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Abstract

Introduction

Gastric transpositioffGT) is currently the oesophageal replacement of chéoce
long gap oes@hageal atresia(OA) Longterm outcomes of this are poorly
understood Different therapeutic options being explored inclue tissue
engineering.

Aims of the work in this thesiswvere to explorethe longterm outcomes of GT and
design animal models fan vivotestingof tissueengineeredoesophagi

Methods

Two longterm follow up studies of OA and Gor OA were completed in
collaboration withpatient support groug and from a cohort of patients from the
I dz{i Kigstitd¥an respectively.

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

Animal model development focussed on rat and rabbit models utilising the long
cervical oesophagus tattempt circumferential implantatiorof tissue engineexd
oesophagi Various modifications were made during the studycluding;
gastrostomiesstenting and variation of anaesthetic and operative technique.

Results

Longterm gastrointestinal and respiratorgnorbidity are frequently reported after
OA repair. Following Gadulthood morbidity includesstrictures, redo surgery
supplementaryfeeding, anaemia and depression. Quality of lifenegatively
affected by OA and GT.

A rat model for oesophageal tissue engineerwgs complicated by scaffold
collapse and obstruction. Following seeding of cells and cultscaffold were
mechanically waker.

Despite modifications in the rabbit model long term survival was limited by
respiratory problems, scaffold obstruction agdstrostomy problems.

Conclusions

Longterm outcomes of OA and mospecificallyOA treated with GT arassociated
with significant morbidity including mental health problems and decreased quality
of life. This mandates better follow up aminsitional care whenpatientsleave
paediatric services.

Neither rat norrabbit models are robust enough to provide reliable outcomes

suitable for pre-clinical studies of oesophageatissue engineeringNevertheless,
lessons learnedrom these modelswill be useful in developing other preclinical
modelsof oesophageal replaceemnt and ultimately irclinical practice



ImpactStatement

Currently thereare limited data anchighquality research describing the adulthood
outcomes of OA and GT performed in childhood and therefore these aiaa
important in defining these outcomes for a variety of reas@bsa national and

international levelincluding:

1. Improving understandingof patients and health care pregsionals; which
in turn helps counselling parengnd clinical decision making

2. Mandainglong term follow up andjualitytransitional care for all othese
patients from paediatric to adult services something that at present is
poorly organised and delivered across a variety of corgérsurgical
conditions

3. Facilitate decision makg & a national level about provision of such
complex services through establishing a Briths$sociationof Paedi#ic
Surgeons interest grougnd throughon-goingwork and discussion with the

national patient support group TES.

The work hasalso beenpresented internationally angbublished in peer review
journals(see listat end of thesif) efforts todisseminatethis knowledgeresulting

in increased interest in the wdérand leading to research claboration with
colleagues in a number ofdifferent UK centresncluding a study into transitional
care in OAOne key area that has had little focus in the past is health related quality
of life and mental healtlg a previously urreported morbidityfollowing GTfor OA

and one whiclshouldnow befocussed 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 widstrategy of developing a
clinically usable tissue engineered option for oesophageal replacerardits
wider clinical applicationOur group has already publishehcouraging in vitro
resultson oesophageal tissue engineering usthg same decellularised scaffolds

(Urbani, Camilli et al. 2018nd & such the results from thiwork were relatively



disappointing However,this modeldevelopment project haprovided essential
information for developing theorogrammefurther towards pre-clinical studiesn
terms ofconsideation of whichlarge animal model to usénformation regarding

the need for stenting of scablds, gastrostomy useand the need for further
mechanical testing of cultured scaffoltts ensure they arestrong enoughare key

to moving towards a model which can reliably deliver longer term outcométh

this will come the ability to study not only the scaffold in vivo but also to study the
fate of seeded cellsvhich will be important for the longeterm function of
implanted scaffoldsThis work help 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 Ghd its associatetbng-term morbidity.

These resultswill be disseminated in peer reviewed journals to help inform the
wider tissue engineeringommunity of the advantages and disadvantages of the
two models usednd at present are leading to internatioheollaboration for the

next stage of in vivo testing whichay involve a porcine model



Acknowledgements

| would like to thank the following people for their help and support in completing
this MD.

Simon Eaton for being my office buddypervisor, friend and great support

through my MD and at a difficult time.

Paolo DeCoppi for the amazing opportunity he gave me through this MD, working in

his lab and through our clinical work at GOSH.

Federico Scottoni my operating partner and frifodhis support and working

through the frustration of our animal experiments together.

Luca Urbani, Carlotta Camilli, ERRylactopoulosClare Crowley and the other
FYFT Ay3 OStt aOASyidrada Ay GKS f1 0 FT2N K

TOFS patient support group for their support and all the patients involved in the

studies.



Table of Contents

Y 0151 1= X 2
IMPACE STAIEMENT. ... it rn e e ea et e e e e anma 3
ACKNOWIEAQEIMNTS. ... oot e e e e e 5
Table Of CONENLS. ... e e e e e e e 6
Index of figures and tables............o i 8
ADDIEVIALIONS. ...t 11
(O =T o) (= g A 1 10 T [ ox 1T 1P 12
(O = TS { o= i 0] o 12
SUIGEIY TOF O A ettt ee e e e e e e e e e e e ean e 13
(O 053 1o o] U] /2P 13
Oesophageal replacement.........ccouuiiiiiiiiiiieee e e e 14
GaStriC TranNSPOSITION........uuiiiiiiie e 14
TISSUEBENQGINEEIING. .. ..u et eeii et e et e e et e e e e e e e e e eneeees 17
The OESOPNAGUS........ciiiiiii e eee e e e 19
Principles of Tissue ENQINEEMNG.........ccvuuieiiiiiiicee e e 20
2 | PN 21
SCAMTOIUS. ..t e 24
WOIK 10 DALE.....cceiieeiiieiie et eee et rnm et e e et e e e e eanns 28
(O =T 0] =T g2 | 41T 30
Chapter 3 EAT 1. A patientled, international study of {trgh outcomes of
0eS0Phageal AtreSIA........cvvn i 31
BaCKgroUNd.........ccooniii e e 31
IMETNOUS. ...t 32
R SUITS e 35
I3 S U 11 [0 o PP 43
Chapter 4 Long Term Outcomes in Adulthood of Gastric Transposition for
(ol Yo] o] gF= To [oFo 1= L (=S = T 50
o o [T 10 o 50
1= 1 T T PP 52
RESUIS et 54
DISCUSSION. ..ttt ettt rn e et e et e e et e e eaans 63
(©0] o o3 111570 o 1P 70
Chapter 5 Rat Model for Oesophageal Implantatian..............c...ccceicceennnnn. 71



8] ( 70 Yo [U 1o (1] o TP 71

1Y =1 T T 72
Phase 1: Cadaveric diSSECHQN..........cccuviiiiiiiiie e e M 2
Phase 2: Orthotopic circumferential implantation......................cooeeenn.. 72
Phase 3: GastroSIOMY.........ccuuuiiiiiiieei e e D
Phase 4: Twatage circumferential implantation...............cccooeevevieeennnnee. 78
Phase 5: Cervical Patch implantatiofeasibility............ccooeeviiiiiiicennn, 79
Phase 6: Influence of recellularisation of scaffolgoatch integration......... 81

I3 S 87 [0 o 89

(0] o o3 11151 0] o 1~ PP 92

Chapter 6 Rabbitodel for Oesophageal Implantation...................ccooevieennns 93

Fa]roTe [UTex 1 o] o NSO 93

| 0 94

1= 1 T T PP 94

Phase L POt STUQ .......cooeii e e e 96

Phase Z Main STUAY.........c.viiiiiiii e e ee e e Q9

Phase 3Two Stage MOdel........ccouuiiiiiiiii e 109

MechaniCal TESHNG.......uuiiiiii e e 112

Mechanical testing was performed alongside the in vivo experiments to formally
asses the physical propees of the scaffolds. Figure 6.13 shows there was no
significant difference between fresh and decellularised scaffolds in terms of
stiffness, strength and Strain..............ccoooviiiiicee e, 112

This suggests the tissue maintains its mechanical properties through the specific
DET protocol used for decellularisation and makes it mechanically equivalentto

fresh tissue for surgical implantatian.................ccooeiiiiiece i, 112
DISCUSSION. ..ttt ettt e e et r e s e e et e e e et e e e et e e eees 113
(@0} o o3 11157 0] o1 118
Chapter Discussion and CONCIUSIONS...........uuiiiiiiiiiiiaeeiie e 120
Chapter 8 Publications and Presentations..............cccooiiiieeciiiciiciceieeenn, 125
Chapter 9 REfEIENCES......cuu i e e 127



Index of figures and tables

Figure 1.1 Gross classification Of.OA .........coiiiiiiiiice e 12
Figure 1.2 Operative detail of gastric transpositian...............ccoeeevviemmvennennn.. 15
Figure 1.3 Experimental Plan.............coouuiiiiiiiimoi e 18
Figure 1.4 Anatomy of the oesophagus. H&E staining of fresh rat oesophag?@.
Figure 1.5 Principles of tiSsue engiNeering.........ccuuuvieeeuiiemeeeeiiineeeeineeaennnns 21
Figure 3.1 Respondents DY COUNELY. ........c.uuiiiiiiiiiiaee e e 35
Figure 3.2 A) Heiglaind weight by age, B) BMI...........coooiiiiiiiiiee, 36
Figure 3.3 Number of dilatations by age...........coooviiiiiiiiieni e, 37
Figure 3.4 Frequency of food bolus obstruction by.age............c...ccoviieeennnee. 38
Figure 3.5 Frequency of respiratory problems by.age.............cccooovveeeninns 39
Figure 3.6 Frequency of chestinfection by age...........cccocooviiieeicviiivnee, 39
Figure 3.7 Current care provision bY ag€..........ccoevvvvevviiniccerieenneennennnennnnnn . 40
Figure 3.8 Frequencyf Quality of life problems.............ccccooiiiiiiiceennnn0 41
Figure 3.9 Effect of OA on education Or Wark............cooeveuviiiieeiiiineeeiieees 42
Figure 4.1 Recruitment flow chart.............ccoooiii e 54
Figure 4.2Frequency of gastrointestinal and respiratory symptoms.............. 59
Figure 4.3 Gastrointestinal symptom rating scale total score after gastric
transposition (GTyersusprimary repair (PR)........cccoovviiiiiiiiice e, 60
Figure 4.4 GSRS Sub Scale Scores for indigestion, constipation, reflux and
constipation by group (gast transposition GVersusprimary repair PR).......... 61
Figure 4.85astro intestinal quality of life index by group..................coocoovneees 62
Figure 5.1 Rat cervical anatomy.........cc.uviiuiieiiiieiceee e e e e et eaeen e eanns 71
Figure 5.2 Rate cadaveric diSSECHQN..............oveiiviiiieeii e e 72
Figure 5.3 Macroscopic appearance of rat oes@pfrashly harvested and post

(0 =TT oY | U= T ST = 4 o] o P 73
Figure 5.4 Diagram of rat gastrostomy SyStem...........cccovvviiiiiieeneiiineeiineeenn. 76
Figure 5.5 Cervical Oesophageal Patch implantatian....................cccccceeeenniis 80
Figure 5.6 Bioreactor set up for culture of decellularised oesophagus injection
seeded With NMAB and MEB..........ooiiii e 84
Figure 5.7 Operative plan for Phase6.............ccoooviiiiiceei i 85
Figure 5.8 Phase-®utcomes of seeded patch implantatian......................... 87
Figure 5.%X H&E slide of animal 6.1...........ccooouiiiiiiiiiiii e 87
Figure 6.1 Macroscopic images of decellularisation of porcine / piglet oesophagi
USING DET treatMment........o i eee e 95
Figure 6.2 Operative sf@s of oesophageal implantatian............................... 97
Figure 63 Rabbit tunneled gastroStOMY..........cc.oveveiieiiiiicee e, 100
Figure 64 SXElla Bioabsorbable stent............ccoooiiiiiiiiceei e, 101
Figure 6.5 Vascularising abdominal Miap.....................cooooiee 103
Figure 6.6 Tube damage as a result of attempts to unblock gastrostomy....106
Figure 6.7 Fur bolus obstruction in autopsy Specimens..............ccccevvieneeee 106
Figure 6.8 Micro CT of en bloc resection of oesophagus and trachea......... 107


file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597068
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597071
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597073
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597074
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597075
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597076
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597077
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597078
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597079
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597080
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597082
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597082
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597083
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597083
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597085
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597086
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597089
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597090
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597090
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597091
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597094
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597094
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597098
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597099
file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597100

Figure 6.9 Post operative survival in pilot group and main study group....... 108
Figure 6.10 Histology of porcine scaffolds following implantation in cervical

oesophagus of fabits with vascularising flap............ccooooiiiiiienis 109
Figure 6.11 Two stage Model.........cooeviiiiiiiiii e 110
Figure 6.12 Second stage and histological r&sult..............ccoveiiiiecciineennnnn. 112
Figure 6.13 Biomechanical analysis of native and decellularised samples derived
from proximal (circle) or distal (triangle) portions of the oekagi.................... 113


file:///C:/Users/hannone/Desktop/MD%20Thesis%20Re%20write1.docx%23_Toc105597104

Index ofTables

Table 3.1 Member Organisations Of BAKR X X X X X X X X X X X X X X X X X X X X X @
Table 4.1 Demographics, type of OA and associated abnormaXitleX X X X X X ® p T
Table 4.2 Mdbidity and medication by grodp X X X X X X X X X X X X X XBBX X X X ® ®
Table 5.1 Phase 2 ReSHIH X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Table 5.2 Phase 4 Outcomes of 2 stage implantaloASX X X X X X X X X X X X X ® d
Table 6.1 Results of Phas& X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Table 6.2 Results of Phas&X 22 X X X X X X X X X X X X X X X X X X X X X X X X X X X
Table 6.3 Outcomes of 2 stage moeX X X X X X X X X X X X X XXOXXXDX X M M H

10



Abbreviations
GT- GastricTransposition

OA- oesophageal atresia
TOF Trachenesophageal atresia

EAT- Esophageahtresia and
Trache@smhgealFistula

H&E- Hematoxylin and Eosin stain
BMI - Body Mass Index

GSRS Gastrointestinal Symptom
Rating Scale

GIQLF Gastro IntestinaQuality of
Life Index

hMAB- human Mesangioblasts

mFB- mouse Fibroblast

DET- Detergent Enzymatic Treatment
ClI- Colonic Interposition

JI- Jejunal Interposition

LGOA: Long Gap Oesophageal Atresia
IC- Inner Circular Muscle

OL- Outer Longitudinal Muscle

TQC i- Transforming Growth Factor
beta

BMP4- Bone morphogenic protein 4
eNCGC entericNeural Crest Cells

ROEC Rat Oesophageal Epithelial
Cells

SIS Small Intestine Submucosa
SDGC Sodium Deoxy Cholate

QoL- Quality of Life

SDS Standard Deviation Score
WHO- World Health Organisation
LoS Length of Stay

IQR- Interquartile Range

HRQol- Health Related Quality of Life
M - Molar

EDTA Ethylenediaminetetraacetic
acid

bFGF Basic Fibroblast Growth Factor

DMEM - Dulbecco's Modified Eagle
Medium

VEGF Vascular Endothelial Growth
Factor

PBS Phosphate Buffer Solution
PDS Polydioxanone Suture
CT- ComputerTomogephy
ECM- Extra Cellular Matrix

PROMS Patient Reported Outume
Measures

11



Chapter IIntroduction
Oesophagelatresia (OA) with or without tracheoesophageal fistula (TOF) occurs in

30005000 live births and survival of these patients has improved over the last 30

years (Tennant, Pearce et al. 2010)he aetiology ofOAin unknownbut it is

thought to represem afailure of thenormal division of the primitive foregut into

the oesophagus and trachea which occurs at wedkof gestation.This results is

Fy WEGNBaAaAFQ 2NJ YA AaaAry daspgelawyw & ifferedt T 2 S &
anatomical variation®f the trachea. In clini@al practicethese different variations

are seen in thalifferent classifications of OA.

Classification
Oesophageal atresiaan be classified according to thariations of anatomy seen

with regards the presence of dérent configurationsof TOF. Gros@Gross 1953)
classified the different types @Afrom A-E EHgure 1.1). Tre 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 case$Spitz 2007) The remaining typeB, D & E are rarer and only seen in

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

Trachea and LM
main bronch&

Distal >
esophagus\
Diaphragm//\/ﬂ“

Stomach

Figure0.1 Gross classification of OA

Basics of Pediatric Anesthegistman 2016) Type Aisolated OA, Type BOA with
a TOF to the upper oesophagus, Typed@ with a TOF to the lower oesophagus,
Type D OA with a double TOF and Type E whichis an isolated TOF

12



Most frequently patients present at birth witan 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 surgg is required inthose cases with a distal TOF and involves

thoracotomy / thoracoscopy and ligation of the TOF and subsequent repair of the
oesophaguswhich in most cases is achieved by primary anastomdasibe gap
between upper and lower oesophagusalls. If not and the gajsconsidered to be

to W Zfof @@mary anastomosis any fistulais ligated and a gastrostomy is usually
placed to allow for enteral feeding and a delayed attempt to anastomoses the

oesophagus or if this not possibé®me form ofoesophageal replacememay be

performed.
¢tK2a4S LI GASyidla gAGK ¢@LIS ! FylFdz2Ye 2N AA
IAPSY (GKS f1F01 2F I ¢hC R2y Qi NXBI dzA NE dzN

have been treated with early gastrostomy ingen andthen delayed (usuallyt
Fo2dzi o Y2yiGKa 2f RO -delmyeSrapaivobtyelbes@phagus.K S W3
If this was not possible as the gap was too large again oesophageal replacement

would be performed.

More recentlya variety oftechniques to try and induce oesophagegowth /
lengtheningand permit delayed anastomosis rather than replacemeate been
described(Foker, Kendall Krosch et al. 200Bhese procedureisivolve 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 approvd@®esophageal replacement
occasionallypecomes the only option available for repair of complicated OA where
previous surgery has failegfor example with recalcitrant stricturing

Caustic injury

Another group of patients in whom oesophageal replacement may be considered is
those with signiicant caustic injuries from caustic ingestion or button battery
injuries. These patients can lose variable lengths of oesophagus from caustic

13



injuries andmay require urgent lifesaving treatmentwhen they first present
especialyif there is evidence of oesophageal perforation or fistulation into aorta or
trachea.Delayed oesophageatconstructionor replacemenimay then be required

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

those with long ecalcitrantstrictures (Uygun | 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 stomactor gastric transpositiofGT) 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.

Cl isorobably the most commdy performed oesophageal replacement globally for
OA and was first described in 1948andblom 1948)The benefit of an easily
obtained graft of suitable length which occupeselatively small space in the chest
is balanced by the more precarious blood supgdynpared the stomehin Grand
the presence ofwo anastomoses increasing the risk of leak and strictureghe
longer term there is concern about thgraft becoming baggy and redundant a

problem that can be difficult to managéoukogeorgakis and Pierro 2013)

JI again has the benefit of an easily obtainable suitably sized graftsedative

size compared the oesophagus 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 Baxk.
reported good results with the jejunal replacemgax and van der Zee 200t

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 th@esophagealreplacement of choice in the UK and

Europe (Zani, Eaton et al. 2014nd gained popularity through the work of Prof
Spitzat Great Ormond Street Hospital after he changed to this technigdepted
from adult surgeons treating malignanégllowing poor results when performing CI
(Ahmed and Spitz 1986)The procedure involves mobilising the stomach on a

14



vascular pedicle, taking advantage of its excellent blood sugptiperforming a
pyloroplasty to enare no delay in gastric emptying. The gasb@sophageal
junction isthen over sewn and the fundus of the mobilised stomach delivered

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

proximal oesophagus (Rige 1.2).

a — closure of gastrostomy € — esophago-gastric anastomosis
b — closure of gastro-esophageal junction  f — transposed stomach

C — pyloroplasty / myotomy g — pyloroplasty below hiatus

d — sutures of top of fundus of stomach h — jejunal feeding tube

Figure 0.2 Operative detail of gastric transposition

Operative details of Gastric Transposition from SpitzOkesophageal replacement

overcoming the needSpitz 2014)

The shortterms outcomes from GT are relatively well reportethe biggest series
from Spitz(Spitz 2009)which did includesome patients with caustic injuries rather
than OAsuggest an earlgost-operativecomplication 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 rateseahigher (58%)in this group Other

15



authors report similar short term outcomg$upta, Shana et al. 2007, Esteves,

Silva et al. 2009although the different inclusiorriteria in each study and low
numbers make comparison difficultonger term outcomes from GT are reported to

be WYoodor Wxcellenth y sz 2F OFasSa FNRY {LAGT Q&

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

In summary the type of oesophageal replacement r@maa point of much
discussion and decision making around this is weakednethe 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 follganmore challenging. It is
essential however that wanderstandthe long-term outcomes of these congenital
conditions that until relatively recently were not routinely survivable condison
Such dataare important for several rasons inclding; predicting future medical
needs of patients, imprang transitional care into adult services and also to allow

us to compare different techniques forpair of OA to improve caréor the next

generationof patients.

16



Tissue Engineering
The variety ofoesophageal replacement strategies including gastric transposition

(Sptz 2009)and colonic(Burgoset al. 2010)or jejunal interposition(Bax and van
der Zee 2007used around the worlgerves to demonstrate that currently there is
no ideal autologous oesophageal replacemé@alloet al. 2012, Loukogeorgakis
and Pierro2013) The literature to date and results fromur longterm follow up
study of GTshow these procedures carry significant long term morbidifs a
result,there has been increasing interest in finding different and alternative ways

to replace the oesophagus. One such optiorhist bf tissue engineering.

At present, clinical application of tissue engineering of whole organs is limited to
those organs with less complex function such as the tra¢idatt, De Coppi et al.
2012) Even with the tracheanly 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 engineerexsophagus, the challenge is to not only
ensure engraftment and differentiation of cells but for those cells to allow co

ordinated function.

¢CKS LRGSYGArt |TRGFryGFI3S tASa Ay GKS | 0A
oesophageal scaffold with whidb replace the missing native oesophagus which

could be seeded and therefore q@opulated 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 phanted 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 Figur&.IThe process is designed to integrate into the
existing standard cose for patients with LGOA making it an easily clinically

applicable treatment.

17



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 skeledl muscle biopsy from the anterior abdominal wall and an oesophageal
epithelial biopsy from the uppeblind endingoesophagealpouch This would
facilitate autologous cell isolation, expansion and differentiation during a roughly 3
month period (the usual duration patients are given before assessing the

2 S a2 LK I 3 Sduring whHigh théQpatient would have nutrition maximised.
Alongside this, custom sized decellularipedcine scaffolds would be prepared and

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

laaSaaySyda 2% KS W3IFLIQ RdAZNAYy3I GKA& LISNJ
oesophageal replacement and then at 3 months if thap 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 oesophagwgith the addition of @ omental

vascuarisingflap.

Following implantation, the patient could continue with gastrostomy feeding in the
short term whilst the implanted scaffold heals before eventually establishing oral

feeding.

Gastrostom
\—y] Maximise infants nutrition & growth

1y | (Temsoy ) 43

Decellulanzed
Porcine Oesophagus

— Autologous |
Epithelial Cells Cell Isolation | Bioreactor Culture
_ !

Oesophageal
Transplantation

Figure0.3 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 neplexuses (Aurebachs).

4. Adventitiallayer

The complexity of the oesophageal structure is highlighted in the histological slide
in Fig 14. It shows the intricate 8imensionalstructure of the oesophageal wall
layers There is alongside this the complegural plexiof Meissner and Auerbach

without whichthe complex neuromuscular function of the oesophagus would fail.

The various different parts of the oesophagwsrking togethercontribute to its
function in carrying food from the pharynx to the stomadsing rhythmic
contractions known as peristalsis. These occurs normally in 2 waves to clear any
food boluses and swallowing is initiateby the somatic nervousystemwith
peristalsis continued by the autonomioervous system demonstrating the

complexity d oesophageal function needed in any tissue engineered oesophagus.
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Figure0.4 Anatomy of the oesophagus. H&E stainingfoéshrat oesophagus.

3 principle layers omucosa sub mucosa and muscle layer are se@hthin the
mucosaare 3 layers- epithelium, lamina proga and muscularismucosa The
oesophageal outer muscle is made of 2 layer (IC) immeularmuscle and (OL)

outerlongitudinalmuscle.

Principles of Tissuéngineering
The basic principlef tissue engineeringre the use of3 dimensionakcaffolds,

GKAOK OlFyYy 0SS yIddzN»f 2N aauologobssukablez | y R
stem or precursor cells and growth factors with the aim ofabéishing cell

engraftment and differentiation to create a functioning and implantable organ.

The ability to use autologous cells should resulb@m-immunogenic engineered

organs negating the need for immunosuppressasrin cadaveric organ transplants.
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Figure0.5 Principles of tissue engineerinfdapted from Dvir T, Nature Nanotechnold@wir,
Timko et al. 2011)

Cells
This distribution of different cell typasormally seerobviously influences the cells

chosen for tissue engineering of the oesophagus and the mechanisms of how these
may be seeded onto the scaffold.

The principle cell®f the oesophagusi@

1 Epithelial cds
1 Muscle cells smooth /skeletal

 Neural cells

Isolatingand expandinghese cellsor their precursors in the form gbleuripotent
stem cellsis a challenge and various differeptlls and methods have been

employed to do this.

Epithelial Cells

Given mature epithelial cellshave the #&ility to replicate andbe expanded
precursors are not neededbtaining and isolating cellis more straightforward

both experimentallyand alsceventuallyin a clinical setting.

Bpithelial cellshavebeen isolatedusing several different methodsheseinclude

placing oesophageal specimens face domm culture plates to obtait?V S E LJ | y (i Q

culturesfrom migration of cell§Zboralske FF, Karasek MA84)
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Saxena et al2009) used overnight dispasencubation and mucosal separation
followed by trypsinREDTA incubationto isolated individual cellsand have
subsequently developed non enzymatic dissociation of the epithelial layer to

improve cell counts and viabiliGaxena, 2014)

Whole mucosal sheetsanalso beseparated usinglispaseand trypsinand single
layer epithelial sheetshen engineered Maghsoudlou P et al (28) compared3
different methods andavouredisolating intact mucosal sheetssing dispase and

trypsin) followed bytwo trypsin incubations yielding a singtell suspension

Thesecells canthen be expandedo express different cytokerating markers of

stratified and squamous epithelium as seen in the oesophagus.

Epithelial cell sheets in isolatidrave $iown promisingopre-clinical results in terms

of managing mucosal defects anedducing stricture rates after endoscopic mucosal
resection of earlycancers(Takagi R et al, 201Zor whole organ engineeringdse
cellshave been seeded on the luminal side of decellularised scaffolds and after 2
weeks of culture show a multayered epithelium with each layer appearing to
show markers consistent with the native oesophagus (Urbani, Camilli et al. 2018).
Bioluminescence inging 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 muscleell sourcedave been exploretor
different regenerative applications including autologous smooth muscle cells,
adipose derived stem cells anthesangioblasts Whilst autologous mature
oesophageabmooth muscle cellan be used in oesophageal tissue engineering
their limited ability to expand, survive and engraft has limiteéir use (Wang et al,

2008)

Vascular smoth muscle cells have baeshown to be abled be maintained for 56

days on collagen scaffolds, fullpwering thescaffoldin 4 weeksand Saxena et al

(2014) propose their use as part of a multi layrR WK&@ o NAR O2y ail
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oephagealtissue engineering and also highlight the importancelyfiamic stress

during culture to maxinsesmooth muscle differentiation and function.

Adipose derived stem cells offer an easiailablesource of muscle precursoand
can be differentiated into smooth muscle cellsing¢ D Qtransforming growth
factor) and BMP4bone morphogenetigrotein 4) and have been used itissue
engineered bladder and blood vessel walWWang et al(2008) demonstrated
adipose derived stem cellse in oesophagedissue engineeringersus aortic
smooth muscle celland found they could besuccessfully differentiategttached
and migrated in a oesophageal acellular matrimodel. The ease of accessibly

make these an attractive option.

Human mesangioblastthMAB) are pericytegémultifunctional mural cells of the
microcirculation)and have been successfully isolatédm skeletal muscle and
subsequently expanded in vivdhey have the ability tdifferentiate into smooth
muscleunder theA Yy ¥t dzZSy OS 2 F etd 2007, Wbarettal 2018)¢ £ £ S
essential for the constructioof tissue engineered oesophaghbst also have the
ability to form skeletal muscle and hademonstraed encouraging results the

field of regenerative medicine for muscular dystrogi8unet al 2020)

Our group have alreadydemonstrated that ceseeding with fibroblastsalso
improved thedistribution of engrafted cellsnesangioblasten the muscle layer of

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

Neural Cells

Neural cellsare also an essential part of the functional oesophagus and are
organised into myenteriand sub mucosal plexi. Neural regenerative medicine has
many potentiatherapeuticapplicationsncluding gastrointestinal neuropathies and

also playing arole in other tissue engineered organ development.

23



The myenteric plexusontrols motility and pestalsis andnclude neuronal and glial
cells andalongside tlesesit theinterstitial cells of @al whichare thought to acas

a pacemakeand be the link to the enteric nervous system.

Again here are several digrent cell typesthat have been identifid as potential
sources ofcells forneural cell regeneration includingkin-derived precursors and

those fromcentral nervous system

Enteric neural crest cellare one such sourcésiven these cells arenly found in
the original poptation of migratory neural crest cellswtasoriginally thought that
they could only beharvested from foetal or post natal sources but more recently
they have beemerived fromhuman intestinal biopsy specime(Rauch et al, 2006
and Metzgeret al 2009. Embryological murine neural crest cellshave been
isolated and differentiated intoboth neurons and glieand subsequently can
differentiate,proliferate, migrateand retain some when implanted intnouse gut
during workfocusing ontreatment for aganglimosis (Nishikawaet al 2015 and

Cooper 2016).

Scaffolds
Alongside cell choigescaffold material and desicgare also key for successful tissue

engineering.

There is much discussion across all tissue enginedii@gature about scaffold
choiceand thisprincipallyincludessyntheticversus naturally derived sdatds and

some hybridnodels.

Factors affectingsuitahlity of a scaffold for usein tissue engineering include
scaffold morphology,geometry, thicknessand porosity. Alongside this the
mechanial and handing propertiesf a scaffoldareimportant, including theability

to withstand operative implantation and suture retention.
Synthetic Scaffolds

Early attempts at oesophageal circumferential reconstiects were purely

synthetic scaffolds without cells anshcluded a variety of differenmaterials
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includingcollagen spongwith silicone tube stents (Natsume T et al 19B&8kimoto
et al 1994 1998) rubber and polyesteconstructs(Fukushima M et al983) and
other polymers includingolyglactinand polyvinylidene fluoridéLynen Jansen &t
al 2004). Resultshowed that whilst the expected complications adurgery eg
anastomotic lealaffected short term survivalthe main issue that limited longer
term outcomes was that ofscaffold stenosis/ stricture. In terms of cell
regeneration these purely synthetic scaffolds have showmimal muscle

regenerationand limitedepithelisation (Saxena et al 2009).

The abilityof scaffolds to besuccessfullf?#a SSRSRQ A GK &dzA Gl 6t S
when trying to develop a functional engineered org&ynthetic scaffolds have

been seeded with some succeddiki et al (1999)seeded polyglycolic acid mesh

and collagen scaffolds ith human epithelial cells and fibroblasts and achieved

epithelialisationwhen placed in an imivo heterotopianuscle flaps in athymic rats

Nakase et al report similar good outcomes in a polyglycolic acid felt scaffold
seeded with keratinocytes and fibroblastsand implanted in the thoracic

oesophagu®sf dogswith seemingly excellergurvivalup to 140 days

Howeverthef  O1 2F oAt AGe 2F aeyiuKSim®d aol ¥7

limit their clinical use in the paediatrpopulation.
Natural Scaffolds

Natural saffoldsof decellularised tissuare the alternative to synthetic materials.
Whilst these scaffolds are not as easalailableas synthetic scaffolds #y offer
certain advantagesNatural scaffoldBave to varyinglegrees some @aintenance of
extracellular matrix which in turn gives a better niche for cell engraftment and
repopulation and is pleiotropic in nature (Hynes 2009he deellularisation
processesised to create natural scaffoldes been shown to rendéhe graft non
antigenic i.e. results in a graft that does not induce a host antigenic response,
negating the need for long term immunosuppressicompared to allogenic
transplantation(Totonelli, Maghsoudlou et al 281Urbani, Camilli et al 2018} 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 naturakcaffolds have been describddr use in oesophageal
tissue engineeringnd can be broadly categorised intssueobtained from other

locationsversus decellulased whole oesophageal scaffolds.

Those scaffoldsreated from different organ®r tissuestake advantage of more
widely available tissue sources such as snmatiéstine sub mucoséSIS) and are

often commercially available making sourcing material more straightforward.

Early studies used SIS scaffolds without seeflinges et al 2006 oede et al 2000

in a variety of different models with mixed results. More recent studiesort
seeded SIS scaffoldgith different types of cells including autologos&ektal
myoblasts (Pogosyhan et2015)and bone marrow mesenchymal stem cells (MSC)
(Tan et al 2013achievingencouragingesults Heterogeneity of studies in terms of

scaffolds, cells anchethodologyused make comparison very difficult.

Whilst decellularisedissues from other locations are easily availabihel have the
benefitsof extra cellular matrix preservation the use of decellularised whole organs
should offer the besmaintenanceof the specific chemical and structural signals for
appropriate celhttachment differentiation, migration andsurvival. These benefits
are balance against the negativeffectsof the moreaggressivéechniques needed

for decellularising whole organs

Various different methods of decellularisation have been descrildulch all

mandate sufficient extraction of DNIA ensure graft will not be rejected.

Hybrid scaffolds have also been suggestethbiningsynthetic and decellularised
materialsin attempts to gain the benefits of both scaffold types. Saxena €Qil4)
describes a hybrid model allowing each layeriué besophageatonstructto be
made in a cell specific way to maximisec@lularisation of scaffolsl Some models
using natural scaffolds have also usgdtheticstentsto maintain patency of the

f dzYSy IyR GKSNBT2NB KI@gS az2yYS WKeoAR StS
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Bioreactors

The role ofbioreactorsin whole organtissue engineering is to mimic tharget
orgar@ in vivo cell niche and environment in order toadl cells seeded onta
scaffold to engraft, differentiate and expanéventually yielding a functioning

engineered organ.

One way thihasbeen done susing heterotopic in vivo implantation ietidaturalQ
bioreactor. This has beemtilised for several different tissuesuch a bone for
mandibular reconstructionWatson E et al 202@nd trachea(Elliott et al, 2012)

and also 6r oesophageal engineering.

Oesophageal engineerinttas used omentum as th@ vivo bioreactorin both a
heterotopic position (Saxena et al 201Q)rbani et al 2018and in the orthotopic
positionin largermodels Poghoyanet al (2015) usedrainitial 2 week period of
omental maturationof aseeded SIS scaffoliefore moving it into the orthdopic
position with good results. This method has the added benefit of neo
vascularisation of the scaffold one on of theother challenges inoesophageal

engineering.

Whilst in vivo bioreactorsmpvide a well oxygenated temperature controllecand
sterile environmentit is atthe expense of the ability to manipulatell specific
conditionseg supplyinglocal cells specifigrowth factors orflow through a lumen.
This method alsaloesnot allow for regular monitoringf scaffolds as inrain vitro

setting.

In vitro bioreactorseedto be specificallydesigred for the target organ, scaffolds
used and cells to be seeded. This allowsdosecontrol of both mechanicaland
biochemical and metabolic (chemicanditions As a resulbioreactor design has
become increasingly complexspecifically in relation t@D organ desigrand he
challenges this brings mimicking the nature in vivo conditiorfSeldon and Fuller

2018)
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For oesophageal tissue engineeringlike that of many tubularengineered
structures there has &en a focus onmdynamic culture in bioreactors and the
positive effect that has onsmooth muscledifferentiation in both natural and
synthetic scaffoldgSaxena 2014, Urbani et al13) Kim et al. 2019. Therefore
oesophagealbioreactors are designed to combine lumah flow - containing

different mediaand growth factors with a reservoof surrounding media.

Work to Date

Our group las demonstrated the ability to decellularize both porcine and rat
oesophagi using a detergent enzymatic treatment (DET) involvindysedl with
water, detergent wash witsodium deoxycholateSDC¢followed by DNAse enzyme
fracture of nucleic material and finally washing with a buffered solution (Totonelli,
Maghsoudlou et al. 2013, Usli et al. 2018)

Subsequentlyt has beendemonstrated that these decellularised rat scaffolds can
successfully be seeded wigprincipal celltypesusinga 2 stage approach, with 7
days in vivo culture of the muscle layer in the omentafimmune incompetent
mice, and subsequent application of epithelial cells and a further 7 day cultures in a
bioreactor. Scaffolds showed smooth muscle maturation,-wrescularisation and
epithelial cell engraftment, i.e. an in vitro tissue engineereda@®mgeal 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. Acrosthe 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 engaring in vivo studies using decellularised
scaffolds. These range from smaller animal models such as rats (&bpk <2006,
Uygun et al. 2013) to larganimals such as dogs (Badyédlal. 2000, Badylak et al.
2005) and pigs (Doeds al. 2009, Gaujouet 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 probfegincluding
a. size
b. anaomy

c. physiologyandreaction to surgery

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

this be performed with minimaknimalsuffering

Most of the previous studies have tried to minimise the morbidity of operating on
the thoracic oesophagus utilising either the cervical oesophdBaslylakVieurling

et al. 2000, Badylak et al. 2005, Lopes, Cabrita et al. 2006, Lopes, Cabrita et al. 2006,
Doede, et al. 2009, Wekt al. 2009, Gaujoux et al. 2010, Poghosyrir et al.
2015) or intra-abdominal oesophagud.opes, Cabrita et al. 2006, Urita, Komuro et

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

been limited to porcine model@arzaroet al. 2006)

The other main differencbetween studies in this area is the use of patchesus

full circumferential oesophageal implantations. It appetirat as expectedpatch
procedures are better tolerated in all animal models and demonstrate longer
survival and better outcomes in tesrof mucosal coveragéee, Milan et al. 2017)
Those studies that attempted circumferential implantatiotiee 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, Balleur et al. 2010,
Poghosyan, Sfeir et al. 2015)
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Chapter 2Aims

The aims of this thesis were

1. Discover thelongterm outcomes of patients treated for oesophageal
atresiac including morbidity, symptoms amglality of life

2. Discover the longerm outcomes of patients following gastric transposition
GT in childhood for complex OA compared to theswlergoingprimary

repair.
Looking at future therapy

3. Design anddevelop suitable animal models totest tissue engineered
oesophagi invivo demonstratng that tissue engineering may offer a
solution to minimising the problems and morbidity encountered after the

current options for oesophageal replacement.
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Chapter EAT 1. A patient led, international studyoofgterm
outcomes of oesophageal atresia.

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

survival now of more than 90%©rford, Cass et al. 2004, Lopez, Keys et al. 2006,
Burge, Shah et al. 201®Bading to an increasing population of long term survivors.
Whilst our understanding of short ten outcomes in infants with OA is well
researchedMcKinnon and Kosloske 199Gadiilloux, Noble etal. 2010, Allin, Knight
et al. 2014, Roberts, Karpelowsky et al. 2db@)ger term functionabutcomes are
more poorly understood with a limited research bas&istonen, Malmberg et al.
2010, Sistonen, Koivusalo et al. 2010, Connor, Springford et al.. 2Z0i&)e 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 ttere 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. 2&id)nstitutional

datasets or metanalysis of such stud{€@onnor, Springford et al. 2015)

The Federation of Esophageal Atresia and TradBsmphageal Fistula support
groups (EAT) is an international federation of patient support groups, led by
patients and @rents aiming to lsare 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 atresiEAT therefore have a keen interest in the
short- and longterm outcomes of OA and have firbland experience of the
difficulties faced by many patients and carers at all times in their journey from

diagnosis though transition and onto adult care.
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The aim was therefore to conduct a patient and carer designed and led study to
assessshort- and longterm outcomes of OA in a large international cohort of

patients with OA.

Methods
This study was conceptualised adésigned by EAT board with support from a

paediatricsurgeon (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 keysaaref interest:

1. Demographics and types of @Ae 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
electronicallyto 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 dd France

f QI GNBaAS R

ABeFAO Belgium Association Belgium
Belge Francophone de

f Q' AiNBaAS R

FATE Famiglie con ATresia Italy
RStfQoaz7t 3

KEKS Kinderund Erwachsene | Germany, Austria,

mit kranker Speiserdhre | Switzerland

OARA Oesophageal Atresia Switzerland

Research Association

OA-Switzerland OA-Switzerland

TOFS TracheeOesophageal United Kingdom
Fistula Support

TROAD Turkiye Ozofagus Atrezi§ Turkey
Cocuk ve Aile Destek
5SNYyS€EA

VOKS Vereniging voor Ouderer Netherlands

en Kinderen meteen

Slokdarmafsluiting

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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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 soughtlais 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 andWHKO Growth Charts in
respondents under 18 years old. Body mass index was calculated for those 18 years

and over and compared to th&/HO International Classification.
5FdF 6SNB O2YLI NBR 0@ -WhineK @daidiag pob3a®i (S 2

the cutoff for significance.
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Results

Demographics

1100 responses were received via SurveyMorieyollowing 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%);1D years (26%), 117 years (16%) andBlears and over
(16%).

Responses were received from 25 different countries, the most common of which
are seen inHgure 3.1. Smaller numbers of responses were also received from
Canada, USA, Ireland, South Africa, New Zealand, Spain, GuardeloopsiaJu
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.

Respondants by Country

Netherlands
France
Germany
UK
Italy
Australia
Switzerland
Austria
Belgium
Other

0 50 100 150 200

Height and weight assessed by SDS for respondents under 18 years smexech
scores 0f-0.41 (IQR1.4 to +0.67) for height aneD.63 (IQR1.6 to 0.17) for weight.

(Figure 3.2A)

BMI in respondents 18 years and over is showRgare 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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OA with TOF was the most common defect reported in 80% of cases, 19 % were

LJdzNB h'!
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either assupplementary to reporting the anatomy of their defect or as an isolated

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

groupsalthough there was a significantly higher proportion of pure OA and long

gap paricipants 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 hospitadtaywas 6 weeks (range 1to 174 weeks). For adult

respondents the radian length of stay (0§ 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% efrticipants 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% needegrdcedures.
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The proportion of patients requiring dilatation following repair is summarised in
Fgure 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 -A0) and was significantly higher (p=0.00054) than in those with
standard gap who reportedmedian of O dilatations (IQRq®5). Those respondents
reporting reflux symptoms had a significantly higher (p=0.01) median number of
dilatations at 1 (IQR-B) than those without symptoms where the median number
of dilatations was 0 (IQRJ).

Number of Dilatations by age

I 60.0

c

8 50.0

S

S 40.0

Q

S

o 300

o

@

c 20.0

()

o

& 10.0 I I

. AIRCH A N A=
<5yrs 5-10 yrs 11-17 yrs 18 yrs +

0 ml 2-5 6-10 m11+

Figure3.3 Number of dilatations by age

Symptomatology

l ONRaa Fff LINIAOALIYGAEA cp» NBIamNdbSR KI
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%
NBELR2NISR (KSeé O2dzZ R WSIG yedKAYIR O6LF nd

35% of those under 10 could eat without restriction.
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Figure3.4shows 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 gettinfpod stuck in the oesophagus.

Frequency of food bolus sticking by age

20.0
0.0

<5yrs 5-10yrs 11-17 yrs

Percentage participants

u Often Sometimes ® Seldom ™ Never

Figure3.4 Frequency of food bolus obstruction by age

58% of respondents reported gastro oesophageal reflux symptoms and a similar
incidence was seen in all age groups; 65% in <5 years, 53Wiyears, 54% in 11

17 yearsand 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 antreflux medcation showed a decreasing trend with age. Reflux
YSRAOFGAZ2Y 61 & NBLR2NIGSR o60SAy3a Gl 1Sy o@&
participants despite a similar proportion in each age group reporting symptoms.
Respiratory problems were commonly reported Iparticipants and show a
decreasing trend with ageF(gure 3.5). Patients with long gap atresia reported
NEAaLANFIG2NE d@YLIi2YAa Y2NB aWB4FdfS0 Ndare o A (0 K
2f R NBLR2NIAY3I W2F0SyQ KI JAY Fesgedtivelyinz Ya 032

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

3.6) with 30% of children under 5 years reporting having more than 3 chest
infection per year but only 14% of adults reporting tlsame frequency of

infections. Long gap patients did not report more frequently occurring chest
AYFSOiGAzya (KFEy &0l yRIFENR 3II LIvardusegdy a S
Regular antibiotic usage has also shown a trend similar decreasing trémel use

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

in the older age groups respectively

Frequency of respiratory problems by age
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Figure3.5 Frequency of respiratory problems by age

Frequency of chest infection by age
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Figure3.6 Frequency of chest infection by age
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Current care provision is demonstrated fgure 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.

Current Care Provision by Age
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Figure 3.7 Current care provision by ag€urrent care provision by ac
(Paed surgg paediatric surgeon; GR general practitioner or famil

doctor; Gastrog gastroenterologist; Chest / ENIrespiratory physicia

or ear, nog and throat surgeon).

Quality of life

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

the study. They demonstrate that whilst-2% % of respondents report that OA has

had no effect on their own or their families QaLsimilar proportion of patients
suggested their QoL was significantly affected. Over 55% of respondents report
Yaz2yYySQ 2N I WaAIyATFAOFYy(IQ STFFSOG 2y GKSA
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Frequency of impact of OA on Quality of Life
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30-40% of respondents reported no effeat OA on education or workdm ages 5
until adult hood. Those under 5 years reported a higfrequency of some or
significant effect on education as may be expected when lookingeasymptom

data from this age groufigire 3.9).
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Figure3.9 Effect of OA omducationor work
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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 clinicabng-term morbidity OA patients suffer fromral

how these may change with age. It also importantly also examinesotten-
ignoredquality of life issues faced by this patient group. The large size of this study
group makes it more representative of the wider international populatiorOéf
patients than most of the existing literature which is limited to smaller national
(Sistonen, Malmberg et aR010, Allin, Knight et al. 2014nd institutional data
series (Lopez, Keys et al. 2006, Okamoto, Takamizawa et al. 2009, Roberts,
Karpelowsky et al. 201&r metanalysigConnor, 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 compaoaBléROCAT
figures, the largest European disease registry specific tgR@dersen, Calzolari et

al. 2012) The incidence of pure OA is slightly higher than described in the
classification by GroggGross 1953gs 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 adypatients 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) gtDihgemann, 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 redsl were stratified by age into infants <5 years, primary
school aged children-80 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 theguious limited survival of babies in the early
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years of OA surgery, the relatively new development of patient support grqups
through which recruitment took place and also the perceived need of such support
groups in older patients. The geographic spreddparticipants 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 scores0.41 and-0.63 respectively.
LYdSNBadAy3Ite ¢S aK2¢gSR | aAIYyATFTAOLyGf e
than older children. It may represent a sampling weakness as these were self
recorded and repoed outcomes in an age group in which it may be difficult to get

F OOdzNF S KSAIAKG YSIFaAdzZNBYSydaod [/ KSGOdziA
growth as children become adolescents and then adults and the size of our adult
cohort is well placed to agree thi 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 inetmormal European population (45

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 gangth 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 OANB LJF ANJ YR ¢S &aSS | KAIK NBLRZNI
40Gdz01Q + &adzNN23IFGS LI GASYd NBLR2NISR 2dzio

reported sometimes or often getting food stuck including just over 50 % in adult
participants which agrees withh 2 y' y 2 NJ (Goiinor, Spihgford et al. 2015)
findings of 50% of patients reporting dysphagia in a detailed metanalysis. In the
younger age groups Little et élittle, Rescorla et al. 2008)ouped patients in the
same age categories as our study and a descsibelar incidence of dysphagia.
Interestingly they report reflux symptoms decreasing from 48% in <5 year old to
25% in 510 year old and 31 % in 10 years and above. We found higher reported
incidence of reflux and this did not decrease significantly wigk aith 60% of
adults reporting symptoms. Connor et al reports a lower 40% (rang@4%4d of
patients suffering from gastroesophageal 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 repedoutcomes 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 aSchneider, Michaud et al. 201ého went on to endoscope a
cohort of adult OA patients and concerningly also found 67% of patients had
KAat2t23A0rt SOARSYOS 2F 2Sa2LKIFIAGAA
studies report an increased risk ofl NN@igj Be&ggmeijer et al. 1999, Sistonen,
Koivusalo et al. 2010, Schneider, Michaud et al. 2018)A and whilst a definitive
increased risk of oesophageal cancer in OA patients has yet to be p{Biatanen,
Koivusalo et al. 2008, Connor, Springford et al. 2Qh®) 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 @pair. 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 howewer d
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 tractinfections but with a range of 9651%. 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 6 patients with OA report ongoing respiratory symptoms though

school years and into adult hood.

These ongoing gastroenteric and respiratory disorders in OA patientstoethe
qguesion 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¢ 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
0SOlIdzaS GKS@ NP lFaevYLWz2YIFGAO FYyR R2y Qi
is maybe true that thenajority 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 edical 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
expectedin our study there is a dease 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 thahildren 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 igrgoortant issue for
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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 AustraligChetcuti F 1993)FinlanqSistonen, Malmberg et al. 2010, Sistonen,
Koivusalo et al. 201®olland(Deurloo, Ekkelkamp et al. 2003, Deurloo, Ekeifx

et al. 2005)and more recently the US£Gibreel, Zendejas et al. 201&e key in
highlighting the need for careful planning of patient centred transitional and adult
care. Forward thinking centres aadready looking at ways to improve this process
with a German centres offering education sessions for OA patients coming up to
transition (Dingemann, Szcpanski et al. 2016and there is an increasing research
effort examining what improves transition across all conditig@ampbellBiggs 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 /

LI NByda NBLR2NIAY3I | Wa isthié ndida@dntoiirieéd® | FFS
to be paid inthisareg S & LISOAFf t & & wM> FYR Hm: | faz
on education or work and other family members respectively. QoL in OA has been
NELZ2NISR Fa 60SAy3 WwO2YLI NI odGehansuppok G K S
group (KEKf)ingemann, Meyer et al. 2014They didhowever 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 studieg¢Deurloo, Ekkelkamp et al. 2005, Peetsold, Heij et al. 203

difficult to make direct comparisons between this antier 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 impatOA on schooling and

work with nearly 90% of parents of under 5 year olds reporting an effect on their
OKAf RQa SRdAzOF A2y ®

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 ieapent 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

WA dzLILRZ NG Q YR KIF@S | e. Khe D&SNsuppos GGIPA G & 2
populationsare self-selectingand therefore brm very variable groupsrhere is a

lack of standardisation of definitiors dzOK & Wwf 2y 3 3 L) h! Q 4K
sub group analysis difficul&ny further study will need toddress this anavould

need totry 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 defall example of
comorbidities and specific surgical deteédlurgicatechnique and medical support

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

somethingthat needs controlling for inray future study.

As a pilot study bwever 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 collaboratiamich 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 recéartjgr
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, resm@tory and QoL morbidity seen in OA patients, a more detailed

and focussed study of a smaller cohort of these patients is being desidgf®d 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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establishcore outcome sets for OA so that results of this type of work can be more

readily canparable.
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Chapter 4.ong Term Outcomes in Adulthood of Gastric

Transposition for oesophageal atresia.

Introduction

Oesophageal replacement may be required in cases of oesophageal atresia (OA)
GKSNBE | WwWi2y3 3JFHLIQ Aa LINBASY( .BasticF2tt 20
transposition (GT) is one such method for replacing the oesophagus and was
popularised in the paediatric population by Spi&pitz 1984at our institution in

the 1980s and has become the operation of choice in the UK and E(#ze,

Eaton et al. 2014)

As with many of the congenital conditions we have good understanding of the short
and mediumterm outcomes in childhood followinGT. Perioperative morbidity

such as leak, reoperation and stricture rates are well reported and acceptable in
comparison to other forms of oesophageal replacemé€apitz, Kiely et al. 2004,
Tannuri, Maksoudilho et al. 2007, Gallo, Zwaveling et al. 2012, Loukogeorgakis
and Pierro 2013)Longer term morbidity such as delayed gastric emptying, dumping
syndrome and poor weightagn are also well reported and despite this most
authors report good functional outcomes following GT in childhdstirschl,
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 loatgrm 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 makiextrapolation of

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

(Irino, Tsekrekos et al. 2017)

Whilst detailed followup into adulthood of uncomplicated OA has is being
increasingly reportedChetcuti, Myers et al. 1988, Deurloo, Ekkelkamp et al. 2005,
Deurloo, Ekkelkamp et al. 2005, Connor, Springford et al. 28itB)lar work for GT,
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or other oesophageal replacement methods such as colonic or jejunal interposition,
remains limited due to the rarity abesophageal 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
guality of life(Dingemann, Meyer et al. 2014)r report outcomes of mixed cohorts

of children plussmall numbers of adultSTannuri, Maksoudrilho et al. 2007)

My aim was therefore to perform a comprehsive 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 lifaelso aimed to study
an aged matched group of uncomplicated OA who underwentarymepair (PR) in
order to have a reference point, other than the normal population to compare

results with.
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Methods
The study was given National Research Ethics Service approval (REC reference:

15/L.0/1325). 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 tie 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 whadhapair 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 cemorbidities in both groups which would make matching veifyicult

to control.

Telephone interviews were all conductdy myselfand involved: confirmation of
demographics and detail of type of OA and associated anomalies, full medical and
surgical historyg in childhood and adulthood, current symptoms and morbidity,
and completion of questionnaires. Details of OA, operative hystasssociated
anomalies and paediatric history were confirmed from available clinical notes and

hospital databases.

The two validated questionnaires used were tastrointestinalsymptom rating
scale (GSRS) and gastro intestinal quabitylife 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 $8aledlund, Sjodin et

al. 1988) Questions can be grouped into sabales 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 shen 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)ormalvalues have also been published in a European
adult population (Dimenas, Carlsson et al. 199&IQLI is a 3§uestion health

related quality of life score specifically designed for adult gastrointestinal disease
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(Eypasch, Williams et al. 1999)Vhilst deggned and validated in Germany is was
also translated and tested in English language. It has been used for many different
types of upper gastrontestinal conditions including benign disease such as
following cholecystectomy and in malignancy, includirgeasment 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 aalysis 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 centreywbich 117 had
undergone GT for oesophageal atresia. Of these, 61 were international/private
patients who we did not have ethical approval to contact. Fgity NHS patients are
now adults over 18 years, of whom UK contact details could be traced for 44 who
were sent postal invitations. Thirtwo of these were interviewed, representing
73% of those sent invitations, and 57% of the entire UK col@itthe 12 that
declined there was a variety of reasogisenfor this including patiergnot feeling

they still had any problemsinavailability and also failure to attendterviews. A
recruitment flow chart for GT patients is shown in Figdre Thirtytwo adults who

had undergone

GT for OA UK patients
n=117 n=>56

Excluded Non UK No address No telephone
based n = 61 n=2 reply n=8

Invitations sent
n=44

Declined
n=12

Completed
interview n = 32
|
{ |

Validated Interview only
questionnaires via proxy
n=30 n=2

Figure4.1 Recruitment flow chart

PR werealso 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
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interviews were included to mimise selection bias. Therefore, data from 32 GT
and 32 PR interviews were analysed and 30 in each group for validated
guestionnaires. 61 overseas patients were not included in the study due to the
practical difficulty and language limitation of contamithese patientsindas such
ethical approval was only sought for UK patienBaediatric mortality in complete

cohort of 117 was 5 cases (3.8%).
Demographics and patient characteristics

Demographics, type of OA drassociated abnormalities are shown in Table 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 transpants as a result of renal anomalies.

56% of GT patients had primary surgeefined as the gastric transposition being
performed as the first definitive repair of long gap OA, whereas secondary surgery
was performed as rescue surgery following failetmary 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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Morbidity in Adulthood

GT participants experienced more morbidity and chrahgease in adulthood than

PR participantgTable 4.2) BMI was significantly lower in GT participants than in

those who had PR (p<0.000&ccordinglysupplementary 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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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 surgey 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 Roten-Yreconstruction.
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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 selflilatation of a complex anastomotic stricture at home. Altigh
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 camonly 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 mearly 1in 5 (19%) GT patienath only

3% of PR patients reporting suffering from depression.

The frequency of gastrointestinal and respiratory symptoms is shown in FHgaire
These data suggest that bothroups suffer from regular gastrointestinal and
respiratory symptomsn adulthood Following GT it appears that reflux is the most
frequently reported gastrointestinal symptoms whilst dgbagia is the most

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

groups bt regular shortness of breath is more common after GT.
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Frequency of Gastrointestinal symptoms
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Figure4.2 Frequency of gastrointestinal and respiratory symptoeat bars
represent the differenfrequencyof symptoms from Dail{darkest red}o 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)both the GT and PR groups (Figd!®

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 evaluatébout

the raw data for the controls.

GSRS Total Score

p=0.81

___________________________ Normal Population
""""""""""""""" Mean (SD)

GSRS Total Score
N

Figure4.3 Gastrointestinal symptom rating scale total score after gastric

transposition (GTyersusprimary repair (PR)

P value ishe statisticacomparisorbetween the 2 groupgMann Whitney U
Tes). Black dotted line and red lines show the normal populati@an scores

and standard deviation (S{Pimenas, Carlsson et al 1996).
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GSRS Indigestion

4
§ p=067
4
e 37 ]
k]
-
S 21 i 1
= T R Normal Population
£ F======= EEEEEEEEEEEE S EEEEES Mean (SD)
o 1-
4
3
c T Ll
& &
GSRS Diarrhoea
34 p=041
® —
S
o
w
S 21
o
o T B P wm=====aa Normal Population
- i i e (50
&
w
o
e Ll L]
& &
GSRS Reflux
4- p=046
————
-
3 3
£ [
=
=1
S 21
o« Normal Population
4 Mean (SD)
w
©
o LI L]
e &
GSRS Constipation
=032
o 25- ———
o
o
» 20
c
S
5 154------- I ----------- ) PP Normal on
:~SB TEEEEED -1 ------------ ISLEEEREE Mean (SD)
£ 1.0-
o
o
@ 0.5
v
9 0.0 Y Y
S &

Figure 4.4 GSRS Sub Scale Scores for indigestion, constipation, refli
constipationby group (gastric transposition G€&rsusprimary repair PRP
value is the statistical comparison between the 2 groups (Mann Whitr
Test). Black dotted line and red lines show the normal population r

scores and standard deviation (SD) (Dimenas, Carlsson et al 1996).
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For the subscales (Figuré4), 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%
A 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 shown in Figurd.5. The GT group
had lower median quality of life with median GIQLI score of 113 (95% apr2p2
compared with the PR group with a score of 122 (108) which was similar to the
normal population figure of 12%Eypasch, Williams et al. 199%)lthough 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 laawkthe 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.
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Figure4.5 Gastro intestinal quality of life index by groupvalue 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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Discussion
Gastric transposition is the most commonly performed oesophageal replacement

operation for patients with OA in Eurog&ani, Eaton et al. 2014yhe 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 compNBE (2 GKS fSada 02YLX AOI 4G4SR
have been shown in the existing literature to suffer from long term gastrointestinal

and respiratory morbidity in to adulthoo@Chetuti, Myers et al. 1988, Koivusalo,
Pakarinen et al. 2005, Connor, Springford et al. 204%)ilst we recognise the two

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

which the resultof 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 aiiexdf 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, Shardh&wapta 2011,

Angotti, Molinaro et al. 2016, Awad and Jaffray 2049 reviews or metanalysis

(Gallo, Zwaveling et al. 2012, Loukogeorgakis aedrd 2013, Awad and Jaffray
2017)of such sers. The detail, quality and duration of follow up in these papers is
GINRAFOES YR GKS RSTAYAGAZY 2F Wizy3a
[ 2 dzl 2 3 S 2 NH(Lqukogeordakis ahdf Pie&o 201&mparative review of

w
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oesof K ST f NBLX IFOSYSy(l YSGK2Ra Ay h! dzaSR
F2€t €206 dzLJ | yGallo,Xivdvélig etRl(i20lR)étaadalysis of the same

topic did not specify the median duration of follow up but quoted a range 0€0.5

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

had a median follow up of 14 yea(&allo, Zwaveling et al. 2019)lore recently

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

with a medan follow up of only 8.5 yeaf®wad and Jaffray 20L7Alongside this

they performed a detailed review of literature covering outcomes of GT in OA, their
AyOf dzaA2y ONRARGSNALF F2N) wf2y3a GSN¥YQ F2ff 2
of this study (29 years) is one of the longestin the literature amdrgthe 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 strict(Baslo,
Zwaveling et al. 2012, Loukogeorgakis and Pierro 2Qt8)ger term GT outcomes
which have been commonly reported include feeding issues such as reflux, dumping
syndrome, delayed gastric emptying and jejunostomy problé&aslo, Zwaveling et

al. 2012, Gallo, Zwaveling et al. 2015, Awad and Jaffray .2Qtfgr reported
morbidity in childhood includes poor weight gain and anae(@avenport, Hosie et

al. 1996, Ja, Sharma et al. 2012, Awad and Jaffray 2000r results confirm that

much of the morbidity reported is not isolated to childhood.
Body Mass Index

GT affects nutritional status into adulthoodvhilst the mean BMI for GT

LI NI A OA LI yia g assuiywaslXignificntlyl lower Hhan i0 BR
participants. It is also concerning that 12/32 were classed as underweight (BMI
<18.5). There are poor comparative data for nutritional outcomes raf&d.
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 the3and 97" centile for age(Davenport,
Hosie et al. 1996)
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Gallo et al found 44% of GT patientsttave an SDS weight/age of less thaand

Spitz described mean BMI being around th&' 28ntile for age after reviewing his
series in 2009Revicki 1998, Spitz 2009, Gallo, Zwaveling et al. 20b5)g term
outcomes in larger OA population studies including all OA types have shown normal
mean BMIs(Svoboda, Fruithof et al. 201¢)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 exphahy 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 e{(Na,
Loukogeorgakiset 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(&@aHo,
Zwaveling et al. 2015)There are no comparative data in the literature for the
longerterm use of jejunal feedingnto adulthood, but our data suggests

jejunostomy use might decrease into adulthood.
Dumping syndrome

Dumping syndrome is wetkcognised after GT and may contribute to poor
nutrition. Spitz has previously reported an incidence of 4% on revie®d®2gGTs
(including the patients in this coho($pitz 2009) We found in adulthood 4
participants (12%) had a formal diagnosis of dumping syndrome whilst 8 (25%)
participants reported dumping symptoms without @&adnosis and in 4 participants
without an understanding of the condition and its association to GT. Dingemann et
al (Dingemann, Meyer et al. 2014pund even higher numbers of patients reporting
dumping symptoms in adulthood (52%) suggesting this has been previously under
reported. All but one of the participants interviewlemanaged 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 comparatween GT and other
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types of oesophageal replacemeftTannuri, Maksoudrilho et al. 2007, Gallo,
Zwaveling et al. 2012, Loukogeorgakis and Pierro 26i8yever, 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 etgpg. Anastomotic dilatation in
adulthood was necessary in 11/32 (34%) of GT participants compared with 13 % of
the PR participants; metanalysis suggest that strictures occur in 22% of children
undergoing GTAwad and Jaffray 2017)n our series, 8 (72%) of our participants
who needed dilatation as adults had required dilatation addren. 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 gastroscopgdulthood one

NB L2 NOSR | RA I 3y Ragusithe@pfoximd deédbphageéadrd@mnark & 2 LJ
This has previously been reported following OA reg@onnor, Springford et al.

2015)and GT for achalasia in the adult populati@a Rocha, Ribeiro et al. 2008)

¢tKS AYOARSYOS 2F . INNBGiQa OKIFIy3Sa Yire& o
recall not from clinical note® h dzNJ dzy RSNRGFYyRAYy3I 2F {(GKS
oesophagus in the general OA population remainsaeen 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 gastaesophagal 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 participanreported a higher GSRS reflux score and indigestion
score than that reported for the normal populatigPimenas, Carlsson et al. 1996)
There is no doubt that upper gastrointestinal symptoms continue into adulthood in

OA patients(Little, Rescorla et al. 2003, Deurloo, Ekkelkampl 22005, Deurloo,
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Ekkelkamp et al. 2005, Connor, Springford et al. 2@1%jough the severity of
these symptoms and effect on Qatpoorly reported. Spitz has previously reported
early swallowing problems being universal after GT and severe in around 30% of
patients (Spitz 2009and our latest data suggests a similar number of patientehav
regular dysphagia in adulthood. Dingemann e{@ingemann, 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, found the medical morbidity of
anamia to be reported in nearly half of the GT patrticipants 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¥rom ulcers or gastritis. Anaemia after GT was first reported by
{LAGT Q& 3INRdzL) 6K2 F2dzyR I GKANR 2F LI GAS
a mean age of 9 years and all had a low ferritin suggesting iron deficiency. Other
authors have found 70%Jain, Sharma et al. 201?) 100%(Awad and Jaffray 2017)

of children having GT to be amic and suggest poor iron absorption is the
primary cause with some also suffering UGI bleeding esperienced. Whilst
recognise the limitations of patient reported anaemia in our study versus
documented haemoglobin levels, the apparent prevaermf 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 @Bhetcuti and Phelan 1993, Connor, Springford et
al. 2015)is well reported and may be the result of probleswch 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 capacifavenport, 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 bypiestory 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 withn@AS& may receive
little attention from surgeons but the frequency and sevelitbave reported make

clear the importance of good early respiratory care and folgwin these patients.
Quality of life and mental health

Spitz, using a modified GIQLI, reported raarmal 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 2003ylore recently Dingemann et al, using the KIDSCRHEN
guestionnaire, have published a coampson of health related QoL in complex OA,
comparing delayed primary anastomosis, patients needing multiple dilatations,
those who had major revision surgery and oesagéal replacementéingemann,
Meyer et al. 2@4). They suggest thathddren have an excellent HRQoL after
complex OA repair, including in the group undgring oesophageal replacement, in
comparison with normal controls. However, adults with complex OA demonstrated
reduced quality of life with highncidence of reflux, dyshagia and dumping
syndrome.l 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 Btd®
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 folbwing 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 a(Dingemann, Meyer et al. 201/9ported that a similaproportion
of adults with conplex 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 ipatient 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 analysig(Deurloo, Ekkelkamp et al. 2009}he interviews conducted in the
current study provied 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 oesophagegbl@ement can also influence QolL, for
example having toself-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 alonigsithe 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
adolescentage group. This again highlights the need for closéonioig 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 oftéime 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. Largaulti-centre studies would address this
issue and bigger numbers may allow multi variate type analysis to identify risk
factors for poorer outcomes and QoL. MethodologicdlBimed to gain a broad
picture of the lives of GT participants and therefarged a wide range of methods
including structured telephone interview, validated questionnaires and some open
guestions. Telephone interviewing as opposed to written questions may bias
responses; certain questions in GIQLI and GSRS may be perceive dhasssirg
YR LI NI A OA LJ y in®as théinderviddeyviasi @i surgelir fiom the
publishing institution could have influenced response. Future work would benefit
from dedicated nopsurgical research staff to deliver interviews. Patient reported
outcomes may also be limited in terms of accuracy of data, for examptient
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-teng 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 commehensivelongterm outcome data of these
alternatives in adulthood as comparison. Such comparison to other procedures was
therefore not the purpose of this studyrecognise there is no perfect oesophageal
substitute and the limited data afable 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 oesophageaksita 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

| have demonstrated the most comprehensive long term follow up of gastric
transposition for OAto 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 whokd2 NIi f A @Ay 3 | Wy 2 NXI f§
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 transitiorof care from paediatric to adult services. This
transition needs to be of high quality, muldisciplinary in nature and may involve
many teams including surgeons, gastroenterologists, respiratory physicians, general

practitioners and mental health teams.
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Chapter SRat 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 anibgahg easy to
maintain, tolerant of surgical procedes and having similamnatomyto humans
(Figure 5.1Yo make it an applicable modeThe rat neck is long allowing access to
the oesophagus and tracheand the anatomy below the diaphragm is also similar

to that of the humanbut with arelativelylongerintra-abdominaloesophagushat

makes this a site that has been success$yulised for scaffold implantatio(Lopes,
Cabrita et al. 2006, Urita, Komuro et @007) Ras canalso tolerate well avide
variety of modified diets witbut morbidity, unlike the rabbitwhich requireslarge

volumes of fibre

The aim was therefore tadetermine whether circumferential oesophageal

implantationisfeasible inarat modelas proof of concept

Figureb5.1 Rat cervical anatomy

Following dongitudinalincisionand traction on strap muscles and
sternocleidomastoidhe trachea is mobilised laterally. Recurrent laryngeal nerv
are attempted to badentifiedand preserved. The oesophagus is then visible al

can be controlled. L











































































































































































