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Crohn’s disease (CD) is a disease with chronic inflammation of unknown etiology involving any part of the gastrointestinal
tract. The incidence and prevalence of CD are increasing recently in Asia. Half of the CD patients will have intestinal complica-
tions, such as strictures or fistulas, within 20 years after diagnosis. Twenty-five percentage of CD patients have had at least one
small bowel stricture and 10% have had at least one colonic stricture and lead to significant complications. Most of these pa-
tients will require at least one surgery during their lifetime. Early diagnosis and evaluation with adequate managements for the
patients can prevent disability and mortality of these patient. Here, we reviewed the current incidence of CD with stricture, the

etiology of stricture, and how to diagnose and manage the stricture. (Intest Res 2015;13:19-26)
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INTRODUCTION

Crohn'’s disease (CD), an IBD, is the chronic inflammation
of unknown etiology involving any part of the gastrointesti-
nal tract. The incidence and prevalence of CD are lower in
Asia than in the west, but both have been increasing over the
last four decades.'

Based on the Montreal classification system, the behaviors
of CD can be divided into nonstricturing/nonpenetrating,
stricturing, and penetrating phenotypes.” Half of the adult
CD patients will have intestinal complications, such as stric-
tures or fistulas, within 20 years after diagnosis.” In addition,
CD-related strictures often lead to significant complications
such as bowel obstruction and need intensive treatment.
Strictures in IBD can occur because of longstanding inflam-
mation and are more commonly seen in CD compared with
UC. 25% of CD patients have had at least one small bowel
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stricture and 10% have had at least one colonic stricture.”
Most of these patients will require at least one surgery dur-
ing their lifetime.”

Even with progress in modern therapies, such as immuno-
suppressants and biologics which are being used more fre-
quently in treating CD, there is no significant decrease in in-
testinal complications of CD and the need for surgery.” The
annual incidence of hospitalization is 20% and half of the pa-
tients need surgery due to intestinal complications, such as
stricture, within 10 years after diagnosis and the risk of post-
operative recurrence is 44-55% after 10 years.” Moreover,
stricture is one of the major factors for treatment failure or
loss of response to biologics in treating CD patients.’ For bet-
ter management of CD patients, it is very important to know
how to diagnose and manage the intestinal stricture during
the disease’s course.

INCIDENCE AND PREVALENCE

Currently, in Asia UC is more common than CD, but with
the increasing incidence and prevalence of CD in Asia, it is
expected that in the future, CD might be more prevalent than
UC, similar to the situation in Western countries. In Western
countries, the incidence rates for CD ranges from 14.6 to 17.4
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per 100,000 person-years and the prevalence is from 155.2 to
279.2 per 100,000 people. A rising incidence and prevalence
of CD has been reported in Asia. In Japan, the incidence of
CD increased from 0.60 to 1.20 per 100,000 person-years
from 1986 to 1998. The prevalence increased from 2.9 to 13.5
per 100,000 people between 1986 and 1998."'""" In Korea,
from 1986 to 2008 the incidence of CD increased from 0.53
per 100,000 person-years to 5.1 per 100,000 person-years.
The prevalence rates of CD also dramatically increased, up
to 11.24 per 100,000 people in 2008."'° In Taiwan, the inci-
dence of CD increased from 0.19 per 100,000 person-years
in 1998 to 0.24 per 100,000 person-years in 2008. The preva-
lence of CD increased from 0.19 per 100,000 people in 1998
to 1.78 per 100,000 people in 2008."

In a population-based cohort study, the cumulative prob-
ability of stricturing in CD after long term follow-up was 4.8%
at day 90, 7.2% at 1 year, 12.4% at 5 years, 15.2% at 10 years
and 21.6% at 20 years, respectively.”” In another retrospective
study from eight European referral centers which included
1,528 CD patients with more than 10 years of follow-up,
48.2% patient presented with stricturing behavior.” In Japan,
a hospital- based study with a 25 years follow-up period, the
rate of stricturing in CD was 39.9%.” In Korea, a hospital-
based study with a 16 year follow-up period, the rate of stric-
turing in CD was 20.1%.”" In Taiwan, a hospital-based study
with 20 years follow-up, 33.6% of CD patients presented with
stricturing behavior.”*

PATHOPHYSIOLOGY

Characteristically, cases of CD with intestinal strictures
show thickening of all layers of the wall caused by accumula-
tion of extracellular matrix (ECM) and expansion of mes-
enchymal cells.”* The pathophysiology of the CD-related
intestinal stricture is not clear, and it is generally believed that
strictures develop from prolonged inflammation and fibrosis
leading to strictures.

The mechanisms of fibrosis are complex and include
proliferation and migration of fibroblast. This is followed by
stellate cells activation, and extraintestinal fibroblast recruit-
ment.”' Fibroblast aggregations relate to the expression of
profibrotic growth factors and ECM.’ In cases of persistent
inflammation in the intestine, the fibroblasts become ac-
tivated and basic fibroblast growth factor, platelet-derived
growth factor, or the pro-inflammatory cytokines interleukin-
183 and tumor necrosis factor-a (TNF-«) are induced. These
pro-inflammatory cytokines then expand and increase the
amounts of mediators, inducing local inflammation and
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ECM proteins. Finally, intestinal tissue remodeling and fi-
brosis occurs which in turn leads to stricture formation.****
Although chronic inflammation plays a central role in the
stricture process, other contributing factors that may predis-
pose patients to strictures have not been well-defined and

need to be further studied.”***

RISK FACTORS AND PREDICTORS OF INTESTI-
NAL STRICTURE

There are some genetic factors that may increase the sus-
ceptibility of developing CD and influence the disease’s be-
havior. The carrying of nucleotide oligomerisation domain 2
(NOD2) variants (OR=2.11 for at least two risk alleles for any
of the NOD2 variants) and Janus-associated kinase 2 (JAK2)
are associated with stricturing behavior."” CD patients with
NOD2/caspase-recruitment domain 15 (CARD15) muta-
tions on both chromosomes have a 10-fold greater risk of de-
veloping strictures compared with those carrying the single
mutation.”**

Previous studies demonstrated an association with ileal
distribution and structuring behavior, particularly among
patients with biallelic CARD15 mutations.”" In Asians, the
genetic marker TNF superfamily 15 (ZNFSF15) and a sero-
logical marker anti-Saccharomyces cerevisiae antibodies
(ASCA) IgA are also related to complicated CD behavior.”

Apart from genetic and serological factors, the most com-
mon risk factors are clinical, environmental and endoscopic
parameters. Age of diagnosis less than 40 years, perianal
disease and the need for steroids during the first flare are the
most prevalent clinical parameters for predicting intestinal
stricture. A history of smoking is another risk factor for CD
complications and progression from diagnosis to first stric-
ture. In the endoscopic findings, deep mucosal ulcerations
with locations in the small bowel have also been identified as
predictive of a patient’s progression to stricturing disease.”
Prior appendectomy and antimicrobial antibodies were also
reported to be predictors of stricture.””

DIAGNOSIS OF INTESTINAL STRICTURES IN CD
PATIENTS

CD is a clinical diagnosis that includes history and physi-
cal findings with objective data from imaging and laboratory
studies. Once the diagnosis of CD is established, it is impor-
tant to phenotype it according to the Montreal classification.’
To diagnose the stricture or not, we can use imaging tools,
such transabdominal ultrasonography (TUS), CT, magnetic
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resonance (MR) enterography, and endoscopy.
1. Transabdominal Ultrasonography

TUS is a widely available, non-invasive technique for es-
timating the intestinal stricture in CD. Several studies have
shown the utility of TUS for IBD.”* Intestinal wall thickness
more than 4mm can be considered a pathological change
of IBD. A thickened, stiff bowel wall and narrowing of the
intestinal lumen together with distended fluid, or echogenic
content filled loops just above the thickened bowel segment
can be found in strictures or stenosis.” It is safe in young and
pregnant patients without radiation and currently accepted
as a first line tool in assessing patients with CD.**** However,
TUS is an operator-based technique.

The sensitivity and specificity in detecting CD by TUS
were generally reported in the range from 73 to 96% and
from 90 to 100%, respectively.”” In a series of 296 consecu-
tive patients with proven CD, the sensitivity and specificity of
TUS in the detection of strictures were 79% and 98% in non-
operative CD patients. In operative CD cases, the sensitivity
and specificity were 90% and 100%, respectively.”

The strictures could be due to acute inflammation with
edematous or to spasmodic changes of the bowel. They are
also be due to chronic fibrostenotic, fixed lesions. Inflam-
matory strictures are likely to respond to medical therapy,
but symptomatic fibrotic strictures often require surgery.””
Recently, new techniques such as color Doppler imaging,
harmonic imaging, panoramic imaging and contrast-en-
hanced ultrasound have increased the power of ultrasound
in differentiating the stricture’s etiology.”***" During active
CD inflammation, TUS shows intramural hypervascularisa-
tion in the color flow Doppler ultrasound.” To differentiate
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between inflammatory and fibrotic strictures, contrast-en-
hancement ultrasound shows better intramural vasculariza-
tion imaging than color flow Doppler ultrasound.” In a pilot
study, transcutaneous ultrasound elasticity imaging was able
to differentiate between fibrotic and unaffected intestines in
patients with CD. Detection of decreased tissue strain is an
accurate surrogate marker for intestinal fibrosis.”® However,
further prospective clinical studies are needed to get firm
conclusion.

2. CT and MR Enterography

CD typically presents with skip lesions and involves one
or several intestinal segments. All of the involved segments
could cause strictures. These strictures may vary in length
from 2-3 cm to as long as 20-30 cm.” When using TUS, it is
difficult to evaluate the relationship between the strictured
loop and the adjacent bowel loops as well as the adjacent
structures.

In this situation, cross-sectional imaging, such as CT or
MR], are the preferred imaging methods. CT or MR enterog-
raphy of the small bowel have become widely accepted in
diagnosing IBD and its related complications. These tech-
niques can help to make the diagnosis, localize lesions, be-
havior, disease severity, inflammatory activity and the pres-
ence of extraintestinal complications.” Both CT and MRI are
reported to have a sensitivity of over 95% for the detection
of CD.” One dilemma about using CT or MR enterography
to diagnose the stricture is the extent of bowel distension
found. In cases of underextension, the CT or MR enterogra-
phy’s power of predicting a stricture is affected and can con-
fuse the results.

In general, CT enterography has been shown to have sen-

Fig. 1. A 33-year-old woman with CD who had active inflammation with stenosis. (A) An axial T2-weighted image and (B) an axial post-contrast T1-
weighted image show abnormal wall-thickening, increased enhancement, and adjacent fat-stranding of transverse and descending colon (arrows),
suggestive of active inflammation. There is intestinal stenosis with dilated proximal colon (*).
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sitivity for intestinal stricture/stenosis of 85-93% and speci-
ficity of 100%. The sensitivity for MR enterography in the de-
tection of stenosis/stricture ranges from 75% to 100% with a
specificity of 91-100%.” With improved soft tissue contrast,
MR enterography could be useful to differentiate between
inflammation and fibrosis (Fig. 1 and 2). Image findings of
decreased signal intensity on T2-weighted images and re-
duction of intestinal wall enhancement on post-contrast im-
ages are usually associated with fibrosis."

3. Endoscopy

Ileocolonoscopy with biopsies is the gold standard for
diagnosing and monitoring patients with CD.’ However,
owing to its invasive nature and cost, endoscopy (especially
balloon-assisted enteroscopy [DBE]), is not an appropriate
tool for screening CD patients. The use of biomarkers as
surrogate markers of intestinal and systemic inflammation,
such as CRP and faecal calprotectin, might help."” However,
in CD patients with suspected intestinal stricture from other
examinations, endoscopy can make direct visual and histo-
logic evaluations.” In addition, endoscopy can confirm dis-
ease activity, severity of lesions, mucosal status, and also rule
out malignancies by histological staining.”

The terminal ileum is the most common site for stricture
formation and it is safe to perform an ileocolonoscopy there
as an initial investigation. However, an ileocolonoscopy can-
not reach lesions in the deep parts of the small bowel. The
introduction of DBE, including single-balloon enteroscopy
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Fig. 2. A 57-year-old woman with CD who
had fibrosis with stricture. (A) A coronal T2-
weighted image shows an abnormal seg-
ment of the distal ileum (arrows) with wall-
thickening and luminal narrowing, with
relative low signal and minimal inflamma-
tory changes, suggestive of fibrosis. There
is stricture with dilated proximal intestine
(*). (B) A coronal post-contrast T1-weighted
image shows another involved ileal segment
at the left lower abdomen (arrow), with di-
lated proximal intestine (*). The patient un-
derwent an operation and fibrotic changes
were confirmed.

Table 1. Sensitivity, Specificity for Detecting Stricture in CD in Different
Imaging Tools

Variables Sensitivity Specificity
Transabdominal ultrasonography”’ 73-96 90-100
CT enterography™ 85-93 100
Magnetic resonance enterography™ 75-100 91-100

Values are presented as %.

and DBE, has made previously difficult-to-reach parts of the
small bowel possible to be evaluated.” Capsule endoscopy
can also visualize the whole small bowel, and its diagnostic
yield in small-bowel lesions of CD has been well estab-
lished."” However, in cases of CD with intestinal stricture,
capsule endoscopy is contraindicated, as the capsule may
get stuck in the stricture area, leading to unnecessary and
avoidable surgery for the patients.

MANAGEMENT OF INTESTINAL STRICTURES IN CD

In general, treatment of CD includes lifestyle changes,
medical management, and surgical interventions when in-
dicated. However, when strictures are diagnosed, treatment
is not a clear cut issue. More than 80% of CD patients have at
least one surgical resection within 10 years of their diagnosis,
and most times, the operation is due to intestinal strictures.”

Management of CD-related strictures are dependent on
the individual patients’ situation. In the past, for CD patients
with small intestine involvement, the primary surgical in-
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dications were intestinal obstruction (55%), and intestinal
fistula and abscess (32%)." In addition to steroids and
5-aminosalicylates, the use of immunomodulators and anti-
TNEF therapy, result in higher efficacies and improvements of
medical treatments for CD patients.” With the improvement
of medical treatments, indication and necessity for CD pa-
tient surgery will probably be lower in the future. Currently,
making the decision of whether the patient needs surgery or
keep on medical treatment is a difficult question and often
needs a multidisplinary evaluation.

1. Medical Treatments

Obviously, strictures are less responsive to medical treat-
ments unless the stricture is mostly related to inflamma-
tion and not fibrosis. However, for decreasing, delaying or
preventing strictures, the efficacy of medical treatments can
possibly help but the picture is still not clear. Immunomodu-
lators (such as azathioprine and methotrexate) have been
used for CD over the last 25 years. However, the cumulative
risk of developing intestinal strictures or penetrating com-
plications remains unchanged.” Anti-TNF-o monoclonal an-
tibody is particularly effective in CD and the introduction of
Infliximab in 1998 revolutionized the treatment of CD. The
efficacy of anti-TNF-« treatment is not only to induce, but
also to maintain, steroid-free remission.”

However, there may be some concern regarding the use
of infliximab in patients with established strictures. Rapid
mucosal healing may result together with excess scar tissue
formation and strictures due to the antagonistic effect of
TNF-¢ on transforming growth factor-g signaling.>* In the
Crohn’s Therapy, Resource, Evaluation, and Assessment Tool
(TREAT) registry and the A Crohn’s Disease Clinical Trial
Evaluating Infliximab in a New Long-Term Treatment Regi-
men (ACCENT I) infliximab maintenance trial, there was
no increased risk of the clinical occurrence of strictures.”**
The population-wide studies done on anti-TNF have not yet
demonstrated a decrease in the need for surgery and further
studies are warranted and expected.”

Up to 40% of CD patients will eventually need secondary
surgery, therefore, it is important to avoid recurrent stric-
tures.” Recurrence is most common in the neoterminal ile-
um immediately proximal to the anastomosis.” The advent of
anti-TNF agents and their demonstrated effect on mucosal
healing in the preoperative setting has given hope to physi-
cians that relapses can be avoided when administered post-
operatively.” The positive impact of infliximab in avoiding
postoperative recurrence has been demonstrated. The study

www.irjournal.org

http://dx.doi.org/10.5217/ir.2015.13.1.19 « Intest Res 2015;13(1):19-26

showed a postoperative recurrence rate of 9.1% (1/11) in the
infliximab group and 84.6% (11/13) in the control group."’

2. Endoscopy

CD- related intestinal strictures show a poor response to
medical treatments in general, and bowel resection or stric-
tureplasty are often required."” Balloon dilatation can delay
or avoid surgery with either initial or recurrent strictures.
Dilation of Crohn’s strictures with endoscopy is widely used,
but repeat dilations or surgery may be needed. Adjuvant in-
tramural or topical steroid and azathioprine administration
have been used with some success, but a formal randomized
evaluation is neede In general, the indication of bal-
loon dilatation including symptomatic stricture is less than
4-5 cm without fistula, abscess or malignant formation.”

In a systemic review, endoscopic dilatation for CD-related
strictures can achieve 86% success rate with long-term clini-
cal efficacy in 58% of the patients. In addition, a stricture
length less than 4 cm was associated with a good surgery-
free outcome.” However most studies that discuss CD-re-

d 6,48,49

lated strictures are in the colon and ileocecal area. There are
few reports that discuss strictures in the intestine, because of
the difficulty in approaching that area. Recently, due to DBE,
that has changed. DBE-assisted intestinal stricture dilation
for CD is a procedure with significant benefits and should be
considered as a useful and effective alternative to surgery.”

In previous studies, intestinal strictures longer than 4-5
cm, severely inflamed with ulcers were considered high risk
and a potential contraindication to DBE-assisted balloon di-
lation.”***" In CD-related strictures in the colon, endoscopic
treatment was 76% successful and surgery was required only
in 2%. However, failure of dilatation was observed in long-
segment strictures of the terminal ileum.”” In one study of
a total 13 procedures with DBE dilatation in 11 consecutive
patients, the success rate was 72.7% and one case had de-
layed perforation.” However, further studies are necessary
due to the small case number.

Endoscopic stents have been explored in CD strictures.
Self-expandable metal stents are now available for CD-
related stricture. Usually, self-expandable metal stent is not
recommended in benign cases, since it entails the possible
problem such as migration of the stent and bowel perfora-
tion, and that may limit the clinical application.” Angular
positioning of the stent will increase the risk of bowel perfo-
ration.” In one study of 11 CD-related strictures, seven cases
were post-operative stricture in the ileo-colonic anastomosis.
Except for two cases with stent migration, five cases had long
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term symptom-free outcomes.”
3. Surgery

Surgical treatment plays an important role in managing
the stricture of CD patients, especially when the stricture
location is not accessible by endoscopy or the patients were
evaluated as high risk/contraindicated for endoscopic dilata-
tion. Despite the use of appropriate medical therapy, small
bowel strictures remain a major cause of morbidity in CD.
These affect more than one third of patients with CD and
often cause strictures and obstructions leading to hospital-
ization."” The experience from a large tertiary care center in
Pittsburgh showed that the rate of small bowel resection has
remained unchanged over the years. Moreover, the relative
frequency of intestine stricture and penetrating disease did
not change over time.”

Laparoscopic surgery may have advantages by reducing
postoperative adhesion formation. However, disease-related
complications of CD increase the operative time and the
conversion rates for a laparoscopic approach.””"* Stricture-
plasty is also a potential option for stricture in CD patients
with multiple previous surgeries. It is a useful surgical pro-
cedure for the CD strictures which could help in preserving
intestinal length.” Strictureplasty has been shown with 18%
morbidity and 34% operative recurrence rates, which could
achieve the comparative outcomes as the traditional sur-

gery.”
CONCLUSIONS

Optimizing the medical treatment to prevent the occur-
rence or recurrence is the best strategy for managing stric-
tures in CD patients. Evaluation of patients with a suspicion
of a stricture can be done by ultrasound, CT or MR enterog-
raphy imaging, which have high diagnostic sensitivity and
specificity. Endoscopic or surgical intervention for the stric-
ture should be evaluated and discussed with the patients.
For high risk lesions or inaccessible strictures, less invasive
but effective surgical approaches remain the preferred meth-
od of treatment.
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