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Abstract  
Introduction 

Gastric transposition (GT) is currently the oesophageal replacement of choice for 

long gap oesophageal atresia (OA). Long-term outcomes of this are poorly 

understood. Different therapeutic options being explored include tissue 

engineering.  

Aims of the work in this thesis were to explore the long-term outcomes of GT and 

design animal models for in vivo testing of tissue engineered oesophagi.  

Methods 

Two long-term follow up studies of OA and GT for OA were completed in 

collaboration with patient support groups and from a cohort of patients from the 

ŀǳǘƘƻǊΩǎ institution respectively.   

Outcomes included morbidity, symptoms and health related quality of life.  

Animal model development focussed on rat and rabbit models utilising the long 

cervical oesophagus to attempt circumferential implantation of tissue engineered 

oesophagi. Various modifications were made during the study including; 

gastrostomies, stenting, and variation of anaesthetic and operative technique. 

Results 

Long-term gastrointestinal and respiratory morbidity are frequently reported after 

OA repair. Following GT, adulthood morbidity includes strictures, redo surgery, 

supplementary feeding, anaemia and depression. Quality of life is negatively 

affected by OA and GT. 

A rat model for oesophageal tissue engineering was complicated by scaffold 

collapse and obstruction. Following seeding of cells and culture, scaffolds were 

mechanically weaker.  

Despite modifications in the rabbit model long term survival was limited by 

respiratory problems, scaffold obstruction and gastrostomy problems. 

Conclusions 

Long-term outcomes of OA and more specifically OA treated with GT are associated 

with significant morbidity including mental health problems and decreased quality 

of life. This mandates better follow up and transitional care when patients leave 

paediatric services. 

Neither rat nor rabbit models are robust enough to provide reliable outcomes 

suitable for pre-clinical studies of oesophageal tissue engineering. Nevertheless, 

lessons learned from these models will be useful in developing other preclinical 

models of oesophageal replacement and ultimately in clinical practice.   
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Impact Statement 
 

Currently there are limited data and high quality research describing the adulthood 

outcomes of OA and GT performed in childhood and therefore these data are 

important in defining these outcomes for a variety of reasons at a national and 

international level including: 

1. Improving understanding of patients and health care professionals ς which 

in turn helps counselling parents and clinical decision making 

2. Mandating long term follow up and quality transitional care for all of these 

patients from paediatric to adult services ς something that at present is 

poorly organised and delivered across a variety of congenital surgical 

conditions 

3. Facilitate decision making at a national level about provision of such 

complex services through establishing a British Association of Paediatric 

Surgeons interest group and through on-going work and discussion with the 

national patient support group TOFS.  

The work has also been presented internationally and published in peer review 

journals (see list at end of thesis) in efforts to disseminate this knowledge resulting 

in increased interest in the work and leading to research collaboration with 

colleagues in a number of different UK centres including a study into transitional 

care in OA. One key area that has had little focus in the past is health related quality 

of life and mental health ς a previously un-reported morbidity following GT for OA 

and one which should now be focussed on more clinically as we are aware of it as a 

long term problem into adulthood.    

 

Animal model development is a key part in the wider strategy of developing a 

clinically usable tissue engineered option for oesophageal replacement and its 

wider clinical application. Our group has already published encouraging in vitro 

results on oesophageal tissue engineering using the same decellularised scaffolds 

(Urbani, Camilli et al. 2018) and as such the results from this work were relatively 
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disappointing. However, this model development project has provided essential 

information for developing the programme further towards pre-clinical studies in 

terms of consideration of which large animal model to use. Information regarding 

the need for stenting of scaffolds, gastrostomy use and the need for further 

mechanical testing of cultured scaffolds to ensure they are strong enough are key 

to moving towards a model which can reliably deliver longer term outcomes. With 

this will come the ability to study not only the scaffold in vivo but also to study the 

fate of seeded cells which will be important for the longer-term function of 

implanted scaffolds. This work helps moves us closer towards the possibility of an 

off the shelf tissue engineering solution to the complex condition of OA and to 

replace the current treatment of GT and its associated long-term morbidity.  

These results will be disseminated in peer reviewed journals to help inform the 

wider tissue engineering community of the advantages and disadvantages of the 

two models used and at present are leading to international collaboration for the 

next stage of in vivo testing which may involve a porcine model.  
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Chapter 1 Introduction  
Oesophageal atresia (OA) with or without tracheoesophageal fistula (TOF) occurs in 

3000-5000 live births and survival of these patients has improved over the last 30 

years (Tennant, Pearce et al. 2010). The aetiology of OA in unknown but it is 

thought to represent a failure of the normal division of the primitive foregut into 

the oesophagus and trachea which occurs at week 4-5 of gestation. This results is 

ŀƴ ΨŀǘǊŜǎƛŀΩ ƻǊ ƳƛǎǎƛƴƎ ǎŜƎƳŜƴǘ ƻŦ ƻŜǎƻǇƘŀƎǳǎ ŀƴŘ a spectrum of different 

anatomical variations of the trachea. In clinical practice these different variations 

are seen in the different classifications of OA.  

 

Classification  

Oesophageal atresia can be classified according to the variations of anatomy seen 

with regards the presence of different configurations of TOF. Gross (Gross 1953) 

classified the different types of OA from A-E (Figure 1.1). The most common type of 

OA seen in 86% of cases in Gross type C and type A or isolated OA is seen in around 

7% of cases (Spitz 2007). The remaining types B, D & E are rarer and only seen in 

2%, 1% and 4% of cases respectively. 

 

Figure 0.1 Gross classification of OA 

Basics of Pediatric Anesthesia (Litman 2016). Type A -isolated OA, Type B - OA with 
a TOF to the upper oesophagus, Type C - OA with a TOF to the lower oesophagus, 
Type D - OA with a double TOF and Type E which is an isolated TOF.    
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Most frequently patients present at birth with an inability to swallow saliva and 

varying degrees of respiratory distress. Emergency surgery of those with a distal 

TOF (type C) is required to avoid aspiration in to the lungs or difficulties in 

ventilation and breathing.  

Surgery for OA  
Emergency surgery is required in those cases with a distal TOF and involves 

thoracotomy / thoracoscopy and ligation of the TOF and subsequent repair of the 

oesophagus which in most cases is achieved by primary anastomosis if the gap 

between upper and lower oesophagus allows. If not and the gap is considered to be 

to ΨƭƻƴƎΩ for a primary anastomosis any fistula is ligated and a gastrostomy is usually 

placed to allow for enteral feeding and a delayed attempt to anastomoses the 

oesophagus or if this not possible some form of oesophageal replacement may be 

performed. 

¢ƘƻǎŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ¢ȅǇŜ ! ŀƴŀǘƻƳȅ ƻǊ ƛǎƻƭŀǘŜŘ h! ǘŜƴŘ ǘƻ ƘŀǾŜ ŀ ΨƭƻƴƎŜǊ ƎŀǇΩ ŀƴŘ 

ƎƛǾŜƴ ǘƘŜ ƭŀŎƪ ƻŦ ŀ ¢hC ŘƻƴΩǘ ǊŜǉǳƛǊŜ ǳǊƎŜƴǘ ƻǇŜǊŀǘƛƻƴΦ ¢ǊŀŘƛǘƛƻƴŀƭƭȅ ǘƘŜǎŜ ǇŀǘƛŜƴǘǎ 

have been treated with early gastrostomy insertion and then delayed (usually at 

ŀōƻǳǘ о ƳƻƴǘƘǎ ƻƭŘύ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ΨƎŀǇΩ Ҍκ- delayed repair of the oesophagus. 

If this was not possible as the gap was too large again oesophageal replacement 

would be performed.   

More recently a variety of techniques to try and induce oesophageal growth / 

lengthening and permit delayed anastomosis rather than replacement have been 

described (Foker, Kendall Krosch et al. 2009). These procedures involve application 

of tension sutures to the two ends of the oesophagus which are subsequently 

tightened in staged way to bring the ends of the oesophagus tighter. These 

techniques have yet to gain universal approval. Oesophageal replacement 

occasionally becomes the only option available for repair of complicated OA where 

previous surgery has failed ς for example with recalcitrant stricturing.    

Caustic injury 

Another group of patients in whom oesophageal replacement may be considered is 

those with significant caustic injuries from caustic ingestion or button battery 

injuries. These patients can lose variable lengths of oesophagus from caustic 
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injuries and may require urgent life-saving treatment when they first present, 

especially if there is evidence of oesophageal perforation or fistulation into aorta or 

trachea. Delayed oesophageal reconstruction or replacement may then be required 

- especially in cases where long oesophageal resections have been required or in 

those with long recalcitrant strictures. (Uygun I,  Bayram S. 2020).  

Oesophageal replacement  

The most frequently performed procedures for oesophageal replacement include 

interposition of either colon (CI) or jejunum (JI) between the proximal oesophagus 

and the stomach or gastric transposition (GT); bringing the stomach into the chest 

with direct anastomosis to the proximal oesophagus. The merits of each procedure 

are the subject of much discussion across the paediatric surgical literature. 

CI is probably the most commonly performed oesophageal replacement globally for 

OA and was first described in 1948 (Sandblom 1948). The benefit of an easily 

obtained graft of suitable length which occupies a relatively small space in the chest 

is balanced by the more precarious blood supply compared the stomach in GT and 

the presence of two anastomoses increasing the risk of leak and strictures. In the 

longer term there is concern about the graft becoming baggy and redundant a 

problem that can be difficult to manage (Loukogeorgakis and Pierro 2013).  

JI again has the benefit of an easily obtainable suitably sized graft and its relative 

size compared the oesophagus is favourable. This is again balanced against the 

double anastomoses and relatively more precarious blood supply which can if 

necessary be augmented with microvascular anastomoses in the in the neck. Bax 

reported good results with the jejunal replacement (Bax and van der Zee 2007) but 

the concern about the precarious blood supply of the jejunum and risk of leaks have 

limited its popularity (Cauchi, Buick et al. 2007).  

Gastric Transposition 

Gastric transposition is the oesophageal replacement of choice in the UK and 

Europe (Zani, Eaton et al. 2014) and gained popularity through the work of Prof 

Spitz at Great Ormond Street Hospital after he changed to this technique; adopted 

from adult surgeons treating malignancy, following poor results when performing CI 

(Ahmed and Spitz 1986). The procedure involves mobilising the stomach on a 
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vascular pedicle, taking advantage of its excellent blood supply and performing a 

pyloroplasty to ensure no delay in gastric emptying. The gastro-oesophageal 

junction is then over sewn and the fundus of the mobilised stomach delivered 

through the posterior mediastinum to the neck where is can be anastomosed to the 

proximal oesophagus (Figure 1.2). 

 

 

Figure 0.2 Operative detail of gastric transposition.  

Operative details of Gastric Transposition from Spitz, L ς Oesophageal replacement 

overcoming the need (Spitz 2014) 

The short terms outcomes from GT are relatively well reported ς the biggest series 

from Spitz (Spitz 2009), which did include some patients with caustic injuries rather 

than OA suggest an early post-operative complication rate of 3%, a leak rate of 12% 

and a stricture rate of 20%. A subset analysis of this cohort of patients with type A 

atresia suggest that complication rates are higher (58%) in this group. Other 
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authors report similar short term outcomes (Gupta, Sharma et al. 2007, Esteves, 

Silva et al. 2009) although the different inclusion criteria in each study and low 

numbers make comparison difficult. Longer term outcomes from GT are reported to 

be ΨgoodΩ or ΨexcellentΩ ƛƴ фл҈ ƻŦ ŎŀǎŜǎ ŦǊƻƳ {ǇƛǘȊΩǎ ǎŜǊƛŜǎ ŀƭǘƘƻǳƎƘ ǘƘŜ ǎǇŜŎƛŦƛŎ 

description of what reflects good or excellent outcomes is not clear.  

In summary the type of oesophageal replacement remains a point of much 

discussion and decision making around this is weakened by the limited evidence 

available which includes mainly individual case series and reviews or metanalyses of 

these series. This is especially true for longer term outcomes as these patients 

become adults and leave paediatric care making follow up more challenging. It is 

essential however that we understand the long-term outcomes of these congenital 

conditions that until relatively recently were not routinely survivable conditions. 

Such data are important for several reasons including; predicting future medical 

needs of patients, improving transitional care into adult services and also to allow 

us to compare different techniques for repair of OA to improve care for the next 

generation of patients. 
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Tissue Engineering  

The variety of oesophageal replacement strategies including gastric transposition 

(Spitz 2009) and colonic (Burgos et al. 2010) or jejunal interposition (Bax and van 

der Zee 2007) used around the world serves to demonstrate that currently there is 

no ideal autologous oesophageal replacement (Gallo et al. 2012, Loukogeorgakis 

and Pierro 2013). The literature to date and results from our long term follow up 

study of GT show these procedures carry significant long term morbidity. As a 

result, there has been increasing interest in finding different and alternative ways 

to replace the oesophagus. One such option is that of tissue engineering. 

 

At present, clinical application of tissue engineering of whole organs is limited to 

those organs with less complex function such as the trachea (Elliott, De Coppi et al. 

2012). Even with the trachea, only limited numbers of successful implantations are 

reported, and clinical application is limited to compassionate use where no other 

alternatives are available. Where more functional grafts are required, such as the 

need for peristalsis in an engineered oesophagus, the challenge is to not only 

ensure engraftment and differentiation of cells but for those cells to allow co-

ordinated function.  

¢ƘŜ ǇƻǘŜƴǘƛŀƭ ŀŘǾŀƴǘŀƎŜ ƭƛŜǎ ƛƴ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ŀ ŎƻƳǇƭŜǘŜ ΨƻŦŦ ǘƘŜ ǎƘŜƭŦΩ 

oesophageal scaffold with which to replace the missing native oesophagus which 

could be seeded and therefore re-populated with the necessary cells to provide a 

functional graft. The use of decellularised or synthetic scaffolds with autologous 

cells removes the risk of rejection of the implanted oesophagus as seen with 

allogenic whole organ transplantation.  

 

The proposed experimental and clinical plan for the use of tissue engineering in 

LGOA is summarised in Figure 1.3. The process is designed to integrate into the 

existing standard course for patients with LGOA making it an easily clinically 

applicable treatment. 
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Following diagnosis of LGOA, which is usually early after birth, patients would 

undergo insertion of a gastrostomy. At this point the opportunity would be taken to 

take a skeletal muscle biopsy from the anterior abdominal wall and an oesophageal 

epithelial biopsy from the upper blind ending oesophageal pouch. This would 

facilitate autologous cell isolation, expansion and differentiation during a roughly 3-

month period (the usual duration patients are given before assessing the 

ƻŜǎƻǇƘŀƎŜŀƭ ΨƎŀǇΩύ during which the patient would have nutrition maximised. 

Alongside this, custom sized decellularised porcine scaffolds would be prepared and 

seeded with the autologous cells and cultured in preparation for implantation. 

!ǎǎŜǎǎƳŜƴǘǎ ƻŦ ǘƘŜ ΨƎŀǇΩ ŘǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘ ǿƻǳƭŘ ƎƛǾŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƴŜŜŘ ŦƻǊ 

oesophageal replacement and then at 3 months if the gap was too wide for 

anastomosis, the prepared decellularised, seeded and cultured scaffold could be 

implanted. Implantation would involve right thoracotomy and proximal and distal 

anastomoses to the native oesophagus with the addition of an omental 

vascularising flap. 

Following implantation, the patient could continue with gastrostomy feeding in the 

short term whilst the implanted scaffold heals before eventually establishing oral 

feeding.  

 

 

Figure 0.3 Experimental Plan.  
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The Oesophagus 

When considering a tissue or organ for tissue engineering it is important to first 

understand the normal structure and function of that tissue. 

The human oesophagus is a complex muscular tube made of 4 layers which 

connects the pharynx to the stomach. These layers consist of: 

1. Mucosa - containing  

a. non keratinised squamous epithelium with basement membrane 

b. lamina propria  

c. muscularis mucosa  

2. Sub mucosa - dense connective tissue containing mucus secreting glands,  

meissners plexi and bloods vessels and lymphatics  

3. Muscularis externa - 2 layers of muscular wall orientated differently with an 

inner circular layer and outer longitudinal layer. Proximally the muscle is a 

combination of skeletal and smooth muscle but distally it is just smooth 

muscle. Between these layers are further nerve plexuses (Aurebachs).  

4. Adventitial layer 

 

The complexity of the oesophageal structure is highlighted in the histological slide 

in Fig 1.4. It shows the intricate 3 dimensional structure of the oesophageal wall 

layers. There is alongside this the complex neural plexi of Meissner and Auerbach 

without which the complex neuromuscular function of the oesophagus would fail. 

The various different parts of the oesophagus working together contribute to its 

function in carrying food from the pharynx to the stomach using rhythmic 

contractions known as peristalsis. These occurs normally in 2 waves to clear any 

food boluses and swallowing is initiated by the somatic nervous system with 

peristalsis continued by the autonomic nervous system demonstrating the 

complexity of oesophageal function needed in any tissue engineered oesophagus. 
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Figure 0.4 Anatomy of the oesophagus. H&E staining of fresh rat oesophagus.  

3 principle layers of mucosa, sub mucosa and muscle layer are seen. Within the 

mucosa are 3 layers - epithelium, lamina propria and muscularis mucosa. The 

oesophageal outer muscle is made of 2 layer (IC) inner circular muscle and (OL) 

outer longitudinal muscle.  

Principles of Tissue Engineering  

The basic principles of tissue engineering are the use of 3 dimensional scaffolds, 

ǿƘƛŎƘ Ŏŀƴ ōŜ ƴŀǘǳǊŀƭ ƻǊ ǎȅƴǘƘŜǘƛŎΣ ŀƴŘ ΨǎŜŜŘƛƴƎΩ ǘƘŜǎŜ ǿƛǘƘ autologous suitable 

stem or precursor cells and growth factors with the aim of establishing cell 

engraftment and differentiation to create a functioning and implantable organ. 

The ability to use autologous cells should result in non-immunogenic engineered 

organs negating the need for immunosuppression as in cadaveric organ transplants.   
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Figure 0.5 Principles of tissue engineering Adapted from Dvir T, Nature Nanotechnology (Dvir, 
Timko et al. 2011) 

 

Cells 

This distribution of different cell types normally seen obviously influences the cells 

chosen for tissue engineering of the oesophagus and the mechanisms of how these 

may be seeded onto the scaffold.  

The principle cells of the oesophagus are 

¶ Epithelial cells 

¶ Muscle cells - smooth / skeletal  

¶ Neural cells  

Isolating and expanding these cells or their precursors in the form of pleuripotent 

stem cells is a challenge and various different cells and methods have been 

employed to do this.  

Epithelial Cells 

Given mature epithelial cells have the ability to replicate and be expanded 

precursors are not needed, obtaining and isolating cells is more straightforward 

both experimentally and also eventually in a clinical setting. 

Epithelial cells have been isolated using several different methods, these include; 

placing oesophageal specimens face down on culture plates to obtain ΨŜȄǇƭŀƴǘΩ 

cultures from migration of cells (Zboralske FF, Karasek MA, 1984). 
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Saxena et al (2009) used overnight dispase incubation and mucosal separation 

followed by trypsin-EDTA incubation to isolated individual cells and have 

subsequently developed non enzymatic dissociation of the epithelial layer to 

improve cell counts and viability (Saxena, 2014) .   

Whole mucosal sheets can also be separated using dispase and trypsin and single 

layer epithelial sheets then engineered. Maghsoudlou P et al (2014) compared 3 

different methods and favoured isolating intact mucosal sheets (using dispase and 

trypsin) followed by two trypsin incubations yielding a single-cell suspension. 

These cells can then be expanded to express different cytokeratins ς markers of 

stratified and squamous epithelium as seen in the oesophagus. 

Epithelial cell sheets in isolation have shown promising pre-clinical results in terms 

of managing mucosal defects and reducing stricture rates after endoscopic mucosal 

resection of early cancers (Takagi R et al, 2012). For whole organ engineering these 

cells have been seeded on the luminal side of decellularised scaffolds and after 2 

weeks of culture show a multi-layered epithelium with each layer appearing to 

show markers consistent with the native oesophagus (Urbani, Camilli et al. 2018). 

Bioluminescence imaging also demonstrates the ability of these epithelial cells to 

migrate across the entire scaffold.    

Muscle Cells 

The oesophageal muscle is principally smooth with skeletal muscle more 

proximally. Many different sources of muscle cell sources have been explored for 

different regenerative applications including autologous smooth muscle cells, 

adipose derived stem cells and mesangioblasts. Whilst autologous mature 

oesophageal smooth muscle cells can be used in oesophageal tissue engineering 

their limited ability to expand, survive and engraft has limited their use (Wang et al, 

2008). 

Vascular smooth muscle cells have been shown to be able to be maintained for 56 

days on collagen scaffolds, fully covering the scaffold in 4 weeks and Saxena et al 

(2014) propose their use as part of a multi layerŜŘ ΨƘȅōǊƛŘ ŎƻƴǎǘǊǳŎǘΩ ŦƻǊ 
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oesophageal tissue engineering and also highlight the importance of dynamic stress 

during culture to maximise smooth muscle differentiation and function.  

Adipose derived stem cells offer an easily available source of muscle precursors and 

can be differentiated into smooth muscle cells using ¢DCʲ (transforming growth 

factor) and BMP4 (bone morphogenetic protein 4) and have been used in tissue 

engineered bladder and blood vessel walls. Wang et al (2008) demonstrated 

adipose derived stem cell use in oesophageal tissue engineering versus  aortic 

smooth muscle cells and found they could be successfully differentiated, attached 

and migrated in an oesophageal acellular matrix model. The ease of accessibly 

make these an attractive option.  

 

Human mesangioblasts (hMAB) are pericytes (multifunctional mural cells of the 

microcirculation) and have been successfully isolated from skeletal muscle and 

subsequently expanded in vivo. They have the ability to differentiate into smooth 

muscle under the ƛƴŦƭǳŜƴŎŜ ƻŦ ¢DCʲ ό5ŜƭƭŀǾŀƭƭŜ et al 2007, Urbani et al 2018) ς 

essential for the construction of tissue engineered oesophagus but also have the 

ability to form skeletal muscle and have demonstrated encouraging results in the 

field of regenerative medicine for muscular dystrophy (Sun et al 2020). 

Our group have already demonstrated that co-seeding with fibroblasts also 

improved the distribution of engrafted cells mesangioblasts in the muscle layer of 

the decellularised scaffold (Urbani, Camilli et al. 2018).  

 

Neural Cells  

Neural cells are also an essential part of the functional oesophagus and are 

organised into myenteric and sub mucosal plexi. Neural regenerative medicine has 

many potential therapeutic applications including gastrointestinal neuropathies and 

also playing a role in other tissue engineered organ development.   
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The myenteric plexus controls motility and peristalsis and include neuronal and glial 

cells and alongside these sit the interstitial cells of Cajal which are thought to act as 

a pacemaker and be the link to the enteric nervous system.  

Again there are several different cell types that have been identified as potential 

sources of cells for neural cell regeneration including skin-derived precursors and 

those from central nervous system.  

Enteric neural crest cells are one such source. Given these cells are only found in 

the original population of migratory neural crest cells it was originally thought that 

they could only be harvested from foetal or post natal sources but more recently 

they have been derived from human intestinal biopsy specimens (Rauch et al, 2006 

and Metzger et al 2009). Embryological murine neural crest cells have been  

isolated and differentiated into both neurons and glia and subsequently can 

differentiate, proliferate, migrate and retain some when implanted into mouse gut 

during work focusing on treatment for aganglionosis (Nishikawa et al 2015 and 

Cooper 2016).  

 

Scaffolds 

Alongside cell choice, scaffold material and design are also key for successful tissue 

engineering.  

There is much discussion across all tissue engineering literature about scaffold 

choice and this principally includes synthetic versus naturally derived scaffolds and 

some hybrid models.  

Factors affecting suitability of a scaffold for use in tissue engineering include 

scaffold morphology, geometry, thickness and porosity. Alongside this the 

mechanical and handing properties of a scaffold are important, including the ability 

to withstand operative implantation and suture retention.  

Synthetic Scaffolds  

Early attempts at oesophageal circumferential reconstructions were purely 

synthetic scaffolds without cells and included a variety of different materials 
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including collagen sponge with silicone tube stents (Natsume T et al 1993, Takimoto 

et al 1994, 1998), rubber and polyester constructs (Fukushima M et al 1983) and 

other polymers including polyglactin and polyvinylidene fluoride (Lynen Jansen P et 

al 2004). Results showed that whilst the expected complications of surgery eg 

anastomotic leak affected short term survival, the main issue that limited longer 

term outcomes was that of scaffold stenosis / stricture. In terms of cell 

regeneration these purely synthetic scaffolds have shown minimal muscle 

regeneration and limited epithelisation (Saxena et al 2009).  

The ability of scaffolds to be successfully ΨǎŜŜŘŜŘΩ ǿƛǘƘ ǎǳƛǘŀōƭŜ ŎŜƭƭǎ ƛǎ ƛƳǇƻǊǘŀƴǘ 

when trying to develop a functional engineered organ. Synthetic scaffolds have 

been seeded with some success; Miki et al (1999) seeded polyglycolic acid mesh 

and collagen scaffolds with human epithelial cells and fibroblasts and achieved 

epithelialisation when placed in an in vivo heterotopic muscle flaps in athymic rats.  

Nakase Y et al report similar good outcomes in a polyglycolic acid felt scaffold 

seeded with keratinocytes and fibroblasts and implanted in the thoracic 

oesophagus of dogs with seemingly excellent survival up to 140 days.  

However the ƭŀŎƪ ƻŦ ŀōƛƭƛǘȅ ƻŦ ǎȅƴǘƘŜǘƛŎ ǎŎŀŦŦƻƭŘǎ ǘƻ ΨƎǊƻǿΩ ǿƛǘƘ ǘƘŜ ǇŀǘƛŜƴǘ may 

limit their clinical use in the paediatric population. 

Natural Scaffolds  

Natural scaffolds of decellularised tissue are the alternative to synthetic materials. 

Whilst these scaffolds are not as easily available as synthetic scaffolds they offer 

certain advantages. Natural scaffolds have to varying degrees some maintenance of 

extracellular matrix which in turn gives a better niche for cell engraftment and 

repopulation and is pleiotropic in nature (Hynes 2009). The decellularisation 

processes used to create natural scaffolds has been shown to render the graft non-

antigenic i.e. results in a graft that does not induce a host antigenic response, 

negating the need for long term immunosuppression compared to allogenic 

transplantation (Totonelli, Maghsoudlou et al 2013, Urbani, Camilli et al 2018). It is 

also expected that natural scaffolds, once repopulated should have the ability to 
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grow with patients - something important when considering application to 

paediatric conditions such as OA. 

Several different natural scaffolds have been described for use in oesophageal 

tissue engineering and can be broadly categorised into tissue obtained from other 

locations versus decellularised whole oesophageal scaffolds.  

Those scaffolds created from different organs or tissues take advantage of more 

widely available tissue sources such as small intestine sub mucosa (SIS) - and are 

often commercially available making sourcing material more straightforward.  

Early studies used SIS scaffolds without seeding (Lopes et al 2006, Doede et al 2009) 

in a variety of different models with mixed results. More recent studies report 

seeded SIS scaffolds with different types of cells including autologous skeletal 

myoblasts (Pogosyhan et al 2015) and bone marrow mesenchymal stem cells (MSC) 

(Tan et al 2013) achieving encouraging results. Heterogeneity of studies in terms of 

scaffolds, cells and methodology used make comparison very difficult.  

Whilst decellularised tissues from other locations are easily available and have the 

benefits of extra cellular matrix preservation the use of decellularised whole organs 

should offer the best maintenance of the specific chemical and structural signals for 

appropriate cell attachment, differentiation, migration and survival. These benefits 

are balanced against the negative effects of the more aggressive techniques needed 

for decellularising whole organs. 

Various different methods of decellularisation have been described which all 

mandate sufficient extraction of DNA to ensure graft will not be rejected.  

Hybrid scaffolds have also been suggested combining synthetic and decellularised 

materials in attempts to gain the benefits of both scaffold types. Saxena et al (2014) 

describes a hybrid model allowing each layer of the oesophageal construct to be 

made in a cell specific way to maximise re-cellularisation of scaffolds. Some models 

using natural scaffolds have also used synthetic stents to maintain patency of the 

ƭǳƳŜƴ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ƘŀǾŜ ǎƻƳŜ ΨƘȅōƛŘ ŜƭŜƳŜƴǘ ǘƻ ǘƘŜƳ.   
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Bioreactors 

The role of bioreactors in whole organ tissue engineering is to mimic the target 

organΩs in vivo cell niche and environment in order to allow cells seeded onto a 

scaffold to engraft, differentiate and expand eventually yielding a functioning 

engineered organ. 

One way this has been done is using heterotopic in vivo implantation ie a ΨnaturalΩ 

bioreactor. This has been utilised for several different tissues such a bone for 

mandibular reconstruction (Watson E et al 2020) and trachea (Elliott et al, 2012) 

and also for oesophageal engineering. 

Oesophageal engineering has used omentum as the in vivo bioreactor in both a 

heterotopic position (Saxena et al 2010, Urbani et al 2018) and in the orthotopic 

position in larger models. Poghosyan et al (2015) used an initial 2 week period of 

omental maturation of a seeded SIS scaffold before moving it into the orthotopic 

position with good results. This method has the added benefit of neo-

vascularisation of the scaffold - one on of the other challenges in oesophageal 

engineering.  

Whilst in vivo bioreactors provide a well oxygenated, temperature controlled and 

sterile environment it is at the expense of the ability to manipulate cell specific 

conditions eg supplying local cells specific growth factors or flow through a lumen. 

This method also does not allow for regular monitoring of scaffolds as in an in vitro 

setting.  

In vitro bioreactors need to be specifically designed for the target organ, scaffolds 

used and cells to be seeded. This allows for close control of both mechanical and 

biochemical and metabolic (chemical) conditions. As a result bioreactor design has 

become increasingly complex - specifically in relation to 3D organ design and he 

challenges this brings in mimicking the nature in vivo conditions (Seldon and Fuller 

2018). 
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For oesophageal tissue engineering - like that of many tubular engineered 

structures there has been a focus on dynamic culture in bioreactors and the 

positive effect that has on smooth muscle differentiation in both natural and 

synthetic scaffolds (Saxena 2014, Urbani et al 2018, Kim et al. 2019) . Therefore 

oesophageal bioreactors are designed to combine lumenal flow - containing 

different media and growth factors with a reservoir of surrounding media. 

 

Work to Date 

 

Our group has demonstrated the ability to decellularize both porcine and rat 

oesophagi using a detergent enzymatic treatment (DET) involving cell lysis with 

water, detergent wash with sodium deoxycholate (SDC) followed by DNAse enzyme 

fracture of nucleic material and finally washing with a buffered solution (Totonelli, 

Maghsoudlou et al. 2013, Urbani et al. 2018) 

Subsequently it has been demonstrated that these decellularised rat scaffolds can 

successfully be seeded with 3 principal cell types using a 2 stage approach, with 7 

days in vivo culture of the muscle layer in the omentum of immune incompetent 

mice, and subsequent application of epithelial cells and a further 7 day cultures in a 

bioreactor. Scaffolds showed smooth muscle maturation, neo-vascularisation and 

epithelial cell engraftment, i.e. an in vitro tissue engineered oesophageal graft is 

feasible (Urbani, Camilli et al. 2018). 

With such progress from in vitro scaffold preparation attention has turned to in vivo 

implantation of such scaffolds to demonstrate clinical plausibility and move towards 

pre-clinical trials. Across the literature there have been several different in vivo 

models used to explore the options for orthotopic oesophageal implantations.  

Looking across the existing literature other groups have used a variety of different 

models for oesophageal tissue engineering in vivo studies using decellularised 

scaffolds. These range from smaller animal models such as rats (Lopes et al. 2006, 

Uygun et al. 2013) to larger animals such as dogs (Badylak et al. 2000, Badylak et al. 

2005) and pigs (Doede et al. 2009, Gaujoux et al. 2010, Poghosyan et al. 2015). 
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When designing models the following must be taken into account 

1. How well does the model represent the clinical problem? ς including  

a. size 

b. anatomy 

c. physiology and reaction to surgery  

 

2. How robust is the animal? - will it tolerate the surgical intervention and can 

this be performed with minimal animal suffering  

Most of the previous studies have tried to minimise the morbidity of operating on 

the thoracic oesophagus utilising either the cervical oesophagus (Badylak Meurling 

et al. 2000, Badylak et al. 2005, Lopes, Cabrita et al. 2006, Lopes, Cabrita et al. 2006, 

Doede, et al. 2009, Wei, et al. 2009, Gaujoux et al. 2010, Poghosyan Sfeir et al. 

2015) or intra-abdominal oesophagus (Lopes, Cabrita et al. 2006, Urita, Komuro et 

al. 2007). In larger animals the thoracic oesophagus has been replaced but this has 

been limited to porcine models (Marzaro et al. 2006). 

The other main difference between studies in this area is the use of patches versus  

full circumferential oesophageal implantations. It appears that as expected, patch 

procedures are better tolerated in all animal models and demonstrate longer 

survival and better outcomes in terms of mucosal coverage (Lee, Milan et al. 2017). 

Those studies that attempted circumferential implantations the majority report 

problems with stricturing at some point post operatively and in many this was a pre 

terminal event. (Badylak , Meurling et al. 2000, Gaujoux, Le Balleur et al. 2010, 

Poghosyan, Sfeir et al. 2015)  
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Chapter 2 Aims 

The aims of this thesis were: 

1. Discover the long-term outcomes of patients treated for oesophageal 

atresia ς including morbidity, symptoms and quality of life 

2. Discover the long-term outcomes of patients following gastric transposition 

GT in childhood for complex OA compared to those undergoing primary 

repair.  

Looking at future therapy  

3. Design and develop suitable animal models to test tissue engineered 

oesophagi in vivo demonstrating that tissue engineering may offer a 

solution to minimising the problems and morbidity encountered after the 

current options for oesophageal replacement. 

  



31 

 

 

Chapter 3 EAT 1. A patient led, international study of long-term 

outcomes of oesophageal atresia. 
 

Background 

Outcomes in oesophageal atresia (OA) have improved in the last 50 years with 

survival now of more than 90% (Orford, Cass et al. 2004, Lopez, Keys et al. 2006, 

Burge, Shah et al. 2013) leading to an increasing population of long term survivors. 

Whilst our understanding of short term outcomes in infants with OA is well 

researched (McKinnon and Kosloske 1990, Castilloux, Noble et al. 2010, Allin, Knight 

et al. 2014, Roberts, Karpelowsky et al. 2016) longer term functional outcomes are 

more poorly understood with a limited research base (Sistonen, Malmberg et al. 

2010, Sistonen, Koivusalo et al. 2010, Connor, Springford et al. 2015). There is 

increasing interest therefore in longer term outcome studies and the impact the 

results of such studies may have on current practice in OA management and the 

important area of transitional care as patients leave the care of the paediatric 

surgeon for the adult world. The current literature tend to be limited to small 

national (Sistonen, Koivusalo et al. 2010, Allin, Knight et al. 2014) and institutional 

datasets or metanalysis of such studies (Connor, Springford et al. 2015). 

The Federation of Esophageal Atresia and Tracheo-Esophageal Fistula support 

groups (EAT) is an international federation of patient support groups, led by 

patients and parents aiming to share the international knowledge and experience 

of OA, promote awareness of the condition across the world and support 

worldwide research and collation of information concerning the treatment and care 

of people born with esophageal atresia. EAT therefore have a keen interest in the 

short- and long-term outcomes of OA and have first-hand experience of the 

difficulties faced by many patients and carers at all times in their journey from 

diagnosis though transition and on into adult care.  
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The aim was therefore to conduct a patient and carer designed and led study to 

assess short- and long-term outcomes of OA in a large international cohort of 

patients with OA.  

Methods 

This study was conceptualised and designed by EAT board with support from a 

paediatric surgeon (MvD). It was designed to be a patient / carer focussed study 

looking at outcomes of specific interest to those groups. The questionnaire was 

therefore designed to assess the following keys areas of interest: 

1. Demographics and types of OA ς ie OA with or without fistula, long gap OA, 

fistula alone  

2. Operative details 

3. Current symptomatology  

4. Patient / carer satisfaction  

5. Quality of life (QoL) 

A questionnaire was designed and piloted within the EAT board. It was then 

prepared in multiple languages (English, Dutch, German, French and Italian) and put 

in an electronic format using SurveyMonkey®. Invitations to participate were sent 

electronically to all members of 7 different European patient support groups (table 

3.1). This included patients and carers in 24 different countries.  
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Organisation  Country  

AFAO Association Francaise de 

ƭΩ!ǘǊŜǎƛŜ ŘŜ ƭΩhŜǎƻǇƘŀƎŜ 

France 

ABeFAO Belgium Association 

Belge Francophone de 

ƭΩ!ǘǊŞǎƛŜ ŘŜ ƭΩhŜǎƻǇƘŀƎŜ 

Belgium 

FATE Famiglie con ATresia 

ŘŜƭƭΩ9ǎƻŦŀƎƻ 

Italy  

KEKS Kinder und Erwachsene 

mit kranker Speiseröhre 

Germany, Austria, 

Switzerland 

OARA Oesophageal Atresia 

Research Association 

Switzerland 

OA-Switzerland  OA-Switzerland   

TOFS Tracheo-Oesophageal 

Fistula Support  

United Kingdom 

TROAD Türkiye Özofagus Atrezisi 

Çocuk ve Aile Destek 

5ŜǊƴŜƐƛ 

Turkey 

VOKS Vereniging voor Ouderen 

en Kinderen met een 

Slokdarmafsluiting 

Netherlands  

Table 3.1 Member organisations of EAT. 

 

Where possible patients completed the questionnaire otherwise this was 

performed by carers. Completed questionnaire were collected centrally, collated 

and analysed anonymously. 
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Lƴƛǘƛŀƭ Řŀǘŀ ǿŀǎ ǇǊŜǎŜƴǘŜŘ ōȅ 9!¢Ωǎ Chairman at British Association of Paediatric 

Surgeons Congress (Cardiff, 2015). Following this the organisation approached UCL 

Institute of Child Health for assistance in data analysis and interpretation. 

Formal ethics approval was not initially sought as this was a patient group led study. 

Retrospective approval was obtained for data analysis from ICH / GOSH Research & 

Development office at (project number 16DS21). 

 

Initial data was cleaned and responses excluded if duplicate or date of birth was not 

included. Responses with missing or duplicate data for individual questions were 

included for those questions answered and percentages calculated from only 

completed answers. 

 

Patient height and weight were analysed using standard deviation scores (SDS) 

using LMS Growth Excel Plug In ver 2.69 and UK-WHO Growth Charts in 

respondents under 18 years old. Body mass index was calculated for those 18 years 

and over and compared to the WHO International Classification. 

5ŀǘŀ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ōȅ CƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘ ƻǊ aŀƴƴ-Whitney, regarding p=0.05 as 

the cut-off for significance. 
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Results 

Demographics  

1100 responses were received via SurveyMonkey®. Following exclusions 928 

responses (56% male and 44% female) were analysed with an age range of 1 month 

to 60 years of age. For ease of analysis patients were split into the following age 

groups, <5 years (42%), 5-10 years (26%), 11-17 years (16%) and 18 years and over 

(16%).   

Responses were received from 25 different countries, the most common of which 

are seen in Figure 3.1. Smaller numbers of responses were also received from 

Canada, USA, Ireland, South Africa, New Zealand, Spain, Guardeloupe, Tunesia, 

Sweden, Malta, Lithuania, Israel, Hungary, Hong Kong, Greece and Denmark in 

decreasing order of number of responses. 18% of responses were completed by 

patients and 82% by a parent or carer.  

   

 

Height and weight assessed by SDS for respondents under 18 years showed median 

scores of -0.41 (IQR -1.4 to +0.67) for height and -0.63 (IQR -1.6 to 0.17) for weight. 

(Figure 3.2 A) 

BMI in respondents 18 years and over is shown in Figure 3.2B. 2% were obese, 15% 

were overweight, 62% were normal and 21% were underweight. The mean BMI was 

21.5.  
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Figure 3.1 Respondents by country 
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Figure 3.2 A) Height and weight by age, B) BMI 

 

OA with TOF was the most common defect reported in 80% of cases, 19 % were 

ǇǳǊŜ h! ŀƴŘ м҈ ŀƴ I ǘȅǇŜ ŦƛǎǘǳƭŀΦ tŀǊǘƛŎƛǇŀƴǘǎ ǊŜǇƻǊǘŜŘ ǘƘŜƛǊ ŘŜŦŜŎǘ ŀǎ ΨƭƻƴƎ ƎŀǇΩ 

either as supplementary to reporting the anatomy of their defect or as an isolated 

diagnosis in 18% of cases. Similar distribution of type of defect was seen in all age 

groups although there was a significantly higher proportion of pure OA and long 

gap participants in the adult age group with 13% of cases being pure OA in 

participants under 18 versus 23% in the adult cohort (p=0.004). 

 

Surgical Care 

Median length of initial hospital stay was 6 weeks (range 1 to 174 weeks). For adult 

respondents the median length of stay (LoS) was 8 weeks. When compared by 

diagnosis those with OA/TOF had a median LoS of 6 weeks versus 8 weeks for those 

with pure OA. Long gap cases reported median LoS was 18 weeks versus 5 weeks 

for standard gap OA.  

53%, 46% and 52% of participants in the younger age groups respectively only 

required 1 operation to repair their defect. Whilst in the 18 year and above group 

only 36% were repaired with a single operation and 45% needed 2-5 procedures.  
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The proportion of patients requiring dilatation following repair is summarised in 

Figure 3.3. 49% of all respondents had oesophageal dilatation and the number of 

dilatations required was broadly similar across each age group. If dilatation was 

performed the median number was 4 dilatations and was the same for all age 

groups. The median number of reported dilatations in participants with long gap OA 

was 2 (IQR 0-10) and was significantly higher (p=0.00054) than in those with 

standard gap who reported a median of 0 dilatations (IQR 0 ς 5). Those respondents 

reporting reflux symptoms had a significantly higher (p=0.01) median number of 

dilatations at 1 (IQR 0-5) than those without symptoms where the median number 

of dilatations was 0 (IQR 0-3). 

 

 

Symptomatology 

!ŎǊƻǎǎ ŀƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎ ср҈ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜȅ ŎƻǳƭŘ ΨŜŀǘ ŀƴȅǘƘƛƴƎΩ ƛŜ having no 

restrictions on them type of food they eat. In those under 5 years this figure was 

only 50% and this was statistically less than those over 5 years old in which 75% 

ǊŜǇƻǊǘŜŘ ǘƘŜȅ ŎƻǳƭŘ ΨŜŀǘ ŀƴȅǘƘƛƴƎΩ όǇғлΦлллрύΦ Lƴ ǘƘƻǎŜ ǿƛǘƘ ƭƻƴƎ ƎŀǇ ŘŜŦŜŎǘǎ ƻƴly 

35% of those under 10 could eat without restriction. 
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Figure 3.3 Number of dilatations by age 
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Figure 3.4 shows how frequently participants in different age groups reported food 

getting stuck in the oesophagus. The patterns across age groups are broadly similar 

with 16% of participants often getting food stuck and only 22% reporting never 

having food stick. Over 50% of adult patients (18 years and above) report 

sometimes or often getting food stuck in the oesophagus. 

 

 

58% of respondents reported gastro oesophageal reflux symptoms and a similar 

incidence was seen in all age groups; 65% in <5 years, 53% in 5-10 years, 54% in 11-

17 years and 60% in adults. When analysed by gap length 78% of those with long 

gap defects reported suffering from reflux symptoms versus 55% of respondents 

with standard gap anatomy, this difference was statically significant (p<0.005). 

The use of anti-reflux medication showed a decreasing trend with age.  Reflux 

ƳŜŘƛŎŀǘƛƻƴ ǿŀǎ ǊŜǇƻǊǘŜŘ ōŜƛƴƎ ǘŀƪŜƴ ōȅ сл҈ ƻŦ ǳƴŘŜǊ рΩǎ ōǳǘ ƻƴƭȅ ол҈ ƻŦ ŀŘǳƭǘ 

participants despite a similar proportion in each age group reporting symptoms.  

Respiratory problems were commonly reported by participants and show a 

decreasing trend with age (Figure 3.5). Patients with long gap atresia reported 

ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ƳƻǊŜ ǊŜƎǳƭŀǊƭȅ ǿƛǘƘ пн҈ ƻŦ ǳƴŘŜǊ рΩǎ and 24% of 5-10 year 

ƻƭŘ ǊŜǇƻǊǘƛƴƎ ΨƻŦǘŜƴΩ ƘŀǾƛƴƎ ǎȅƳǇǘƻƳǎ ŎƻƳǇŀǊŜŘ ǘƻ мс҈ ŀƴŘ тΦс҈ respectively in 

standard gap patients. 
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There is a similar decreasing trend with age in the incidence of chest infections (Fig 

3.6) with 30% of children under 5 years reporting having more than 3 chest 

infection per year but only 14% of adults reporting the same frequency of 

infections. Long gap patients did not report more frequently occurring chest 

ƛƴŦŜŎǘƛƻƴǎ ǘƘŀƴ ǎǘŀƴŘŀǊŘ ƎŀǇ ǇŀǘƛŜƴǘǎ ŜȄŎŜǇǘ ƛƴ ǘƘŜ ǳƴŘŜǊ рΩǎ όоп҈ versus 28%). 

Regular antibiotic usage has also shown a trend similar decreasing trend in the use 

of with 16.5% of 0 ς 10 year olds regularly needing antibiotics falling to 9% and 5% 

in the older age groups respectively. 
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Current care provision is demonstrated in Figure 3.7. 22% of children under 5 are 

not under the care of a paediatric surgeon and there is a decreasing trend of 

participants being looked after by paediatric surgeons with increasing age. There is 

also an increasing trend with age in those with no current care provider with 50% of 

adults not even being looked after by a general practitioner or equivalent primary 

care physician.    

 

 

 

 

Quality of life 

The graphs in Figure 3.8 show responses to the questions related to quality of life in 

the study. They demonstrate that whilst 20-25 % of respondents report that OA has 

had no effect on their own or their families QoL a similar proportion of patients 

suggested their QoL was significantly affected. Over 55% of respondents report 

ΨǎƻƳŜΩ ƻǊ ŀ ΨǎƛƎƴƛŦƛŎŀƴǘΩ ŜŦŦŜŎǘ ƻƴ ǘƘŜƛǊ ŦŀƳƛƭȅΩǎ vƻ[Φ  
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Figure 3.7 Current care provision by age. Current care provision by age. 

(Paed surg ς paediatric surgeon; GP ς general practitioner or family 

doctor; Gastro ς gastroenterologist; Chest / ENT ς respiratory physician 

or ear, nose and throat surgeon). 
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 Figure 3.8 Frequency og Quality of life problems. A) Quality of life, B) 

Effect on family members, C) Effect on ability to form relationships 
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30-40% of respondents reported no effect of OA on education or work from ages 5 

until adult hood. Those under 5 years reported a higher frequency of some or 

significant effect on education as may be expected when looking at the symptom 

data from this age group (Figure 3.9). 
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Discussion 

The EAT 1 survey offers unique, international patient directed short, medium and 

long term follow up data on one the largest cohorts of OA patients in the literature 

to date. It highlights the clinical long-term morbidity OA patients suffer from and 

how these may change with age. It also importantly also examines the often-

ignored quality of life issues faced by this patient group. The large size of this study 

group makes it more representative of the wider international population of OA 

patients than most of the existing literature which is limited to smaller national 

(Sistonen, Malmberg et al. 2010, Allin, Knight et al. 2014) and institutional data 

series (Lopez, Keys et al. 2006, Okamoto, Takamizawa et al. 2009, Roberts, 

Karpelowsky et al. 2016) or metanalysis (Connor, Springford et al. 2015) 

Demographics 

Based on the frequency of each types of OA in our study the cohort is broadly 

representative of the wider population based on anatomy of original defect. 80% of 

participants had OA with TOF and 19% pure OA which are comparable to EUROCAT 

figures, the largest European disease registry specific to OA (Pedersen, Calzolari et 

al. 2012). The incidence of pure OA is slightly higher than described in the 

classification by Gross (Gross 1953) as is the incidence of long gap anatomy. The 

significantly higher incidence of pure and long gap OA in the adult group probably 

represents the demographics of adult patients accessing support groups ie those 

with more complex conditions and a similar pattern of recruitment is seen in the 

German support groups KEKS quality of life (QoL) study (Dingemann, Meyer et al. 

2014). 

The age range of participants studied again makes this study unique including 

infants up to the oldest subject who was 60 years at age of completion of the 

survey. To make results more comparable to other studies and to draw more 

specific conclusions results were stratified by age into infants <5 years, primary 

school aged children 5-10 years, secondary school children and finally adult 

patients. The decreasing number of patients seen with increasing age may be the 

result of several factors including the previous limited survival of babies in the early 
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years of OA surgery, the relatively new development of patient support groups ς 

through which recruitment took place and also the perceived need of such support 

groups in older patients. The geographic spread of participants represents the 

principle patient support groups involved in the study and membership in each of 

those countries.  

Anthropomorphic Data 

The anthropomorphic data and SDS collected in this study is consistent with existing 

literature (Chetcuti and Phelan 1993, Little, Rescorla et al. 2003, Spoel, Meeussen et 

al. 2012) suggesting that as children, patients with OA tend toward being 

underweight and to a less extent shorter than the normal population. Spoel et al 

also reported SDS score but only until 24 months of age when SDS for height was -

0.54 and for weight -0.78 similar to our scores -0.41 and -0.63 respectively. 

LƴǘŜǊŜǎǘƛƴƎƭȅ ǿŜ ǎƘƻǿŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ƳŜŀƴ ǎŎƻǊŜ ŦƻǊ ƘŜƛƎƘǘ ƛƴ ǳƴŘŜǊ рΩǎ 

than older children. It may represent a sampling weakness as these were self-

recorded and reported outcomes in an age group in which it may be difficult to get 

ŀŎŎǳǊŀǘŜ ƘŜƛƎƘǘ ƳŜŀǎǳǊŜƳŜƴǘǎΦ /ƘŜǘŎǳǘƛ Ŝǘ ŀƭ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ΨŎŀǘŎƘ ǳǇΩ 

growth as children become adolescents and then adults and the size of our adult 

cohort is well placed to agree with this finding as the median BMI is within the 

normal range at 21.5. There are still however 21% of adults with OA in our study 

who are classed as underweight by BMI and a much lower than average level of 

obesity (2%) in this patient population than in the normal European population (15-

30%). 

The operative management of OA has improved over the last 2 decades and this 

may explain the shorter length of stay seen in the younger participants. However 

the groups are not evenly matched for type of defect and gap length and the higher 

incidence of long gap and pure OA in the adult group may account for the increased 

median length of stay and number of operation required.  

Symptoms  

With increasing clinical and research interest in the long term follow up of OA 

patients our results of patient directed and reported outcomes relating to 
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symptomatology and quality of life in such a large patient cohort are important 

additions to the literature. Dysphagia and reflux are well reported in the short and 

long term after OA ǊŜǇŀƛǊ ŀƴŘ ǿŜ ǎŜŜ ŀ ƘƛƎƘ ǊŜǇƻǊǘŜŘ ƛƴŎƛŘŜƴŎŜ ƻŦ ŦƻƻŘ ΨƎŜǘǘƛƴƎ 

ǎǘǳŎƪΩ ŀ ǎǳǊǊƻƎŀǘŜ ǇŀǘƛŜƴǘ ǊŜǇƻǊǘŜŘ ƻǳǘŎƻƳŜ ŦƻǊ ŘȅǎǇƘŀƎƛŀΦ hǾŜǊŀƭƭ пт҈ ƻŦ ǇŀǘƛŜƴǘǎ 

reported sometimes or often getting food stuck including just over 50 % in adult 

participants which agrees with /ƻƴƴƻǊ Ŝǘ ŀƭΩǎ (Connor, Springford et al. 2015) 

findings of 50% of patients reporting dysphagia in a detailed metanalysis. In the 

younger age groups Little et al (Little, Rescorla et al. 2003) grouped patients in the 

same age categories as our study and a describe similar incidence of dysphagia. 

Interestingly they report reflux symptoms decreasing from 48% in <5 year old to 

25% in 5-10 year old and 31 % in 10 years and above. We found higher reported 

incidence of reflux and this did not decrease significantly with age with 60% of 

adults reporting symptoms. Connor et al reports a lower 40% (range 18-64%) of 

patients suffering from gastro-oesophageal reflux symptoms but recognises the 

variation in definition of GOR across studies analysed. We are also limited in our 

analysis by the lack of definition of our patient reported outcomes but our findings 

add to the increasing body of literature highlighting long term morbidity in adult OA 

patients. The limited use of reflux medication in our adult cohort (30%), despite the 

high reported incidence of symptoms was interesting and is similar to that reported 

by Schneider et al (Schneider, Michaud et al. 2016) who went on to endoscope a 

cohort of adult OA patients and concerningly also found 67% of patients had 

ƘƛǎǘƻƭƻƎƛŎŀƭ ŜǾƛŘŜƴŎŜ ƻŦ ƻŜǎƻǇƘŀƎƛǘƛǎ ŀƴŘ по҈ .ŀǊǊŜǘǘΩǎ ƻŜǎƻǇƘŀƎǳǎΦ {ŜǾŜǊŀƭ ƻǘƘŜǊ 

studies report an increased risk of .ŀǊǊŜǘǘΩǎ (Krug, Bergmeijer et al. 1999, Sistonen, 

Koivusalo et al. 2010, Schneider, Michaud et al. 2013) in OA and whilst a definitive 

increased risk of oesophageal cancer in OA patients has yet to be proven (Sistonen, 

Koivusalo et al. 2008, Connor, Springford et al. 2015) the frequency of reflux 

symptoms in this patient group and histological changes mean more attention 

needs to be paid to the consideration of surveillance endoscopy in the adult aged 

OA population.  

Respiratory symptoms are the other main morbidity following OA repair. This is 

confirmed in our study with over a third of patients (38%) reporting sometimes or 
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often suffering from respiratory symptoms a figure which is maintained at 39% 

when looking at the adult patients in isolation. Respiratory infections however do 

appear to be less frequent in the older patients with nearly 30% of under 5 year 

olds having >3 chest infections per year a number that falls to 8% and 13% in the 

older age groups. Connors et al suggested a pooled prevalence of 24% for 

respiratory tract infections but with a range of 9.5 ς 51%. It is difficult to accurately 

compare the data from our study and to calculate the prevalence but the there is a 

similar message that whilst respiratory tract infections may decrease in frequency 

with age a third of patients with OA report ongoing respiratory symptoms though 

school years and into adult hood. 

These ongoing gastroenteric and respiratory disorders in OA patients lead to the 

question of who provides care for this patient group. Whilst there is international 

variation in the way care is provided to these patients what is clear is that whilst 

only 5 ς 10% of children under 10 years have no documented care provider which is 

of concern, this increases to 49% in the adults. The response to these findings may 

be to suggest that a large proportion of adult patients have no medical input 

ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ŀǎȅƳǇǘƻƳŀǘƛŎ ŀƴŘ ŘƻƴΩǘ ΨƴŜŜŘΩ ǊŜƎǳƭŀǊ ƳŜŘƛŎŀƭ ƛƴǇǳǘΦ ²Ƙƛƭǎǘ ǘƘƛǎ 

is maybe true that the majority of OA patients have good functional outcomes, the 

high incidence of reflux and respiratory symptoms seen in this and other studies 

may suggest more patients should have a regular care provider with experience in 

OA / TOF.  

This ongoing need for medical input in adult life also highlights the issue of 

transitional of care of patients from paediatric to adult services, a concern raised by 

many patient support groups over recent years (personal correspondence). As 

expected in our study there is a decrease with age in the number of patients looked 

after by paediatric surgeons. This may be a result of differences in practice across 

the countries in the study, where the longer term care of OA is led by 

gastroenterologists as opposed to surgeons or that if children are well they may be 

referred back to primary care. Adult patients appear to be discharged or 

transitioned to the gastroenterologist who provide the care to 28% of those over 18 

years in our study. How transition is managed in the future is an important issue for 



47 

 

OA care and other chronic paediatric conditions, as the population of long term 

survivors continues to increase. International studies such as this alongside work 

from Australia(Chetcuti F 1993), Finland(Sistonen, Malmberg et al. 2010, Sistonen, 

Koivusalo et al. 2010) Holland (Deurloo, Ekkelkamp et al. 2003, Deurloo, Ekkelkamp 

et al. 2005) and more recently the USA (Gibreel, Zendejas et al. 2016) are key in 

highlighting the need for careful planning of patient centred transitional and adult 

care. Forward thinking centres are already looking at ways to improve this process 

with a German centres offering education sessions for OA patients coming up to 

transition (Dingemann, Szczepanski et al. 2016) and there is an increasing research 

effort examining what improves transition across all conditions (Campbell, Biggs et 

al. 2016). 

Quality of life 

Quality of life in OA patients is an outcome that had limited attention from 

surgeons in the past but is of increasing interest. Our figures of 17% of patients / 

ǇŀǊŜƴǘǎ ǊŜǇƻǊǘƛƴƎ ŀ ΨǎƛƎƴƛŦƛŎŀƴǘƭȅΩ ŀŦŦŜŎǘŜŘ vƻ[ ŘŜƳƻƴstrate more attention needs 

to be paid in this area ς ŜǎǇŜŎƛŀƭƭȅ ŀǎ нм҈ ŀƴŘ нт҈ ŀƭǎƻ ǊŜǇƻǊǘ ΨǎƛƎƴƛŦƛŎŀƴǘΩ ŜŦŦŜŎǘǎ 

on education or work and other family members respectively. QoL in OA has been 

ǊŜǇƻǊǘŜŘ ŀǎ ōŜƛƴƎ ΨŎƻƳǇŀǊŀōƭŜΩ ǿƛǘƘ ǘƘŜ ƴƻǊƳŀƭ ǇƻǇǳƭŀǘƛƻƴ ōȅ ǘƘe German support 

group (KEKS)(Dingemann, Meyer et al. 2014). They did however also find that 

health related quality of life (HRQoL) in adults is negatively affected by disease 

specific symptoms such as reflux and respiratory symptoms a result also seen in 

other QoL studies (Deurloo, Ekkelkamp et al. 2005, Peetsold, Heij et al. 2010). It is 

difficult to make direct comparisons between this and other QoL studies due to the 

lack of validated questions used in this study. However one of the studies strengths 

is that the QoL questions were designed by parents / patients therefore highlighting 

issue important to them; for example looking at the impact of OA on schooling and 

work with nearly 90% of parents of under 5 year olds reporting an effect on their 

ŎƘƛƭŘΩǎ ŜŘǳŎŀǘƛƻƴΦ 

Limitations  
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Comparison of our results to that of the KEKS study is useful as we are comparing 

outcomes in similar populations ie patient support groups. This also highlights the 

inherent selection bias of using patients support groups to recruit participants as it 

may be hypothesised that support groups are made up of those who need more 

ΨǎǳǇǇƻǊǘΩ ŀƴŘ ƘŀǾŜ ŀ ƘƛƎƘŜǊ ǎŜǾŜǊƛǘȅ ƻŦ ŘƛǎŜŀǎe. The patient support group 

populations are self-selecting and therefore form very variable groups. There is a 

lack of standardisation of definitions ǎǳŎƘ ŀǎ ΨƭƻƴƎ ƎŀǇ h!Ω ǿƘƛŎƘ ƳŀƪŜǎ ŘŜǘŀƛƭŜŘ 

sub group analysis difficult. Any further study will need to address this and would 

need to try and stratify patients better. The questionnaire used in this study was 

specifically patient designed and easy to understand and complete and whilst this 

maximised recruitment it did lead to data being limited in detail for example of 

comorbidities and specific surgical detail. Surgical technique and medical support 

will also have changed over the wide age range of patients in the study - again 

something that needs controlling for in any future study.  

As a pilot study however its strengths lie in the numbers of participants recruited 

across over 20 countries and firmly establishing the scale and types of morbidity 

seen across all ages of the OA population. 

Another important message from this work is that of collaboration, which has been 

the key to this project as the patient support groups of Europe all worked together 

towards a common goal. In the literature to date collaboration has been limited in 

OA research as centres published their own limited series. More recently larger 

national and international collaborations have led to more representative studies 

and clinicians and researchers can all learn from the example set by this project in 

how useful and important collaboration can be. The EAT study is testimony to the 

commitment and drive of the OA patient community and support groups to 

collaborate and produce clinically relevant and effective research in attempts to 

improve clinical care. Now that the EAT 1 study has given a broad baseline of the 

scale of gastro, respiratory and QoL morbidity seen in OA patients, a more detailed 

and focussed study of a smaller cohort of these patients is being designed - EAT 2. 

EAT 2 will involve a patient led but clinician and researcher designed study to look 

at these outcomes in more details using validated scoring systems an helping 
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establish core outcome sets for OA so that results of this type of work can be more 

readily comparable.  
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Chapter 4 Long Term Outcomes in Adulthood of Gastric 

Transposition for oesophageal atresia. 

Introduction 

Oesophageal replacement may be required in cases of oesophageal atresia (OA) 

ǿƘŜǊŜ ŀ ΨƭƻƴƎ ƎŀǇΩ ƛǎ ǇǊŜǎŜƴǘ ƻǊ ŦƻƭƭƻǿƛƴƎ ŎƻƳǇƭƛŎŀǘŜŘ ǇǊƛƳŀǊȅ ǎǳǊƎŜǊȅ. Gastric 

transposition (GT) is one such method for replacing the oesophagus and was 

popularised in the paediatric population by Spitz (Spitz 1984) at our institution in 

the 1980s and has become the operation of choice in the UK and Europe (Zani, 

Eaton et al. 2014).  

As with many of the congenital conditions we have good understanding of the short 

and medium-term outcomes in childhood following GT. Perioperative morbidity 

such as leak, reoperation and stricture rates are well reported and acceptable in 

comparison to other forms of oesophageal replacement (Spitz, Kiely et al. 2004, 

Tannuri, Maksoud-Filho et al. 2007, Gallo, Zwaveling et al. 2012, Loukogeorgakis 

and Pierro 2013). Longer term morbidity such as delayed gastric emptying, dumping 

syndrome and poor weight gain are also well reported and despite this most 

authors report good functional outcomes following GT in childhood (Hirschl, 

Yardeni et al. 2002, Spitz, Kiely et al. 2004, Loukogeorgakis and Pierro 2013, Angotti, 

Molinaro et al. 2016). 

However as increasing numbers of patients who had GT for OA move into 

adulthood our knowledge of their truly long-term outcomes in poor. GT is used in 

adults principally as a conduit after oesophagectomy for cancer in a more elderly 

population. Morbidity such as reflux, dysphagia and dumping syndrome are 

reported but quality long term outcome data are limited making extrapolation of 

this limited data to the very different congenital OA population of limited value 

(Irino, Tsekrekos et al. 2017). 

Whilst detailed follow-up into adulthood of uncomplicated OA has is being 

increasingly reported (Chetcuti, Myers et al. 1988, Deurloo, Ekkelkamp et al. 2005, 

Deurloo, Ekkelkamp et al. 2005, Connor, Springford et al. 2015), similar work for GT, 
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or other oesophageal replacement methods such as colonic or jejunal interposition, 

remains limited due to  the rarity of oesophageal replacement, poor long term 

clinical follow up and inconsistent transition of care to adult services. Those few 

studies that do include adult outcomes of GT are limited to single outcomes such as 

quality of life (Dingemann, Meyer et al. 2014), or report outcomes of mixed cohorts 

of children plus small numbers of adults (Tannuri, Maksoud-Filho et al. 2007).  

My aim was therefore to perform a comprehensive long term follow up study of 

adult patients who had been treated with GT for OA as children, including 

morbidity, symptoms, functional outcomes and quality of life. I also aimed to study 

an aged matched group of uncomplicated OA who underwent primary repair (PR) in 

order to have a reference point, other than the normal population to compare 

results with.   

    

  



52 

 

Methods 

The study was given National Research Ethics Service approval (REC reference: 

15/LO/1325). Existing hospital oesophageal atresia databases were used to identify 

consecutive patients who had undergone GT for OA and were over 18 years of age 

at the time of the study. Only UK based patients were included. A comparative age 

matched group of patients who had undergone primary repair (PR) of 

uncomplicated OA was also identified. These patients were aged matched by 

selecting patients from existing databases who had repair over the same time 

period as the GT cohort. More formal individual patient matching was considered 

but felt not possible due to the limited number of cases available and large 

numbers of co-morbidities in both groups which would make matching very difficult 

to control.  

Telephone interviews were all conducted by myself and involved: confirmation of 

demographics and detail of type of OA and associated anomalies, full medical and 

surgical history ς in childhood and adulthood, current symptoms and morbidity, 

and completion of questionnaires. Details of OA, operative history, associated 

anomalies and paediatric history were confirmed from available clinical notes and 

hospital databases.   

The two validated questionnaires used were the gastrointestinal symptom rating 

scale (GSRS) and gastro intestinal quality of life index (GIQLI). GSRS is a tool 

validated for the assessment of disease specific gastrointestinal symptoms. It is 

made up of 15 questions, answered using a 7 point Likert scale (Svedlund, Sjodin et 

al. 1988).  Questions can be grouped into sub-scales for abdominal pain, reflux, 

indigestion, constipation and diarrhoea. Total scores are calculated from the mean 

scores across each scale and the higher the score the more symptomatic the 

patient. The GSRS has been validated for use in English, in interview or written 

format and has been shown to be reliable and valid when assessing adults with 

upper gastrointestinal and reflux symptoms hence its selection for this study 

(Adams, Esser et al. 1998). Normal values have also been published in a European 

adult population (Dimenas, Carlsson et al. 1996). GIQLI is a 36-question health 

related quality of life score specifically designed for adult gastrointestinal disease 
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(Eypasch, Williams et al. 1995). Whilst designed and validated in Germany is was 

also translated and tested in English language. It has been used for many different 

types of upper gastro-intestinal conditions including benign disease such as 

following cholecystectomy and in malignancy, including assessment of patients with 

oesophageal cancer after gastric conduit reconstruction. It has also been used to 

assess medium and long term HRQoL in oesophageal atresia patients including 

those with complex disease requiring replacement surgery. 

Statistical analysis was performed using GraphPad Prism® v7.03. Data are presented 

as median and IQR unless otherwise stated as most data did not follow a normal 

distribution.   
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Results 

Recruitment 

Over the time period 231 patients underwent GT in our centre, of which 117 had 

undergone GT for oesophageal atresia. Of these, 61 were international/private 

patients who we did not have ethical approval to contact. Fifty-six NHS patients are 

now adults over 18 years, of whom UK contact details could be traced for 44 who 

were sent postal invitations. Thirty-two of these were interviewed, representing 

73% of those sent invitations, and 57% of the entire UK cohort. Of the 12 that 

declined there was a variety of reasons given for this including patients not feeling 

they still had any problems, unavailability and also failure to attend interviews. A 

recruitment flow chart for GT patients is shown in Figure 4.1. Thirty-two adults who 

had undergone  

  

 

PR were also recruited. Two individuals in each group suffering from learning 

and/or communication difficulties had interviews performed via a proxy or carer. 

These individuals could not complete the validated questionnaires, but the 

Figure 4.1 Recruitment flow chart. 
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interviews were included to minimise selection bias. Therefore, data from 32 GT 

and 32 PR interviews were analysed and 30 in each group for validated 

questionnaires. 61 overseas patients were not included in the study due to the 

practical difficulty and language limitation of contacting these patients and as such 

ethical approval was only sought for UK patients. Paediatric mortality in complete 

cohort of 117 was 5 cases (3.8%). 

Demographics and patient characteristics 

Demographics, type of OA and associated abnormalities are shown in Table 4.1. GT 

and PR participants had a similar age and gender distribution. The presence of any 

associated congenital abnormality was the same in each group, although renal 

anomalies were more frequent in GT. One PR and 2 GT participants had required 

renal transplants as a result of renal anomalies.  

56% of GT patients had primary surgery ς defined as the gastric transposition being 

performed as the first definitive repair of long gap OA, whereas secondary surgery 

was performed as rescue surgery following failed primary repair or in 2 patients 

following failed colonic interposition. 81% of both groups were employed (this 

included mothers at home caring for children independently) although more GT 

participants were employed on a part time basis.  
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Table 4.1 Demographics, type of OA and associated abnormalities  

 

Morbidity in Adulthood 

GT participants experienced more morbidity and chronic disease in adulthood than 

PR participants (Table 4.2). BMI was significantly lower in GT participants than in 

those who had PR (p<0.0006). Accordingly, supplementary jejunostomy feeding was 

still required in adulthood in six (13%) participants. Of these, one participant had an 

unsafe swallow following a road traffic accident mandating jejunal feeding. Three 

participants needed a jejunostomy due to significant respiratory disease limiting 

oral intake; one had a history of laryngeal cleft limiting oral intake, and two 
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recurrent aspiration and lung disease. The other two participants were jejunally fed 

due to severe dumping syndrome and recalcitrant poor gastric emptying. 
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Table 4.2 Morbidity and medication by group and statistical comparison between 

groups (Mann Whitney U). 

 

Although symptoms suggestive of dumping syndrome were described by 8 (25%) GT 

participants, only 6 (16%) reported having a formal diagnosis of dumping syndrome.  

Major revision surgery was reported by 3 GT participants. Detailed notes of the 

revision surgery were not available but were reported to include a partial 

gastrectomy and jejunostomy, and replacement of gastric transposition with a 

colonic interposition. The third revision surgery participant could not recall the 

procedure but involved a Roux-en-Y reconstruction.  
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Anastomotic dilatations were reported in more than a third of GT participants 

(34%) versus 13% of PR participants. This included one participant who performs 

regular bougie self-dilatation of a complex anastomotic stricture at home. Although 

numbers of participants with chronic respiratory disease was similar between the 

two groups, 3 GT patients had severe chronic respiratory disease such a 

bronchiectasis and were under the care of respiratory hospital physicians.  

Anaemia was the most commonly reported morbidity. Whilst most participants did 

not know specific details of their anaemia, 3 reported upper gastrointestinal 

bleeding and ulceration requiring endoscopy.   

Depression in adulthood was reported in nearly 1 in 5 (19%) GT patients, with only 

3% of PR patients reporting suffering from depression.  

The frequency of gastrointestinal and respiratory symptoms is shown in Figure 4.2. 

These data suggest that both groups suffer from regular gastrointestinal and 

respiratory symptoms in adulthood. Following GT it appears that reflux is the most 

frequently reported gastrointestinal symptoms whilst dysphagia is the most 

frequent problem after PR. The frequency of cough and wheeze is similar in both 

groups but regular shortness of breath is more common after GT.  
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Figure 4.2  Frequency of gastrointestinal and respiratory symptoms. Heat bars 

represent the different frequency of symptoms from Daily (darkest red) to Never 

(pale pink). 
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GSRS and GIQLI scores 

The total GSRS score appeared to be higher (i.e. worse) than age matched normal 

controls (Dimenas, Carlsson et al. 1996) in both the GT and PR groups (Figure 4.3) 

with the median and 95% CI of participants above the 95% CI of the mean of the 

normal controls, although this could not be formally statistically evaluated without 

the raw data for the controls.  

 

 

 

 

 

  

Figure 4.3 Gastrointestinal symptom rating scale total score after gastric 

transposition (GT) versus primary repair (PR).  

P value is the statistical comparison between the 2 groups (Mann Whitney U 

Test). Black dotted line and red lines show the normal population mean scores 

and standard deviation (SD) (Dimenas, Carlsson et al 1996). 
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Figure 4.4 GSRS Sub Scale Scores for indigestion, constipation, reflux and 

constipation by group (gastric transposition GT versus primary repair PR). P 

value is the statistical comparison between the 2 groups (Mann Whitney U 

Test). Black dotted line and red lines show the normal population mean 

scores and standard deviation (SD) (Dimenas, Carlsson et al 1996). 
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For the sub-scales (Figure 4.4), median scores for indigestion and reflux were above 

the 95% CI for the controls in both the GT and the PR groups, above the 95% CI for 

the controls for diarrhoea in the GT group but not the PR group, and above the 95% 

CI for the controls for constipation in the PR group but not the GT group; there was 

no significant difference between the GT and PR group for any of the subscales. 

Gastrointestinal quality of life (GIQLI) scores are shown in Figure 4.5. The GT group 

had lower median quality of life with median GIQLI score of 113 (95% CI 102-122) 

compared with the PR group with a score of 122 (101-128) which was similar to the 

normal population figure of 125 (Eypasch, Williams et al. 1995). Although the 

quality of life score was higher in the PR participants, this was not significantly 

different from the GT group (p=0.29). Statistical comparison to normal population 

data was not possible due to a lack of the normal population raw data. Despite the 

median score being lower than the normal population mean, 7 (23%) GT 

participants had a higher ie better quality of life score than the normal population 

mean.  

Figure 4.5 Gastro intestinal quality of life index by group. P value is the statistical 

comparison between the 2 groups (Mann Whitney U Test). Black dotted line and 

red lines show the normal population mean scores and standard deviation (SD) 
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(Dimenas, Carlsson et al 1996). P value suggests no significant difference in score 

between the 2 groups.  

Discussion 

Gastric transposition is the most commonly performed oesophageal replacement 

operation for patients with OA in Europe (Zani, Eaton et al. 2014). The data on long 

term outcomes of GT are sparse, especially in adulthood, and this study goes some 

way to fill that gap in understanding. We demonstrate an important burden of 

symptoms, morbidity and low gastrointestinal quality of life score suffered by these 

patients as adults. Results from the PR group also allow us to see how these 

complex GT patients compŀǊŜ ǘƻ ǘƘŜ ƭŜǎǎ ŎƻƳǇƭƛŎŀǘŜŘ ΨǎǘŀƴŘŀǊŘΩ h! ǇŀǘƛŜƴǘ ǿƘƻ 

have been shown in the existing literature to suffer from long term gastrointestinal 

and respiratory morbidity in to adulthood (Chetcuti, Myers et al. 1988, Koivusalo, 

Pakarinen et al. 2005, Connor, Springford et al. 2015). Whilst we recognise the two 

groups are not strictly comparable the PR participants provide some context within 

which the results of GT can be considered.  

The patients in this study are a cohort operated on at GOSH early in the experience 

of GT. Half were performed as the primary operative repair of long gap cases and 

the others were secondary procedures i.e. salvage surgery after failed oesophageal 

anastomoses which explains the distribution of OA type seen in the GT group. Our 

comparative group were patients who had primary oesophageal anastomoses in 

the same time period and have the expected distribution of type of OA with type C 

predominating.  

Comparison to literature  

Due to the rare nature of paediatric GT current literature is limited to retrospective 

series (Hirschl, Yardeni et al. 2002, Spitz, Kiely et al. 2004, Sharma and Gupta 2011, 

Angotti, Molinaro et al. 2016, Awad and Jaffray 2017) and reviews or metanalysis 

(Gallo, Zwaveling et al. 2012, Loukogeorgakis and Pierro 2013, Awad and Jaffray 

2017) of such series. The detail, quality and duration of follow up in these papers is 

ǾŀǊƛŀōƭŜ ŀƴŘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨƭƻƴƎ ǘŜǊƳΩ Ŧƻƭƭƻǿ ǳǇ ƛƴ ǎƻƳŜ ƴŜŜŘǎ ǉǳŜǎǘƛƻƴƛƴƎΦ 

[ƻǳƪƻƎŜƻǊƎŀƪƛǎ Ŝǘ ŀƭΩǎ (Loukogeorgakis and Pierro 2013) comparative review of 
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oesopƘŀƎŜŀƭ ǊŜǇƭŀŎŜƳŜƴǘ ƳŜǘƘƻŘǎ ƛƴ h! ǳǎŜŘ м ȅŜŀǊ ŀǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ΨƭƻƴƎ ǘŜǊƳΩ 

Ŧƻƭƭƻǿ ǳǇ ŀƴŘ Dŀƭƭƻ Ŝǘ ŀƭΩǎ (Gallo, Zwaveling et al. 2012) meta-analysis of the same 

topic did not specify the median duration of follow up but quoted a range of 0.5 ς 

41 years. The same groups comparative study of GT and jejunal interposition (JI) 

had a median follow up of 14 years (Gallo, Zwaveling et al. 2015). More recently 

Awad et al presented the morbidity experienced in a small series of GT patients 

with a median follow up of only 8.5 years (Awad and Jaffray 2017). Alongside this 

they performed a detailed review of literature covering outcomes of GT in OA, their 

ƛƴŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀ ŦƻǊ ΨƭƻƴƎ ǘŜǊƳΩ Ŧƻƭƭƻǿ ǳǇ ǇŀǇŜǊǎ ǿŀǎ р ȅŜŀǊǎΦ ¢ƘŜ ƳŜŀƴ Ŧƻƭƭƻǿ ǳǇ 

of this study (29 years) is one of the longest in the literature and given the coverage 

of morbidity, symptoms and health related quality life makes it the most 

comprehensive.  

The most frequently reported outcomes of oesophageal replacement for OA are 

peri-operative e.g anastomotic leak, surgical complications and strictures (Gallo, 

Zwaveling et al. 2012, Loukogeorgakis and Pierro 2013). Longer term GT outcomes 

which have been commonly reported include feeding issues such as reflux, dumping 

syndrome, delayed gastric emptying and jejunostomy problems (Gallo, Zwaveling et 

al. 2012, Gallo, Zwaveling et al. 2015, Awad and Jaffray 2017). Other reported 

morbidity in childhood includes poor weight gain and anaemia (Davenport, Hosie et 

al. 1996, Jain, Sharma et al. 2012, Awad and Jaffray 2017). Our results confirm that 

much of the morbidity reported is not isolated to childhood.  

Body Mass Index 

GT affects nutritional status into adulthood. Whilst the mean BMI for GT 

ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŀǎ ΨƴƻǊƳŀƭΩ ŀǘ нм όҌκ- 3.5) it was significantly lower than in PR 

participants. It is also concerning that 12/32 were classed as underweight (BMI 

<18.5). There are poor comparative data for nutritional outcomes after GT. 

Davenport et al looked at 16 early patients (including some patients from the same 

cohort as this study) who had GT in infancy and found at a median age of 9 years 

11/16 patients had weight between the 3rd and 97th centile for age (Davenport, 

Hosie et al. 1996)  



65 

 

Gallo et al found 44% of GT patients to have an SDS weight/age of less than -2 and  

Spitz described mean BMI being around the 25th centile for age after reviewing his 

series in 2009 (Revicki 1998, Spitz 2009, Gallo, Zwaveling et al. 2015). Long term 

outcomes in larger OA population studies including all OA types have shown normal 

mean BMIs (Svoboda, Fruithof et al. 2017) ς in agreement with early work of 

Checuti et al describing catch up growth in OA patients through infancy and 

childhood (Chetcuti, Myers et al. 1988).  

There are several reasons identified that potentially explain why GT participants 

have a lower BMI than the PR group. Supplementary feeding was still required into 

adulthood in 6 (19%) participants for a variety of reasons. Ng et al (Ng, 

Loukogeorgakis et al. 2014) report 37% of children at a mean follow up of 28 

months after minimally invasive GT still required jejunal feeding and Gallo et al 

found 33% needed jejunal feeding up to a median of 14 years of age (Gallo, 

Zwaveling et al. 2015). There are no comparative data in the literature for the 

longer-term use of jejunal feeding into adulthood, but our data suggests 

jejunostomy use might decrease into adulthood.  

Dumping syndrome  

Dumping syndrome is well-recognised after GT and may contribute to poor 

nutrition. Spitz has previously reported an incidence of 4% on reviewing 192 GTs 

(including the patients in this cohort)(Spitz 2009). We found in adulthood 4 

participants (12%) had a formal diagnosis of dumping syndrome whilst 8 (25%) 

participants reported dumping symptoms without a diagnosis and in 4 participants 

without an understanding of the condition and its association to GT. Dingemann et 

al (Dingemann, Meyer et al. 2014) found even higher numbers of patients reporting 

dumping symptoms in adulthood (52%) suggesting this has been previously under 

reported. All but one of the participants interviewed managed their dumping 

symptoms by simply eating smaller meals more often and usually with good effect.  

Re-operation  

The reported need for early reoperation after oesophageal replacement, and 

incidence of strictures have been used as a comparator between GT and other 
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types of oesophageal replacement (Tannuri, Maksoud-Filho et al. 2007, Gallo, 

Zwaveling et al. 2012, Loukogeorgakis and Pierro 2013). However, the longer term 

need for surgical intervention is poorly reported. We found 3 participants required 

major revision surgery after leaving paediatric care, two of these cases were 

reportedly performed to overcome poor gastric emptying. Anastomotic dilatation in 

adulthood was necessary in 11/32 (34%) of GT participants compared with 13 % of 

the PR participants; meta-analysis suggest that strictures occur in 22% of children 

undergoing GT (Awad and Jaffray 2017). In our series, 8 (72%) of our participants 

who needed dilatation as adults had required dilatation as children. Secondary GT 

participants were more likely to need dilatations which may reflect their more 

complex surgical course.  

In those participants (13/32) who had undergone gastroscopy in adulthood one 

ǊŜǇƻǊǘŜŘ ŀ ŘƛŀƎƴƻǎƛǎ ƻŦ .ŀǊǊŜǘǘΩǎ ƻŜǎƻǇhagus in the proximal oesophageal remnant. 

This has previously been reported following OA repair (Connor, Springford et al. 

2015) and GT for achalasia in the adult population (da Rocha, Ribeiro et al. 2008). 

¢ƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ .ŀǊǊŜǘǘΩǎ ŎƘŀƴƎŜǎ Ƴŀȅ ōŜ ƘƛƎƘŜǊ ōǳǘ Řŀǘŀ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ǇŀǊǘƛŎƛǇŀƴǘ 

recall not from clinical notesΦ hǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ .ŀǊǊŜǘǘΩǎ 

oesophagus in the general OA population remains an area that requires further 

attention.   

Symptoms  

Gastrointestinal morbidity was also assessed using the GSRS scoring system, in 

which gastrointestinal symptoms are allocated a score. In GT participants the 

predominant reported symptom was gastro-oesophageal reflux with nearly 60% of 

participants reporting weekly symptoms. PR participants also frequently reported 

reflux but only 40% on a weekly basis. However, half of PR participants report 

dysphagia versus 38% of GT participants.  

Both GT and PR participants reported a higher GSRS reflux score and indigestion 

score than that reported for the normal population (Dimenas, Carlsson et al. 1996). 

There is no doubt that upper gastrointestinal symptoms continue into adulthood in 

OA patients (Little, Rescorla et al. 2003, Deurloo, Ekkelkamp et al. 2005, Deurloo, 
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Ekkelkamp et al. 2005, Connor, Springford et al. 2015) although the severity of 

these symptoms and effect on QoL is poorly reported. Spitz has previously reported 

early swallowing problems being universal after GT and severe in around 30% of 

patients (Spitz 2009) and our latest data suggests a similar number of patients have 

regular dysphagia in adulthood. Dingemann et al (Dingemann, Meyer et al. 2014) 

suggest a higher incidence of dysphagia in adulthood after complex OA repair and 

oesophageal replacement but give no indication of severity.  

Medical Morbidity  

Whilst surgical morbidity is often reported, I found the medical morbidity of 

anaemia to be reported in nearly half of the GT participants interviewed and only 

3(9%) of the PR group. Most were unaware of the type of anaemia they suffered 

from, although 3 participants reported it being attributed to upper gastrointestinal 

bleeding (UGI) from ulcers or gastritis. Anaemia after GT was first reported by 

{ǇƛǘȊΩǎ ƎǊƻǳǇ ǿƘƻ ŦƻǳƴŘ ŀ ǘƘƛǊŘ ƻŦ ǇŀǘƛŜƴǘǎ ǿƘƻ ƘŀŘ D¢ ŀǎ ƛƴŦŀƴǘǎ ǿŜǊŜ ŀƴŀŜƳƛŎ ŀǘ 

a mean age of 9 years and all had a low ferritin suggesting iron deficiency. Other 

authors have found 70% (Jain, Sharma et al. 2012) to 100% (Awad and Jaffray 2017) 

of children having GT to be anaemic and suggest poor iron absorption is the 

primary cause with some also suffering UGI bleeding as I experienced. Whilst I 

recognise the limitations of patient reported anaemia in our study versus 

documented haemoglobin levels, the apparent prevalence of anaemia in this and 

other studies suggests that iron deficiency is frequent in adulthood and should be 

routinely screened for in adult patients following GT. 

Chronic respiratory disease in OA (Chetcuti and Phelan 1993, Connor, Springford et 

al. 2015) is well reported and may be the result of problems such as tracheomalacia 

and reflux. In GT, the presence of the stomach in the chest brings additional 

problems that may be related to the mass effect on the lungs themselves and 

decreased functional lung capacity (Davenport, Hosie et al. 1996, Jain, Sharma et al. 

2012). A quarter of our participants reported chronic respiratory disease and 

described a range of severity from mild reactive airway disease to severe lung 

disease or bronchiolitis necessitating care by respiratory physicians. Results for 

current respiratory symptoms reflect the incidence of respiratory disease with 
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around a third of participants reporting shortness of breath (37%) and cough (30%) 

at least on a weekly basis. Lung disease associated with OA and GT may receive 

little attention from surgeons but the frequency and severity I have reported make 

clear the importance of good early respiratory care and follow-up in these patients. 

Quality of life and mental health 

Spitz, using a modified GIQLI, reported near-normal quality of life in those who had 

GT as the primary surgery for repair of long gap OA versus those having GT as a 

salvage procedure who had significantly lower scores and health related QoL 

(Ludman and Spitz 2003). More recently Dingemann et al, using the KIDSCREEN-27 

questionnaire, have published a comparison of health related QoL in complex OA, 

comparing delayed primary anastomosis, patients needing multiple dilatations, 

those who had major revision surgery and oesophageal replacements (Dingemann, 

Meyer et al. 2014). They suggest that children have an excellent HRQoL after 

complex OA repair, including in the group under-going oesophageal replacement, in 

comparison with normal controls. However, adults with complex OA demonstrated 

reduced quality of life with high incidence of reflux, dysphagia and dumping 

syndrome. I found similar reduced HRQoL in adult GT participants compared to the 

normal population. Interestingly, in our study, nearly a quarter of GT participants 

report higher HRQoL than the normal population. The median GIQLI score in PR 

participants was just below the normal range suggesting HRQoL may be less 

affected in this population. There was no statistically significant difference in GIQLI 

scores between PR and GT groups, as several participants with a complicated 

course following PR reported a low score. 

The decreased HRQoL and high incidence of adulthood morbidity may help explain 

the high incidence of diagnosed depression in our study (19% in GT participants). 

Dingemann et al (Dingemann, Meyer et al. 2014) reported that a similar proportion 

of adults with complex OA reported QoL scores that would put them at risk of 

depression but did not provide data on clinically diagnosed depression. Obviously, 

the aetiology of depressive illness is multifactorial and cannot simply be attributed 

to OA and GT especially in a patient group with significant congenital comorbidities.  

However, some authors have argued that congenital comorbidities do not influence 
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long-term QoL in OA, although only four patients with long gap OA were included in 

their analysis (Deurloo, Ekkelkamp et al. 2005). The interviews conducted in the 

current study provided subjective evidence that in some participants, congenital 

comorbidities affect QoL more than OA or GT related morbidity, for example in a 

participant with renal failure having undergone two renal transplants. 

Similarly, poor outcomes from oesophageal replacement can also influence QoL, for 

example having to self-dilate a recalcitrant upper anastomotic stricture. It is 

important to recognise that future cohorts of patients with complex OA undergoing 

GT may have significant comorbidities alongside the morbidity of their OA and 

oesophageal replacement. This may put them at risk of mental health problems 

which as paediatric surgeons we are unlikely to recognise, particularly in the 

adolescent age group.  This again highlights the need for close monitoring of mental 

health alongside the other reported morbidity from childhood through to transition 

into adult services. 

Limitations 

Whilst this study gives the most comprehensive and long term follow up of gastric 

transposition in OA to date, as is often the case with rare disease, the study was 

limited by the number of participants recruited from a single institution. However, 

given the historical nature of the cohort the response rate was good, especially in 

comparison to the existing literature. Larger multi-centre studies would address this 

issue and bigger numbers may allow multi variate type analysis to identify risk 

factors for poorer outcomes and QoL. Methodologically I aimed to gain a broad 

picture of the lives of GT participants and therefore used a wide range of methods 

including structured telephone interview, validated questionnaires and some open 

questions. Telephone interviewing as opposed to written questions may bias 

responses; certain questions in GIQLI and GSRS may be perceived as embarrassing 

ŀƴŘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀǿŀǊŜƴŜǎǎ ǘƘŀǘ me as the interviewer was a surgeon from the 

publishing institution could have influenced response. Future work would benefit 

from dedicated non-surgical research staff to deliver interviews. Patient reported 

outcomes may also be limited in terms of accuracy of data, for example patient 

reporting of anaemia without haemoglobin results may be prone to inaccuracy. 
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However, the impracticality of accessing current adult records meant obtaining this 

data was not possible. One other inevitable consequence of long-term follow up 

studies is that the data reflect surgical and medical practise initiated historically and 

results obtained may not reflect current practise.  

Although there are clearly alternative surgical options for these patients, we 

currently do not have similar comprehensive long-term outcome data of these 

alternatives in adulthood as comparison.  Such comparison to other procedures was 

therefore not the purpose of this study. I recognise there is no perfect oesophageal 

substitute and the limited data available suggest that patients who have other 

forms of oesophageal replacement are also likely to suffer from significant 

morbidity into adulthood which is not well enough reported at present. The 

morbidity seen in the long term from complex oesophageal atresia must be a 

reflection of the complexity of the condition and its associated anomalies as 

opposed to simply the techniques used to correct it.  

Conclusions 

I have demonstrated the most comprehensive long term follow up of gastric 

transposition for OA to date and report the broad spectrum of outcomes 

experienced by these patients. From those with multiple significant morbidities, 

daily symptoms and low quality of life to over a quarter who have a normal health 

related quality of life, several of who reǇƻǊǘ ƭƛǾƛƴƎ ŀ ΨƴƻǊƳŀƭ ƭƛŦŜΩ ŀƴŘ ǿƻǊƪƛƴƎ ƛƴ ŀ 

variety of full-time professions. The frequency of significant surgical and medical 

problems across the cohort and associated detriment on mental health mandates 

long term follow up of all patients undergoing gastric transposition for OA into 

adulthood and quality transition of care from paediatric to adult services. This 

transition needs to be of high quality, multi-disciplinary in nature and may involve 

many teams including surgeons, gastroenterologists, respiratory physicians, general 

practitioners and mental health teams.  
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Chapter 5 Rat Model for Oesophageal Implantation 

Introduction 

Various models have been described and used for oesophageal tissue engineering 

in rats. Rats have several benefits as an experimental animal, being easy to 

maintain, tolerant of surgical procedures and having similar anatomy to humans 

(Figure 5.1) to make it an applicable model. The rat neck is long allowing access to 

the oesophagus and trachea, and the anatomy below the diaphragm is also similar 

to that of the human, but with a relatively longer intra-abdominal oesophagus that 

makes this a site that has been successfully used for scaffold implantation (Lopes, 

Cabrita et al. 2006, Urita, Komuro et al. 2007). Rats can also tolerate well a wide 

variety of modified diets without morbidity, unlike the rabbit which requires large 

volumes of fibre.  

The aim was therefore to determine whether circumferential oesophageal 

implantation is feasible in a rat model as proof of concept.  

 Figure 5.1 Rat cervical anatomy.  

Following a longitudinal incision and traction on strap muscles and 

sternocleidomastoid the trachea is mobilised laterally. Recurrent laryngeal nerves 

are attempted to be identified and preserved. The oesophagus is then visible and 

can be controlled. 


















































































































