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Abstract
Crohn’s disease (CD) has a protean presenta-
tion including inflammatory, stricturing, fistu-
lizing, and perianal disease morphologies. The 
incidence of fibrostenosing CD and the need 
for surgery have largely remained unchanged 
despite the use of anti-inflammatory drugs 
including biologics. Fibrosis is a common 
occurrence in ulcerative colitis. Clinical, sero-
logic, and imaging markers lack accuracy to 
predict, diagnose, and prognosticate fibroste-
nosing CD. There are no established clinical 
trial end points to measure efficacy of anti-
fibrotic drugs. Management of fibrostenosing 
CD needs a multidisciplinary approach involv-
ing medical, endoscopic, and surgical man-
agement. Targeted anti-fibrotic therapies are 
necessary to treat fibrostenosing CD in the 
future.

7.1	 �Introduction

CD has a protean presentation. The variability in 
disease phenotype over time leads to the need for 
classifying the disease into inflammatory, stric-
turing, fistulizing, and perianal disease per the 
Montreal Classification [1]. It is common for 
stricturing and fistulizing CD to coexist. One 
study on surgical specimens suggested that 64% 
of patients had fistulizing CD of which 41% of 
specimens had fistulae within a stricture and 
about 56% had fistulae proximal to the stricture 
speculating that mechanical factors may contrib-
ute to their formation [2]. The anatomic distribu-
tion of strictures follows the sites affected by 
inflammation and includes the ileum followed by 
ileocolic region, albeit strictures can occur in 
other locations including the upper gastrointesti-
nal tract, colon, and rectum [3, 4]. Long-term 
studies continue to show a 20–40% prevalence of 
fibrostenosing Crohn’s disease (CD) in popula-
tions across Asia, Europe, and North America 
with a follow-up over a timeframe of 4–10 years 
[5–9]. Pathophysiologically, intestinal fibrosis is 
associated with increased extracellular matrix 
(ECM) generation and mesenchymal cell prolif-
eration leading to progressive narrowing of the 
intestinal lumen, which ultimately progresses to 
mechanical obstructive symptoms. Animal mod-
els of inflammation-induced fibrosis indicate the 
continuation of the fibrotic process despite abate-
ment of the inflammatory process [10]. 
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Population-based studies demonstrate that 20% 
of patients develop fibrostenotic complications 
within 20 years of a CD diagnosis while >30% 
develop this complication within 10  years of 
diagnosis at tertiary referral centers [6, 11, 12].

Fibrostenosing CD continues to be a signifi-
cant risk factor for surgery, and there has been no 
significant change in the need for surgery despite 
introduction of immunosuppressant therapy [6, 
8]. A recent population-based study from Europe 
indicates that while the use of immune modula-
tors and biologics has increased over the past 
decade, there has been no change in the progres-
sion of disease from an inflammatory to a com-
plicated course [13]. Other studies show that the 
incidence of fibrostenosing CD and the need for 
surgery have either remained unchanged or have 
decreased in some parts of the world while it has 
increased in other parts and the exact etiological 
factors remain elusive [8, 9, 14]. Attempts to 
develop predictive models to determine occur-
rence or speed of disease progression and 
attempts to “personalize” IBD care continue to 
be made. This is critical to define patient popula-
tions at risk amendable to tailored anti-fibrotic 
therapies or to learn about the pathophysiology of 
fibrosis [15, 16]. Despite numerous projects to 
develop genetic, epigenetic, serologic, radio-
logic, or clinical predictors to direct physicians at 
personalizing IBD treatment, none have achieved 
clinical applicability due to variable penetrance 
of genetic and epigenetic factors and low accu-
racy of serologic, radiologic, and clinical predic-
tors [15, 16].

7.2	 �Overview 
on the Mechanisms 
of Fibrogenesis

Common etiopathogenic mechanisms of fibrosis 
include an expansion of the mesenchymal cell 
pool, consisting of fibroblasts, myofibroblasts, 
and smooth muscle cells. Multiple sources of 
mesenchymal cells have been described, namely, 
endothelial to mesenchymal transformation, epi-
thelial cell to mesenchymal transformation, stel-
late cells, or fibrocytes derived from the bone 

marrow [17]. Activation of myofibroblasts causes 
increased ECM production [18].

7.3	 �Risk Factors 
for the Development 
of Fibrostenotic CD

Animal models show that the predisposition for 
and degree of fibrosis in general may be variable 
in differing genotypes in fibrotic conditions 
including PSC and lung fibrosis [19, 20]. Also a 
phenomenon of rapid progression of fibrosis has 
been observed clinically in patients undergoing 
liver transplantation [21]. These concepts may be 
extrapolated to fibrostenosing CD.

Clinicians continue to rely on certain clinical 
factors to predict and prognosticate fibrostenos-
ing CD. These factors include need for cortico-
steroids, early onset of disease, frequency of 
flares, smoking, perianal disease, and small 
bowel involvement [22–24]. However, using 
these factors for prediction may often be too late 
as they already represent a more complicated CD 
course and fibrosis may already be present at the 
time of prognostication. Also these clinical pre-
dictors lack validation in large prospective or ad 
hoc studies. Hence, there is an increased interest 
in the discovery of accurate and noninvasive 
biomarkers.

7.4	 �Biomarkers as a Diagnostic 
and Predictive Tool 
for Fibrostenosing CD

Several biomarkers have been purported for the 
prediction of complications, association, or diag-
nosis of fibrostenosing CD. Prognostic biomark-
ers that have been tested for the prediction of 
fibrostenosis include genetic markers and antimi-
crobial antibodies.

7.4.1	 �Predictive Biomarkers

In general, genetic markers include those that are 
predominantly associated with autophagy (e.g., 

S. V. Kurada and F. Rieder



75

ATG16L1), recognition of muramyl dipeptides 
(MDP) bacterial components (e.g., NOD2), inter-
leukin and interleukin receptor-associated genes 
(e.g., IL-23 receptor), epithelial cell adhesion 
(e.g., discs large homologue 5 (DLG5)), or matrix 
regulation (e.g., metalloproteinase-3 (MMP-3)).

A meta-analysis of predictive genes included 
assessing the occurrence of high-risk NOD2 sin-
gle nucleotide polymorphism (SNPs) among CD 
patients which predicted an increased risk of ste-
nosing CD (OR  =  1.94, (95% CI, 1.61–2.34)) 
with an OR for small bowel involvement at 2.53 
(95% CI, 2.01–3.16) [25].

It is speculated that gut injury followed by 
exposure of microbial components to the intesti-
nal immune system initiates an immune response 
and may be responsible for eliciting the forma-
tion of antibodies which are detectable in the 
serum. The first such antibody studied included 
anti-Saccharomyces cerevisiae (ASCA) [26]. 
This was followed by other antibodies, including 
the anti-glycan antibodies; anti-mannobioside 
carbohydrate antibody (AMCA), anti-
laminaribioside carbohydrate antibody (ALCA), 
or anti-chitobioside carbohydrate antibody 

(ACCA) and non-glycan antibodies to bacterial 
components including anti-outer membrane pro-
tein C (OmpC), anti-I2, or anti-CBir1.

The odds ratio of predicting combined pene-
trating and stricturing CD showed an incremental 
rise as the degree of immune responses to a com-
bination of glycan and non-glycan antibodies 
increased, i.e., by the number of positive antibod-
ies (OR = 1.1, 2.3, 5.5, and 11 for 1, 2, 3, and 4 
positive immune responses, respectively) using 
OmpC, anti-I2, anti-CBir1, and ASCA [27]. In 
another study, anti-I2, anti-CBIR1, or ASCA 
antibodies aided in predicting complicated CD 
but were unable to differentiate stricturing and 
nonstricturing CD [28]. Findings similar to this 
combination were seen when anti-glycan anti-
bodies were used exclusively [26]. Overall, these 
predictors are not accurate enough to be used in 
clinical practice and show variable sensitivity 
and specificity based on the number of antibodies 
used to predict complications including strictures 
with sensitivities and specificities varying from 
42% to 71% and 48% to 75%, respectively, and 
are elaborated in Table 7.1 [26, 29–31].

Table 7.1  Diagnostic and predictive biomarkers in fibrostenosing Crohn’s disease

Biomarker 
(type)

Country 
of origin

Study 
characteristics Sensitivity Specificity

Accuracy 
(ROC) Additional comments

ATG16L1
(genetic) [51]

Australia Cohort study – – – Frequency of ATG16L1 T300A GG 
genotype associated FSCD with a 
frequency of 0.39, p < 0.001

NOD2 
mutations 
(genetic) [52]

USA Meta-analysis 36% 
(pooled)

73%
(pooled)

0.56
(pooled)

RR for NOD2 mutant allele for 
complicated CD (stricturing or 
fistulizing) = 1.17 (95% CI) 1.10–
1.24; p < 0.001).
RR for P.G908R mutation for 
complicated CD (stricturing or 
fistulizing) = 1.33 (95% CI 1.11–1.60; 
p = 0.002)

CX3CR1
(genetic) [53]

Germany Retrospective 
cohort

– – – Prevalence in FSCD vs non-FSCD for 
V249i (55% vs 41%, p = 0.035) 
3020insC (23% vs 6.7% p = 0.001)

MMP-3
(genetic) [54]

Denmark Prospective – – – Significant differences were seen 
between MMP-1, MMP-2, MMP-3, 
and MMP-9 relative to TIMP-1, 
TIMP-2 which were increased in 
inflamed and non-inflamed IBD on 
surgical resection. No significant 
difference was noted between inflamed 
and fibrotic specimens

(continued)
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Table 7.1  (continued)

Biomarker 
(type)

Country 
of origin

Study 
characteristics Sensitivity Specificity

Accuracy 
(ROC) Additional comments

IL12B
(genetic) [33]

Western 
Europe

Cohort – – – OR for homozygosity for the 
rs1363670 G-allele (IL12B 
gene) = 5.48 (95% CI 1.60–18.83; 
p = 0.007)

JAK2
(genetic) [34]

Europe Cohort – – – HR for stenosis for combination of 
NOD2, JAK2, ATG16L1; =1.29, 
p = 3.01 × 10−02

MAGI1
(genetic) [55]

Europe Cohort – – – Variants in MAGI1, CLCA2, 2q24.1, 
and LY75 loci were associated with 
FSCD
(p combined = 2.01 × 10 −8)

miRNA-200a 
and 
miRNA-200b
(epigenetic) 
[56]

China Prospective – – – Mean serum miRNA-200b FSCD vs 
control, P < 0.05, FSCD vs non-FSCD 
p > 0.05

miRNA-29b
(epigenetic) 
[39]

Italy Cohort – – – Notes a reduction in the mean levels of 
miR-29a in FSCD relative to 
inflammatory CD (p = 0.049)

miRNA-19a/b
(epigenetic) 
[40]

Italy Cohort – – 0.67 Mean serum miR-19-3p (miR-19a-3p 
and miR-19b-3p) was reduced in 
FSCD vs non-FSCD subjects by 
>2-fold, p = 0.007 and 0.008

ASCA
(AMA) [29]

Germany Cohort – – – OR for complicated CD (stricturing/
fistulizing) ASCA: 3.5 (95% CI, 
1.9–6.4)

Anti-CBir1
(AMA) [27]

USA Cohort – – – Prevalence of anti-CBir1+ vs 
anti-CBir1- in complicated CD 
(stricture/fistula) was 19% vs 12%, 
p = 0.36

Anti-I2
(AMA) [27]

USA Cohort – – – Prevalence of anti-I2+ vs anti-I2 - in 
complicated CD (stricture/fistula) was 
31% vs 12%, p = 0.003

Anti-OmpC
(AMA) [27]

USA Cohort – – – Prevalence of anti-OmpC+ vs 
anti-OmpC- in complicated CD was 
36% vs 12%, p = 0.006

Anti-glycan 
antibodies
(AMA) [29]

Germany Cohort – – – OR for complicated CD (stricturing/
fistulizing) were
ASCA: 3.5 (95% CI, 1.9–6.4)
AMCA: 2.4 (95% CI, 1.2–4.8)
ALCA: 2.3 (95% CI, 1.1–4.8)

AMA [57] Ireland Cohort – – – % age of involvement distinguishing 
inflammatory CD vs complicated CD 
(stricturing and fistulizing CD) 
differed using anti-OmpC, ASCA IgA, 
and anti-CBir on univariate analysis 
(p < 0.05)

Anti-glycan 
antibodies 
[37]

Canada Cohort – – – ASCA IgG positivity was predictive of 
complicated CD (stricturing/
penetrating) (OR = 3.01; 95% CI, 
1.28–7.09; P = 0.01)
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7.4.2	 �Association Biomarkers

Biomarkers used for association include genetic 
markers and antimicrobial antibodies. Genetic 
biomarkers associated with fibrostenosing CD 
include variations in matrix metalloproteinase-3 
(MMP-3) genes, i.e., 5T5T genotype at MMP-3 
SNP-1613 5 T/6 T, which significantly increases 

the risk of stenotic complications in CD during 
follow-up (91.2% vs 71.8%) [32]. In another 
study, the presence of at least one of three NOD 2 
SNPs was significantly associated with develop-
ment of stricturing disease (40% vs 33%) [33]. 
Other SNPs significantly associated with devel-
opment of stricturing disease include rs1363670 
G-allele (69% vs 35%) [33]. Genetic markers 

Table 7.1  (continued)

Biomarker 
(type)

Country 
of origin

Study 
characteristics Sensitivity Specificity

Accuracy 
(ROC) Additional comments

Anti-glycan 
antibodies
(AMA) [26]

USA Meta-analysis – – – Pooled diagnostic OR to detect 
complications (fistulizing and 
stricturing CD) for ASCA and ACCA 
were 2.8 (95% CI: 2.1, 3.8) and 2.5 
(1.9, 3.2), respectively, when analyzed 
individually or a combination of >2 
anti-glycan antibodies pooled 
diagnostic OR was 2.8 (2.2, 3.7)

YKL-40 
(AMA) [48]

Turkey Cohort – – – Mean YKL-40 levels in FSCD vs 
non-FSCD (167.50 ± 119.30 ng/mL vs 
80.12 ± 56.38 ng/mL (P = 0.003))

N-terminal 
propeptide of 
type III 
collagen 
(ECM) [42]

Italy Case series – – – Serum N-terminal propeptide of type 
III collagen before surgical resection 
vs after surgical resection, (5.0 ± 1.8 
vs 2.7 ± 0.7 microg/l (p = 0.0001))

Basic-FGF
(growth 
factor-
cytokine) [46]

USA Cohort – – – Mean FGF levels between non-FSCD, 
FSCD, and fistulizing CD were 13.18 
± 1.85, 11.94 ± 2.93, and 11.96 pg/ml 
± 2.64, p = 0.91

Basic-FGF 
[47]

Italy Cohort – – – Significant difference between serum 
b-FGF and bowel wall thickness 
FS-CD when compared to other 
phenotypes

Fibronectin
(ECM) [43]

Denmark Cohort 16%a 83%a – Significant drop of mean fibronectin 
after surgery

Peripheral 
fibrocytes 
[50]

Japan Prospective – – – Surgical specimens showed increased 
fibrocyte/total leukocyte % age in 
inflammatory lesions (22.2%) vs 
non-affected areas of the intestine 
(2.5%) and fibrotic areas (p < 0.001). 
Percentage of circulating CD45+ 
collagen I+ fibrocytes/total leukocytes 
were higher in patients with Crohn’s 
disease (3.5%) than in healthy controls 
(1.5%)

Abbreviations: ALCA anti-laminaribioside, AMA antimicrobial antibodies, AMCA anti-mannobioside, ATG autophagy 
protein, ASCA anti-Saccharomyces cerevisiae IgG, CD cluster of differentiation, CLCA calcium-activated chloride 
channel, ECM extracellular matrix, FGF fibroblast growth factor, FSCD fibrostenosing CD, HR hazard ratio, JAK Janus 
kinase, MAGI membrane-associated guanylate kinase, MMP matrix metalloproteinases, NOD nitric oxide dismutase, 
miRNA micro-RNA, TIMP tissue inhibitor of metalloproteinases, RR risk ratio, USA United States of America
aTo detect FSCD prior to or after surgery (normal plasma fibronectin being 206–379 mg/L)
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such as NOD2 mutations, JAK2, or ATG16L1 
polymorphisms were associated with stenotic CD 
as derived from a large European GWAS study 
called the IBD chip study showing a hazard ratio 
of 1.42 [34]. In this study, the association between 
stenosis and genetic scores created using signifi-
cant single nucleotide polymorphisms (SNPs) in 
a univariate analysis demonstrated a HR for ste-
nosis of 1.29 using a combination of NOD2, 
JAK2, and ATG16L1 among patients with low 
and high score [34].

The IBD-5, disks large homologue 5 (DLG5), 
autophagy-related protein (ATG16L1), and IL-23 
receptor (IL23R) were associated with CD and 
UC and their complications in a large Dutch-
Belgian cohort; however, no clear association 
with fibrostenosing CD was identified [35]. In a 
meta-analysis of two studies, the pooled diagnos-
tic odds ratio (DOR) to assess association with 
complications (fistulizing and stricturing CD) 
was calculated to be highest with ACCA and 
ASCA at 2.8 (95% CI: 2.1, 3.8) and 2.5 (1.9, 3.2), 
respectively, when analyzed for individual anti-
bodies or 2.8 (2.2, 3.7) when using a combination 
of >2 anti-glycan antibodies [26]. More recent 
studies since the publication of this meta-analysis 
continue to suggest association with complicated 
disease phenotype with the highest association 
using AMCA and ASCA antibodies [36, 37].

7.4.3	 �Diagnostic Biomarkers

Biomarkers include a combination of genetic 
biomarkers, micro-RNAs, ECM molecules, 
fibroblast growth factors, and circulating 
fibroblasts.

miRNAs are RNA molecules that inhibit 
posttranscriptional expression of genes. Serum 
miR-200b was noted to be elevated, and serum 
miR-29a was noted to be decreased in ten 
fibrostenotic CD subjects compared to inflam-
matory CD [38]. Mucosal biopsy samples also 
demonstrate decreased expression of miR-
29 in strictured versus nonstrictured segments 
of the bowel which mirrored decreased serum 
expression of miR-29 [39]. Similarly serum 
miRNA-19 was diminished in stricturing CD 

yielding a AUC = 0.67 to detect stricturing CD 
phenotype [40].

ECM biomarkers include inhibitors of metal-
loproteinases (TIMPs) in intestinal resection 
samples, propeptides of collagen in serum, and 
serum fibronectin. These markers are noted to be 
elevated in the serum of patients in stricturing 
CD; however, these studies failed to establish 
any measure of sensitivity, specificity, or accu-
racy due to lack of reliable cutoff values [41–43]. 
Contradictory findings were noted for the marker 
serum propeptide of collagen III which was 
noted to be elevated in fibrostenosing CD prior 
to intestinal resection followed by a drop after 
surgery when compared to controls, while 
another study showed no correlation to disease 
phenotype or activity [42, 44]. Other ECM mark-
ers that were analyzed include MMP-induced 
changes in vimentin (VICM), MMP-induced 
changes of biglycan molecules (BGM) that 
cross-link collagen, neutrophil elastase (EL-
NE), MMP-mediated type V collagen degrada-
tion (C5M), and type V collagen propeptide 
(Pro-C5) [45]. Although this study showed high 
AUC (>0.8) using such biomarkers to differenti-
ate IBD from IBS and UC from CD, this study 
failed to diagnose fibrostenosing CD as a disease 
phenotype [45].

Growth factors promoting fibroblast expan-
sion and activation, including basic fibroblast 
growth factor (b-FGF), have been demonstrated 
to be elevated in serum and biopsy specimens of 
surgically resected bowels of subjects with 
stricturing CD when compared to healthy con-
trols. The Pearson correlation between b-FGF 
and disease activity was statistically significant 
at 0.53 [46]. These findings were also correlated 
in vivo showing an association between serum 
b-FGF levels and bowel wall thickness as mea-
sured on doppler studies [47]. Another growth 
factor of endothelial cells and fibroblasts called 
YKL-40 has been demonstrated to be elevated 
in the serum of fibrostenosing CD subjects com-
pared to controls in one study which was contra-
dicted in another study [48, 49]. Although 
sensitivity and specificity could not be estab-
lished, there was significant correlation between 
YKL-40 levels and clinical disease activity 
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(r = 0.681) and the presence of intestinal stric-
tures (r = 0.457) [48].

Circulating fibrocytes have been tested as bio-
markers in other fibrotic diseases, and examina-
tion of this phenomenon in CD yielded 
significantly higher ratios of the percentage of 
CD45+Col+/leukocytes, ICAM+ fibrocyte/leuko-
cyte, and CXCR+ fibrocyte/leukocyte ratios in 
CD, and these fibrocytes were shown to produce 
higher amounts of collagen I after stimulation by 
lipopolysaccharides in vitro [50].

The lack of predictive and diagnostic accuracy 
and consistency between studies precludes the 
use of these biomarkers for predicting or diag-
nosing fibrostenotic CD [28]. This has also lim-
ited the use of these biomarkers as end points to 
assess outcomes in fibrostenosing CD in clinical 
trials [28].

These biomarkers are elaborated further in 
Table 7.1.

7.5	 �Diagnostic Evaluation

Histopathologic analysis of surgical resection 
specimens indicates stenotic CD is associated 
with inflammation and fibrosis and rarely are 
they exclusive of each other [58]. Identifying and 
distinguishing inflammation and fibrosis has 
implications for management [35]. Endoscopy 
with biopsies is limited in detecting deeper intra-
mural inflammation or fibrosis and cannot assist 
in their differentiation. Cross-sectional imaging 
allows for the detection and characterization of 
mural and extramural complications and is 
encouraged at first presentation of intestinal ste-
nosis [35, 59].

7.5.1	 �Imaging

Common imaging techniques used include CT 
enterography (CTe), MR enterography (MRe), 
and ultrasound (US). Stenosis is usually defined 
as a thickening of the bowel wall with a narrow-
ing of the small bowel lumen with pre-stenotic 
dilation [60]. The pooled sensitivity and specific-
ity of US for detecting small and large bowel ste-

nosis ranged from 75% to 100% and 90% to 
93%, respectively [61–63]. The sensitivity for 
ileal stenosis was 86% and was 58% for colonic 
stenosis in one study, indicating that certain loca-
tions of strictures may represent a limitation of 
this method [62]. High-resolution US showed a 
sensitivity and specificity for detecting stenotic 
CD of 86% and 90% when correlated to clinical 
symptoms and surgical findings [64]. US imag-
ing is radiation-free and is useful to visualize the 
terminal ileum and colon as well as for therapeu-
tic interventions including abscess drainage [59]. 
Some limitations include inadequate visualiza-
tion due to gas-filled bowel loops and large body 
habitus. High-frequency (5–17 MHz) linear array 
probes help with better visualization of wall 
thickness and wall layer discrimination [65]. 
Delineation between fibrosis and inflammation in 
stenotic lesions remains a challenge although 
contrast-enhanced US (CE-US) may offer some 
advantages wherein microbubble contrast agents 
are injected intravenously prior to US imaging 
[66]. However, these techniques have not 
achieved clinical applicability in the delineation 
of fibrosis and inflammation in IBD strictures.

CTe enables the detection of stenotic lesions, 
pre-stenotic dilation, fistulae, and abscesses with 
high accuracy. CTe is able to detect small bowel 
stenosis with a sensitivity and specificity of 85% 
and 100%, respectively [67]. Data on colonic ste-
nosis is limited. However, CTe may lead to sig-
nificant cumulative exposure to radiation more so 
in young patients with childbearing potential and 
the risk of occurrence of radiation-induced can-
cers [68]. Enteroclysis which entails fluoroscopic 
or endoscopic placement of an enteroclysis tube 
into the duodenum distal to the ligament of Treitz 
with infusion of contrast media may be used to 
image jejunal anatomy better due to limited dis-
tension proximal to mid-ileum on CTe [69].

Sensitivity and specificity of MRI in detecting 
stenotic lesions ranged from 82% to 100%, 
respectively [63]. The inherent advantages of 
MRe include lack of radiation exposure and 
multi-planar and cine imaging with high contrast 
enhancement, while increased costs are a major 
limitation. In addition, MRI may help grade 
inflammation based on certain characteristics 

7  Fibrosis and Stricturing Disease in Crohn’s Disease



80

including hyperintensity on T2, mucosal 
enhancement, ulcerations, and blurring of mar-
gins [70]. In this same study, fibrosis correlated 
with the percentage of enhancement gain 
(enabling the discrimination between mild-
moderate and severe fibrosis), the pattern of 
enhancement at 7  minutes, and the presence of 
stenosis [70]. Although not available yet for clini-
cal use in humans, magnetic transfer (MT) may 
be used for distinguishing stiffer tissue including 
muscle and fibrotic tissue from inflammation as 
shown in some animal studies [71].

Taken together the accuracy of cross-sectional 
imaging for the detection of stenosis is high, but 
none of the currently available techniques has 
been validated to distinguish inflammation from 
fibrosis.

7.6	 �Management: Monitoring 
and Therapeutics

We describe the clinical management of fibro-
stenosing CD as recommended by the European 
Crohn’s and Colitis Organisation [ECCO] [72]. 
A multidisciplinary approach is suggested in 
the management of fibrostenotic CD including 
a collaborative effort from gastroenterologists, 
colorectal surgeons, radiologists, and patholo-
gists. A brief overview is illustrated in Fig. 7.1. 
Management of fibrostenosing CD can be 
broadly categorized into medical management 
(anti-inflammatories), endoscopic manage-
ment, surgical management, and often an over-
lap between medical and surgical 
co-management.

Clinical signs and symptoms of obstruction

Cross sectional imaging to assess inflammatory 
components of stricture

Inflammation
Trial of anti-inflammatory medications 
and assess for resolution of symptoms

Characterization of stricture using length, 
location, angulation and features including 
phlegmon, fistulae, abscess, malignancy

Stricture <5 cm length, 
within reach of endoscopy, 

non angulated with no 
phlegmon, fistulae, abscess, 

malignancy

Stricture > 5 cm, within reach 
of stricture, non angulated 
with no phlegmon, fistulae, 

abscess, malignancy

Naïve ileo-cecal stricture, >5 
cm, EBD technically not 
feasible or associated 

phlegmon, fistulae, abscess, 
malignancy

Yes

No
Continue maintenance 

therapy
Plan for endoscopic or
surgical intervention

YesNo

Endoscopic balloon dilation 
(EBD) and consider anti-
inflammatory treatment 

thereafter
Strictureplasty Surgery

Fig. 7.1  Management of fibrostenosing Crohn’s disease
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7.7	 �Medical Management

An acute intestinal obstruction should be man-
aged with appropriate cross-sectional imaging, 
bowel rest, nasogastric decompression, intrave-
nous hydration, and electrolyte replenishment 
guided by laboratory data. Signs of peritonitis 
should warrant a surgical evaluation [35].

Since most strictures have fibrotic and inflam-
matory components, steroids and biologics help 
relieve obstruction by decreasing inflammation 
in an acute and subacute setting after bowel rest 
[73]. However, current therapies lack efficacy in 
reversing fibrosis, making endoscopic balloon 
dilation (EBD) with through the scope (TTS) bal-
loons, and surgical management necessary.

7.8	 �Endoscopic Balloon Dilation 
(EBD)

EBD may be feasible for short segment strictures 
(<5 cm) within reach of a traditional colonoscopy 
or upper GI endoscopy, including terminal ileal 
and anastomotic strictures, upper GI strictures, 
and small intestinal strictures, respectively. 
Successful dilation with a technical efficacy of 
89% and clinical efficacy of 81% has been quoted 
in a pooled analysis with a complication rate of 
2.8% [74]. EBD and strictureplasty are contrain-
dicated in the presence of an abscess, phlegmon, 
fistula, high-grade dysplasia, or malignancy [72]. 
Serial EBD of recurrent strictures is an effica-
cious approach, and a decision about surgical 
approach versus serial dilation may be made on 
technical feasibility, symptom-free interval, and 
patient preferences [35]. Other approaches 
including intralesional steroids, anti-TNFs, and 
stents are not currently recommended by the 
ECCO consensus [35].

7.9	 �Surgery

Surgical intervention including surgical resection 
and/or strictureplasty should be the preferred 
option for longer strictures (>5  cm). 
Fibrostenosing jejunal and ileal disease can be 

managed by “conventional” or side-to-side 
[Heineke-Mikulicz and Finney] and “nonconven-
tional” strictureplasties. Nonconventional meth-
ods are used in patients who have multiple 
strictures in close proximity with the short gut 
from prior surgeries [75].

Short strictures defined as <10  cm are best 
treated with the Heineke-Mikulicz technique, 
and longer strictures (10–25 cm) are treated with 
Finney’s strictureplasty. A meta-analysis com-
paring conventional and nonconventional stric-
tureplasties showed no difference in the rates of 
complications between the two techniques [76]. 
Laparoscopic surgery for fibrostenotic CD is 
increasingly common in experienced centers to 
enable superior recovery, better cosmesis, less 
adhesions and incisional hernias, and similar sur-
gical recurrence rates [77].

7.10	 �Future Therapies

While no specific anti-fibrotic therapy is avail-
able for fibrostenosing CD, this approach would 
be highly desirable given the potential to prevent 
or treat strictures without the need for endoscopic 
or surgical intervention. Potential targets include 
the blockade or administration of cytokines 
including TGF-β, TNF-α, IL-13, and IFN-Ɣ and/
or effector pathways to these cytokines as derived 
from other fibrotic diseases [78–81].

TGF-β plays a central role in fibrogenesis 
through its TGF-β effector pathways which are 
often classified as canonical pathways (SMAD 
pathways) and noncanonical pathways (phos-
phoinositide 3-kinase (PI3K), PAK22-abl, the 
mechanistic target of rapamycin (Akt-mTOR), 
cellular Abelson non-receptor kinase (c-Abl-
protein kinase C-δ/c-Abl-PKC-δ), and c-Jun 
N-terminal kinase (JNK)) [81]. In addition, 
TGF-β increases inhibitors of MMPs and 
decreases matric metalloproteinases.

Targets used for anti-TGF-β therapy include 
using neutralizing antibodies to TGF-β receptors 
(metelimumab, CAT-152, LY238770), peptide 
inhibitors to TGF-β1, 3 (P144), ligand traps to 
TGF-β (sTβRII), or blocking the production of 
TGF-β (pirfenidone). These therapies have been 
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used predominantly in systemic sclerosis, pre-
vention of fibrosis after trabeculectomy, diabetic 
nephropathy, and idiopathic pulmonary fibrosis 
and are in phase 2 and 3 clinical trials as described 
in Table  7.2. Other therapeutic interventions 
include blocking canonical pathways that are 
expressed downstream of TGF-β receptors (Wnt 
pathway, ALK5/SMAD pathway, SMAD3) and 

noncanonical pathways (c-Abl, sarcoma tyrosine 
kinase inhibitor, rho-associated kinases (ROCK), 
protein kinase (PKC-δ)) [80, 81]. Of these, c-Abl 
inhibitors (imatinib) or ROCK inhibitors (fasudil) 
are in clinical trials for treatment of bone marrow 
fibrosis in CML and diabetic retinopathy 
(Table 7.2).

Table 7.2  Anti-fibrotic therapies in phase 2 and phase 3 clinical trials for fibrotic conditions

Potential drug Mechanism of drug action
Clinical 
trial Disease applicability Ref

Drugs targeting TGF-β and its effector pathways
CAT-192
(metelimumab)

Monoclonal antibody to 
TGF-β1

Phase 1, 2 Systemic sclerosis [85]

CAT-152 Antibody to TGF-β2 Phase 3 Fibrosis after trabeculectomy [86]
LY238770 Antibody to TGF-β1 Phase 2 Diabetic nephropathy,

CKD (NCT01113801: trail terminated due to lack 
of efficacy)

Avotermin Recombinant hTGF-β3 Phase 2 Surgical scars
(NCT00432211/NCT00656227: trials unfinished)

P144 Peptide inhibitor to
TGF-β1, 3

Phase 2 Systemic sclerosis
(NCT00574613: results pending)

Pirfenidone Blocks production of TGF-β Phase 3 IPF [87]
IFN-gamma Inhibition of TGF-β through 

SMAD3 pathway
Phase 3 SSc-IPF [88]

Imatinib c-Abl
(noncanonical pathway)

Phase 2, 3
Phase 3

Bone marrow fibrosis in CML [89]
Sclerotic skin GVH reaction

Losartan Anti-inflammatory (anti TGF-β 
activity?)

Phase 2, 4 IPF (NCT00879879: results available, publication 
pending)
Liver fibrosis (NCT01051219: results pending) [90]
HIV fibrosis (NCT01529749: results pending)

Fasudil Inhibition of ROCK
(noncanonical TGF-β pathway)

Phase 3 CAD [91], vascular modulation in diabetic macular 
degeneration (NCT01823081: results available, 
publication pending), Raynaud’s (NCT00498615: 
results available, publication pending)

CC-930 JNK inhibitor
(noncanonical TGF-β pathway)

IPF, DLE (NCT01203943, NCT01466725: both 
studies terminated due to risk profile)

Other cytokine targets
Tocilizumab (anti-IL-6) Phase 2 Systemic sclerosis [92]
Humanized 
IL-13 antibody 
(lebrikizumab)

Monoclonal antibody to IL-13 
which inhibits activation of 
fibroblasts

Phase 2 IPF (NCT01629667: terminated due to lack of 
efficacy)
Asthma [84]

Miscellaneous mechanisms
D-penicillamine Prevention of collagen 

cross-linking by copper 
containing lysyl oxidase 
enzyme leading to decreased 
ECM stiffness

Phase 3 Scleroderma [93]

Abbreviations: Abl Abelsen, IL interleukin, JNK c-Jun N-terminal kinase, JAK Janus kinase, PKC protein kinase C, 
ROCK rho-associated kinases, TGF transforming growth factor, TNF tumor necrosis factor
NCT numbers are obtained from clinicaltrials.gov
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IL-13 promotes TGF-β activity and decreases 
MMPs [82, 83]. However, monoclonal antibody 
trials were terminated due to lack of efficacy in 
lung fibrosis, but show good efficacy in moderate 
to chronic asthma [84].

TNF-α has pleiotropic effect and is considered 
both anti- and profibrotic [78]. Other relevant 
mechanisms of drugs in phase 2 and 3 clinical 
trials are explained in Table 7.2.

7.11	 �Future Directions

Significant advances have been made in the man-
agement of fibrostenosing IBD, but key questions 
remain. At the pathogenesis stage, these include 
the discovery of mechanisms that cause a switch 
from inflammatory to fibrosing disease and deter-
mination of factors that auto-propagate fibrosis 
despite reduction in mucosal inflammation. 
Major challenges include the need for more rep-
resentative experimental animal models for fibro-
stenosing CD as current approaches may not be 
ideal [94]. Mouse models of intestinal fibrosis 
have been reviewed recently [94–96]. At the clin-
ical level, major challenges that have been identi-
fied include the lack of diagnostic and prognostic 
biomarkers that enable the definition of suitable 
patient populations or depict their response to 
therapy. Future directions should include a con-
certed effort to develop standardized imaging 
scores. These biomarkers and imaging scores 
may lead to measurable outcomes in clinical tri-
als with new drug therapies. In the therapeutic 
realm, limiting systemic toxicity from anti-
fibrotic treatment in CD will remain an essential 
milestone, considering the localized and patchy 
distribution of fibrostenotic CD and its associa-
tion with internal penetrating disease. Several 
initiatives are currently ongoing making the test-
ing of specific anti-fibrotics in IBD in the near 
future a realistic prediction.

References

	 1.	Silverberg MS, Satsangi J, Ahmad T, Arnott ID, 
Bernstein CN, Brant SR, 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):5A–36A.

	 2.	Oberhuber G, Stangl PC, Vogelsang H, Schober E, 
Herbst F, Gasche C. Significant association of stric-
tures and internal fistula formation in Crohn’s disease. 
Virchows Arch. 2000;437(3):293–7.

	 3.	Fukumoto A, Tanaka S, Yamamoto H, Yao T, Matsui T, 
Iida M, et al. Diagnosis and treatment of small-bowel 
stricture by double balloon endoscopy. Gastrointest 
Endosc. 2007;66(3 Suppl):S108–12.

	 4.	Freeman HJ. Natural history and clinical behavior of 
Crohn’s disease extending beyond two decades. J Clin 
Gastroenterol. 2003;37(3):216–9.

	 5.	Aljebreen AM, Alharbi OR, Azzam NA, Almalki AS, 
Alswat KA, Almadi MA. Clinical epidemiology and 
phenotypic characteristics of Crohn’s disease in the 
central region of Saudi Arabia. Saudi J Gastroenterol. 
2014;20(3):162–9.

	 6.	Cosnes J, Cattan S, Blain A, Beaugerie L, Carbonnel 
F, Parc R, et  al. Long-term evolution of disease 
behavior of Crohn’s disease. Inflamm Bowel Dis. 
2002;8(4):244–50.

	 7.	Niewiadomski O, Studd C, Hair C, Wilson J, Ding 
NS, Heerasing N, et al. Prospective population-based 
cohort of inflammatory bowel disease in the biologics 

Summary Points
•	 The incidence of fibrostenotic Crohn’s 

disease and need for surgery have not 

changed significantly despite increased 
use and availability of anti-inflammatory 
agents.

•	 Accurate and reproducible biomarkers 
to diagnose, predict, and prognosticate 
fibrostenotic CD are lacking, which is 
true for clinical practice and clinical 
trials.

•	 Management of fibrostenotic CD 
involves a multidisciplinary approach 
and includes medical, surgical, and 
endoscopic management.

•	 There are multiple candidate pathways 
to block the fibrogenic process.

•	 Anti-fibrotic treatments for other organs 
are currently in preclinical or early clini-
cal trial phases bringing an anti-fibrotic 
therapy in IBD within reach.

7  Fibrosis and Stricturing Disease in Crohn’s Disease



84

era: disease course and predictors of severity. J 
Gastroenterol Hepatol. 2015;30(9):1346–53.

	 8.	Sato Y, Matsui T, Yano Y, Tsurumi K, Okado Y, 
Matsushima Y, et  al. Long-term course of Crohn’s 
disease in Japan: incidence of complications, cumu-
lative rate of initial surgery, and risk factors at diag-
nosis for initial surgery. J Gastroenterol Hepatol. 
2015;30(12):1713–9.

	 9.	Sjoberg D, Holmstrom T, Larsson M, Nielsen AL, 
Holmquist L, Ekbom A, et  al. Incidence and clini-
cal course of Crohn’s disease during the first year  - 
results from the IBD Cohort of the Uppsala Region 
(ICURE) of Sweden 2005–2009. J Crohns Colitis. 
2014;8(3):215–22.

	10.	Wu F, Chakravarti S.  Differential expression of 
inflammatory and fibrogenic genes and their regula-
tion by NF-kappaB inhibition in a mouse model of 
chronic colitis. J Immunol. 2007;179(10):6988–7000.

	11.	Louis E, Collard A, Oger AF, Degroote E, El Yafi FAN, 
Belaiche J. Behaviour of Crohn’s disease according to 
the Vienna classification: changing pattern over the 
course of the disease. Gut. 2001;49(6):777–82.

	12.	Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister 
AR, Loftus EV Jr. Risk factors associated with pro-
gression to intestinal complications of Crohn’s dis-
ease in a population-based cohort. Gastroenterology. 
2010;139(4):1147–55.

	13.	Jeuring SF, van den Heuvel TR, Liu LY, Zeegers 
MP, Hameeteman WH, Romberg-Camps MJ, et  al. 
Improvements in the long-term outcome of Crohn’s 
disease over the past two decades and the relation 
to changes in medical management: results from the 
population-based IBDSL cohort. Am J Gastroenterol. 
2017;112(2):325–36.

	14.	Urlep D, Trop TK, Blagus R, Orel R. Incidence and 
phenotypic characteristics of pediatric IBD in north-
eastern Slovenia, 2002–2010. J Pediatr Gastroenterol 
Nutr. 2014;58(3):325–32.

	15.	Gerich ME, McGovern DP.  Towards personal-
ized care in IBD.  Nat Rev Gastroenterol Hepatol. 
2014;11(5):287–99.

	16.	Kingsley MJ, Abreu MT. A personalized approach to 
managing inflammatory bowel disease. Gastroenterol 
Hepatol (N Y). 2016;12(5):308–15.

	17.	Rieder F, Fiocchi C, Rogler G.  Mechanisms, man-
agement, and treatment of fibrosis in patients with 
inflammatory bowel diseases. Gastroenterology. 
2017;152(2):340–50 e6.

	18.	Rieder F, Fiocchi C.  Intestinal fibrosis in IBD--a 
dynamic, multifactorial process. Nat Rev 
Gastroenterol Hepatol. 2009;6(4):228–35.

	19.	Dong J, Ma Q. TIMP1 promotes multi-walled carbon 
nanotube-induced lung fibrosis by stimulating fibro-
blast activation and proliferation. Nanotoxicology. 
2017;11(1):41–51.

	20.	 Ikenaga N, Liu SB, Sverdlov DY, Yoshida S, Nasser 
I, Ke Q, et al. A new Mdr2(-/-) mouse model of scle-
rosing cholangitis with rapid fibrosis progression, 
early-onset portal hypertension, and liver cancer. Am 
J Pathol. 2015;185(2):325–34.

	21.	Vasavada BB, Chan CL. Rapid fibrosis and signifi-
cant histologic recurrence of hepatitis C after liver 
transplant is associated with higher tumor recur-
rence rates in hepatocellular carcinomas associated 
with hepatitis C virus-related liver disease: a single 
center retrospective analysis. Exp Clin Transplant. 
2015;13(1):46–50.

	22.	Beaugerie L, Seksik P, Nion-Larmurier I, Gendre 
JP, Cosnes J.  Predictors of Crohn’s disease. 
Gastroenterology. 2006;130(3):650–6.

	23.	Louis E, Michel V, Hugot JP, Reenaers C, Fontaine 
F, Delforge M, et  al. Early development of strictur-
ing or penetrating pattern in Crohn’s disease is influ-
enced by disease location, number of flares, and 
smoking but not by NOD2/CARD15 genotype. Gut. 
2003;52(4):552–7.

	24.	Lichtenstein GR, Olson A, Travers S, Diamond 
RH, Chen DM, Pritchard ML, et  al. Factors associ-
ated with the development of intestinal strictures or 
obstructions in patients with Crohn’s disease. Am J 
Gastroenterol. 2006;101(5):1030–8.

	25.	Economou M, Trikalinos TA, Loizou KT, Tsianos 
EV, Ioannidis JP. Differential effects of NOD2 vari-
ants on Crohn’s disease risk and phenotype in diverse 
populations: a metaanalysis. Am J Gastroenterol. 
2004;99(12):2393–404.

	26.	Kaul A, Hutfless S, Liu L, Bayless TM, Marohn MR, 
Li X.  Serum anti-glycan antibody biomarkers for 
inflammatory bowel disease diagnosis and progres-
sion: a systematic review and meta-analysis. Inflamm 
Bowel Dis. 2012;18(10):1872–84.

	27.	Dubinsky MC, Lin YC, Dutridge D, Picornell Y, 
Landers CJ, Farrior S, et al. Serum immune responses 
predict rapid disease progression among children with 
Crohn's disease: immune responses predict disease 
progression. Am J Gastroenterol. 2006;101(2):360–7.

	28.	Giuffrida P, Pinzani M, Corazza GR, Di Sabatino 
A.  Biomarkers of intestinal fibrosis  - one step 
towards clinical trials for stricturing inflammatory 
bowel disease. United European Gastroenterol J. 
2016;4(4):523–30.

	29.	Rieder F, Schleder S, Wolf A, Dirmeier A, Strauch U, 
Obermeier F, et al. Association of the novel serologic 
anti-glycan antibodies anti-laminarin and anti-chitin 
with complicated Crohn’s disease behavior. Inflamm 
Bowel Dis. 2010;16(2):263–74.

	30.	Dotan I, Fishman S, Dgani Y, Schwartz M, Karban A, 
Lerner A, et al. Antibodies against laminaribioside and 
chitobioside are novel serologic markers in Crohn’s 
disease. Gastroenterology. 2006;131(2):366–78.

	31.	Ferrante M, Henckaerts L, Joossens M, Pierik 
M, Joossens S, Dotan N, et  al. New serological 
markers in inflammatory bowel disease are asso-
ciated with complicated disease behaviour. Gut. 
2007;56(10):1394–403.

	32.	Meijer MJ, Mieremet-Ooms MA, van Hogezand 
RA, Lamers CB, Hommes DW, Verspaget HW. Role 
of matrix metalloproteinase, tissue inhibitor of 
metalloproteinase and tumor necrosis factor-
alpha single nucleotide gene polymorphisms in 

S. V. Kurada and F. Rieder



85

inflammatory bowel disease. World J Gastroenterol. 
2007;13(21):2960–6.

	33.	Henckaerts L, Van Steen K, Verstreken I, Cleynen I, 
Franke A, Schreiber S, et  al. Genetic risk profiling 
and prediction of disease course in Crohn’s disease 
patients. Clin Gastroenterol Hepatol. 2009;7(9):972–
80 e2.

	34.	Cleynen I, Gonzalez JR, Figueroa C, Franke A, 
McGovern D, Bortlik M, et  al. Genetic factors 
conferring an increased susceptibility to develop 
Crohn’s disease also influence disease phenotype: 
results from the IBDchip European Project. Gut. 
2013;62(11):1556–65.

	35.	Rieder F, de Bruyn JR, Pham BT, Katsanos K, Annese 
V, Higgins PD, et  al. Results of the 4th scientific 
workshop of the ECCO (Group II): markers of intes-
tinal fibrosis in inflammatory bowel disease. J Crohns 
Colitis. 2014;8(10):1166–78.

	36.	Paul S, Boschetti G, Rinaudo-Gaujous M, Moreau A, 
Del Tedesco E, Bonneau J, et al. Association of anti-
glycan antibodies and inflammatory bowel disease 
course. J Crohns Colitis. 2015;9(6):445–51.

	37.	Ryan JD, Silverberg MS, Xu W, Graff LA, Targownik 
LE, Walker JR, et  al. Predicting complicated 
Crohn’s disease and surgery: phenotypes, genet-
ics, serology and psychological characteristics of a 
population-based cohort. Aliment Pharmacol Ther. 
2013;38(3):274–83.

	38.	Lewis A, Nijhuis A, Mehta S, Kumagai T, Feakins R, 
Lindsay JO, et  al. Intestinal fibrosis in Crohn’s dis-
ease: role of microRNAs as fibrogenic modulators, 
serum biomarkers, and therapeutic targets. Inflamm 
Bowel Dis. 2015;21(5):1141–50.

	39.	Nijhuis A, Biancheri P, Lewis A, Bishop CL, Giuffrida 
P, Chan C, et al. In Crohn’s disease fibrosis-reduced 
expression of the miR-29 family enhances collagen 
expression in intestinal fibroblasts. Clin Sci (Lond). 
2014;127(5):341–50.

	40.	Lewis A, Mehta S, Hanna LN, Rogalski LA, Jeffery R, 
Nijhuis A, et al. Low serum levels of MicroRNA-19 
are associated with a stricturing Crohn’s disease phe-
notype. Inflamm Bowel Dis. 2015;21(8):1926–34.

	41.	Di Sabatino A, Jackson CL, Pickard KM, Buckley M, 
Rovedatti L, Leakey NA, et al. Transforming growth 
factor beta signalling and matrix metalloproteinases 
in the mucosa overlying Crohn’s disease strictures. 
Gut. 2009;58(6):777–89.

	42.	De Simone M, Ciulla MM, Cioffi U, Poggi L, Oreggia 
B, Paliotti R, et  al. Effects of surgery on peripheral 
N-terminal propeptide of type III procollagen in 
patients with Crohn’s disease. J Gastrointest Surg. 
2007;11(10):1361–4.

	43.	Verspaget HW, Biemond I, Allaart CF, van Weede 
H, Weterman IT, Gooszen HG, et  al. Assessment 
of plasma fibronectin in Crohn’s disease. 
Hepatogastroenterology. 1991;38(3):231–4.

	44.	Kjeldsen J, Schaffalitzky de Muckadell OB, Junker 
P.  Seromarkers of collagen I and III metabolism in 
active Crohn’s disease. Relation to disease activity 
and response to therapy. Gut. 1995;37(6):805–10.

	45.	Mortensen JH, Manon-Jensen T, Jensen MD, 
Hagglund P, Klinge LG, Kjeldsen J, et al. Ulcerative 
colitis, Crohn’s disease, and irritable bowel syndrome 
have different profiles of extracellular matrix turn-
over, which also reflects disease activity in Crohn’s 
disease. PLoS One. 2017;12(10):e0185855.

	46.	Bousvaros A, Zurakowski D, Fishman SJ, Keough K, 
Law T, Sun C, et  al. Serum basic fibroblast growth 
factor in pediatric Crohn’s disease. Implications for 
wound healing. Dig Dis Sci. 1997;42(2):378–86.

	47.	Di Sabatino A, Ciccocioppo R, Armellini E, Morera 
R, Ricevuti L, Cazzola P, et  al. Serum bFGF and 
VEGF correlate respectively with bowel wall thick-
ness and intramural blood flow in Crohn’s disease. 
Inflamm Bowel Dis. 2004;10(5):573–7.

	48.	Erzin Y, Uzun H, Karatas A, Celik AF. Serum YKL-40 
as a marker of disease activity and stricture forma-
tion in patients with Crohn’s disease. J Gastroenterol 
Hepatol. 2008;23(8 Pt 2):e357–62.

	49.	Koutroubakis IE, Petinaki E, Dimoulios P, Vardas 
E, Roussomoustakaki M, Maniatis AN, et  al. 
Increased serum levels of YKL-40  in patients with 
inflammatory bowel disease. Int J Colorectal Dis. 
2003;18(3):254–9.

	50.	Sazuka S, Katsuno T, Nakagawa T, Saito M, Saito K, 
Maruoka D, et al. Fibrocytes are involved in inflam-
mation as well as fibrosis in the pathogenesis of 
Crohn’s disease. Dig Dis Sci. 2014;59(4):760–8.

	51.	Fowler EV, Doecke J, Simms LA, Zhao ZZ, Webb 
PM, Hayward NK, et  al. ATG16L1 T300A shows 
strong associations with disease subgroups in a large 
Australian IBD population: further support for sig-
nificant disease heterogeneity. Am J Gastroenterol. 
2008;103(10):2519–26.

	52.	Adler J, Rangwalla SC, Dwamena BA, Higgins 
PD. The prognostic power of the NOD2 genotype for 
complicated Crohn’s disease: a meta-analysis. Am J 
Gastroenterol. 2011;106(4):699–712.

	53.	Sabate JM, Ameziane N, Lamoril J, Jouet P, Farmachidi 
JP, Soule JC, et al. The V249I polymorphism of the 
CX3CR1 gene is associated with fibrostenotic dis-
ease behavior in patients with Crohn’s disease. Eur J 
Gastroenterol Hepatol. 2008;20(8):748–55.

	54.	Meijer MJ, Mieremet-Ooms MA, van der Zon AM, 
van Duijn W, van Hogezand RA, Sier CF, et  al. 
Increased mucosal matrix metalloproteinase-1, -2, -3 
and -9 activity in patients with inflammatory bowel 
disease and the relation with Crohn’s disease pheno-
type. Dig Liver Dis. 2007;39(8):733–9.

	55.	Alonso A, Domenech E, Julia A, Panes J, Garcia-
Sanchez V, Mateu PN, et  al. Identification of 
risk loci for Crohn’s disease phenotypes using a 
genome-wide association study. Gastroenterology. 
2015;148(4):794–805.

	56.	Chen Y, Ge W, Xu L, Qu C, Zhu M, Zhang W, et al. 
miR-200b is involved in intestinal fibrosis of Crohn's 
disease. Int J Mol Med. 2012;29(4):601–6.

	57.	O’Donnell S, O’Sullivan M, O’Morain CA, 
Ryan BM.  The clinical significance of antimicro-
bial serologic responses within an Irish Crohn’s 

7  Fibrosis and Stricturing Disease in Crohn’s Disease



86

disease population. Eur J Gastroenterol Hepatol. 
2013;25(12):1464–9.

	58.	Barkmeier DT, Dillman JR, Al-Hawary M, 
Heider A, Davenport MS, Smith EA, et  al. MR 
enterography-histology comparison in resected 
pediatric small bowel Crohn disease strictures: 
can imaging predict fibrosis? Pediatr Radiol. 
2016;46(4):498–507.

	59.	Panes J, Bouhnik Y, Reinisch W, Stoker J, Taylor SA, 
Baumgart DC, et  al. Imaging techniques for assess-
ment of inflammatory bowel disease: joint ECCO 
and ESGAR evidence-based consensus guidelines. J 
Crohns Colitis. 2013;7(7):556–85.

	60.	Van Assche G, Dignass A, Reinisch W, van der Woude 
CJ, Sturm A, De Vos M, et al. The second European 
evidence-based Consensus on the diagnosis and 
management of Crohn’s disease: special situations. J 
Crohns Colitis. 2010;4(1):63–101.

	61.	Gasche C, Moser G, Turetschek K, Schober E, 
Moeschl P, Oberhuber G.  Transabdominal bowel 
sonography for the detection of intestinal complica-
tions in Crohn’s disease. Gut. 1999;44(1):112–7.

	62.	Maconi G, Bollani S, Bianchi Porro 
G.  Ultrasonographic detection of intestinal com-
plications in Crohn’s disease. Dig Dis Sci. 
1996;41(8):1643–8.

	63.	Panes J, Bouzas R, Chaparro M, Garcia-Sanchez V, 
Gisbert JP, Martinez de Guerenu B, et al. Systematic 
review: the use of ultrasonography, computed 
tomography and magnetic resonance imaging for 
the diagnosis, assessment of activity and abdominal 
complications of Crohn’s disease. Aliment Pharmacol 
Ther. 2011;34(2):125–45.

	64.	Neye H, Ensberg D, Rauh P, Peitz U, Monkemuller 
K, Treiber G, et  al. Impact of high-resolution trans-
abdominal ultrasound in the diagnosis of complica-
tions of Crohn’s disease. Scand J Gastroenterol. 
2010;45(6):690–5.

	65.	Strobel D, Goertz RS, Bernatik T.  Diagnostics in 
inflammatory bowel disease: ultrasound. World J 
Gastroenterol. 2011;17(27):3192–7.

	66.	Quaia E, Gennari AG, van Beek EJR. Differentiation 
of inflammatory from fibrotic ileal strictures among 
patients with Crohn’s disease through analysis of 
time-intensity curves obtained after microbubble 
contrast agent injection. Ultrasound Med Biol. 
2017;43(6):1171–8.

	67.	Solem CA, Loftus EV Jr, Fletcher JG, Baron TH, 
Gostout CJ, Petersen BT, et  al. Small-bowel imag-
ing in Crohn’s disease: a prospective, blinded, 
4-way comparison trial. Gastrointest Endosc. 
2008;68(2):255–66.

	68.	Estay C, Simian D, Lubascher J, Figueroa C, O’Brien 
A, Quera R.  Ionizing radiation exposure in patients 
with inflammatory bowel disease: are we overexpos-
ing our patients? J Dig Dis. 2015;16(2):83–9.

	69.	Minordi LM, Vecchioli A, Mirk P, Bonomo L.  CT 
enterography with polyethylene glycol solution vs 
CT enteroclysis in small bowel disease. Br J Radiol. 
2011;84(998):112–9.

	70.	Rimola J, Planell N, Rodriguez S, Delgado S, Ordas I, 
Ramirez-Morros A, et al. Characterization of inflam-
mation and fibrosis in Crohn’s disease lesions by 
magnetic resonance imaging. Am J Gastroenterol. 
2015;110(3):432–40.

	71.	Dillman JR, Swanson SD, Johnson LA, Moons DS, 
Adler J, Stidham RW, et al. Comparison of noncon-
trast MRI magnetization transfer and T2 -Weighted 
signal intensity ratios for detection of bowel wall 
fibrosis in a Crohn’s disease animal model. J Magn 
Reson Imaging. 2015;42(3):801–10.

	72.	Rieder F, Latella G, Magro F, Yuksel ES, Higgins PD, 
Di Sabatino A, et  al. European Crohn’s and colitis 
organisation topical review on prediction, diagnosis 
and management of fibrostenosing Crohn’s disease. J 
Crohns Colitis. 2016;10(8):873–85.

	73.	Bouhnik Y, Carbonnel F, Laharie D, Stefanescu 
C, Hebuterne X, Abitbol V, et  al. Efficacy of adali-
mumab in patients with Crohn’s disease and 
symptomatic small bowel stricture: a multicentre, 
prospective, observational cohort (CREOLE) study. 
Gut. 2018;67(1):53–60.

	74.	Bettenworth D, Gustavsson A, Atreja A, Lopez R, 
Tysk C, van Assche G, et  al. A pooled analysis of 
efficacy, safety, and long-term outcome of endo-
scopic balloon dilation therapy for patients with 
stricturing Crohn’s disease. Inflamm Bowel Dis. 
2017;23(1):133–42.

	75.	Dignass A, Van Assche G, Lindsay JO, Lemann M, 
Soderholm J, Colombel JF, et al. The second European 
evidence-based consensus on the diagnosis and man-
agement of Crohn’s disease: current management. J 
Crohns Colitis. 2010;4(1):28–62.

	76.	Campbell L, Ambe R, Weaver J, Marcus SM, Cagir 
B.  Comparison of conventional and nonconven-
tional strictureplasties in Crohn’s disease: a system-
atic review and meta-analysis. Dis Colon Rectum. 
2012;55(6):714–26.

	77.	Dasari BV, McKay D, Gardiner K. Laparoscopic ver-
sus open surgery for small bowel Crohn’s disease. 
Cochrane Database Syst Rev. 2011;(1):CD006956.

	78.	Jacob N, Targan SR, Shih DQ.  Cytokine and anti-
cytokine therapies in prevention or treatment of 
fibrosis in IBD.  United European Gastroenterol J. 
2016;4(4):531–40.

	79.	Cohen-Naftaly M, Friedman SL.  Current sta-
tus of novel antifibrotic therapies in patients with 
chronic liver disease. Therap Adv Gastroenterol. 
2011;4(6):391–417.

	80.	Varga J, Pasche B.  Antitransforming growth factor-
beta therapy in fibrosis: recent progress and implica-
tions for systemic sclerosis. Curr Opin Rheumatol. 
2008;20(6):720–8.

	81.	Rosenbloom J, Mendoza FA, Jimenez SA. Strategies 
for anti-fibrotic therapies. Biochim Biophys Acta. 
2013;1832(7):1088–103.

	82.	Fichtner-Feigl S, Strober W, Kawakami K, Puri RK, 
Kitani A.  IL-13 signaling through the IL-13alpha2 
receptor is involved in induction of TGF-beta1 pro-
duction and fibrosis. Nat Med. 2006;12(1):99–106.

S. V. Kurada and F. Rieder



87

	83.	Fichtner-Feigl S, Young CA, Kitani A, Geissler EK, 
Schlitt HJ, Strober W.  IL-13 signaling via IL-13R 
alpha2 induces major downstream fibrogenic fac-
tors mediating fibrosis in chronic TNBS colitis. 
Gastroenterology. 2008;135(6):2003–13, 13 e1-7.

	84.	Hanania NA, Noonan M, Corren J, Korenblat 
P, Zheng Y, Fischer SK, et  al. Lebrikizumab in 
moderate-to-severe asthma: pooled data from two 
randomised placebo-controlled studies. Thorax. 
2015;70(8):748–56.

	85.	Denton CP, Merkel PA, Furst DE, Khanna D, Emery P, 
Hsu VM, et al. Recombinant human anti-transforming 
growth factor beta1 antibody therapy in systemic scle-
rosis: a multicenter, randomized, placebo-controlled 
phase I/II trial of CAT-192. Arthritis Rheum. 
2007;56(1):323–33.

	86.	CAT-152 0102 Trabeculectomy Study Group, Khaw P, 
Grehn F, Hollo G, Overton B, Wilson R, et al. A phase 
III study of subconjunctival human anti-transforming 
growth factor beta(2) monoclonal antibody (CAT-
152) to prevent scarring after first-time trabeculec-
tomy. Ophthalmology. 2007;114(10):1822–30.

	87.	King TE Jr, Bradford WZ, Castro-Bernardini S, Fagan 
EA, Glaspole I, Glassberg MK, et al. A phase 3 trial 
of pirfenidone in patients with idiopathic pulmonary 
fibrosis. N Engl J Med. 2014;370(22):2083–92.

	88.	King TE Jr, Albera C, Bradford WZ, Costabel 
U, Hormel P, Lancaster L, et  al. Effect of inter-
feron gamma-1b on survival in patients with 
idiopathic pulmonary fibrosis (INSPIRE): a multi-
centre, randomised, placebo-controlled trial. Lancet. 
2009;374(9685):222–8.

	89.	Beham-Schmid C, Apfelbeck U, Sill H, Tsybrovsky 
O, Hofler G, Haas OA, et  al. Treatment of chronic 
myelogenous leukemia with the tyrosine kinase 

inhibitor STI571 results in marked regression of bone 
marrow fibrosis. Blood. 2002;99(1):381–3.

	90.	Colmenero J, Bataller R, Sancho-Bru P, Dominguez 
M, Moreno M, Forns X, et al. Effects of losartan on 
hepatic expression of nonphagocytic NADPH oxi-
dase and fibrogenic genes in patients with chronic 
hepatitis C. Am J Physiol Gastrointest Liver Physiol. 
2009;297(4):G726–34.

	91.	Mohri M, Shimokawa H, Hirakawa Y, Masumoto A, 
Takeshita A. Rho-kinase inhibition with intracoronary 
fasudil prevents myocardial ischemia in patients with 
coronary microvascular spasm. J Am Coll Cardiol. 
2003;41(1):15–9.

	92.	Khanna D, Denton CP, Jahreis A, van Laar JM, Frech 
TM, Anderson ME, et al. Safety and efficacy of sub-
cutaneous tocilizumab in adults with systemic scle-
rosis (faSScinate): a phase 2, randomised, controlled 
trial. Lancet. 2016;387(10038):2630–40.

	93.	Jimenez SA, Sigal SH. A 15-year prospective study 
of treatment of rapidly progressive systemic sclerosis 
with D-penicillamine [see comment]. J Rheumatol. 
1991;18(10):1496–503.

	94.	Rogler G, Hausmann M.  Factors promoting devel-
opment of fibrosis in Crohn’s disease. Front Med 
(Lausanne). 2017;4:96.

	95.	Sartor RB, Anderle SK, Rifai N, Goo DA, 
Cromartie WJ, Schwab JH.  Protracted anemia 
associated with chronic, relapsing systemic inflam-
mation induced by arthropathic peptidoglycan-
polysaccharide polymers in rats. Infect Immun. 
1989;57(4):1177–85.

	96.	Pizarro TT, Pastorelli L, Bamias G, Garg RR, Reuter 
BK, Mercado JR, et al. SAMP1/YitFc mouse strain: 
a spontaneous model of Crohn’s disease-like ileitis. 
Inflamm Bowel Dis. 2011;17(12):2566–84.

7  Fibrosis and Stricturing Disease in Crohn’s Disease


	7: Fibrosis and Stricturing Disease in Crohn’s Disease
	7.1	 Introduction
	7.2	 Overview on the Mechanisms of Fibrogenesis
	7.3	 Risk Factors for the Development of Fibrostenotic CD
	7.4	 Biomarkers as a Diagnostic and Predictive Tool for Fibrostenosing CD
	7.4.1	 Predictive Biomarkers
	7.4.2	 Association Biomarkers
	7.4.3	 Diagnostic Biomarkers

	7.5	 Diagnostic Evaluation
	7.5.1	 Imaging

	7.6	 Management: Monitoring and Therapeutics
	7.7	 Medical Management
	7.8	 Endoscopic Balloon Dilation (EBD)
	7.9	 Surgery
	7.10	 Future Therapies
	7.11	 Future Directions
	References




