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Despite of surgery, the rates of postoperative recurrence are 

high. Endoscopic recurrence by the third postoperative year is 

reported in 85%–100% of cases7,10 and fibrostenotic stricture is 

the most common indication for surgery in CD.3,9 Surgical re-

section is related with major morbidity, higher costs, higher 

risk of unemployment, and poorer quality of life.3,11,12

Although the introduction of biologics including anti-tumor 

necrosis factor (TNF), anti-integrin, and anti-interleukin (IL) 

has modified the disease course of CD in the short term, the 

long-term outcome of those drugs on the development of fi-

brostenosis and the need for surgery remains to be elucidat-

ed.5 Fibrostenotic strictures were previously considered an in-

evitable and irreversible consequence of long-term inflamma-

tion in CD patients whose conditions are unresponsive to an-

ti-inflammatory therapies. This paradigm has been changing 

rapidly due to recent advances in our understanding regard-

ing the process of intestinal fibrosis and the introduction of 

promising candidates for targeted anti-fibrotic therapy.1 

This review aimed to provide a comprehensive overview of 

fibrostenotic strictures in CD, including mechanisms and fac-

tors that predict its progression, as well as diagnosis and treat-

ment strategies. It also introduces promising anti-fibrotic 

agents for intestinal fibrosis and discuss the obstacles to be 
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REVIEW

INTRODUCTION

At initial diagnosis, most patients with Crohn’s disease (CD) 

have purely inflammatory phenotype without structural com-

plications (strictures or fistulae); only 10% of CD patients have 

fibrostenotic strictures.1 However, approximately 50% of CD 

patients eventually progress to clinically apparent fibrostenot-

ic strictures during their lifetime.2,3 The true incidence of fibro-

stenotic stricture tends to be underestimated owing to the 

subclinical deposition of extracellular matrix (ECM) over 

time.1 It has been suggested that a certain degree of fibrosis 

exists in nearly all CD patients.2 Growing evidence indicates 

that strictures in CD may precede the development of fistula 

and abscess.4,5 

Surgery will be needed in more than 70% of patients with 

CD within their lifetime to correct a severe complication such 

as intestinal obstruction, perforation, fistula and abscess.3,6-9 
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overcome in developing clinically available anti-fibrotic agents 

for CD stricture. 

MECHANISMS OF FIBROSTENOTIC STRICTURE

CD is characterized by chronic and persistent inflammation 

leading to transmural tissue injury. Intestinal fibrosis results 

from dysregulated wound healing of the bowel wall.13,14 In 

physiologic wound healing, tissue repair mechanisms restore 

normal structure from damaged tissues by a controlled re-

sponse.15 On the other hand, fibrosis results from an aberrant 

wound healing characterized by excessive deposition of the 

ECM, which is promoted by an increase in the number of mes-

enchymal cells, including fibroblasts, myofibroblasts, and 

smooth muscle cells.1 When the fibrosis continues and be-

comes uncontrollable due to repetitive inflammation, the fi-

Fig. 1. Pathophysiological process to fibrotic strictures. APCs, antigen presenting cells; ILs, interleukins; Th0, naïve T cells; Th, T helper cells; 
IFN-γ, interferon-γ; TNF-α, tumor necrosis factor α; ROS, reactive oxygen species; TGF-β1, transforming growth factor-β1; CTGF, connec-
tive tissue growth factor; PDGF, platelet-derived growth factor; FGF, fibroblast growth factor; IGF, insulin-like growth factor; MMP9, ma-
trix metalloproteinase 9; SMCs, smooth muscle cells; SEMFs, subepithelial myofibroblasts; ICC, interstitial cells of Cajal; EMT, epithelial 
mesenchymal transition; Endo-MT, endothelial mesenchymal transition; BM-MSCs, bone marrow derived mesenchymal stem cells; ECM, 
extracellular matrix.
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broblasts can transdifferentiate into myofibroblasts and in ad-

dition a muscular layer thickening caused by smooth muscle 

hyperplasia and hypertrophy occurs.16,17 It is assumed that both 

ECM deposition and muscular thickening has a role in the de-

velopment of fibrostenotic strictures in CD.18 The pathophysio-

logical process to fibrotic strictures is summarized in Fig. 1.

1. Location and Histopathology 
The location of fibrostenotic strictures is almost likely to coin-

cide with inflamed lesions in CD.14 No report to date has de-

scribed fibrostenotic CD strictures occurring outside areas af-

fected by inflammation.2 Due to the transmural inflammation 

in CD, both fibrosis and smooth muscle hyperplasia/hyper-

trophy can affect all layers of the intestine from mucosa to se-

rosa.13,16,19 Among these layers, fibrosis appears to be the most 

prominent in the submucosa, followed by the mucosa, but 

minimal in the muscularis propria. In contrast, smooth mus-

cle hyperplasia/hypertrophy appears to be predominant in 

the muscularis mucosa and propria.16 Histological specimens 

of CD-associated strictures show thickened muscularis mu-

cosa. The submucosa is thickened with dense collagen accu-

mulation, myofibroblasts, and islands of smooth muscle cells. 

The muscularis propria is thickened with collagen content in-

terposed between fibers.1,20 CD can show fibromuscular oblit-

eration of the submucosa, which comprises the fibrosis inter-

mingled with smooth muscle bundles originated from in situ 

proliferation or migration, accompanied by thickening of the 

muscularis mucosa and muscularis propria.16,21 In stricturing 

CD, the bowel thickening is promoted by several histological 

alterations, including fibrosis, smooth muscle hyperplasia/hy-

pertrophy, adipose hyperplasia, and edema. As a major con-

tributing factor to intestinal wall thickening in CD, smooth 

muscle hyperplasia/hypertrophy may be the most critical fac-

tor, whereas fibrosis is less significant.16

2. Cellular and Soluble Mediators of Fibrosis
The 2 key effector cells of intestinal fibrosis are the fibroblasts 

and myofibroblasts, which produce several ECM proteins.22,23 

In the inflamed intestine, local intestinal mesenchymal cells 

can transdifferentiate among the 3 phenotypes of fibroblasts 

(α-smooth muscle actin [α-SMA–]), myofibroblasts (α-SMA+), 

and smooth muscle cells (α-SMA+ and desmin+).17 Myofibro-

blasts are defined as an activated or differentiated fibroblasts, 

which have an intermediate phenotype between fibroblasts 

(ECM production) and smooth muscle cells (contractility).17,24 

In inflammatory bowel disease (IBD), persistent inflamma-

tion results in sustained activation and proliferation of myofi-

broblasts, leading to the ECM over-accumulation. Human in-

testinal smooth muscle cells (HISMCs) also have a critical role 

in intestinal fibrosis, responding to the chronic inflammation 

by proliferating and depositing collagen in ECM.25 Activated 

myofibroblasts are considered the final effector cells of intesti-

nal fibrosis.24 The activated myofibroblasts express high levels 

of SMA and therefore represent a markedly increased capabil-

ity to contract ECM, which in turn contributes to tissue distor-

tion and stricture.26 There are 2 types of myofibroblasts in the 

gut: subepithelial myofibroblasts (SEMFs)27,28 and interstitial 

cells of Cajal, which are found between the nerve endings and 

smooth muscle cells in the submucosa and the muscularis 

propria.29 SEMFs have both pro-inflammatory and pro-fibrotic 

roles depending on surrounding conditions. The SEMFs ex-

press Toll-like receptors (TLR-4 and TLR-5), which can medi-

ate the pro-inflammatory role of the SEMFs by inducing IL-6 

and IL-8 secretion responding to lipopolysaccharide (TLR-4 

ligand) or flagellin (TLR-5 ligand).30,31 Meanwhile, the soluble 

factors from intestinal epithelial cells stimulated with pro-in-

flammatory cytokines induce pro-fibrotic activity of the 

SEMFs by enhancing ECM production.32 The intestinal fibro-

blasts/myofibroblasts can originate from multiple sources, in-

cluding the migration and proliferation of local mesenchymal 

cells, epithelial cells via epithelial mesenchymal transition,33,34 

endothelial cells via endothelial–mesenchymal transition,35 

stellate cells,17 pericytes,36 circulating precursors (so-called fi-

brocytes),37 and the bone marrow.38

Macrophages and T helper (Th) cells can promote intestinal 

fibrosis. M2 macrophages are differentiated in response to 

IL-4 or IL-13 and produce several pro-fibrotic cytokines in-

cluding transforming growth factor-β1 (TGF-β1), connective 

tissue growth factor, platelet-derived growth factor (PDGF), fi-

broblast growth factor (FGF), and insulin-like growth factor 

(IGF).36 These pro-fibrotic cytokines promote myofibroblast 

proliferation and ECM production.20,22,36,39 Th cell subsets 

(Th17 and Th2) are also potently fibrogenic. The Th17 re-

sponse produces IL-17 and IL-21, which promote ECM pro-

duction in intestinal myofibroblasts.39,40 In the Th2 response 

characterized by IL-4 and IL-13 production,36,41 IL-13 might 

directly and indirectly promote collagen deposition by fibro-

blasts. As IL-13 receptors are expressed in fibroblasts, IL-13 

can directly activate collagen production in fibroblasts. In ad-

dition, IL-13 stimulates the secretion of latent TGF-β1 and 

matrix metalloproteinase 9 (MMP9) by macrophages. The 

MMP9 activates the latent TGF-β1 by cleaving the latency-as-
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sociated peptide (LAP).42

TGF-β1 is considered a major cytokine in intestinal fibro-

sis.43 Activated TGF-β1 transdifferentiates human fibroblasts 

into myofibroblasts44 by inducing α-SMA, promotes prolifera-

tion44 and the production of ECM and tissue inhibitors of me-

talloproteinase-1 (TIMP-1),43,45 migration,46 contraction,47 and 

resistance to apoptosis in myofibroblasts.44 The activation of 

TGF-β type I receptor by TGF-β1 mediates the phosphoryla-

tion of Smad2/3, which combines with Smad4. Subsequently, 

the Smad complex translocates into the nucleus and induces 

pro-fibrotic gene expression.48 TGF-β1-induced fibrogenesis is 

also mediated by Smad-independent pathways, including 

phosphorylation of extracellular signal regulated kinase, c-Jun 

N-terminal kinase, p38 mitogen-activated protein kinase 

(MAPK), and AKT.26,48-50 Another Smad-independent pathway 

is Ras homolog family member/Rho kinase/actin/myocardin-

related transcription factor/serum response factor (Rho/

ROCK/Actin/MRTF/SRF) pathway.51,52 TGF-β1-induced acti-

vation of Rho and its effector ROCK, which promotes actin 

polymerization from globular actin to filamentous actin. Acti-

vated ROCK results in phosphorylated myosin light chain, 

which contributes to actin polymerization, stress fiber forma-

tion, and contraction. Meanwhile, actin polymerization releas-

es the globular actin from MRTF, and subsequently the free 

MRTF translocates into the nucleus and binds to SRF. Finally, 

the MRTF/SRF complex induces fibrogenic genes including 

collagen, fibronectin, α-SMA, and myosin light-chain ki-

nase.51-53 The overview of Smad-dependent and Smad-inde-

Fig. 2. Overview of Smad-dependent and Smad-independent transforming growth factor-β (TGF-β) signaling in intestinal fibrosis. ERK, ex-
tracellular signal regulated kinase; JNK, c-Jun N-terminal kinase; p38 MAPK, p38 mitogen-activated protein kinase; Rho, Ras homolog fam-
ily member; ROCK, Rho kinase; MLC, myosin light chain; F-actin, filamentous actin; G-actin, globular actin; MRTF, myocardin-related tran-
scription factor; SRF, serum response factor; ECM, extracellular matrix; α-SMA, α-smooth muscle actin; MYLK, myosin light-chain kinase. 
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pendent TGF-β signaling in intestinal fibrosis is summarized 

in Fig. 2. TGF-β1 activates myofibroblasts, but conversely, the 

myofibroblasts can activate the latent TGF-β1. The forces gen-

erated by myofibroblast contraction pull on the integrin 

bound to LAP, which subsequently results in a conformational 

change of the latent TGF-β1 complex that liberates active 

TGF-β1.54 This mechanism may partially explain the auto-

propagation of intestinal fibrosis in CD.

The IL-13/IL-13R/TGF-β/Smad signaling is considered a 

main pathway of intestinal fibrosis, which has been shown in 

chronic trinitrobenzene sulfonic acid (TNBS) colitis.55 The im-

mune response of chronic TNBS colitis can be divided into 3 

phases. Intrarectal TNBS delivery induces the first phase, 

acute colitis with increased production of Th1 cytokines, IL-

12p70, and interferon-γ, which is followed by the second 

phase, chronic colitis with Th17 response (IL-23 and IL-17). 

The last phase is characterized by Th2 response (IL-4 and IL-

13) accompanied by TGF-β1 and collagen production. In the 

late phase of chronic TNBS colitis, IL-13 induces the produc-

tion of TGF-β1 in macrophages by inducing and binding to IL-

13 receptor (IL-13Rα2); subsequently, TGF-β1 induces colla-

gen production by Smad2/3 phosphorylation.41,56,57

The putative role of IL-36α/IL-36R signaling in fibrostenotic 

strictures in CD was recently identified, and targeting IL-36R 

signaling has emerged as a promising strategy for treatment of 

intestinal fibrosis in CD patients.58 The expression levels of IL-

36α are increased in the fibrostenotic tissue of CD patients. IL-

36α secreted from inflammatory macrophages appears to 

bind to IL-36R of intestinal myofibroblasts located adjacent to 

macrophages and subsequently induces collagen VI produc-

tion and proliferation in myofibroblasts.58-60 Knockout of the 

IL-36R gene or neutralizing of the IL-36R reduced intestinal fi-

brosis in mouse models.58 TNF like cytokine 1A (TL1A) se-

creted from immune cells binds to death domain receptor 3 

(DR3) expressed in intestinal myofibroblasts, and conse-

quently increases collagen production and proliferation in 

myofibroblasts, leading to intestinal fibrosis in CD stric-

tures.61,62 TL1A is highly expressed in the fibrotic tissue of CD 

patients and a genetic variant of the TL1A gene, which in-

creases TL1A expression, is associated with a higher risk of fi-

brotic strictures in CD.61,63 Transgenic mice with constitutive 

TL1A expression showed increased intestinal fibrosis that 

worsened under colitogenic conditions.62,63 More recently, an-

ti-TL1A antibody injection reduced collagen deposition in a 

mouse intestinal fibrosis model.64

3. Role of Gut Microbiome 
The gut microbiome might be a unique pro-fibrotic factor that 

may distinguish intestinal from other organ fibrosis.14 Emerg-

ing evidence has underlined the significance of epithelial bar-

rier dysfunction in the pathogenesis of IBD.65 The altered bar-

rier function can result in bacterial translocation into the lami-

na propria, and microbial antigens can stimulate immune and 

non-immune cells to produce pro-fibrotic factors.14 Essential-

ly, all intestinal immune and non-immune cells can respond 

to pathogen-associated molecular patterns through pattern 

recognition receptors (PRRs), such as Toll-like receptors 

(TLRs) and nucleotide-binding and oligomerization domain 

(NOD)-like receptors (NLRs).66,67 Previous studies have shown 

that gut microbes and their products can induce intestinal fi-

brosis. Preliminary evidence showed that the TLR5 ligand fla-

gellin, which exists on nearly all flagellated bacteria, promotes 

ECM production and proliferation of fibroblasts.68,69 Recently, 

flagellin from adherent-invasive Escherichia coli (AIEC), which 

is frequently isolated from the ileal tissue of CD patients and 

may contribute to the development of CD, was able to lead to 

intestinal fibrosis by binding to TLR5 expressed in intestinal 

epithelium, which subsequently induce the expression of IL-

33 and its receptor (ST2), leading to the production of IL-13 

and TGF-β in intestinal epithelial cells or T cells.70 The block-

ade of IL-33/ST2 signaling by anti-ST2 blocking antibody sig-

nificantly ameliorated intestinal fibrosis induced by co-infec-

tion of AIEC and Salmonella, which suggests a novel anti-fi-

brotic therapy targeting fibrogenic bacteria and its down-

stream signaling.70 In addition, serum antibody to flagellin 

(anti-CBir1 flagellin), which shows an aberrant adaptive im-

munity to luminal commensal bacteria, is significantly in-

creased in CD patients.71 Serum anti-CBir1 expression was in-

dependently associated with complicated CD including fibro-

stenotic diseases.71,72 Besides TLRs, NLR, an intracellular PRR 

that binds bacterial cell wall component (muramyl dipeptide), 

is associated with fibrostenotic CD. NOD2 polymorphism 

may be associated with major genetic susceptibility for CD.73 

Carrying at least one NOD2 variant was associated with in-

creased risk of fibrostenotic CD, which suggests that bacterial 

components might promote intestinal fibrosis by altered rec-

ognition of NOD2 variants.74

The pro-fibrotic activity of the gut microbiota has been 

proven in several animal models of intestinal fibrosis. The in-

jection of a bacterial cell wall component (peptidoglycan 

polysaccharides), feces, or anaerobic bacteria into the bowel 

wall induces intestinal fibrosis.75,76 The oral delivery of Salmo-
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nella typhimurium induces chronic inflammation with fibro-

sis in the cecum and colon.77 These observations indicate that 

the gut microbiome, at least in part, might initiate fibrogenesis 

in the gut. However, whether the gut microbiome will contrib-

ute substantially and continuously to fibrosis progression re-

mains to be determined. 

4. Matrix Stiffness Regulating Fibrosis Autopropagation
The ECM is both a consequence of fibrosis and a critical con-

tributor to intestinal fibrosis by matrix stiffness.14 ECM stiff-

ness extensively affects cellular behaviors. Cells on a soft ma-

trix are generally rounded, minimally adhesive and prolifera-

tive, and prone to apoptosis. In contrast, cells on a stiff matrix 

are spreading, adhesive, proliferative, and fibrogenic.78 This 

phenomenon has also been proven in human intestinal myo-

fibroblasts. Matrix stiffness, gradually appearing in fibrotic tis-

sue of CD, induces a morphological transformation of round 

to stellate shape, focal adhesion formation, cellular prolifera-

tion, and collagen and α-SMA production, even in the absence 

of inflammatory stimulation.79 These results may explain the 

autopropagation of fibrosis without inflammation in CD stric-

tures, which is not diminished by the use of anti-inflammatory 

agents.11,79,80 In the T cell transfer model of colitis, anti-TNF 

monotherapy significantly reduced gut inflammation and the 

colonic production of pro-inflammatory cytokines but did not 

significantly reduce collagen deposition or TGF-β1 produc-

tion.11 In a previous study of S. typhimurium–infected mice, 

early levofloxacin eradication after Salmonella infection par-

tially prevented intestinal fibrosis progression. However, de-

layed eradication failed to prevent intestinal fibrosis progres-

sion. This finding indicates that there is a time point at which 

fibrosis is reversible, at least to a certain degree, if the microbi-

al trigger is suppressed at an early time point, suggesting a role 

of the early “top-down” therapeutic approach to preventing fi-

brosis. In addition, this result shows that fibrosis is initiated 

early after inflammation, persists, and auto-propagative in the 

absence of inflammation and that the matrix stiffness may 

contribute to this process.79,80

5. Mesenteric Fat and Intestinal Fibrosis 
Emerging evidence has suggested that mesenteric fat has a 

crucial role in the pathogenesis of inflammation and fibroste-

nosis in CD. In CD, longitudinal ulcerations are located mainly 

alongside the mesenteric border and the increased TNF-α 

production by adipocytes in mesenteric fat may contribute to 

transmural inflammation and subsequent ulceration.81 In ad-

dition, “creeping fat” in CD, which refers to hypertrophic mes-

enteric fat around the inflamed bowel, is considered associat-

ed with other soft tissue alterations including fibrosis, smooth 

muscle hypertrophy, and subsequent stricture formation in 

CD.82 A previous study reported that increased levels of adipo-

kines in the creeping fat promote a shift toward a dominance 

of M2 macrophages within the macrophage compartment.83 

M2 macrophages secrete large amounts of TGF-β1, a cytokine 

with anti-inflammatory as well as pro-fibrotic functions.84 

Thus, the mesenteric fat in CD might not only be a protective 

enveloping barrier with the potential to restrict the infiltration 

of intestinal inflammation, they may also contribute to fibrosis 

by promoting pro-fibrotic M2 macrophages.83,85 Our prelimi-

nary data show that creeping fat–derived free fatty acids, but 

not adipokines, increase the proliferation of human intestinal 

fibroblasts and HISMCs. Compared to UC and normal mes-

enteric fat, whole creeping fat and its conditioned medium 

significantly induced the proliferation of HISMCs.85,86 Taken 

together, these data suggest that mesenteric fat may contrib-

ute to the development of intestinal fibrosis and smooth mus-

cle hyperplasia. 

6.  Molecular Features of Myofibroblasts from Strictured 
Gut in CD

The molecular features of myofibroblasts derived from stric-

tured gut in CD (strictured myofibroblasts) are distinct from 

those in myofibroblasts from non-strictured gut in CD (non-

strictured myofibroblasts). Strictured myofibroblasts show 

higher TGF-β transcripts, higher phosphorylated Smad2/3, 

lower Smad7, and increased collagen production than non-

strictured and normal myofibroblasts.87 The increased Smad2/3 

activity may be correlated with the downregulation of inhibi-

tory Smad, Smad7, which inhibits TGF-β signaling. Smad7 

forms a stable complex with the phosphorylated TGF-β type I 

receptor and therefore inhibits the binding and phosphoryla-

tion of Smad2/3 to it.88,89 Moreover, Smad7 degrades TGF-β 

type I receptor through ubiquitination and consequently sup-

press TGF-β signaling.90 Preliminary data showed that the si-

lenced Smad7 in strictured myofibroblasts and subsequent 

sustained Smad3 activity occur due to epigenetic regulation of 

microRNA-21 (miR-21), which degrades Smad7 mRNA.91 Con-

versely, the myofibroblasts isolated from the inflamed mucosa 

in CD show higher Smad7 production and subsequently low-

er phosphorylated Smad2/3, than those of strictured and nor-

mal myofibroblasts.87 Smad7 is also overexpressed in lamina 

propria mononuclear cells (LPMCs), referring to dendritic 
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cells, macrophages, lymphocytes, and natural killer cells, iso-

lated from the inflamed mucosa of CD. In normal intestinal 

LPMCs responding to inflammatory condition, TGF-β signal-

ing down-regulates nuclear factor-κB (NF-κB)  activation by 

inducing NF-κB inhibitor α (IkBα), which binds to NF-κB and 

inhibits its activity. In contrast, in the inflamed gut in IBD, intes-

tinal LPMCs express high levels of Smad7, which subsequently 

sustains high NF-κB activity, thereby expanding the local in-

flammatory response.88,92 Furthermore, in intestinal myofibro-

blasts, TGF-β1 increases the transcriptional activity of IkBα, 

and Smad7 overexpression abolishes this effect.92 The newly 

developed oral Smad7 antisense oligonucleotide (mongers-

en), which showed clinical efficacy for the treatment of active 

CD, inhibits Smad7 production, and restores anti-inflamma-

tory TGF-β1 signaling by increasing IkBα expression in LPMCs 

isolated from the inflamed mucosa of CD.92,93 Inhibiting Smad7 

can promote anti-inflammatory signaling in LPMCs but para-

doxically might promote pro-fibrotic signaling and fibrosis. 

Therefore, a further study is required to determine whether 

the Smad7 inhibition strategy may aggravate intestinal fibrosis 

in CD.94 

PREDICTION OF FIBROSTENOTIC STRICTURES

Currently, there are no specific predictors of fibrostenotic 

strictures in CD. To identify the reliable risk factors for fibroste-

nosing CD, the patient group with fibrostenosing CD should 

be accurately defined. However, currently available diagnostic 

modalities cannot determine the presence or degree of intesti-

nal fibrosis. Therefore, previously identified predictors for fi-

brostenotic strictures including clinical, genetic, and serologic 

have not been strictly specific for fibrostenosis; rather, they 

predict a complicated or disabling CD (stricturing/fistulizing 

disease, need for surgery/early biologic therapy).1,18,19 On the 

other hand, several epigenetic markers including microRNAs 

have the potential to be used as specific predictors of strictur-

ing CD.95,96 However, the epigenetic markers are not currently 

recommended for the prediction of fibrostenotic CD.

1.  Clinical, Genetic, and Serologic Factors Can Predict 
Complicated Disease

Several clinical factors, including the features at CD diagnosis 

( < 40 years of age, perianal disease, need for steroids, weight 

loss > 5 kg), early use of anti-inflammatory agents (azathio-

prine [AZA], anti-TNF therapy), disease location (ileal disease, 

extensive small bowel disease, perianal disease), and specific 

history (smoking, prior appendectomy) have been suggested 

as predictive of a more aggressive or complicated disease 

rather than as specific predictive factors of fibrostenotic stric-

ture.1,19,97-101 In a population-based study, the cumulative risk of 

developing stricturing and/or penetrating complications was 

approximately 50% at 20 years after diagnosis. Among the 

baseline clinical factors studied, disease location, such as up-

per gastrointestinal or ileal involvement, was strongly associ-

ated with progression toward strictures or penetrating disease. 

The shorter luminal diameter of the small bowel is a possible 

explanation for this observation.101,102

Genetic, epigenetic, and serologic biomarkers have been 

evaluated as predictors of stricturing CD. The presence of sev-

eral genetic variants, including the NOD2 gene or autophagy-

related-16L1 (ATG16L1) gene, are connected with small bow-

el CD and a fibrostenotic phenotype.19 Carrying at least one 

NOD2 variant increased the risk of stricturing CD (odds ratio 

[OR], 1.94; 95% confidence interval [CI], 1.61–2.34).74 In addi-

tion, CD patients carrying NOD2 gene variants are more likely 

to undergo surgery due to stricturing disease.103 However, both 

NOD2 and ATG16L1 polymorphisms are known to be associ-

ated with dysfunction of the Paneth cells, which are localized 

to the terminal ileum and protect the epithelial barrier by se-

creting the anti-microbial peptide defensin.104 Therefore, these 

genetic variants are considered risk factors associated with il-

eal CD or Paneth cell dysfunction rather than specific risk fac-

tors for fibrostenotic stricture. Furthermore, the presence of 2 

NOD2 mutations predicted a 41% increase in the risk of com-

plicated disease (stricturing or fistulizing) and a 58% increase 

in the risk of surgery.105 These data suggest that whether NOD2 

mutations actually contribute to the fibrostenosis or merely 

reflects the increased incidence of ileal disease or complicated 

disease remains to be elucidated.20,106,107 CD patients have a 

dysregulated and stronger immune response to resident lumi-

nal microbial components, which induce anti-microbial anti-

bodies in the circulation of patients as serologic markers. In 

particular, serologic anti-glycan antibodies against various mi-

crobial carbohydrate epitopes are useful for distinguishing CD 

from UC and have been suggested as a promising tool to strat-

ify CD patients at a high risk of rapid progression and need for 

surgery.108 These include the first discovered anti-Saccharomy-

ces cerevisiae antibody, which exists in 50%–70% of CD pa-

tients, but other antiglycan antibodies, including CBir1 (flagel-

lin CBir1), OmpC (E. coli outer membrane protein C), or I2 

(Pseudomonas-associated sequence I2) have been identi-

fied.108 Theses markers can qualitatively and quantitatively 
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predict the disease progression to fibrostenosing/fistulizing 

phenotypes and increased need for surgery. However, none of 

them can differentiate fibrostenotic from penetrating behavior 

or accurately predict fibrostenosing CD.19

2.  Epigenetic Biomarker May Predict Fibrostenotic 
Stricture

miRNA are small, noncoding RNAs that repress specific target 

gene expression post-transcriptionally as an epigenetic mech-

anism. A previous study found that miRNA-200b, which was 

shown to suppress in vitro fibrosis by inhibiting epithelial–

mesenchymal transition, is overexpressed in the circulation of 

fibrostenotic CD patients; thus, the authors suggested that se-

rum miRNA-200b could be a candidate biomarker for fibro-

stenotic CD.109 In addition, the expression of miRNA-29b, 

which inhibits TGF-β-induced collagen production in CD 

myofibroblasts, is down-regulated in the serum and strictured 

mucosa in fibrostenotic CD patients.95 Serum miRNA-19 level 

is decreased in CD patients with a stricturing phenotype than 

in control CD patients. Of note, the association between miR-

NA-19 and stricturing phenotype is independent of confound-

ing clinical variables including ileal location and disease dura-

tion, which might show the usefulness of miRNAs as specific 

biomarkers of stricturing CD.110 Taken together, miRNAs, 

which can be measured in the serum and mucosal tissue of 

CD patients, might be attractive candidate future biomarkers 

of fibrostenosing CD.3 However, whether the change of ex-

pression in specific miRNAs is a cause or result of intestinal fi-

brosis in CD remains poorly understood and requires further 

study.

3.  Cross-Sectional Imaging, Endoscopy, and Histology 
are Not Predictive of Fibrostenotic Stricture

No current imaging study accurately predicts the stricturing 

phenotype of CD. Barium contrast studies and cross-sectional 

imaging studies (ultrasound [US], computed tomography en-

terography [CTE], and magnetic resonance enterography 

[MRE]), are diagnostic but not predictive of strictures.19 Severe 

endoscopic lesions in CD patients, defined as extensive and 

deep ulcerations, appear to be associated with a worse clinical 

course and higher rates of penetrating complications and sur-

gery.111 However, whether the severe endoscopic lesions pre-

dict the stricturing phenotype has not been proven. Presently, 

no histological findings can specifically predict fibrostenosing 

CD.

DIAGNOSIS OF FIBROSTENOTIC STRICTURES

Strictures are usually detected when patients develop clinical 

symptoms of intestinal obstruction. Patients often then under-

go noninvasive diagnostic modalities (barium contrast stud-

ies, cross-sectional imaging) followed by invasive modalities 

(endoscopy, histology) or biomarkers (fecal calprotectin, C-

reactive protein [CRP]). Among these, cross-sectional imaging 

techniques such as US, CTE, and MRE are most preferred due 

to the high diagnostic accuracy of stricture, but they are not 

specific for fibrostenotic stricture. Three key features (luminal 

narrowing, wall thickening, and pre-stenotic dilation) are usu-

ally used for stricture detection. However, US, CTE, and MRE 

use highly heterogeneous definitions for these 3 features.112

1.  Complete Overlap Between Inflammation and 
Fibrosis in CD Strictures

CD-associated strictures can be classified into inflammatory 

and fibrotic type to determine whether anti-inflammatory 

agent is required. However, this differentiation appears unre-

alistic since most strictures have an almost complete overlap 

in inflammatory and fibrotic components.2,19 In histologic 

evaluation, few strictures were classified as completely inflam-

matory or completely fibrotic; inflammation and fibrosis over-

lap each other with different degrees in most strictures.113 This 

overlap could make it difficult to define the presence and de-

gree of fibrosis using cross-sectional imaging.1,19 Surprisingly, 

CD-associated strictures without the evidence of inflamma-

tion on CTE findings could not predict the presence of fibro-

sis. Conversely, strictures with CTE findings of the most active 

inflammation also had the greatest extent of fibrosis detected 

on histology.113 Barium contrast studies and cross-sectional 

imaging modalities can be used for the diagnosis of CD-asso-

ciated stricture. However, no diagnostic modality is currently 

able to specifically detect or quantify the fibrotic component 

of the stricture.19

2. Cross-Sectional Imaging (US, CTE, and MRE)
US (transabdominal), CTE, and MRE are reported to have 

high sensitivity and specificity for the diagnosis of CD-associ-

ated strictures in several studies which used histopathology as 

a reference standard (US:112,114,115 80%–100% sensitivity and 

63%–75% specificity; CTE:112,116 100% sensitivity and 100% 

specificity; MRE:112,117-119 75%–100% sensitivity and 91%–96% 

specificity). In contrast, in another study which measured the 

accuracy of MRE using balloon-assisted enteroscopic finding 
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as a reference standard, MRE was less sensitive for detecting 

CD-associated stricture (58.8% sensitivity for small bowel ste-

nosis which cannot be passed by the scope). However, this 

study excluded severe disease, defined as a Crohn’s Disease 

Activity Index score greater than 450 or serum CRP level 

greater than 10 mg/dL.120 

US is inexpensive and well-tolerated by patients. However, 

US diagnostic performance is assumed to be operator-depen-

dent. In addition, the difficulty visualizing the upper segments 

(duodenum, jejunum) and the lack of a panoramic view com-

pared with CTE and MRE reduced the sensitivity of US for 

small bowel CD.1,121 US is inaccurate or insufficiently validated 

to reliably detect or quantify the fibrotic stricture. US elastog-

raphy is under exploration to specifically evaluate fibrotic 

components by measuring bowel stiffness ratios between the 

mesenteric tissue and the bowel wall. A bowel stiffness ratio 

≥ 2 in patients with CD could predict anti-TNF therapy failure 

and surgery.112,122

CTE is superior to MRE with the advantages of higher reso-

lution, rapid diagnosis, lower cost, and wider availability but 

requires radiation exposure.107 CTE findings of strictures in-

cluding luminal narrowing and wall thickening in the absence 

of intestinal wall inflammation such as mucosal hyperen-

hancement (including mural stratification), mesenteric hy-

pervascularity (the so-called comb sign), and mesenteric fat 

stranding are presumed to indicate a fibrotic stricture.113,123 

However, these radiologic findings suspected of fibrosis were 

not able to predict the histologic fibrosis. Paradoxically, the 

only feature on CTE to predict fibrosis was mesenteric hyper-

vascularity, which was also correlated with the presence of 

bowel wall inflammation.113 Therefore, CTE cannot currently 

differentiate inflammatory from fibrotic strictures, and it 

might be attributed to that inflammation and fibrosis in CD 

strictures do not exist as mutually exclusive histologic types.113

MRE carries lower resolution with motion artefacts, takes 

more time, carries higher cost, and is not readily available 

compared with CTE. However, MRE has superior soft tissue 

contrast for bowel wall tissue characterization and does not 

require radiation. In addition, a newer generation of MRE fea-

tures higher resolution and a faster diagnosis.107 Therefore, in 

the context of discriminating fibrotic components from stric-

tures, MRE could be superior to CTE or US. Delayed enhance-

ment MRE (also known as dynamic contrast MR imaging), 

the currently most advanced imaging technique available for 

fibrostenosing CD, can differentiate severe fibrosis from mild 

to moderate fibrosis by delayed gadolinium enhancement 

within fibrotic stricture.124 In fibrostenotic stricture, the sub-

mucosa and muscularis propria (deep layers) have more 

dense tissue, less edema, and reduced vascularity compared 

with the mucosa (superficial layers).125,126 Therefore, the intra-

venous gadolinium diffuses into the extravascular tissue more 

slowly in the deep layers than in the superficial layers. A previ-

ous study using the delayed enhancement MRE defined “the 

percentage of gadolinium enhancement gain between 70 sec-

onds and 7 minutes,” which is determined by measuring bow-

el wall signal intensity (WSI) using the following formula: 

([WSI 7 minutes–WSI 70 seconds]/[WSI 70 seconds]) × 100. 

The study found that the percentage of enhancement gain 

correlated with degree of fibrosis (P < 0.01) and can differenti-

ate mild to moderate from severe fibrosis with a high sensitivi-

ty and specificity independent of the degree of coexisting in-

flammation. However, the low performance in discriminating 

among none, mild, and moderate fibrosis might limit the use 

of delayed enhancement MRE.1,124,127

Novel magnetic resonance (MR) techniques to detect fi-

brotic stricture include diffusion-weighted imaging (DWI)-

MRE and magnetization transfer-MR (MT-MR). DWI can be 

completed quickly without intravenous contrast and provide 

a quantitative index, for example, apparent diffusion coeffi-

cient (ADC), which reflects the rate of water diffusion through 

the tissues. Inflamed bowel tissue has a higher cellular density 

limiting water diffusion and is expressed by a low ADC and a 

high signal on MR images.13,128,129 In a study of 20 CD patients 

undergoing surgery, there was a trend toward a decrease in 

ADC values being correlated with acute inflammation, but 

this was not significant. Interestingly, the decrease in ADC val-

ues was significantly (P = 0.023) associated with histologic fi-

brosis, which suggests that the increase in fibrosis decreases 

the extracellular space and, therefore, restricts the diffusion of 

water molecules in the strictured bowel wall.130 MT-MR is an 

advanced technique that can quantify collagen deposition as 

an increased signal (MT ratio), thereby providing a more di-

rect measurement of fibrosis.131,132 A recent study compared 

the ability of delayed enhancement MRE, DWI, and MT-MR to 

detect and quantify fibrosis in 31 CD patients with small bow-

el strictures using histologic evaluation as a reference. MT ra-

tio was strongly correlated with fibrosis score but not inflam-

matory score and could discriminate among non-fibrotic and 

mild, moderate, and severe fibrotic bowel segments. The MT 

ratio was assumed the most accurate at distinguishing non-fi-

brotic from fibrotic lesions among the 3 MR imaging tech-

niques as demonstrated by an area under the receiver operat-



 Jun Hwan Yoo, et al. • Fibrostenotic strictures in CD

388 www.irjournal.org

Silvio Danese, et al. • iSTART consensus recommendations

ing characteristic curve (0.981 of MT ratio vs. 0.86 of ADC, and 

0.646 of enhancement gain %).127 Therefore, MT-MR appears 

to be the most promising modality for evaluating the presence 

and degree of fibrostenotic stricture, but further validation is 

required for its routine clinical use. Despite its wide use there 

is no validated MR or CT score for stricturing disease. A global 

expert group recently devised definitions for strictures on 

cross-sectional imaging4 that are currently being converted 

into indices through the Stenosis Therapy and Research 

(STAR) consortium. An additional challenge remains the 

missing gold standard. Histopathology is usually used to cor-

relate imaging findings with the degree of inflammation or fi-

brosis. There are more than a dozen different stricture histo-

pathology scores in the literature;133 however, none have been 

validated. Ongoing work is building a novel and reliability test-

ed histopathology score for small bowel stricturing CD. 

3.  Clinical Symptoms, Biomarkers, Barium Contrast 
Studies, Endoscopy, and Histology 

Clinical symptoms of stricturing CD such as abdominal dis-

tension, cramping, dietary restrictions, nausea, vomiting, ab-

dominal pain, and post-prandial abdominal pain are not cor-

related with the presence or degree of strictures on cross-sec-

tional imaging or endoscopy.4 Fibrotic strictures may develop 

for long periods with no or only mild symptoms.19 Approxi-

mately, 20% of CD patients with small bowel stricture are as-

ymptomatic.112 However, no biomarkers (genetic, epigenetic, 

biochemical, and serologic) are currently recommended to 

determine the overall fibrotic burden of a CD patient with 

high accuracy in clinical practice.1 Fecal calprotectin could be 

a useful marker for scheduling re-evaluation by endoscopy 

and/or cross-sectional imaging because it better correlates 

with endoscopic and histologic inflammation than CRP or 

symptoms. However, as with CRP, fecal calprotectin levels 

may be normal in patients with endoscopically active CD, par-

ticularly ileal disease.18 Moreover, fecal calprotectin can be 

used to predict endoscopic recurrence after surgery for CD 

stricture, but it is not validated for its diagnostic utility in CD 

stricture.13 Conventional barium contrast studies, including 

small bowel follow-through (duodenum) or enteroclysis (jeju-

num), can determine stricture extension and location but are 

being progressively abandoned due to the disadvantages of 

long duration ( > 2 hours) and the corresponding long radia-

tion exposure. Endoscopy has a critical role in assessing the 

achievement of mucosal healing, which is highly correlated 

with the better long-term outcomes in CD (relapse, recur-

rence, hospitalization, and surgery) as the severity of endo-

scopic lesions in luminal inflammation correlates with the se-

verity of transmural changes assessed by cross-sectional im-

aging.112,134 However, endoscopy has a limited role in the diag-

nosis of fibrostenosis in CD as the endoscopic lesions may not 

be closely correlated with the transmural fibrostenosis. Endo-

scopic biopsies are superficial and unable to measure the 

amount of transmural fibrostenosis. The heterogeneity of dis-

tribution in inflammation and fibrosis within a stricture can 

lead to the sampling error of biopsies, which in turn limit the 

accurate diagnosis of fibrosis.112 Not all strictures are accessi-

ble by endoscopy. The severe luminal narrowing by fibroste-

nosis makes the endoscopic approach difficult and can lead 

to incomplete evaluation of the fibrotic lesion, particularly in 

the small bowel.18 At the present time, no validated endoscop-

ic and histopathologic scoring system is available to grade in-

testinal fibrosis severity.19 The Lémann Index, which is calcu-

lated by several diagnostic modalities (cross-sectional imag-

ing, endoscopy, history taking, and physical examination), has 

been validated to quantify cumulative structural bowel dam-

age in CD.135 However, this scoring system is a measure of 

comprehensive bowel damage, including strictures, fistula/

abscess, and surgical resections; therefore, it is not specific for 

strictures.

TREATMENT OF FIBROSTENOTIC STRICTURES

CD patients with obstructive symptoms should be hospital-

ized followed by initial conservative treatment to decompress 

the bowel and cross-sectional imaging (CTE, MRE) to assess 

the nature of strictures. Following treatment options could be 

medical, endoscopic, and surgical.13,19

 

1.  Initial Management and Assessment of 
Inflammatory Component

CD patients with suspected intestinal obstruction should be 

initially treated with nasogastric decompression, bowel rest, 

hydration, and electrolyte replacement. Subsequent cross-

sectional study is required to assess the presence and feature 

of stricture such as number, location, length, and contraindica-

tions for endoscopic treatment and strictureplasty since they 

affect the subsequent treatment options.19 Furthermore, the 

degree of the inflammatory component should be evaluated 

using cross-sectional study and several biomarkers (CRP, eryth-

rocyte sedimentation rate, and fecal calprotectin). Anti-inflam-

matory agents such as intravenous hydrocortisone and subse-
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quent appropriate maintenance therapy should be considered 

if the stricture has an inflammatory component.13,112 However, 

even if the presence of an inflammatory component is not 

completely identified, anti-inflammatory agents may be at-

tempted in the clinical setting. Several lines of evidence might 

support this decision. First, a clear distinction between tissue 

inflammation and fibrosis based on currently available diag-

nostic modalities is not possible and most strictures have an 

almost complete overlap between inflammatory and fibrotic 

components.19 The inflammatory biomarkers may be normal 

in the presence of mucosal or transmural inflammation.18 Sec-

ond, although the proportion of the inflammatory component 

is relatively minimal, the clinical significance of the reduced 

bowel wall edema and obstructive symptoms by anti-inflam-

matory therapy might be substantial. For example, theoreti-

cally, the 17% of decrease in bowel wall thickness could signif-

icantly increase the luminal area by 625% (luminal diameter 

is 2.5 times bigger), which shows that small decrease of bowel 

wall thickness in the stricture could significantly improve the 

obstructive symptoms due to significant increase of luminal 

area. The relationship of percentage decrease in wall thickness 

and increase in luminal diameter depends on the “starting” 

wall thickness.107 The symptom-free interval ( > 8 months) af-

ter the initial obstruction episode significantly reduces the risk 

of surgery, indicating that the control of obstructive symptoms 

by proper anti-inflammatory therapy can ultimately prevent 

surgery.136 Third, the anti-inflammatory agent itself might be 

useful as a diagnostic tool to identify the presence of the in-

flammatory component by the medical response. 

2.  No Specific Medical Therapy for Fibrostenotic 
Strictures Exist 

Currently, no specific medicine can prevent or reverse fibro-

stenotic stricture in CD,19 although  5-aminosalicylic acid (5-

ASA) may be an option to maintain post-surgical remission 

but not medically induced remission in CD.137-140 However, 

classical 5-ASA does not appear to have anti-fibrotic activities 

in IBD, although a novel 5-ASA analog (GED), with strong af-

finity for peroxisome proliferator-activated receptor gamma 

(PPARγ) and potent anti-inflammatory properties greater 

than 5-ASA, has shown anti-fibrotic activity via PPARγ activa-

tion.141 Corticosteroids are potent inhibitors of collagen syn-

thesis in a variety of tissues, and its anti-fibrotic effects may in-

hibit wound healing.25,142 However, methylprednisolone did 

not significantly reduce TGF-β1 levels or collagen content in 

TNBS-induced chronic colitis in rats.143 Additionally, in 

HISMCs, collagen expression is not inhibited by corticoste-

roids; rather, it is increased at certain concentrations. In con-

trast, in fibroblasts, collagen expression is inhibited in a dose-

dependent manner by corticosteroids. This complicated ob-

servation indicates that the anti-fibrotic effects of corticoste-

roids might be tissue- or cell-specific25 and partially account 

for the contradictory results in 2 studies that evaluated the ef-

ficacy of the endoscopic injection of triamcinolone into stric-

tures after endoscopic balloon dilation (EBD).13 Taken togeth-

er, the anti-fibrotic effects of corticosteroids in stricturing CD 

is questionable; therefore, corticosteroid injection after EBD is 

not currently recommended.13,19

Purine analogs (AZA, 6-mercaptopurine [6-MP]) are effec-

tive for the maintenance of surgically induced remission in 

CD by preventing postoperative recurrence.144 Purine analogs 

also effectively maintain medically induced remission in CD 

by reducing the relapse following the discontinuation of anti-

TNF.145 Stricturing behavior and no use of purine analogs were 

independent risk factors of relapse following anti-TNF discon-

tinuation in CD patients, suggesting the role of purine analogs 

that might be able to suppress stricture progression.145 Al-

though these studies were not designed to evaluate the direct 

effect of purine analogs on intestinal fibrosis, these findings 

support the hypothesis that purine analogs might prevent or 

delay the progression of fibrosis in stricturing CD.48,142 There is 

currently no evidence that AZA/6-MP may be effective for 

symptomatic stricturing CD.18 A total of 72 patients with sub-

occlusive ileocecal CD, which was responsive to intravenous 

hydrocortisone in the initial admission, were randomized to 

AZA or mesalazine treatment over 36 months. In the AZA 

group, 38.9% were re-admitted for intestinal obstruction and 

22.2% for bowel resection (vs. 75% and 52%, respectively, in 

the mesalazine group).138 These data suggest that long-term 

use of AZA in ileocecal CD patients with intestinal sub-occlu-

sion can reduce the proportion of re-hospitalizations for intes-

tinal obstruction or bowel resection. However, further studies 

are required to demonstrate the direct effect of purine analogs 

alone in fibrostenotic CD. 

The theoretical concern that anti-TNF infliximab could par-

adoxically increase the risk of fibrostenotic stricture by rapid 

mucosal healing was overcome by the ACCENT I infliximab 

maintenance trial which did not show an increased risk of the 

clinical occurrence of strictures.146 A recent prospective study 

reported that the use of adalimumab was effective in two-

thirds of cases of symptomatic stricturing CD. More than half 

of the patients were free of surgery 4 years after treatment ini-
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tiation.147 However, the surgery-free interval is still short and 

data on the anti-fibrotic effect of anti-TNF are lacking. A plau-

sible explanation for this finding is that the impairment of 

wound healing in the mucosa or submucosa of stricturing CD 

is likely to be improved by anti-TNF, whereas deeper, transmu-

ral fibrosis cannot be resolved by these drugs.23 In 2017, the 

American Gastroenterological Association recommended an-

ti-TNF and/or thiopurines as pharmacological prophylaxis 

within 8 weeks of surgery for disease recurrence based on the 

previous results that the administration of anti-TNF for several 

weeks postoperative effectively reduces recurrence with an 

effect that is greater than those of purine analogs.148,149 In addi-

tion, combination therapy of anti-TNF and an immunomodu-

lator following EBD significantly reduced the need for repeat-

ed dilatation.150 Taken together, despite the absence of anti-fi-

brotic effects, anti-TNF appears to be effective for symptomat-

ic stricturing CD as well as a preventive option for recurrence 

after surgery or EBD. 

In a multicenter study of a gut-selective integrin inhibitor 

vedolizumab for anti-TNF-naïve CD patients (n = 50), 24% of 

whom had a stricturing phenotype. A high proportion (84%) 

of subjects demonstrated a clinical response at week 14. In 

particular, the CD behavior (non-stricturing non-penetrating, 

stricturing, and penetrating) was not significantly associated 

with the likelihood of clinical response at week 14 (P = 0.47), 

suggesting that vedolizumab may be effective for stricturing 

CD.151,152 However, long-term outcomes specific to stricturing 

CD are lacking. Furthermore, the anti-p40 subunit of IL-12 

and IL-23 (ustekinumab) has been proven effective for induc-

ing and maintaining the clinical response and remission in 

patients with CD failing anti-TNF therapy (n = 167), of whom 

33.5% had the stricturing phenotype. In the analyses of clinical 

factors associated with ustekinumab response, patients with 

the stricturing phenotype showed lower rates of clinical re-

sponse (OR, 0.29; 95% CI, 0.12–0.72).153 However, current data 

are insufficient to determine the efficacy of ustekinumab or 

vedolizumab on stricturing CD. 

Collectively, some of the current medical options (amino-

salicylates, steroids, immunosuppressive agents, and biologic 

agents) could be effective for treating symptomatic stricturing 

CD or preventing postoperative recurrence in CD, but none 

proved a direct anti-fibrotic effect in CD strictures.19 

3. Endoscopic Management 
Patients with stricturing CD who do not respond well to medi-

cal therapy require endoscopic or surgical intervention. The 

cumulative evidence supports the application of EBD as the 

first-line therapy for the treatment of selected CD strictures 

since it is less invasive and has a high technical success rate 

(approximately 90%; defined as the passage of the scope with-

out resistance) and a favorable short- and long-term clinical 

outcome with an acceptable rate of major complication (3%–

5% per procedure).13,19,154,155 The short-term clinical outcome 

(i.e., clinical success156) is generally defined as the improve-

ment in clinical obstructive symptoms and the long-term clini-

cal outcome comprises the surgery-free survival (interval 

from the first EBD to stricture-related surgery) or intervention-

free survival (interval from the first EBD to the first event of ei-

ther additional EBD or surgery).4,154,157 The major complication 

comprises major bleeding or perforation requiring admission, 

transfusion, and surgical intervention.157 EBD was able to in-

crease the surgery-free survival in two-thirds of patients dur-

ing the follow-up period of 24 months.13 In a retrospective 

study of CD patients with ileocolonic anastomosis stricture 

treated with EBD or surgery, EBD could delay the need for 

surgery by 6.45 years and had a lower complication rate, sug-

gesting the benefit of EBD as a bridge between medical treat-

ment and surgery. However, the long-term outcome is likely to 

be more favorable in the surgery group than in the EBD group 

since EBD requires frequent procedures and has a shorter 

surgery-free survival.156,158 EBD is indicated when strictures 

are ≤ 5 cm long, non-angulated, and without complications 

such as fistula, abscess, phlegmon, high-grade dysplasia, or 

malignancy. A stricture length of ≤ 5 cm was related to a lon-

ger surgery-free survival, and every-1 cm increase in stricture 

length increased the risk of surgery by 8%.155 

There is currently no standardized EBD techniques regard-

ing maximal balloon diameter, duration, pressure of balloon 

inflation, number of dilations per patient or session, and graded/ 

non-graded dilation. These various areas of operator-depen-

dent heterogeneity in the technical aspects of EBD make inter-

study comparisons difficult in systemic reviews and might lead 

to the results that any technical features of EBD do not affect 

short- or long-term outcomes or complication rates.13,18,155,159 

In a recent expert consensus of CD strictures, the following 

items were considered appropriate for EBD: 18 mm as the 

maximal balloon diameter; a balloon inflation time of at least 

1 minute; and 5 cm as the maximum stricture length that should 

be dilated; thus, graded-through-the-scope balloons should be 

preferred.4 EBD is not contraindicated for strictures due to lo-

cal inflammation or ulceration at the stricture site since it did 

not affect the short- or long-term outcomes or complication 
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rates.19,160

Self-expandable metal stents have been proposed in the 

treatment of CD in cases of strictures longer than 5 cm or EBD 

failure, considering their slow radial expansion force com-

pared to EBD, which may be more advantageous in long stric-

tures. However, the rate of procedure-related complications, 

particularly stent migration, is too high to make this option 

practically recommendable to treat CD strictures at this 

time.5,19,161,162

4.  Surgical Management (Bowel Resection and 
Strictureplasty)

Despite the appropriate therapy, approximately, two-thirds of 

CD patients with strictures do not respond to medical therapy 

within 5 years,163 and 75% of patients who undergo EBD due 

to symptomatic CD strictures ultimately require surgery with-

in 5 years.164 When medical or endoscopic therapy fails or is 

contraindicated, surgery (limited bowel resection and stric-

tureplasty) should be considered.18,19 In particular, early bowel 

resection should be the preferred option in high-risk patients 

with isolated ileocecal CD stricture since it prevents subse-

quent complications (fistula and obstruction) more effectively 

than prolonged medical treatment. Previous studies reported 

that early surgical resection in isolated ileocecal CD was relat-

ed with a lower risk of repeated surgery, longer surgery-free 

survival, or less use of steroids than the control group, suggest-

ing that the surgical timing for localized ileocecal stricturing 

CD is relevant to the long-term surgical outcome.19,165-167 To 

preserve bowel length and reduce the anastomotic leakage, 

strictureplasty can be considered in cases of multiple stric-

tures over a long length of the bowel, previous extensive bowel 

resection, and short bowel syndrome.1,18 Strictureplasty is 

generally performed with a longitudinal incision along the an-

ti-mesenteric border and specific suture method on the stric-

tured area.168 Depending on the length of the stricture seg-

ment, Heineke-Mikulicz (most common; 5–10 cm), Finney 

(“U” shape fold; 10–25 cm), and Michelassi (side-to-side lon-

gitudinal enteroenterostomy; > 10 cm) strictureplasties are in-

dicated.13 The strictureplasty is contraindicated in cases of 

concomitant features such as an abscess, fistula, dysplasia, or 

malignancy.2 Four percent of patients who underwent stric-

tureplasties had septic complications including anastomotic 

leaks, fistula, and abscess. The strictureplasty site was involved 

in the septic complications in about 78% of patients with sep-

sis.169 Strictureplasty is preferred for small bowel strictures 

and generally not recommended for colonic stricture in CD 

due to the potential presence of a malignancy.19 Strictureplas-

ty has been shown to be a safe and effective technique com-

parable to bowel resection and utilized during the past 30 

years in cases of stricturing CD.169 Based on this evidence, we 

suggest this treatment algorithm for patients with stricturing 

CD (Fig. 3). 

FUTURE PERSPECTIVES

Recent advances in our understanding of the cellular and mo-

lecular mechanisms of fibrosis are gradually changing the tra-

ditional concept that intestinal fibrosis is unavoidable and ir-

reversible.22,170 CD patients who undergo strictureplasty have 

shown the reversibility of stricturing CD. Serial US evaluations 

of the previous strictureplasty site in CD patients showed a 

decreased or normalized thickening of the diseased bowel 

wall with lower recurrence rates.171 Furthermore, a study in-

cluding a total of 1,112 patients with CD who underwent stric-

tureplasty reported that the recurrence at the previous stric-

tureplasty site was noted in only 3% of total patients with re-

currence, while most recurrences occurred at non-stricture-

plasty sites.170,172 We hypothesized that a reduced mechanical 

and antigenic (microbial and food antigen) pressure after suc-

cessful increase of luminal diameter, leading to a reduced in-

flammatory stimulation, may be associated with subsequent 

myofibroblast inactivation and in turn prevent fibrosis pro-

gression.23,170 In addition, a growing body of evidence regard-

ing the reversibility of fibrosis from other organs including the 

liver, skin, kidney, lung, and heart, provides the concept that 

intestinal fibrosis is also reversible.170 The fibrotic tissue is not 

a fixed, hypo-metabolic tissue; rather, it is a dynamic, hyper-

metabolic tissue in which a continuous matrix turnover oc-

curs with the synthesis and degradation of various ECM com-

ponents by several enzymes such as MMPs and TIMPs. Thus, 

even the severe established fibrotic strictures in CD might be 

reversed by modification of the matrix turnover.87,170 Based on 

the premise of reversibility of intestinal fibrosis, multiple po-

tential mechanisms and anti-fibrotic agents have been identi-

fied, but no specific anti-fibrotic therapy is currently available 

for fibrostenotic strictures in CD. 

 

1. Promising Anti-fibrotic Agents for Intestinal Fibrosis
The small molecules pirfenidone and nintedanib were recent-

ly approved by the U.S. Food and Drug Administration for the 

treatment of idiopathic pulmonary fibrosis.1 Pirfenidone 

showed a combined anti-inflammatory, anti-oxidant, and an-
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ti-fibrotic effect by inhibiting TNF-α, reactive oxygen species, 

and TGF-β signaling in pulmonary fibrosis.173,174 More recent-

ly, several results have suggested that oral pirfenidone pre-

vents intestinal fibrosis by inhibiting fibroblast proliferation 

and differentiation by suppressing TGF-β1-induced fibrosis 

signaling observed in both in in vitro and in vivo intestinal fi-

brosis models.175-177 In a study using gut-derived fibroblasts 

from CD patients, pirfenidone inhibited cellular proliferation 

Fig. 3. Suggested treatment algorithm for stricturing Crohn’s disease. aConcurrent complications include: fistula, abscess, phlegmon, dys-
plasia, or malignancy. bContraindications include: outside reach of endoscopy, stricture type (angulated, spindle-shaped, or asymmetric), 
or stricture location at proximity of the penetrating complication. NG, nasogastric; US, ultrasound; CTE, computed tomography; enterog-
raphy; MRE, magnetic resonance enterography; IV, intravenous; CRP, C-reactive protein; EBD, endoscopic balloon dilatation.

Suspicion of intestinal obstruction

Initial management
• Hydration
• Bowel rest
• Electrolyte replacement
• NG decompression

Assess presence & feature of stricture/s
• Number, location, extension
• Length, type
• Presence of concurrent complicationsa

Presence of inflammatory component
• Cross-sectional imaging (US, CTE, MRE)
• Biomarkers (fecal calprotectin, CRP)

IV hydrocortisone
Appropriate 

maintenance 
therapy

EBD
• ≤5 cm stricture length
• No contraindicationsb to EBD
• No presence of concurrent complications

Yes

Fail Success

No

Limited bowel resection
• Consider early resection of 

isolated ileocolonic stricture

Strictureplasty
• No presence of concurrent complications
• To preserve bowel length (multiple and 

long stricture, previous extensive bowel 
resection, short bowel syndrome)

Not possible or fail 
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and MMP-3 production in a dose-dependent manner, which 

supports the anti-fibrotic role of pirfenidone in stricturing 

CD.178 Nintedanib is a multi-target small molecule inhibitor 

against 3 receptor tyrosine kinases (PDGF, FGF, and vascular 

endothelial growth factor receptors). Nintedanib appears to 

have anti-fibrotic effects by inhibiting TGF-β1-induced prolif-

eration, differentiation, migration, and contraction in fibro-

blasts.47,179 In clinical trials, pirfenidone and nintedanib have 

prevented the decrease in pulmonary function (forced vital 

capacity) and the risk of acute respiratory deteriorations, caus-

ing high morbidity and mortality in patients with idiopathic 

pulmonary fibrosis.180 This finding suggests that pirfenidone 

and nintedanib should be evaluated as new treatment option 

to prevent intestinal fibrosis in CD strictures.

The role of Rho/ROCK/Actin/MRTF/SRF signaling, which is 

induced by TGF-β1 or matrix stiffness, has been revealed in 

intestinal fibrosis.11,51,53,181 ROCK is activated in inflamed and 

fibrotic tissue in CD. The rectal delivery of a novel small mole-

cule ROCK inhibitor (AMA0825) reversed the established in-

testinal fibrosis in 2 different murine models of fibrosis by di-

minishing the TGF-β1-induced MRTF and p38 MAPK activa-

tion and increasing autophagy in fibroblasts. Interestingly, 

AMA0825 alone did not improve histologic inflammation and 

production of the pro-inflammatory cytokines, suggesting that 

the anti-fibrotic effect of AMA0825 is mediated by a fibrosis-

specific mechanism but not an anti-inflammatory mechanism. 

In addition, combining AMA0825 with anti-TNF not only pre-

vented fibrosis but also ameliorated inflammation, emphasiz-

ing the importance of combination therapy.11 These findings 

indicate that combining anti-TNF with local AMA0825 thera-

py, should be evaluated further as a therapeutic strategy for 

treatment of stricturing CD.181 Moreover, as mentioned in the 

previous section, neutralizing antibodies designed to block IL-

36α/IL-36R signaling or TL1A/DR3 signaling, which are acti-

vated in patients with CD strictures, are now available for clini-

cal studies and emerge as promising therapeutic strategies for 

intestinal fibrosis in CD. Anti-IL36R antibodies and anti-TL1A 

antibodies are currently tested in a clinical phase 2 trial in UC 

patients (NCT03482635 and NCT04090411, respectively). 

2.  Challenges in Developing Clinically Available Anti-
fibrotic Agents for CD Stricture

To make use of the above described anti-fibrotic mechanisms 

and novel anti-fibrotic agents as clinically available option for 

CD stricture, multiple obstacles must be overcome.

First, the ideal anti-fibrotic agents for CD stricture should be 

developed by targeting specific molecules or signaling that is 

unique in fibrotic tissue in CD and thus should not cause any 

side effects in other organs. However, to date, no specific tar-

get for intestinal fibrosis has been identified.182 Second, cur-

rently, no specific predictors currently allow for an early iden-

tification of CD patients with a high risk of stricture develop-

ment. Some clinical factors and genetic/serologic biomarkers 

can be useful for predicting complicated CD with a disabling 

disease course. However, none are able to discriminate stric-

turing from penetrating behavior to stratify and enroll CD pa-

tients with a high risk of strictures into clinical trials.14,101 Third, 

no clinically useful biomarkers or imaging techniques can ac-

curately determine and quantify the overall fibrotic burden of 

a stricturing CD. The absence of reliable modalities to define 

fibrosis has led to substantial heterogeneity in definitions of 

stricturing CD.4,112 Furthermore, this makes it difficult to assess 

the response to anti-fibrotic therapy in clinical trials. Cross-

sectional imaging techniques including US, CTE, and MRE 

can detect intestinal strictures or assess the degree of inflam-

mation, but cannot determine fibrosis grade. To meet the ur-

gent need of end points that can be used to assess the efficacy 

of anti-fibrotic agents under investigation, several groups of 

IBD study have reached expert consensus.4,183 Recently, the 

need for intervention (EBD or surgery) within 24–48 weeks 

has been proposed as an appropriate end point to assess anti-

fibrotic agents in pharmacological trials of patients with stric-

turing CD in an expert consensus.4 The development of ap-

propriate trial endpoints, including a patient-reported out-

come tool, radiology indices, and histopathology index are 

now underway in a global effort through the STAR consortium 

to pave the way for clinical trials in this arena and tackle one of 

the largest remaining unmet needs.

CONCLUSIONS

Although advances in the treatment of CD have provided the 

improvement of clinical symptoms and the resolution of in-

flammation, the most patients still develop structural bowel 

damage including strictures, fistulae, and abscess requiring 

surgical resection, which can cause disability and impact so-

cial or professional life.184 Parallel to this, the treatment para-

digm in CD is moving from the control of clinical symptoms 

and inflammation toward modifying the natural history by re-

ducing structural damage and disability. In this regard, intesti-

nal fibrosis is one of the fastest-growing fields within IBD re-

search. Over the past few decades, remarkable progress has 
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been made in the field of fibrosis mechanisms in IBD, includ-

ing the feature of fibrosis progressing independently of inflam-

mation in response to matrix stiffness, the role of microbiome- 

and mesenteric fat–influencing fibrosis, and reversibility of fi-

brosis. Based on these novel mechanisms, several molecular 

candidates are under evaluation for the diagnosis and treat-

ment of intestinal fibrosis. Advances have been hampered by 

the lack of validated clinical trial endpoints. This is currently 

being addressed by the STAR consortium to allow for testing 

of novel anti-fibrotic drugs in the near future. 
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