TNBS-induced colitis in IGF-1(+/-) mice. Inflamm Bowel Dis. 2011,
17:711-19. [PubMed: 20722057]

. Lawrance IC, Maxwell L, Doe W. Altered response of intestinal mucosal fibroblasts to

profibrogenic cytokines in inflammatory bowel disease. Inflamm Bowel Dis. 2001; 7:226-36.
[PubMed: 11515849]

. Kumagai S, Ohtani H, Nagai T, et al. Platelet-derived growth factor and its receptors are expressed
in areas of both active inflammation and active fibrosis in inflammatory bowel disease. Tohoku J
Exp Med. 2001; 195:21-33. [PubMed: 11780721]

Fichtner-Feigl S, Young CA, Kitani A, et al. IL-13 signaling via IL-13R alpha2 induces major
downstream fibrogenic factors mediating fibrosis in chronic TNBS colitis. Gastroenterology. 2008;
135:2003-13. 13 e1-7. [PubMed: 18938165]

Zhu MY, Lu YM, Ou YX, et al. Dynamic progress of 2,4,6-trinitrobenzene sulfonic acid induced
chronic colitis and fibrosis in rat model. J Dig Dis. 2012; 13:421-9. [PubMed: 22788928]

Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeutic translation for fibrotic disease.
Nat Med. 2012; 18:1028-40. [PubMed: 22772564]

McKaig BC, McWilliams D, Watson SA, et al. Expression and regulation of tissue inhibitor of
metalloproteinase-1 and matrix metalloproteinases by intestinal myofibroblasts in inflammatory
bowel disease. Am J Pathol. 2003; 162:1355-60. [PubMed: 12651627]

Lawrance IC, Wu F, Leite AZ, et al. A murine model of chronic inflammation-induced intestinal
fibrosis down-regulated by antisense NF-kappa B. Gastroenterology. 2003; 125:1750-61.
[PubMed: 14724828]

Medina C, Santos-Martinez MJ, Santana A, et al. Transforming growth factor-beta type 1 receptor
(ALKS5) and Smad proteins mediate TIMP-1 and collagen synthesis in experimental intestinal
fibrosis. J Pathol. 2011; 224:461-72. [PubMed: 21465486]

Rieder F, Georgieva M, Schirbel A, et al. Prostaglandin E2 inhibits migration of colonic lamina
propria fibroblasts. Inflamm Bowel Dis. 2010; 16:1505-13. [PubMed: 20803697]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 15

Flier SN, Tanjore H, Kokkotou EG, et al. Identification of epithelial to mesenchymal transition as a
novel source of fibroblasts in intestinal fibrosis. J Biol Chem. 2010; 285:20202-12. [PubMed:
20363741]

Rieder F, Kessler SP, West GA, et al. Inflammation-induced endothelial-to-mesenchymal
transition: a novel mechanism of intestinal fibrosis. Am J Pathol. 2012; 179:2660-73. [PubMed:
21945322]

Uehara H, Nakagawa T, Katsuno T, et al. Emergence of fibrocytes showing morphological changes
in the inflamed colonic mucosa. Dig Dis Sci. 2010; 55:253-60. [PubMed: 19242798]

Brittan M, Chance V, Elia G, et al. A regenerative role for bone marrow following experimental
colitis: contribution to neovasculogenesis and myofibroblasts. Gastroenterology. 2005; 128:1984—
95. [PubMed: 15940631]

Rieder F, Bhilocha S, Schirbel A, et al. Activation of Toll-like receptor (TLR) 5 induces a pro-
fibrogenic phenotype on human intestinal myofibroblasts (HIF)—a novel pathway mediated by
caspase 1 (abstract). Gastroenterology. 2011; 142:S116.

Otte JM, Rosenberg IM, Podolsky DK. Intestinal myofibroblasts in innate immune responses of the
intestine. Gastroenterology. 2003; 124:1866-78. [PubMed: 12806620]

Fichtner-Feigl S, Fuss 1J, Young CA, et al. Induction of I1L-13 triggers TGF-betal-dependent tissue
fibrosis in chronic 2,4,6-trinitrobenzene sulfonic acid colitis. J Immunol. 2007; 178:5859-70.
[PubMed: 17442970]

Kugathasan S, Saubermann LJ, Smith L, et al. Mucosal T-cell immunoregulation varies in early
and late inflammatory bowel disease. Gut. 2007; 56:1696-705. [PubMed: 17682002]

Wells RG. The role of matrix stiffness in regulating cell behavior. Hepatology. 2008; 47:1394-400.
[PubMed: 18307210]

Adler J, Punglia DR, Dillman JR, et al. Computed tomography enterography findings correlate
with tissue inflammation, not fibrosis in resected small bowel Crohn’s disease. Inflamm Bowel
Dis. 2011; 18:849-56. [PubMed: 21710535]

Chiorean MV, Sandrasegaran K, Saxena R, et al. Correlation of CT enteroclysis with surgical
pathology in Crohn’s disease. Am J Gastroenterol. 2007; 102:2541-50. [PubMed: 17900329]
Jacene HA, Ginsburg P, Kwon J, et al. Prediction of the need for surgical intervention in
obstructive Crohn’s disease by 18F-FDG PET/CT. J Nucl Med. 2009; 50:1751-9. [PubMed:
19837758]

Zappa M, Stefanescu C, Cazals-Hatem D, et al. Which magnetic resonance imaging findings
accurately evaluate inflammation in small bowel Crohn’s disease? A retrospective comparison
with surgical pathologic analysis Inflamm Bowel Dis. 2011; 17:984-93. [PubMed: 20722053]
Louis E, Collard A, Oger AF, et al. Behaviour of Crohn’s disease according to the Vienna
classification: changing pattern over the course of the disease. Gut. 2001; 49:777-82. [PubMed:
11709511]

Thia KT, Sandborn WJ, Harmsen WS, et al. Risk factors associated with progression to intestinal
complications of Crohn’s disease in a population-based cohort. Gastroenterology. 2010; 139:1147—
55. [PubMed: 20637205]

Tarrant KM, Barclay ML, Frampton CM, et al. Perianal disease predicts changes in Crohn’s
disease phenotype-results of a population-based study of inflammatory bowel disease phenotype.
Am J Gastroenterol. 2008; 103:3082-93. [PubMed: 19086959]

Solberg IC, Vatn MH, Hoie O, et al. Clinical course in Crohn’s disease: results of a Norwegian
population-based ten-year follow-up study. Clin Gastroenterol Hepatol. 2007; 5:1430-8. [PubMed:
18054751]

Wolters FL, Russel MG, Sijbrandij J, et al. Phenotype at diagnosis predicts recurrence rates in
Crohn’s disease. Gut. 2006; 55:1124-30. [PubMed: 16361306]

Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease behavior of Crohn’s disease.
Inflamm Bowel Dis. 2002; 8:244-50. [PubMed: 12131607]

Agrez MV, Valente RM, Pierce W, et al. Surgical history of Crohn’s disease in a well-defined
population. Mayo Clin Proc. 1982; 57:747-52. [PubMed: 7144254]

Binder V, Hendriksen C, Kreiner S. Prognosis in Crohn’s disease—based on results from a regional
patient group from the county of Copenhagen. Gut. 1985; 26:146-50. [PubMed: 3967832]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 16

Wolters FL, Russel MG, Sijbrandij J, et al. Disease outcome of inflammatory bowel disease
patients: general outline of a Europe-wide population-based 10-year clinical follow-up study.
Scand J Gastroenterol Suppl. 2006:46-54. [PubMed: 16782622]

Farmer RG, Whelan G, Fazio VW. Long-term follow-up of patients with Crohn’s disease.
Relationship between the clinical pattern and prognosis. Gastroenterology. 1985; 88:1818-25.
[PubMed: 3922845]

Peyrin-Biroulet L, Loftus EV Jr, Colombel JF, et al. The natural history of adult Crohn’s disease in
population-based cohorts. Am J Gastroenterol. 2010; 105:289-97. [PubMed: 19861953]
Ramadas AV, Gunesh S, Thomas GA, et al. Natural history of Crohn’s disease in a population-
based cohort from Cardiff (1986-2003): a study of changes in medical treatment and surgical
resection rates. Gut. 2010; 59:1200-6. [PubMed: 20650924]

Lautenbach E, Berlin JA, Lichtenstein GR. Risk factors for early postoperative recurrence of
Crohn’s disease. Gastroenterology. 1998; 115:259-67. [PubMed: 9679030]

Sachar DB, Subramani K, Mauer K, et al. Patterns of postoperative recurrence in fistulizing and
stenotic Crohn’s disease. A retrospective cohort study of 71 patients. J Clin Gastroenterol. 1996;
22:114-16. [PubMed: 8742649]

Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clinical, molecular and serological
classification of inflammatory bowel disease: report of a Working Party of the 2005 Montreal
World Congress of Gastroenterology. Can J Gastroenterol. 2005; 19(Suppl. A):5-36.

Oberhuber G, Stangl PC, Vogelsang H, et al. Significant association of strictures and internal
fistula formation in Crohn’s disease. Virchows Arch. 2000; 437:293-7. [PubMed: 11037350]
Sheehan AL, Warren BF, Gear MW, et al. Fat-wrapping in Crohn’s disease: pathological basis and
relevance to surgical practice. Br J Surg. 1992; 79:955-8. [PubMed: 1422768]

Jurgens M, Brand S, Laubender RP, et al. The presence of fistulas and NOD2 homozygosity
strongly predict intestinal stenosis in Crohn’s disease independent of the IL23R genotype. J
Gastroenterol. 2010; 45:721-31. [PubMed: 20428899]

Gasche C, Scholmerich J, Brynskov J, et al. A simple classification of Crohn’s disease: report of
the Working Party for the World Congresses of Gastroenterology, Vienna 1998. Inflamm Bowel
Dis. 2000; 6:8-15. [PubMed: 10701144]

Fukumoto A, Tanaka S, Yamamoto H, et al. Diagnosis and treatment of small-bowel stricture by
double balloon endoscopy. Gastrointest Endosc. 2007; 66:5108-12. [PubMed: 17709019]
Freeman HJ. Natural history and clinical behavior of Crohn’s disease extending beyond two
decades. J Clin Gastroenterol. 2003; 37:216-19. [PubMed: 12960719]

Nikolaus S, Schreiber S. Diagnostics of inflammatory bowel disease. Gastroenterology. 2007;
133:1670-89. [PubMed: 17983810]

Goldberg HI, Caruthers SB Jr, Nelson JA, et al. Radiographic findings of the National Cooperative
Crohn’s Disease Study. Gastroenterology. 1979; 77:925-37. [PubMed: 38181]

Rutgeerts P, Geboes K, Vantrappen G, et al. Natural history of recurrent Crohn’s disease at the
ileocolonic anastomosis after curative surgery. Gut. 1984; 25:665-72. [PubMed: 6735250]
Rieder F, Lawrance IC, Leite A, et al. Predictors of fibrostenotic Crohn’s disease. Inflamm Bowel
Dis. 2011; 17:2000-7. [PubMed: 21308880]

Loly C, Belaiche J, Louis E. Predictors of severe Crohn’s disease. Scand J Gastroenterol. 2008;
43:948-54. [PubMed: 19086165]

Beaugerie L, Seksik P, Nion-Larmurier |, et al. Predictors of Crohn’s disease. Gastroenterology.
2006; 130:650-6. [PubMed: 16530505]

Lakatos PL, Czegledi Z, Szamosi T, et al. Perianal disease, small bowel disease, smoking, prior
steroid or early azathioprine/biological therapy are predictors of disease behavior change in
patients with Crohn’s disease. World J Gastroenterol. 2009; 15:3504-10. [PubMed: 19630105]
Unkart JT, Anderson L, Li E, et al. Risk factors for surgical recurrence after ileocolic resection of
Crohn’s disease. Dis Colon Rectum. 2008; 51:1211-16. [PubMed: 18536967]

Louis E, Michel V, Hugot JP, et al. Early development of stricturing or penetrating pattern in
Crohn’s disease is influenced by disease location, number of flares, and smoking but not by
NOD2/CARD15 genotype. Gut. 2003; 52:552—7. [PubMed: 12631668]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Page 17

Allez M, Lemann M. Role of endoscopy in predicting the disease course in inflammatory bowel
disease. World J Gastroenterol. 2010; 16:2626-32. [PubMed: 20518084]

Adler J, Rangwalla SC, Dwamena BA, et al. The prognostic power of the NOD2 genotype for
complicated Crohn’s disease: a meta-analysis. Am J Gastroenterol. 2011; 106:699-712. [PubMed:
21343918]

Alvarez-Lobos M, Arostegui JI, Sans M, et al. Crohn’s disease patients carrying Nod2/CARD15
gene variants have an increased and early need for first surgery due to stricturing disease and
higher rate of surgical recurrence. Ann Surg. 2005; 242:693-700. [PubMed: 16244543]

Meijer MJ, Mieremet-Ooms MA, van Hogezand RA, et al. Role of matrix metalloproteinase, tissue
inhibitor of metalloproteinase and tumor necrosis factor-alpha single nucleotide gene
polymorphisms in inflammatory bowel disease. World J Gastroenterol. 2007; 13:2960-6.
[PubMed: 17589947]

Henckaerts L, Pierik M, Joossens M, et al. Mutations in pattern recognition receptor genes
modulate seroreactivity to microbial antigens in patients with inflammatory bowel disease. Gut.
2007; 56:1536—-42. [PubMed: 17595233]

Lakatos PL, Papp M, Rieder F. Serologic antiglycan antibodies in inflammatory bowel disease. Am
J Gastroenterol. 2010; 106:406-12. [PubMed: 21245832]

Dubinsky MC, Kugathasan S, Mei L, et al. Increased immune reactivity predicts aggressive
complicating Crohn’s disease in children. Clin Gastroenterol Hepatol. 2008; 6:1105-11. [PubMed:
18619921]

Rieder F, Schleder S, Wolf A, et al. Serum anti-glycan antibodies predict complicated Crohn’s
disease behavior: a cohort study. Inflamm Bowel Dis. 2010; 16:1367-75. [PubMed: 20024902]

Rieder F, Lopez R, Franke A, et al. Characterization of changes in serum anti-glycan antibodies in
Crohn’s disease—a longitudinal analysis. PLoS One. 2010; 6:18172. [PubMed: 21573154]

Gasche C, Moser G, Turetschek K, et al. Transabdominal bowel sonography for the detection of
intestinal complications in Crohn’s disease. Gut. 1999; 44:112-17. [PubMed: 9862836]

Fiorino G, Bonifacio C, Peyrin-Biroulet L, et al. Prospective comparison of computed tomography
enterography and magnetic resonance enterography for assessment of disease activity and
complications in ileocolonic Crohn’s disease. Inflamm Bowel Dis. 2011; 17:1073-80. [PubMed:
21484958]

Voderholzer WA, Beinhoelzl J, Rogalla P, et al. Small bowel involvement in Crohn’s disease: a
prospective comparison of wireless capsule endoscopy and computed tomography enteroclysis.
Gut. 2005; 54:369-73. [PubMed: 15710985]

Huprich JE, Fletcher JG. CT enterography: principles, technique and utility in Crohn’s disease. Eur
J Radiol. 2009; 69:393-7. [PubMed: 19118968]

Kambadakone AR, Chaudhary NA, Desai GS, et al. Low-dose MDCT and CT enterography of
patients with Crohn disease: feasibility of adaptive statistical iterative reconstruction. AJR Am J
Roentgenol. 2011; 196:W743-52. [PubMed: 21606263]

Kroeker KI, Lam S, Birchall I, et al. Patients with IBD are exposed to high levels of ionizing
radiation through CT scan diagnostic imaging: a five-year study. J Clin Gastroenterol. 2011;
45:34-9. [PubMed: 20679907]

Maglinte DD, Bender GN, Heitkamp DE, et al. Multidetector-row helical CT enteroclysis. Radiol
Clin North Am. 2003; 41:249-62. [PubMed: 12659337]

Solem CA, Loftus EV Jr, Fletcher JG, et al. Small-bowel imaging in Crohn’s disease: a
prospective, blinded, 4-way comparison trial. Gastrointest Endosc. 2008; 68:255-66. [PubMed:
18513722]

Turetschek K, Schober E, Wunderbaldinger P, et al. Findings at helical CT-enteroclysis in
symptomatic patients with crohn disease: correlation with endoscopic and surgical findings. J
Comput Assist Tomogr. 2002; 26:488-92. [PubMed: 12218807]

Vogel J, da Luz Moreira A, Baker M, et al. CT enterography for Crohn’s disease: accurate
preoperative diagnostic imaging. Dis Colon Rectum. 2007; 50:1761-9. [PubMed: 17701255]
Bruining DH, Siddiki HA, Fletcher JG, et al. Benefit of computed tomography enterography in
Crohn’s disease: effects on patient management and physician level of confidence. Inflamm Bowel
Dis. 2012; 18:219-25. [PubMed: 21337477]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Page 18

Pilleul F, Godefroy C, Yzebe-Beziat D, et al. Magnetic resonance imaging in Crohn’s disease.
Gastroenterol Clin Biol. 2005; 29:803-8. [PubMed: 16294149]

Tillack C, Seiderer J, Brand S, et al. Correlation of magnetic resonance enteroclysis (MRE) and
wireless capsule endoscopy (CE) in the diagnosis of small bowel lesions in Crohn’s disease.
Inflamm Bowel Dis. 2008; 14:1219-28. [PubMed: 18484672]

Florie J, Horsthuis K, Hommes DW, et al. Magnetic resonance imaging compared with
ileocolonoscopy in evaluating disease severity in Crohn’s disease. Clin Gastroenterol Hepatol.
2005; 3:1221-8. [PubMed: 16361048]

van Gemert-Horsthuis K, Florie J, Hommes DW, et al. Feasibility of evaluating Crohn’s disease
activity at 3.0 Tesla. J Magn Reson Imaging. 2006; 24:340-8. [PubMed: 16786589]

Maccioni F, Bruni A, Viscido A, et al. MR imaging in patients with Crohn disease: value of T2-
versus T1-weighted gadolinium-enhanced MR sequences with use of an oral superparamagnetic
contrast agent. Radiology. 2006; 238:517-30. [PubMed: 16371574]

Magnano G, Granata C, Barabino A, et al. Polyethylene glycol and contrast-enhanced MRI of
Crohn’s disease in children: preliminary experience. Pediatr Radiol. 2003; 33:385-91. [PubMed:
12682793]

Negaard A, Paulsen V, Sandvik L, et al. A prospective randomized comparison between two MRI
studies of the small bowel in Crohn’s disease, the oral contrast method and MR enteroclysis. Eur
Radiol. 2007; 17:2294-301. [PubMed: 17483955]

Sinha R, Verma R, Verma S, et al. MR enterography of Crohn disease: part 2, imaging and
pathologic findings. AJR Am J Roentgenol. 2011; 197:80-5. [PubMed: 21701014]

Sinha R, Verma R, Verma S, et al. MR enterography of Crohn disease: part 1, rationale, technique,
and pitfalls. AJR Am J Roentgenol. 2011; 197:76-9. [PubMed: 21701013]

Lawrance IC, Welman CJ, Shipman P, et al. Correlation of MRI-determined small bowel Crohn’s
disease categories with medical response and surgical pathology. World J Gastroenterol. 2009;
15:3367-75. [PubMed: 19610137]

Jensen MD, Ormstrup T, Vagn-Hansen C, et al. Interobserver and intermodality agreement for
detection of small bowel Crohn’s disease with MR enterography and CT enterography. Inflamm
Bowel Dis. 2011; 17:1081-8. [PubMed: 21484959]

Van Assche G, Herrmann KA, Louis E, et al. Effects of infliximab therapy on transmural lesions as
assessed by magnetic resonance enteroclysis in patients with ileal Crohn’s disease. J Crohn’s
Colitis. Published Online First; 11 Feb 2013. pii: 51873-9946(13)0031-7.

Bruining DH, Loftus EV Jr, Ehman EC, et al. Computed tomography enterography detects
intestinal wall changes and effects of treatment in patients with Crohn’s disease. Clin
Gastroenterol Hepatol. 2011; 9:679-83, el. [PubMed: 21621641]

Adler J, Swanson SD, Schmiedlin-Ren P, et al. Magnetization transfer helps detect intestinal
fibrosis in an animal model of Crohn disease. Radiology. 2012; 259:127-35. [PubMed: 21324841]
Pariente B, Cosnes J, Danese S, et al. Development of the Crohn’s disease digestive damage score,
the Lemann score. Inflamm Bowel Dis. 2011; 17:1415-22. [PubMed: 21560202]

Lenze F, Wessling J, Bremer J, et al. Detection and differentiation of inflammatory versus
fibromatous Crohn’s disease strictures: prospective comparison of 18F-FDG-PET/CT, MR-
enteroclysis, and transabdominal ultrasound versus endoscopic/histologic evaluation. Inflamm
Bowel Dis. 2012; 18:2252-60. [PubMed: 22359277]

Stidham RW, Xu J, Johnson LA, et al. Ultrasound elasticity imaging for detecting intestinal fibrosis
and inflammation in rats and humans with Crohn’s disease. Gastroenterology. 2011; 141:819-26,
el. [PubMed: 21784048]

Armuzzi A, Van Assche G, Reinisch W, et al. Results of the 2nd scientific workshop of the ECCO
(IV): therapeutic strategies to enhance intestinal healing in inflammatory bowel disease. J Crohn’s
Colitis. 2012; 6:492-502. [PubMed: 22406343]

Cosnes J, Nion-Larmurier 1, Beaugerie L, et al. Impact of the increasing use of
immunosuppressants in Crohn’s disease on the need for intestinal surgery. Gut. 2005; 54:237-41.
[PubMed: 15647188]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Page 19

Feagan BG, Panaccione R, Sandborn WJ, et al. Effects of adalimumab therapy on incidence of
hospitalization and surgery in Crohn’s disease: results from the CHARM study.
Gastroenterology. 2008; 135:1493-9. [PubMed: 18848553]

Peyrin-Biroulet L, Oussalah A, Williet N, et al. Impact of azathioprine and tumour necrosis factor
antagonists on the need for surgery in newly diagnosed Crohn’s disease. Gut. 2011; 60:930-6.
[PubMed: 21228429]

D’Haens G, Baert F, van Assche G, et al. Early combined immunosuppression or conventional
management in patients with newly diagnosed Crohn’s disease: an open randomised trial. Lancet.
2008; 371:660-7. [PubMed: 18295023]

Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or combination therapy
for Crohn’s disease. N Engl J Med. 2010; 362:1383-95. [PubMed: 20393175]

Yaffe BH, Korelitz BI. Prognosis for nonoperative management of small-bowel obstruction in
Crohn’s disease. J Clin Gastroenterol. 1983; 5:211-15. [PubMed: 6306093]

Vasilopoulos S, Kugathasan S, Saeian K, et al. Intestinal strictures complicating initially
successful infliximab treatment for luminal Crohn’s disease. Am J Gastroenterol. 2000; 95:2503.

Toy LS, Scherl EJ, Kornbluth A, et al. Complete bowel obstruction following initial response to
infliximab therapy for Crohn’s disease: a series of a newly described complication.
Gastroenterology. 2000; 118:A569.

Pallotta N, Barberani F, Hassan NA, et al. Effect of infliximab on small bowel stenoses in patients
with Crohn’s disease. World J Gastroenterol. 2008; 14:1885-90. [PubMed: 18350627]

Lichtenstein GR, Olson A, Travers S, et al. Factors associated with the development of intestinal
strictures or obstructions in patients with Crohn’s disease. Am J Gastroenterol. 2006; 101:1030-
8. [PubMed: 16606351]

Sorrentino D. Role of biologics and other therapies in stricturing Crohn’s disease: what have we
learnt so far? Digestion. 2008; 77:38-47. [PubMed: 18285676]

Froehlich F, Juillerat P, Pittet V, et al. Maintenance of surgically induced remission of Crohn’s
disease. Digestion. 2007; 76:130-5. [PubMed: 18239404]

Hassan C, Zullo A, De Francesco V, et al. Systematic review: endoscopic dilatation in Crohn’s
disease. Aliment Pharmacol Ther. 2007; 26:1457-64. [PubMed: 17903236]

Gustavsson A, Magnuson A, Blomberg B, et al. Endoscopic dilation is an efficacious and safe
treatment of intestinal strictures in Crohn’s disease. Aliment Pharmacol Ther. 2012; 36:151-8.
[PubMed: 22612326]

Thienpont C, D’Hoore A, Vermeire S, et al. Long-term outcome of endoscopic dilatation in
patients with Crohn’s disease is not affected by disease activity or medical therapy. Gut. 2010;
59:320—4. [PubMed: 19840991]

Scimeca D, Mocciaro F, Cottone M, et al. Efficacy and safety of endoscopic balloon dilation of
symptomatic intestinal Crohn’s disease strictures. Dig Liver Dis. 2011; 43:121-5. [PubMed:
20561831]

Couckuyt H, Gevers AM, Coremans G, et al. Efficacy and safety of hydrostatic balloon dilatation
of ileocolonic Crohn’s strictures: a prospective longterm analysis. Gut. 1995; 36:577-80.
[PubMed: 7737567]

Hoffmann JC, Heller F, Faiss S, et al. Through the endoscope balloon dilation of ileocolonic
strictures: prognostic factors, complications, and effectiveness. Int J Colorectal Dis. 2008;
23:689-96. [PubMed: 18338175]

Thomas-Gibson S, Brooker JC, Hayward CM, et al. Colonoscopic balloon dilation of Crohn’s
strictures: a review of long-term outcomes. Eur J Gastroenterol Hepatol. 2003; 15:485-8.
[PubMed: 12702904]

Solem CA, Harmsen WS, Zinsmeister AR, et al. Small intestinal adenocarcinoma in Crohn’s
disease: a case-control study. Inflamm Bowel Dis. 2004; 10:32-5. [PubMed: 15058524]

Friedman S, Rubin PH, Bodian C, et al. Screening and surveillance colonoscopy in chronic
Crohn’s colitis. Gastroenterology. 2001; 120:820-6. [PubMed: 11231935]

Yamazaki Y, Ribeiro MB, Sachar DB, et al. Malignant colorectal strictures in Crohn’s disease.
Am J Gastroenterol. 1991; 86:882-5. [PubMed: 2058631]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Page 20

Kornbluth A. Endoscopic management of intestinal strictures in Crohn’s disease: commentary.
Inflamm Bowel Dis. 2007; 13:362-63.

Despott EJ, Gupta A, Burling D, et al. Effective dilation of small-bowel strictures by double-
balloon enteroscopy in patients with symptomatic Crohn’s disease (with video). Gastrointest
Endosc. 2009; 70:1030-6. [PubMed: 19640518]

Hirai F, Beppu T, Sou S, et al. Endoscopic balloon dilatation using double-balloon endoscopy is a
useful and safe treatment for small intestinal strictures in Crohn’s disease. Dig Endosc. 2010;
22:200-4. [PubMed: 20642609]

Di Nardo G, Oliva S, Passariello M, et al. Intralesional steroid injection after endoscopic balloon
dilation in pediatric Crohn’s disease with stricture: a prospective, randomized, double-blind,
controlled trial. Gastrointest Endosc. 2010; 72:1201-8. [PubMed: 20951986]

Singh VV, Draganov P, Valentine J. Efficacy and safety of endoscopic balloon dilation of
symptomatic upper and lower gastrointestinal Crohn’s disease strictures. J Clin Gastroenterol.
2005; 39:284-90. [PubMed: 15758621]

Ramage JI Jr, Rumalla A, Baron TH, et al. A prospective, randomized, double-blind, placebo-
controlled trial of endoscopic steroid injection therapy for recalcitrant esophageal peptic
strictures. Am J Gastroenterol. 2005; 100:2419-25. [PubMed: 16279894]

Nelson RS, Hernandez AJ, Goldstein HM, et al. Treatment of irradiation esophagitis. Value of
hydrocortisone injection. Am J Gastroenterol. 1979; 71:17-23. [PubMed: 433887]

Kochhar R, Poornachandra KS. Intralesional steroid injection therapy in the management of
resistant gastrointestinal strictures. World J Gastrointest Endosc. 2010; 2:61-8. [PubMed:
21160692]

Kochhar R, Makharia GK. Usefulness of intralesional triamcinolone in treatment of benign
esophageal strictures. Gastrointest Endosc. 2002; 56:829-34. [PubMed: 12447293]

Roques C, Teot L. The use of corticosteroids to treat keloids: a review. Int J Low Extrem Wounds.
2008; 7:137-45. [PubMed: 18611924]

Ramboer C, Verhamme M, Dhondt E, et al. Endoscopic treatment of stenosis in recurrent Crohn’s
disease with balloon dilation combined with local corticosteroid injection. Gastrointest Endosc.
1995; 42:252-5. [PubMed: 7498692]

Brooker JC, Beckett CG, Saunders BP, et al. Long-acting steroid injection after endoscopic
dilation of anastomotic Crohn’s strictures may improve the outcome: a retrospective case series.
Endoscopy. 2003; 35:333-7. [PubMed: 12664391]

East JE, Brooker JC, Rutter MD, et al. A pilot study of intrastricture steroid versus placebo
injection after balloon dilatation of Crohn’s strictures. Clin Gastroenterol Hepatol. 2007; 5:1065—
9. [PubMed: 17627903]

Swaminath A, Lichtiger S. Dilation of colonic strictures by intralesional injection of infliximab in
patients with Crohn’s colitis. Inflamm Bowel Dis. 2008; 14:213-16. [PubMed: 18022870]
Sorrentino D, Avellini C, Beltrami CA, et al. Selective effect of infliximab on the inflammatory
component of a colonic stricture in Crohn’s disease. Int J Colorectal Dis. 2006; 21:276-81.
[PubMed: 15951989]

Levine RA, Wasvary H, Kadro O. Endoprosthetic management of refractory ileocolonic
anastomotic strictures after resection for Crohn’s disease: report of nine-year follow-up and
review of the literature. Inflamm Bowel Dis. 2012; 18:506-12. [PubMed: 21542067]

Attar A, Maunoury V, Vahedi K, et al. Safety and efficacy of extractible self-expandable metal
stents in the treatment of Crohn’s disease intestinal strictures: a prospective pilot study. Inflamm
Bowel Dis. 2012; 18:1849-54. [PubMed: 22161935]

Branche J, Attar A, Vernier-Massouille G, et al. Extractible self-expandable metal stent in the
treatment of Crohn’s disease anastomotic strictures. Endoscopy. 2012; 44(Suppl. 2):E325-6.
UCTN: [PubMed: 23012003]

Rejchrt S, Kopacova M, Brozik J, et al. Biodegradable stents for the treatment of benign stenoses
of the small and large intestines. Endoscopy. 2011; 43:911-17. [PubMed: 21623562]

Toth E, Nielsen J, Nemeth A, et al. Treatment of a benign colorectal anastomotic stricture with a
biodegradable stent. Endoscopy. 2011; 43(Suppl. 2):E252-3. UCTN: [PubMed: 21837599]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rieder et al.

141.

142.

143.

144.

145.

146.

147

148.

149.

150.
151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Page 21

Bedogni G, Ricci E, Pedrazzoli C, et al. Endoscopic dilation of anastomotic colonic stenosis by
different techniques: an alternative to surgery? Gastrointest Endosc. 1987; 33:21-4. [PubMed:
3557028]

Lavy A. Triamcinolone improves outcome in Crohn’s disease strictures. Dis Colon Rectum. 1997,
40:184-6. [PubMed: 9075754]

Raedler A, Peters I, Schreiberg S. Treatment with azathioprin and budesonide prevents
reoccurence of ileocolonic stenoses after endoscopic dilatation in Crohn’s disease.
Gastroenterology. 1997; 112:A1067.

Heuman R, Boeryd B, Bolin T, et al. The influence of disease at the margin of resection on the
outcome of Crohn’s disease. Br J Surg. 1983; 70:519-21. [PubMed: 6616154]

Fazio VW, Marchetti F, Church M, et al. Effect of resection margins on the recurrence of Crohn’s
disease in the small bowel. A randomized controlled trial. Ann Surg. 1996; 224:563-71.
discussion 71-3. [PubMed: 8857860]

McLeod RS, Wolff BG, Ross S, et al. Recurrence of Crohn’s disease after ileocolic resection is
not affected by anastomotic type: results of a multicenter, randomized, controlled trial. Dis Colon
Rectum. 2009; 52:919-27. [PubMed: 19502857]

Alexander-Williams J. The technique of intestinal strictureplasty. Int J Colorectal Dis. 1986;
1:54-7. [PubMed: 3298488]

Hurst RD, Michelassi F. Strictureplasty for Crohn’s disease: techniques and long-term results.
World J Surg. 1998; 22:359-63. [PubMed: 9523517]

Michelassi F. Side-to-side isoperistaltic strictureplasty for multiple Crohn’s strictures. Dis Colon
Rectum. 1996; 39:345-9. [PubMed: 8603560]

Roy P, Kumar D. Strictureplasty. Br J Surg. 2004; 91:1428-37. [PubMed: 15499649]
Jobanputra S, Weiss EG. Strictureplasty. Clin Colon Rectal Surg. 2007; 20:294-302. [PubMed:
20011425]

Ambe R, Campbell L, Cagir B. A comprehensive review of strictureplasty techniques in Crohn’s
disease: types, indications, comparisons, and safety. J Gastrointest Surg. 2012; 16:209-17.
[PubMed: 21909847]

Wibmer AG, Kroesen AJ, Grone J, et al. Comparison of strictureplasty and endoscopic balloon
dilatation for stricturing Crohn’s disease—review of the literature. Int J Colorectal Dis. 2010;
25:1149-57. [PubMed: 20628881]

Dietz DW, Laureti S, Strong SA, et al. Safety and longterm efficacy of strictureplasty in 314
patients with obstructing small bowel Crohn’s disease. J Am Coll Surg. 2001; 192:330-7.
discussion 7-8. [PubMed: 11245375]

Baba S, Nakai K. Strictureplasty for Crohn’s disease in Japan. J Gastroenterol. 1995; 30(Suppl.
8):135-8. [PubMed: 8563877]

Tichansky D, Cagir B, Yoo E, et al. Strictureplasty for Crohn’s disease: meta-analysis. Dis Colon
Rectum. 2000; 43:911-19. [PubMed: 10910235]

Fichera A, Lovadina S, Rubin M, et al. Patterns and operative treatment of recurrent Crohn’s
disease: a prospective longitudinal study. Surgery. 2006; 140:649-54. [PubMed: 17011913]
Reese GE, Purkayastha S, Tilney HS, et al. Strictureplasty vs resection in small bowel Crohn’s
disease: an evaluation of short-term outcomes and recurrence. Colorectal Dis. 2007; 9:686-94.
[PubMed: 17854290]

Roy P, Kumar D. Strictureplasty for active Crohn’s disease. Int J Colorectal Dis. 2006; 21:427—
32. [PubMed: 16133000]

Partridge SK, Hodin RA. Small bowel adenocarcinoma at a strictureplasty site in a patient with
Crohn’s disease: report of a case. Dis Colon Rectum. 2004; 47:778-81. [PubMed: 15037927]
Marchetti F, Fazio VW, Ozuner G. Adenocarcinoma arising from a strictureplasty site in Crohn’s
disease. Report of a case. Dis Colon Rectum. 1996; 39:1315-21. [PubMed: 8918446]

Broering DC, Eisenberger CF, Koch A, et al. Strictureplasty for large bowel stenosis in Crohn’s
disease: quality of life after surgical therapy. Int J Colorectal Dis. 2001; 16:81-7. [PubMed:
11355323]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rieder et al. Page 22

163. Van Assche G, Dignass A, Panes J, et al. The second European evidence-based consensus on the
diagnosis and management of Crohn’s disease: definitions and diagnosis. J Crohn’s Colitis. 2010;
4:7-27. [PubMed: 21122488]

164. Felley C, Vader JP, Juillerat P, et al. Appropriate therapy for fistulizing and fibrostenotic Crohn’s
disease: results of a multidisciplinary expert panel—EPACT II. J Crohn’s Colitis. 2009; 3:250-6.
[PubMed: 21172283]

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Rieder et al.

ECM

degradation Fibroblast recruitment &

activation

Figure 1.

Interplay between tissue damage of the intestinal bowel wall, caused by recruited and

Release of pro [y
inflammatory -~ |
cytokines & growth |
factors from ECM

Leukocyte

recruitment &
activation

J

\ <

Page 23

activated leukocytes and tissue repair, exerted by intestinal mesenchymal cells. Chronic,
severe inflammation and tissue damage leads to excessive repair and untimately intestinal
fibrosis. ECM, extracellular matrix; MMP, matrix metalloproteinase; ROS, reactive oxygen

species.
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Inflamed Crohn’s Disease Treated Crohn’s Disease
Bowel Wall Bowel Wall

Luminal area = 0.041 cm? Luminal area = 0.25m cm?

Decrease in wall thickness of 17% = 625% increase in luminal area.

(Values in cm)

Figure 2.
Reduction of transmural oedema significantly affects the luminal cross-sectional area

(adapted from Yaffe et a/).104
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Figure 3.
Through-the-scope endoscopic pneumatic balloon dilation of an anastomotic ileocecal

stricture.

Gut. Author manuscript; available in PMC 2016 May 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Rieder et al.

Page 26

Figure 4.
Manual examination for evaluation of tissue thickening and definition of the resection

margin: the index finger opposes the thumb at the mesenteric—intestinal border.
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Figureb.
Surgical techniques for stricturoplasty. (A-C) Heineke—Mikulicz-like procedure; (D-F)

intermediate procedure (eg, Finney procedure); (G-I) enteroenterostomies (eg, isoperistaltic
side-to-side strictureplasty by Michelassi).
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Clinical symptoms of intestinal obstruction in Crohn'’s disease

v

Assess for radiologic signs of bowel obstruction
Evaluate for active intestinal inflammation

Page 28

li Presence of intestinal stricture —l

No signs of active disease

Active disease

&

| Treat anti-inflammatory as disease flare |

¢

Response

v

Maintenance
therapy

v

Obstruction
Not resolving

v

|

| Presume fibrotic stricture

N

y

Presume fibrotic stricture |—)

Determine stricture location,
number, angulation and prior bowel

resection

Small Bowel Colonic

Anastomotic
(ileo-colonic or ileo-rectal)

<4cm >4cm <dcm >4cm
I ) dug
: # | ED*5 | ‘ Resection ‘ | ED*
W W
| Resection | | Strictureplasty | 3 ¥
Resection l Resection
#
N L 4 ,
| Resection | ‘ Strictureplasty | Stisbarephasty

Arranged in order of therapeutic priority

Figure6.

Suggested approach to stricture therapy. *If endoscopically reachable, technically feasible
and indicated. #Indications for stricturoplasty include: presence of multiple strictures over

1duosnuely Joyiny

extensive length of bowel, previous significant small bowel resection (>100 cm), short bowel
syndrome, strictures without phlegmon or septic fistula, duodenal strictures and anastomotic
strictures.150151 Contraindications include: associated abscess or phlegmon, perforation with
diffuse peritonitis, suspicion of carcinoma in the stricture or poor nutritional status.
Stricturoplasty can be performed safely in active disease.1>? §Need to rule out malignancy.
ED, endoscopic dilation.
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Profibrotic mediators in intestinal fibrosis

Cytokines

Growth factors

Matrix molecules

Bacterial products

IL-1

IL-4

IL-6

IL-13
1L-22
1L-33
TNFa
MCP-1
TGFp1
bFGF
PDGF
IGF-1 and Il
CTGF
Hyaluronan
Fibronectin

TLR5 ligands

Table 1
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bFGF, basic fibroblast growth factor; CTGF, connective-tissue growth factor; IGF, insulin-like growth factor; IL, interleukin; MCP, monocyte
chemoattractant protein; PDGF, platelet-derived growth factor; TGF, transforming growth factor; TLR, Toll-like receptor; TNF, tumour necrosis

factor.
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Table 2

Predictors of fibrostenosing Crohn’s disease

Clinical

Environmental
Endoscopic

Genetic

Serological

Age of diagnosis <40 years

Perianal disease at diagnosis

Need for steroids during the first flare
Small bowel disease location

Smoking
Deep mucosal ulcerations

NODZ2/CARD15
5T5T in the MMP3 gene
rs1363670

Antimicrobial antibodies
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