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Abstract

Aim of the Study
To assess the safety and effectiveness of fluoroscopic balloon dilatation (FBD) in children with esophageal anastomotic stricture after surgical repair of esophageal atresia.

Methods
All patients undergoing surgery for esophageal atresia and requiring dilatation(s) during a consecutive 15 year period [ April 2000 - September 2014 ] were analyzed. Dilatations were performed as day case procedures under general anesthesia using a radial force generating balloon device ( Boston Scientific Corporation ) by surgeons. Outcomes assessed included – (1) the number of dilatations / patient, (2) effectiveness and (3) need for surgery and (4) complications.

Results
One hundred thirty seven patients underwent 625 FBD sessions (median 3 dilations per patient; range 1–24 dilatations). Median age at 1st FBD was 0.74 years (range 0.05–16.1 years).  Balloon catheter sizes ranged from 6 mm – 20 mm. FBD yielded excellent results in 99 patients (74 %), while 17 cases (13 %) had mild ongoing dysphagia / dysmotility. Ten patients (7%) required further dilatation(s) to control symptoms. No patient(s) required esophageal stenting.  Five cases required G-tube feeds as a result of oral aversion behavior –  all of these cases were complex / VACTERL patients.  Only 1 minor ‘radiological leak’ occurred after a dilatation session and this did not require surgical intervention. A single patient (‘long gap’ EA-TEF) with severe neurological impairment having multiple dilatations and stricture resection ultimately required esophageal replacement. Anti-reflux surgery was performed in 36 patients (26 %) for medical therapy resistant GER.

Conclusion
FBD for anastomotic stricture(s) following esophageal atresia repair achieved very good outcomes for the majority of EA-TEF patients. The procedure can be accomplished safely as indicated by the low complication rate herein reported. Although some children may require more than one dilatation session prompt relief of symptoms can be achieved with a vigilant care programme co-ordinated by a multidisciplinary specialist EA TEF team. 

Introduction

Esophageal atresia (EA) occurs in 1 in 2500 births [1]. Survival today is generally excellent though surgery for EA is associated with well recognised morbidity(s) - anastomotic stricture, leak, foregut dysmotility, recurrent fistula, gastroesophageal reflux (GER) disease and airway malacia [1-4]. It is estimated that up to 50 % of all EA patients will acquire swallowing problems linked to stricture with the subsequent risk(s) of dysphagia and aspiration [2,5]. After-care programmes have traditionally advocated esophageal dilatation with rigid or flexible bougies. It is postulated that such procedures may be associated with a higher rate of esophageal injury resulting from the ‘shearing forces‘ created giving further scarring and worsening strictures [6]. Balloon dilatation is considered to be a superior technique as the ‘radial dilating forces ‘ from the device are theoretically less likely to produce esophageal damage [5]. Balloon dilatation can be accomplished under fluoroscopic imaging with patients often managed by interventional radiology services [7-11]. To this end only very few pediatric surgical centers have accumulated ‘surgeon experience’ with the technique [5,12-14]. This paper herein reports a 15 year single center study undertaken by a multidisciplinary surgical service caring for EA TEF patients . 

Methods

All patients undergoing surgery for EA at Alder Hey Children’s Hospital, Liverpool UK during the 15 year period, April 2000 - September 2014 were identified from an EA TEF clinical database. Cases requiring FBD for anastomotic stricture(s) after EA repair were then detailed. Strictures were suspected by ‘symptom reporting’ by patients, parents or  ‘care-givers’. Water soluble upper GI contrast studies were deployed occasionally for some patients ( requested by parents and care-givers ) to aid decision-making from clinics and / or outreach ambulatory services. All dilatation sessions were performed by pediatric surgeons. As routine - flexible upper GI endoscopy ( Olympus Corporation , UK  ) was undertaken on each patient prior to dilatation to exclude food bolus, foreign body or debris entrapment in the esophagus. Appropriate balloon catheter size(s) ( 6mm – 20 mm ) were then selected by the attending surgeon after endoscopy taking account of the severity of stricture, patient age and body weight. A balloon catheter was inserted into the esophagus over a soft flexible fine guide wire positioned across the length of the stricture. With the “ radial-force “ generating balloon device ( Boston Scientific Corporation ) using fluoroscopy control - stricture(s) were dilated. At each dilatation the balloon was inflated with dilute radio-opaque contrast (Omnipaque, GE Healthcare UK) for periods of up to 60 seconds and then deflated gradually. Disappearance of the “waist” or “hourglass” deformity indicated successful dilatation – Figure 1. This procedure was repeated up to 2 – 3 times per patient at each session. An ‘on table ‘ post dilatation esophagogram study was performed by instillation of contrast through a working channel of the balloon device to exclude ‘leak’.  Postoperatively feeding was allowed on the ward immediately after recovery from anaesthesia. Outpatient clinic attendance and medical chart review(s) were analyzed to evaluate outcomes. Data recorded for each patient included - ( 1 ) the number and frequency of dilatations / patient, ( 2 ) clinical effectiveness / ‘ symptom relief ‘ ( 3 ) need for surgery and ( 4 ) complications.

Results

One hundred thirty seven patients underwent a total of 625 FBD sessions over a 15 year period. The median number of dilatations required was 3 per patient (range 1–24 dilatations) - Figure 2. Median age at 1st FBD was 0.74 years (range 0.05–16.1 years). FBD yielded excellent results with complete resolution of symptoms in 99 patients (74 %), while 17 patients (13 %) had mild ongoing dysphagia / dysmotility disturbance. These children were able to tolerate normal diet and managed to control their symptoms by ensuring to drink lots of water / fluids at meal times. Ten patients (7 %) required further dilatation(s) sessions to control troublesome symptoms. A single FBD session was highly sufficient in 28 patients (21 %) whereas ‘symptom recurrence’ required repeat dilatations in 109 children (79 %). Morbidity in the study was minimal with only 1 single case of oesophageal perforation – a ‘radiological leak’ - (0.7 % per patient; 0.16 % per dilatation session) which was managed conservatively. Post operatively 1 patient experienced a severe desaturation episode in the recovery ward who was later found to have severe tracheomalacia that required aortopexy. Despite effective dilatations, five patients remain mainly tube fed (4 gastrostomies, 1 jejunostomy). All of these children were more complex cases / phenotypes -  1 cerebral palsy and VACTERL complex,  1  ‘developmental delay’,  2  VACTERL syndrome and 1 patient with short bowel syndrome – Figure 3. A single adolescent patient with ‘long gap’ oesophageal atresia and severe neurological impairment / post infective viral brain injury ultimately required oesophageal replacement after multiple dilatations and failed stricture resection. Antireflux surgery was undertaken in 36 patients (26 %) for medical therapy resistant GER. There were three deaths during follow up -  All were unrelated to OA and FBD – ( 2 severe co-existent congenital heart disease and 1 CVL line sepsis). The median follow up period in the study was 4.9 years (range 0.14 – 15.5 years). During this 15 year era the pediatric surgical unit performed 181 esophageal atresia repairs – approximately 12 index cases per annum.


Discussion

Early reports describing balloon dilatation for esophageal strictures in children date back to 1984 [15,16]. Symptom relief after first dilatation is reported to occur in 15% – 59 % cases [5,8,10,17,18] comparable with the good success rates in this present study. The median number of dilatations required per patient  ( reportedly 3 sessions ) , gave  an overall success rate of 76 % / index case similar to the contemporary literature [5,7-10,17]. The findings from this single center UK study reaffirms that FBD is a very safe and effective technique for management of anastomotic strictures following EA repair. The most serious complication(s) of dilatation procedures is esophageal perforation with the reported risk(s) in the literature quoting 0 %– 10 % incidence [8,11-13].  Herein we reported only a single case - a perforation / ‘radiological leak ‘ after FBD giving a perforation rate of 0.16 % per procedure. 

It is estimated that up to 70 % of infants born with EA TEF will have co-existent GER disease considered to be a significant contributing factor in the pathogenesis of postoperative strictures [2,9,19]. It is well known that most strictures can resolve with fewer dilatations necessary after antireflux surgery [2] and also that fewer dilatations are required in patients without GERD [17]. In our series antireflux surgery was performed in only 36 patients (26 %) for medical therapy refractory GER where we reserve a ‘high threshold’ for electing to perform fundoplication in EA patients with well recognised foregut dysmotility. These outcome metrics are very similar with findings as reported by Chittmittrapap [2] (26 %) and Said.  [9]  

FBD is therefore highly effective although it must be recognized that some patients will require further sessions ( decreasing in overall frequency as adolescence years advance ) , whilst others may remain mainly tube-fed due to the complexity of their associated conditions / aversive oral behaviour. In Liverpool vigilant after-care in a specialist MDT EA monthly clinic has greatly facilitated active surveillance of index patients also considerably reducing ‘out of hours’ emergent hospital admission for emergent dilatation(s). Here we practice a selective policy for dilatation for ‘symptomatic strictures’ as advocated by Koivusalo et al in Finland [20,21]. To add here - ‘symptom threshold’ for booking (re) dilatation session(s) in our practice is swift in a strenuous effort to offset emergency admission from bolus obstruction dysphagia. [2,5,17,22].  To the best of our knowledge this is the largest single center series reporting successful deployment of FBD to treat esophageal anastomotic strictures after OA repair.  In closing - the technique is readily learned by pediatric surgeons-in-training and we believe it is a crucial skill-set to acquire for any surgeon(s) wishing to develop a subspeciality interest in the care of babies born with esophageal atresia. 
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Legends to Figure(s)
Figure 1 – Fluoroscopy imaging showing the technique of esophageal balloon dilatation. The ‘ waist ’ deformity defines the area of stricture in the esophagus. Absence of ‘ waisting ’ with balloon inflation indicates successful dilatation.
Figure 2 – Bar chart plot showing number of dilatation sessions required per EA patient.
Figure 3 – Bar chart plot – Defining outcome metrics in EA study cohort.
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