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Abstract
BACKGROUND
Crohn’s disease (CD) has a multitude of complications including intestinal strictures from fibrostenotic disease. Fibrostenotic disease has been reported in 10%-17% of children at presentation and leads to surgery in 20%-50% of cases within ten years of diagnosis. When symptoms develop from these strictures, the treatment in children has primarily been surgical resection. Endoscopic balloon dilation (EBD) has been shown to be a safe and efficacious alternative to surgery in adults, but evidence is poor in the literature regarding its safety and efficacy in children.

AIM
To evaluate the outcomes of children with fibrostenosing CD who underwent EBD vs surgery as a treatment.

METHODS
In a single-center retrospective study, we looked at pediatric patients (ages 0-18) who carry the diagnosis of CD, who were diagnosed after opening a dedicated Inflammatory Bowel Disease clinic on July 1, 2012 through May 1, 2019. We used diagnostic codes through our electronic medical record to identify patients with CD with a stricturing phenotype. The type of intervention for patients’ strictures was then identified through procedural and surgical billing codes. We evaluated their demographics, clinical variables, whether they underwent EBD vs surgery or both, and their clinical outcomes.

RESULTS
Of the 139 patients with CD, 25 (18%) developed strictures. The initial intervention for a stricture was surgical resection in 12 patients (48%) and EBD in 13 patients (52%). However, 4 (33%) patients whom initially had surgical resection required follow up EBD, and thus 17 total patients (68%) underwent EBD at some point in their treatment process. For those 8 patients who underwent successful surgical resection alone, 4 of these patients (50%) had a fistula present near the stricture site and 4 (50%) had strictures greater than 5 cm in length. All patients who underwent EBD had no procedural complications, such as a perforation. Twenty-two (88%) of the treated strictures were successfully managed by EBD and did not require any further surgical intervention during our follow up period.

CONCLUSION
EBD is safe and efficacious as an alternative to surgery for palliative management of strictures in selected pediatric patients with CD.
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Core Tip: Endoscopic balloon dilation (EBD) has been shown to be a safe and efficacious alternative to surgery in adults, but evidence is poor in the literature regarding its safety and efficacy in children. In our retrospective cohort, 22 of the 25 (88%) treated strictures were successfully managed by EBD and did not require any further surgical intervention during our follow up period. All patients who underwent EBD had no procedural complications, such as a perforation, showing that EBD is safe and efficacious as an alternative to surgery for palliative management of strictures in selected pediatric patients with Crohn’s disease.

INTRODUCTION
In pediatric Crohn’s disease (CD), intestinal strictures are a major cause of morbidity and one of leading causes for surgery with cumulative incidence of 20%-50% after 10 years of diagnosis[1]. It is estimated that strictures, defined by a luminal narrowing and thickening of the intestinal wall that results in obstructive clinical symptoms, are present in approximately 10%-17% of children at the time of diagnosis[2]. Strictures can appear at any point in the gastrointestinal tract, but most commonly appear in the ileocecal region and can cause symptoms, such as abdominal pain, bloating, emesis, decreased energy, and growth failure[3]. Surgery has been a mainstay treatment for intestinal strictures in pediatric CD with resection for longer strictures ( > 5 cm in length) or strictureplasty for simple, shorter strictures[4]. Strictureplasty is a surgical procedure that repairs a stricture by widening the narrowed area with intestinal conservation[5,6]. Post-operative complications from surgical resection include fistulas, leaks, short bowel syndrome, and recurrence of the stricture at the anastomosis site[7]. One study shows that clinical recurrence of strictures occurs in 55% of patients in the first two years after initial surgery, which leads to the need for subsequent surgical interventions[6]. Overall, 75% of CD patients undergo surgery for disease related complications at least once in the course of their disease[8].
Given the high likelihood of surgery in a CD patient, attempts should be made to find alternatives to surgery in these patients. One such alternative is endoscopic balloon dilation (EBD), through which an endoscopist traverses the stricture with a balloon device that is then inflated in an effort to increase the diameter of the intestinal lumen. EBD has been demonstrated to be a safe and efficacious alternative to surgery in adults with CD, but there was a paucity of evidence regarding use in children until our initial publication in 2008[3,7]. Evolution of our knowledge regarding outcomes from fibrostenosing CD and anti-inflammatory effects of biologic therapy suggested stenosing disease evolves independently, which is propelled by local myofibroblast activity, soluble chemokines, and growth factors[9]. The accumulation of this understanding led to the eventual guidelines published by the European Crohn’s and Colitis Organization in 2016[10]. The aim of our study is to evaluate the longitudinal outcomes of children with CD who underwent EBD vs surgical resection as a treatment of their strictures in order to show that EBD is efficacious as an alternative to surgery for management of simple strictures in pediatric fibrostenosing CD.

MATERIALS AND METHODS
Study design
In a single-center retrospective study, we looked at pediatric patients (ages 0-18) who carry the diagnosis of CD who were diagnosed after opening a dedicated Inflammatory Bowel Disease clinic on July 1, 2012 through May 1, 2019. We used diagnostic codes through our electronic medical record to identify patients with CD with a stricturing phenotype. The type of intervention for patients’ strictures was then identified through procedural and surgical billing codes. Patient demographics, disease characteristics and longitudinal clinical outcomes were obtained through review of the electronic medical record. Demographic data included: age at diagnosis of CD, age at time of procedure, body mass index (BMI) at time of procedure, and race. Disease characteristics included: modality of CD diagnosis, time (years) from diagnosis of CD until the development of symptomatic strictures, the Paris classification of disease, and medication at the time of the procedure. Symptomatic strictures were defined as new onset or worsening of baseline abdominal pain, post-prandial bloating, and/or emesis. Information obtained about the intestinal stricture and procedure(s) included the location, length, number of strictures, the presence of penetrating disease near the stricture site, the type of stricture intervention (EBD, surgery, or both), and if any medication was injected into the stricture at the time of EBD. Strictures were classified as simple, which were defined as single and < 5 cm, or complex, which were defined by multiple, > 5 cm or associated with a fistula.

EBD
All patients with complex strictures underwent surgical resection of their stricture sites rather than strictureplasty. All EBDs were done by a single provider, using the same technique (JAQ). First, a 0.25 mm soft tip guidewire was passed through the stricture. In the case of medication injected at the stricture site, 2 mg/kg up to 80 mg of triamcinolone was diluted in 5 mL of saline and was then injected into all four quadrants of the stricture area prior to dilation. A single patient received an injection of an infliximab biosimilar (0.5 mg/kg) diluted in 25 mL of saline at the stricture site before dilation. After the injection of the stricture, a through the scope controlled radial release (CRR) colonic balloon dilator was placed over the guidewire and serial dilations were done until the desired diameter was achieved to allow endoscope passage for inspection of the proximal bowel (Figure 1).

RESULTS
Stricturing CD
Of the 139 active patients diagnosed with CD in the study period, 25 (18%) developed intestinal strictures; 13 patients (52%) were male and 22 patients (88%) were Caucasian (Table 1). BMI was recorded in the 25 patients and nine (36%) were in the overweight BMI category (BMI > 85th and < 95th percentiles). Six of those patients had complex strictures and went directly to surgical resection. The mean age at diagnosis of CD was 13 years. In 23 of the 25 patients, diagnosis was made via upper and lower endoscopy with biopsies confirming CD, and the other two patients had stricturing and penetrating disease at the time of diagnosis, and CD was confirmed on histologic review of the surgically-resected specimen. Using the Paris Classification, CD location was classified as: ileocolonic (n = 20, 80%), distal 1/3 of the ileum with limited cecal disease (n = 3, 12%), colonic (n = 1, 4%), or upper disease proximal to the ligament of Treitz and ileocolonic (n = 1, 4%). CD behavior was classified as: stricturing (n = 11, 44%), stricturing and penetrating (n = 9, 36%), stricturing and perianal disease (n = 3, 12%), or stricturing, penetrating and perianal disease (n = 2, 8%). The mean time of development of symptomatic strictures from time of diagnosis was 1.5 years. Twenty (80%) of these strictures were located in the terminal ileum, 3 (12%) in the rectum, 1 (4%) in the duodenum, and 1 (4%) in the ascending colon (Figure 1).
At the time of intervention, most patients (n = 21, 84%) were on biologic therapy; 11 patients were on infliximab or an infliximab biosimilar, 9 patients were on adalimumab, and one patient was on vedolizumab. Of the four patients not receiving biologic therapy, three patients were managed with azathioprine and one was managed with mesalamine alone. Three patients (12%) were on low-dose corticosteroids in addition to biologic therapy.

EBD outcomes
The initial intervention for a stricture was surgical resection in 12 patients (48%) and EBD in 13 patients (52%). However, 4 (33%) patients whom initially had surgical resection required follow-up EBD, and thus 17 total patients (68%) underwent EBD at some point in their treatment process. The frequency of EBD procedures performed on an individual patient was: one EBD (n = 7, 41%), 2-3 EBD (n = 8, 47%), 4 or more EBD (n = 2, 12%) (Figure 2). All patients that underwent EBD had strictures with a length less than or equal to 5 cm in length and inflammation was controlled with medications prior to EBD. Fifteen patients received a triamcinolone injection into the stricture site and one patient received an infliximab biosimilar injection at the stricture site. There were no post-EBD perforations, bleeding requiring intervention, or infections. Of the 8 patients who underwent successful surgical resection alone, 4 patients (50%) had a fistula present near the stricture site and 4 (50%) had strictures greater than 5 cm in length. Overall, 88% (15/17) with stricturing disease treated endoscopically did not require any further surgical interventions.

DISCUSSION
The natural history of CD in children suggests that most children present with inflammatory disease but a proportion will develop more complicated stricturing or penetrating disease[11]. Given the high overall rate of surgery in CD, the rate of recurrence of strictures post-surgery, and the risk of complications post-surgery, there exists the need for alternative interventions[6,7,12]. EBD offers a minimally invasive, therapeutic approach that can reduce or obviate the need for surgical intervention[13]. It has been shown to be efficacious in adult stricturing CD with overall reported technical success rate of 89.1% to 94.9% and associated clinical efficacy of 80.8%-82.3%[14,15]. Complications are also minimal in EBD compared to surgery with a complication rate averaging around 2% overall[16]. Here, we aim to demonstrate similar efficacy and safety in our pediatric CD cohort.
In our single-center cohort, 88% (15/17) of patients with stricturing CD treated via EBD did not require any further surgical interventions. This is a higher success rate than the adult literature where a meta-analysis of 33 studies showed that surgical intervention was avoided in 57% of adult patients who had undergone EBD[14]. In our cohort, there was a need for repeat EBD in 6/17 (35%) patients whom had initial EBD and a need for EBD after surgical resection in 4/12 (33%) patients. The adult literature cites that need for repeat EBD as 73.5% in a meta-analysis and 47% in another study, and the need for EBD after surgical resection at 62%[14,17]. It is difficult to compare our rates of success and need for repeat dilations to adult studies given the small number of patients in our study and a different range in follow up time. In our study, follow up ranged from 6 mo to 2 years compared to the two years used in adult literature[14,17].
[bookmark: _Hlk52799984]In our population, there were no complications of perforation, bleeding, or infection for any patient who underwent EBD. Although this is reassuring, our study is again limited by the small number of patients making it difficult to compare to the rate of complications in the literature which is around 2%[8]. In addition, patients who were deemed high risk by the adult literature, those with longer strictures (≥ 5 cm) and the presence of a nearby abscess or fistula, were not candidates for EBD and underwent primary surgical resection instead[14,17,18]. Our data does support previous literature about the safety of EBD in patients with uncomplicated, fibrostenotic, non-inflammatory and short segment strictures (< 5 cm in length) (Figure 3)[18].
The majority of our patients (15/17) also received intralesional steroid injection into the stricture site. This has been documented as effective by showing the reduction in the need for further endoscopic dilations and surgical interventions in a double-blinded controlled trial in pediatric patients[5]. One patient in our study received an injection of an infliximab biosimilar at the stricture site prior to dilation. This patient had a high-grade duodenal stricture at presentation of her disease which did not allow for tolerance of enteral nutrition. Due to severity of her clinical condition, surgical risk and after internal discussion and family approval, the suitability of this approach was felt to be acceptable. One study in the adult literature showed that injection of 40 mg of infliximab into strictures in six patients was successful[19]. All six patients at the final follow-up at six months described relief of obstructive symptoms and no patients were referred to surgery during the follow-up period[19]. Our patient did require two dilations with infliximab biosimilar injection, and she eventually had resolution of her symptoms and was able to advance to a regular diet. Although there are some smaller studies describing success of injection of biologics into strictures, this has not been proven to be fully efficacious due to the small number of patients that have received a biologic injection into their stricture site. In contrast, a multicenter study from the United States did not show that intra-lesional steroids or biologics lower the risk of further interventions or surgery[20].
In addition, our data suggests that there seems to be an interesting correlation with higher BMI and worsening disease. Six patients (66%) in the overweight BMI category (BMI > 85th and < 95th percentiles) were those patients with complex strictures that went directly to surgical resection. This correlates with a study that was published in the journal of Biomolecules in 2019 which showed that increased visceral adipose tissue, “creeping fat,” can worsen intestinal inflammation through increased altered adipocyte function and through deregulated leptin and adiponectin production[21]. Another recent prospective study from Australia suggested that visceral adipose tissue to subcutaneous adipose tissue ratio was positively associated with risk of stricturing disease behavior and elevated fecal calprotectin in patients with ileocolonic disease; however, these findings are controversial and ongoing research is required to better classify this correlation[22].
Though EBD is shown to be safe and efficacious based on our initial data and the data in the literature, it does have limitations. Surgical resection is still recommended as initial management in longer strictures or for complicated strictures due to an increased risk for perforation[18]. Before EBD is performed, it is recommended to characterize the number, nature and length of the stricture using magnetic resonance enterography or small intestine contrast ultrasonography[18]. Furthermore, EBD requires a skilled endoscopist who is comfortable performing these procedures, and this may not be available at all pediatric centers.
There has been a small amount of published data on EBD in pediatric fibrostenosing CD since our first publication in 2008. Our initial experience suggested that EBD was safe and efficacious in children with short and uncomplicated strictures secondary to fibrostenosing CD which we proceeded to implement in our active day to day care of pediatric CD with these results. Our study is limited by a modest follow-up interval and relatively small number of patients. Further research is most definitely needed in order to find the ideal role for EBD in the management of fibrostenosing CD in children and to further assess the long-term efficacy of the procedure when comparing to surgical intervention in children. We also need to determine if biologic injection at the site of a stricture is a superior option in prevention of stricture recurrence at the dilation site and need to develop ideal tools and techniques to reproducibly manage patients with CD-related intestinal strictures.

CONCLUSION
EBD is safe and efficacious as an alternative to surgery for palliative management of strictures in selected pediatric patients with CD with a high response rate and low complication rate directly related to the procedure.

ARTICLE HIGHLIGHTS
Research background
Currently up to 75% of patients with Crohn's disease (CD) are expected to need surgery due to disease related complications. Intestinal fibrostenosing disease is a common complication and biologic therapy has not limited its appearance even with much improved clinical response rates. Due to a high risk for surgery, attempts to find alternatives to surgery need to be made. Endoscopic balloon dilation with adequate technique promises to have an important role in his area.

Research motivation
Endoscopic balloon dilation has already been shown to be efficacious in adults but no large case series involving pediatric patients exists currently in literature.

Research objectives
We aimed to evaluate the short and long term outcomes of CD who developed fibrostenosing disease and underwent endoscopic balloon dilation as primary or secondary therapy.

Research methods
This is a single-center case series in which all subjects who were diagnosed with diagnosed between 2012 and 2019 were included in the study, and those that developed fibrostenosing disease were identified. Their records were then reviewed for types of interventions performed and outcomes. Patients were classified into primary surgical or endoscopy-treated subjects and those that subsequently required surgery or endoscopy were thus classified. Demographic data included: age at diagnosis of CD, age at time of procedure, body mass index (BMI) at time of procedure, and race. Disease characteristics included: modality of CD diagnosis, time (years) from diagnosis of CD until the development of symptomatic strictures, the Paris classification of disease, and medication at the time of the procedure.

Research results
We identified 139 subjects diagnosed with CD in this study period. Of these patients, 25 (17%) were noted to have a fibrostenotic lesion anywhere in the small and large bowel. 13 (52%) underwent primary endoscopic therapy vs 12 (48%) who underwent surgical management. Of the patients who went to surgery, 4 (16%) had to have further endoscopic treatment after surgery, compared to just 2 (8%) of those who had endoscopy as primary therapy. Of note, 5 (20%) required just one endoscopic therapy session for resolution of their stricture.

Research conclusions
Endoscopic balloon dilation is a safe and effective treatment in children with CD-related fibrostenosing disease. Adequate patient selection is key to ensure a high success rate. Pediatric patients undergoing surgery for fibrostenosing disease should be cautioned that a 1 in 5 risk of requiring further endoscopic therapy is a distinct possibility.

Research perspectives
Our data suggested an interesting correlation between higher BMI and risk of stricturing disease. Pediatric patients with BMI > 85% and < 95% had a higher risk of complex strictures requiring surgery. This brings into new light publications associating an increase in visceral adipose tissue with intestinal inflammation through dysregulated leptin and adiponectin production.
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Figure Legends
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Figure 1 Endoscopic appearance. A: Endoscopic appearance of a Crohn’s disease fibrostenotic lesion in the ileocecal valve; B: Wire-guided 18 mm balloon dilation catheter (CRE PRO, Boston Scientific, Marlborough, MA, United States); C: Appearance after dilation.
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Figure 2 Management of patients with stricturing Crohn’s disease via surgery or endoscopic balloon dilation. EBD: Endoscopic balloon dilation.
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Figure 3 Magnetic resonance imaging of fibrostenosing Crohn’s disease. A: Cross sectional magnetic resonance imaging showing the lesion in the distal ileum; B: Coronal cut on magnetic resonance imaging of fibrostenosing Crohn’s disease with proximal dilation.

Table 1 Patient demographics and clinical variables
	
	Surgery only, n = 8
	EBD only, n =  11
	Surgery and EBD, n = 6

	Sex, n (%)
	
	
	

	Male
	4 (50)
	6 (55)
	3 (50)

	Female
	4 (50)
	5 (45)
	3 (50)

	Age at diagnosis, n (%)
	
	
	

	0-10
	1 (12)
	1 (9)
	1 (17)

	11-18
	7 (88)
	10 (91)
	5 (83)

	Race, n (%)
	
	
	

	Caucasian
	7 (88)
	11 (100)
	4 (67)

	African-American
	1 (12)
	0 
	2 (33)

	BMI, n (%)
	
	
	

	Underweight
	2 (25)
	2 (18)
	0 (0)

	Normal
	0
	7 (64)
	5 (83)

	Overweight
	6 (75)
	2 (18)
	1 (17)

	On biologic, n (%)
	6 (75)
	10 (91)
	5 (83)

	On steroids, n (%)
	0
	2 (18)
	1 (17)

	Location of stricture, n (%)
	
	
	

	Terminal ileum
	6 (75)
	2 (18)
	4 (66)

	Ileocecal valve
	2 (25)
	5 (46)
	1 (17)

	Colon
	0
	1 (9)
	0

	Duodenum
	0
	1 (9)
	0

	Rectum/anus
	0
	2 (18)
	1 (17)

	Average years of disease until development of stricture
	2.1
	1.9
	1

	Stricturing disease only, n (%)
	4 (50)
	8 (73)
	2 (33)

	Stricturing and penetrating disease, n (%)
	4 (50)
	3 (27)
	4 (67)


EBD: Endoscopic balloon dilation; BMI: Body mass index.
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