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1. INTRODUCTION

Concepts relating to the ileocaecal valve (ICWéahanged during the last decades.
Initially it was described as a passive valve pngivg reflux from the colon into the ileum.
Later, probably influenced by studies describirthiekened muscle layer and the detection
of a high pressure zone at the valve, the idea gffrancter emerged, with a role in the
regulation of intestinal transit and digestion.

The ileum is also known as the “stomach of thestihe” because, like the stomach,
it empties periodically into the colon through t@valve that, like the pyloric sphincter, is
otherwise kept closed. This mechanism is regulétedpecific ileo-colic and colo-ileal
reflexes. Therefore recently the ileum-ileocae@V@-caecum with their regulating reflexes
have been considered as a unique integrated matilit. This complex unit (the ileocaecal
junction) keeps the chyme in the ileum for a sigfit length of time and makes optimal
absorption possible. It is well known that the terahileum has a most important role in the
uptake of nutrients and is the only specific siteh@ intestine where vitamin;Band bile
salts are absorbed.

The ileocaecal valve also serves as a microbicéddparrier between small and large
bowel. The presence of colonic bacteria is undeldran the ileum. The mechanical
characteristics, the abundant lymphatic tissue theadnotoric reaction on pH change caused
by the refluxing bacteria are responsible for kegghe barrier alive.

According to these, it is easy to understand stratctural or functional failure of this
unit may lead to a dysfunctional absorption andhange in bowel habit, especially in

developing children.



Although the specific anatomy, embryology and pblggjy of the ileocaecal valve
have been extensively studied in the past, its mapoe in clinical practice remains
undervalued. The loss of the ileocaecal valve mught to be generally well tolerated,
therefore not enough attention is paid to preventass. Only few sporadic attempts have
been made to reconstruct the valve using small boweple valve, telescope or
submucosally tunnelled anastomosis in specific itmmd like Short Bowel Syndrome and
Crohn’s disease. These reconstructions, basedeonlthvalve concept, focused mainly on
reconstructing the anti-reflux property, but thstoeation of a functional ileo-caecal junction
had not been considered. However a recent neutorai@astudy suggests the possibility of
reconstruction of a functional ileo-caecal junctidimis concept is based on the observation
that there are no specific neuro-anatomic featafessphincter seen in the ileocaecal valve.
There are no specific nerve structures or a thieddromogeneous smooth muscle, like that
present in the pyloric or internal anal sphinctercontrast, the ileocaecal valve resembles a
simple intussusception of the ileum into the caecBased on this, Cserni et al. suggested
that a simple double layer end-to-side, 1-2 cmssimscepted ileo-colostomy would be the
best option for reconstruction of the ileocaecdVeathat would possibly allow recovery of
the ileo-colic reflexes and a functional ileocojimction. The application of this simple
technique in routine ileo-colostomy, instead of theual end-to-end and side-to- side
techniques, may help avoid complications origirgtirom the loss of the ileocaecal valve.
Such simplified ileo-caecal valve reconstructioroldd become part of the Autologous
Intestinal Reconstruction of Short Bowel Syndroraed surgery for Crohn’s disease, and

should be considered in otherwise healthy pati¢gr@nthe ileocaecal valve is resected.



This thesis gathers evidence to justify ileocaaedVe reconstruction. It focuses on
the clinical importance of the ileocaecal junctiosing a clinical database from a large
paediatric institution in the United Kingdom, th@yRl Manchester Children’s University
Hospital and clinical data, research experiencerandlts from the Medical Health Science
Centre, University of Debrecen, Hungary.

In the introduction we outline the most recent oglate knowledge on the anatomy,
histology, embryology and physiology of the ileocalevalve in order to better understand
it's function. Additionally we review the presentefature regarding clinical pathology
related to the ileocaecal valve, the knowledge ndigg the importance of the valve in
Crohn’s disease, Short Bowel Syndrome patients iandtherwise healthy patients. The
present methods @futologous Gastrointestinal Reconstructive Surgery (AGIRS) used in the
treatment of Short Bowel Syndrome and the possiloli the ileocaecal valve reconstruction
are briefly reviewed as well.

Our first aim, from the clinical database, was dentify and analyse the surgical
conditions leading to loss of the ileocaecal valvechildren, and to determine how these
adverse effects could be prevented. We review e¢laions of a rare and not well known
cause of ileocaecal loss i.e. proximal large bowaVulus in children, by using data of
patients treated with this condition in Manchested Debrecen and data from a systematic
review of the literature.

It is generally believed that otherwise healthyildten tolerate the loss of the
ileocaecal valve, but there is no specific datdhi literature to support this belief. Our
second objective, therefore, was to evaluate thg term complications seen after the loss of

the ileocaecal junction in patients that are néiesing from Crohn’s disease or Short Bowel



Syndrome. The loss of a certain segment of theitalnleum alone may lead to diarrhoea
due to the laxative effect of unabsorbed bile sdalte loss of the caecum and ascending
colon may diminish the reabsorption of water andy mause diarrhoea. We decided to
determine which part of the ileocaecal junctioreyih, valve, or caecum) is mostly

responsible for the complications that arise frésriass.

The third goal was to review the importance of thadve in our Short Bowel
Syndrome patients. It is believed that patienthv@hort Bowel Syndrome and an intact
ileocaecal valve can survive with a shorter segneérgamall bowel and require a shorter
duration of total parenteral nutrition. In orderfitod more evidence on its importance we
assessed how the presence of the intact valveeimdkd the outcome for children with the
Short Bowel Syndrome.

Attempts have been made to reduce the risk of recoe of Crohn’s disease by
reconstructing the ileocaecal valve in adult pase@ur fourth intention was to review the
importance of the valve in children with Crohn’setse. Data of Crohn’s disease patients
that underwent resection of the ileocaecal valveevamalysed.

The final and summarised aim of our research wasréss the general importance of
the ileocaecal valve, and to justify attempts toorestruct it as part ofutologous Gastro-
Intestinal Reconstructive Surgery in patients with Short Bowel Synrome, Crohn’s dgseand

even in otherwise healthy patients.



2. REVIEW OF THE LITERATURE

2.1. Anatomy of the ileocaecal junction

2.1.1. Macroscopic anatomy

The ileocaecal valve is situated at the junctionthed ileum and the caecum. The first
macroscopic anatomical reports described the ikmadavalve (ICV) as a fold of ileal

mucosa that projects into the lumen of the caeddonvever recent studies have shown that
the ileocaecal junction resembles a full thicknesgssusception of the terminal ileum into
the caecum. The length of the intussusception iadant varies from 0.5cm to 2cm. Cross
section of the ileocaecal valve displays both miascand mucosal layers of the terminal

ileum folding into the lumen of the caecum.

2.1.2. Microscopic anatomy

The ICV consists of three distinct muscle layensere is an external circular muscle
layer that is continuous with that of the caecatudar muscle layer, and an inner circular
muscle layer that is continuous with that of thealilcircular muscle layer. The two circular
layers are connected at the free end of the valve junction of the ileal and caecal circular
muscle fibres appears as an annular sphincterideddoy DiDio (1968). The third muscle
layer that makes up the ICV is a single longitutimascle layer that is secondary to a fusion
of the ileal and caecal longitudinal muscle lay®/&® demonstrated the microscopic anatomy
of the ileocaecal valve in the pig (very similaritoman, using smooth muscle actin (SMA)

immunhistochemistry.



There are two distinct origins of the enteric neilwsystem (ENS), separated by the muscle
layers at the base and body of the ICV. The exté&tN& originates from the caecum and, as
for the caecum consists of superficial submucalsgp submucosal, and myenteric plexuses.
The internal ENS originates from the ileum andsitgicture resembles that of the ileum.
There is a direct connection between ileal and alae®S at the free end of the valve.
Immunostaining has also shown the existence of teyeninterstitial cells of Cajal in the
ileal and caecal plexuses that are connected dtabeend of the ICV. We demonstrated the
distinct plexuses by fluorescence immunhistochesnetd by NADPHd staining of whole-

mounts preparations of the ileal and caecal plexuse
2.1.3. Embryology

The primordial (primitive) gut at the beginning tfe fourth week is closed at its
cranial end by the oropharyngeal membrane andg a&iaidal end by the cloacal membrane.
The primordial gut forms during the fourth week #e head, tail, and lateral folds
incorporate the dorsal part of the yolk sac int® émbryo. The endoderm of the primordial
gut gives rise to most of the epithelium and glantishe digestive tract. The muscular,
connective tissue and other layers of the wallha&f tligestive tract are derived from the
splanchnic mesenchyme surrounding the primordidl ¢or descriptive purposes the
primordial gut is divided into the foregut, the mid, and the hindgut. The ileocaecal
junction is a derivative of the midgut and is tlere supplied by the superior mesenteric
artery, the artery of the midgut. Between th® &nd 18' week of embryological
development the midgut rotates 270° anticlockwise @longates resulting in loops of
jejunum and ileum. The primordium of the caecurthescaecal diverticulum, which appears

in the sixth week as a swelling on the antimesenterder of the caudal limb of the midgut



loop. After the 18 week of gestation, the mesentery of the caecuesfusth the posterior
abdominal wall thereby fixing the caecum and tle®dhecal valve in the right iliac fossa.
There is no evidence in the literature of the ilemmussuscepting into the caecum during

embryological development, to form the ileocaecdls.
2.2. Physiology of the ileocaecal junction
2.2.1. Hydrostatic characteristics

The ileocaecal valve regulates the passagmol from the small to the large bowel by
providing antegrade resistance to the forward mareraf stool, and retrograde resistance to
the reflux of stool from the caecum back into tleim. This has been justified in vivo by
measuring the hydrostatic pressure of the ileodasdae that would need to be overcome
for stool to move anterogradely or retrogradelye Tgressures required to overcome the
anterograde and retrograde resistance of the lieovalve in dogs were 21.60 + 3.96

cmH,O and 25.8 £ 4.92 cmi® respectively.
2.2.2. Microbiological function

The flora of the ileum and the colon apenpletely different. The ileocaecal valve has
a role in preventing microorganisms that normalbufish in the colon from coming into
contact with the ileum. Beyond the hydrostatic iesirand reflexes the abundant lymphatic
tissue may be responsible for this microbiologibalrier function. Replacing the barrier
function of the valve led to the idea of replacthg valve in Crohn’s disease after ileocaecal

resection. Studies have shown a significantly losgeurrence rate after ICV reconstruction.



2.2.3. Reflexes

The ileocaecal valve is a highly specialised segroéthe gastrointestinal tract which
regulates the anterograde passage of chyme fromieine to the caecum and prevents
retrograde reflux of caecal contents into the ileunmrhis is achieved through an
excitatory/inhibitory reflex mechanism mediatedotigh the myenteric nerve plexuses at the

ileocaecal junction.

Ileocaecal inhibitory reflex: lleal distension secondary to the arrival of chyfrem the
proximal bowel initiates the relaxation of the ib@@cal sphincter and the caecum, allowing

the chyme to pass into the caecum.

Caeco-ileal excitatory reflex: Distension of the caecum by the chyme that hasatdd from
the ileum, stimulates the contraction of the spi@inand relaxation of the ileum, preventing

the reflux of caecal contents back into the ileum.

2.3.Clinical pathology of the ileocaecal junction

2.3.1. Agenesia

Jejunoileal atresia occurs in 1:330 @600 live births. Despite one third of intestinal
atresias being located in the distal ileum, agesnesihe ileocaecal valve is rare. Only five
cases of ileocaecal valve atresia have been reportbe English literature. Agenesis of the
ICV has been shown to be accompanied by agenesiteofvermiform appendix as

demonstrated in a case report of a neonate by G=esth2006.
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2.3.2. Conditions leading to loss of ileocaecatjion

2.3.2.1. Intussusception

Intussusception is defined as the full-thicknesgagination or telescoping of a
proximal portion of intestine (intussusceptum) imtalistal contiguous portion of intestine
(intussuscipiens). In a population-wide survey wit3erland, the yearly mean incidence of
intussusception was 38, 31, and 26 cases per DWO|iv® births in the first, second, and
third year of life respectively. Intussusceptiorcas most often near the ileocaecal junction,
indeed 90% of cases are ileocolic. Nonoperativaigion using pneumatic pressure by
enema under fluoroscopic guidance is the treatneérthoice for a stable child and is
successful in 95% of children with an ileocolicussuception. A Foley catheter or feeding
tube is inserted into the rectum and air is insiéd for 3 minutes at increasing pressures: 80,
100 and 120mmHg. This process is monitored byrdiscopy and a successful reduction is
indicated by the free flow of air into the smallM. If the first attempt is not successful, a
second attempt can be made. Failure of conservataeagement is an indication for
surgery. During open surgery the intususscepturdsheebe gently pushed back rather than
pulled out, to avoid injury. The reduction of antussusception can be undertaken

laparoscopically, however a massive intussusceptiay cause difficulties.

If an intussusception is not reducedygarnous and lymphatic congestion occur and
eventually lead to arterial obstruction, iscaheamd necrosis of the ileoacaecal junction. At
this stage it becomes necessary to perform a lihright hemicolectomy, with consequent

loss of the ileocaecal valve.
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2.3.2.2. Volvulus
2.3.2.2.1. Malrotation and small bowel volvulus

The first description of intestinal demginent was written by Mall in 1898. Frazer
and Robins in 1915 expanded on the observatioridatf and in 1923 Dot extended the
embryologic observations to the problems encoudteli@ically. The most accepted model
of midgut maturation involves four distinct stagéb). herniation, (2) rotation, (3) retraction,
and (4) fixation. Due to the disproportionate growahd elongation of the midgut during the
fourth week of embryological development, the midperniates into the extraembryonic

coelom in the proximal part of the umbilical cord.

Next the bowel makes three 90 degreeclackwise rotations around the superior
mesenteric artery. The first 90 degree rotatiooucs outside the abdomen. The second
commences during return of the bowel into the abdahtavity during the 10 gestational
week. The duodeno-jejunal junction now passesepiostto the superior mesenteric artery.
The last 90 degree rotation occurs in the abdomdie primitive intestine has now
completed a 270 degree anticlockwise rotation,wallg the duodeno-jejunal limb to be
positioned to the left of the superior mesenterterg while the caeco-colic limb is on the
right. Fixation of the ascending and descending@rt@dubsequently occurs. Disruption of

any of these vital steps leads to the spectrumabfatation encountered clinically.

In malrotation the mesentery betweendihedeno-jejunal junction and the caecum is
narrow. The entire small bowel hangs on the truinthe superior mesenteric vessels in one

mass. This arrangement and the lack of fixationth® retroperitoneum predispose the

12



malrotated bowel to volvulus around the mesenteessels and this may lead to massive

intestinal necrosis and a short bowel state.

The incidence of intestinal malrotatian1 in 500 live births. Up to 75% present
during the first month of life and a further 15%gent within the first year. Copious bilious
vomiting and a flat abdomen are the cardinal sigms] malrotation with midgut volvulus
must be the presumed diagnosis until proven otlserwiThe best study for demonstrating a
malrotation and volvulus is an upper gastrointestaontrast study. The normal location of
the duodeno-jejunal junction is to the left sidels spinal column at the level of the gastric
outlet. If the duodeno-jejunal junction is not imetcorrect position emergency surgery is

indicated.

In 1936 William E. Ladd emphasised thportance of releasing the intra abdominal
congenital bands compressing the duodenum, widethegbase of the mesentery and
placing the caecum in the left upper quadrant. piteciples of the modern procedure are

almost unchanged from those of Ladd .

Intra-operatively up to 15% of cased Wve strangulation of the blood supply to the
midgut. This may lead to irreversible ischaemiahwiss of large lengths of bowel, even
extending from the duodeno-jejunal junction to trensverse colon. Hence the ileocaecal
valve may be lost. In a case series publishe®iri 2the case notes of 9 infants (median age
15 days) who underwent surgery for malrotation wengewed. One (11%) of the patient

had a right hemicolectomy with loss of the ileocde@lve.
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2.3.2.2.2. Proximal large bowel volvulus

Colonic volvulus was first described Rgkitansky in 1836. Proximal large bowel
volvulus involves any segment from the caecum &tthnsverse colon undergoing an axial
twist on its mesentery. Caecal volvulus (whichanably involves a variable amount of
terminal ileum and ascending colon) occurs so yairelchildren that its true incidence is
unknown. Until recently only 40 cases of proxirtzage bowel volvulus had been described
in the English literature, but we have added simtking it a total of 46 caseéSummary of
demographics, clinical features, investigationsnaggment and mortality are in Table 1. An
anatomical prerequisite for caecal volvulus is dileocaecum which is present in up to 26%
of the normal population. Neurodevelopmental dedag chronic constipation have been
shown to be the two conditions most commonly asgedi with proximal large bowel
volvulus in children. In a review of the litera¢ur69% of patients each had
neurodevelopmental delay and chronic constipatidie presenting features of proximal

large bowel volvulus include colicky abdominal pabdominal distension and vomiting.
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Plain abdominal radiograph findings magticate faecal loading and extreme dilated
bowel loops. Barium enema findings include thesita%ird’s beak” deformity representing

the complete occlusion of intestinal lumen as altes the volvulus.

As the condition is so rare, its diagnosis is offefayed and most if not all require surgical
intervention with simple detorsion with or withofixation to the retroperitoneum, bowel
resection followed by a temporary stoma or primemgstomosis. The caecum is involved in
76% of cases of proximal large bowel volvulus, #fere often the ileocaecal valve is at risk
of being resected intra-operatively if the ischaelimas progressed to such an extent that the

bowel becomes non-viable.

The overall mortality from this conditiam children has been shown to be 14% , which
may be a consequence of a delay in the diagnosdighenfact that children with proximal
large bowel volvulus tend to have comorbid condsidike severe neurological impairment

that predisposes them to a poor post-operativeseour

2.3.2.2.3. Necrotising enterocolitis

Necrotising enterocolitis (NEC) was fidgscribed by W.E. Berdon et al in 1964. NEC
is the most common gastrointestinal emergency enrtéwborn infant, and is a result of
ischaemic necrosis of the intestinal mucosa. #sisociated with inflammation, invasion of
enteric gas forming organisms, and dissection efige the bowel wall and portal venous

system.
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NEC occurs in 1 to 3 per 1000 live birtosd is seen predominantly in premature
infants with an incidence of about 6-7% in very lowth weight (VLBW) infants (birth
weight < 15009). It affects males and females Bygaad involves the terminal ileum in 60
to 75% of patients. The mortality of NEC is inwvagsproportional to the weight at birth,

approaching 90% in infants less than 10009 at birth

Ischemia-reperfusion, and infection pdagnajor role in the pathogenesis of NEC, but
the exact mechanism remains unknown. It is probalilgterogenous disease resulting from
multiple factors that result in mucosal injury is@asceptible host. NEC can be classified into
three stages according to the Bell staging critéased on the severity of systemic, intestinal
and radiological findings. In stage | (suspectededse), there are mild systemic and
abdominal signs and the abdominal radiograph magdomal or show mild dilatation. In
stage Il (definite disease) the patient has laboyatchanges (metabolic acidosis,
thrombocytopenia) and specific radiological sigpsgumatosis intestinalis or portal venous
gas). In stage lll (advanced disease), there @rers systemic signs (hypotension), severe
laboratory signs (DIC). Additionally the child mémave marked abdominal distension and

be peritonitic with evidence of pneumoperitoneunttabdominal radiograph.

Current surgical options for the managetm& NEC include peritoneal drainage,
proximal diverting stoma, resection with enterosesn and resection with primary
anastomosis. Infants with Stage Ill NEC affectirg tileocaecal region may undergo

resection with stoma formation or a primary anastsis

Interestingly NEC more commonly affedts terminal ileum, which may compromise

the normal function of the ileocaecal junction gmedispose to its loss during surgical
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intervention. In addition to this, intestinal sttre post resolution of NEC, as a result of
fibrosis and scarring in the ischaemic tissue, comlgn affects the ileocaecal valve.

Resection of the stricture usually leads to the wfighe valve.

In a retrospective case series of isfamdergoing surgery for NEC conducted at
Great Ormond Street Hospital (UK’s leading childsemospital), 40 out of 83 infants (48%)
underwent resection of the ileocaecal valve. Theere no significant differences in
gestational age, birth weight, and age at onseNBC between infants who had the
ileocaecal valve resected and those that did nafpriSingly there was no difference in
survival rate between the two groups. This may e t the fact that most patients did not
have Short Bowel Syndrome, hence no differenceartatity, however there may have been

a significant difference in morbidity such as choodiarrhoea, had they looked into it.

2.3.2.2.4. Crohn’s disease

Crohn’s disease (CD) is a chronic, idibpatransmural inflammation that can affect
any part of the gastrointestinal tract. The disasas first described in 1904 by the Polish
surgeon Antoni Lesniowski and then later in 1932H®yAmerican Gastroenterologist Burrill
Benrnard Crohn, after whom the disease was nariée. only prospective national survey
of IBD in children aged less than 16 years in th€ $howed the incidence to be 5.2 per
100,000 individuals per year, with a mean age agrbsis of 11.9 years. The incidence of
Crohn’s disease has been shown to double froma36 ger 100,000 individuals per year
from 1997 to 2006, in South Ontario, Canada. Abdampain, diarrhoea and weight loss

were considered to be the classic triad of CD lowt only a minority present in this way. A
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very large population based survey of childhoodi€ihe UK found that the majority (72%)

of patients complain of abdominal pain.

Studies have shown the ileocololic oags one of the most common anatomical sites
to be afflicted in children who have Crohn’s diseasSurgery is rarely indicated except for
perforation, abscess or fistula formation and frese stricture, but the ileocaecal region is

often subjected to resection and primary anast@smwash loss of the ileocaecal valve.

Resection of the ileocaecal valve mesult in colo-ileal reflux and colonisation of
the small bowel with colonic micro-organisms, whidcrease small intestinal permeability
and precede clinical relapse of CD. Bakkevold catelll a prospective study between 1993
and 2003, looking at the effect of a small bowedpte valve anastomosis on the clinical
recurrence rate in the neoterminal ileum afteradeszal or ileocolic resection for CD. The
recurrence rate in the neoterminal ileum after,14 and 5 years was 11%, 20%, 23% and
24% respectively. These recurrence rates werefisgymtly less than previously published
rates after a standard anastomosis following I3écgon. Rutgeerts et al and Olaison et al
found clinical anastomotic recurrence of 20-37%ratt year and 34-86% after 3 years. The
German Advanced Surgical Treatment Study Group wcted a randomised controlled trial
looking at whether stapled side-to-side anastomasimpared to hand-sewn end-to-end
anastomosis, results in a decreased recurrencerain@ disease following ileocolic
resection (primary endpoint). The secondary endpaevas to focus on the early
postoperative results comparing both methods. €lteas no difference between the two
types of anastomosis in terms of the early postaiper complications (e.g. bleeding, wound

infection, anastomotic leak, first postoperativeost duration of hospital stay). The study
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was terminated early due to insufficient patierdruément, therefore the primary endpoint

was not attained.

2.3.2.2.5. Complicated appendicitis (appendix mass)

An appendix mass is formed by an mia appendix that is wrapped up by the
omentum and adjacent loops of bowel. The appendghtrbe perforated, however the
purulent fluid is generally well contained withirhet mass, preventing generalised
contamination of the peritoneal cavity. A recerdtaanalysis estimated that approximately
9% of all children with acute appendicitis haveiffammatory mass at presentation. Others
suggest that the occurrence of a mass is morednegapproaching 30%, under 5-years-of

age.

Patients with an appendix mass casent in a variety of ways. Most commonly
the patient presents with a 3-4 day history oftrigjac fossa pain and fever, with localised
but not generalised peritonitis. Examination mayeal a palpable mass in the right iliac
fossa. The diagnosis can be verified by Ultrasoand T, and ultimately by examination
under anaesthesia.Surgical intervention in appemdiss is considered more hazardous than
in simple uncomplicated appendicitis because of ékéensive adhesions between the
appendix and the surroundings viscera. The inflatarggrocess will render the wall of the
bowel friable and prone to full thickness tearsimyirthe dissection. Aggressive surgical
intervention may lead to bowel resection i.e. logsleocaecal valve. The appendix mass
may respond to intravenous antibiotics within 248, and appendectomy can be done
more easily and safely after the resolution of m&ss. A recent systematic review of the

literature has shown that the risk of recurrentesyplicitis following a period of conservative
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management of an appendix mass was 20%, whicheldasome to argue that an interval
appendicectomy should not routinely follow in patgee who have settled on conservative

management, especially bearing in mind that theai®perative complication is 3%.

2.4. Summary of the clinical importance of the daecal junction

2.4.1. lleocaecal junction in healthy patients

The anatomy, embryology, and physiologyhe ileocaecal valve have been studied
in the past, but its importance in clinical praetis still undervalued. The loss of the
ileocaecal valve is thought to be generally wdbitated; however there is no actual evidence
to be found in the literature. In general not erfoagention is paid to prevent its loss. The
fact that a few patients with chronic intractablarchoea had previously undergone a right
hemicolectomy drew the author’s attention to tlseiés One of the aims of this thesis was to

reveal the real incidence of complications seeerd@V loss in otherwise healthy patients.

2.4.2. lleocaecal junction in Short Bowel Syndrome

According to the literature the roletbé ileocaecal valve in Short Bowel Syndrome
is controversial. Some have suggested that treepce of the valve reduces the dependence
on parental nutrition in terms of the frequencytsfuse in a given time period and its overall
duration. Additionally the presence of the ileazevalve in patients with SBS is thought to

allow the patient to achieve enteral autonomy wighorter segment of small bowel.

In a review of 161 patients undergoing bowel rasadior NEC, the ICV was not associated
with better survival, a longer duration of TPN or iacrease in mortality and morbidity. It

has been concluded that the loss of ICV is wedraded. However in this study the residual
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bowel length and long term complications e.g. bohedbit, were not commented on. It is
likely that there were Short Bowel Syndrome pasesriong the NEC patients, but because
not all of the NEC patients suffered massive imesioss (less than 10 % of the patients had
pan-intestinal NEC) the conclusion does not necigsalate to the Short Bowel Syndrome.
Further evidence regarding the importance of thivevavould support an attempt at

preservation and reconstruction of the ICV in SiBmel Syndrome.

2.4.3 lleocaecal junction in Crohn’s disease

Based on the physiology of the ileoeha@lve it is clear that passage of colonic
bacteria into the terminal ileum may cause ilef®gcognising this and the high recurrence
rate of Crohn’s disease after ileocaecal resecBakkevold undertook a prospective study
in which he reconstructed a nipple-like small bowalve following resection for Crohn’s
disease. He found that the recurrence rates ohrodisease in these patients were
significantly less than previously published in thame time period. There is no data

regarding relapse of Crohn’s disease in childréer &€V resection.

2.5. Autologous Gastrointestinal Reconstructiveg8oy (AGIR)

Autologous Gastrointestinal ReconstuectiSurgery has been developed to treat
intestinal failure in Short Bowel Syndrome, partsrly since intestinal transplantation still
carries a significant morbidity and mortality. Thervival rate of intestinal transplantation
has been improving; 90% at 1yr, 55% at 5yrs an®@%-at 10 yrs in selected centres, but
high dose immunosuppression and serious co-modsdiare still of major concern.

Therefore presently AGIR should remain the finselof treatment for severe SBS .
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There are different target points ofgstal intervention in SBS such as increased
transit time by using reverse segments, colong&rpusitions, small bowel nipple valves, and
improved peristalsis in grossly dilated adapted éddwy tailoring the lumen and lengthening
bowel length. Relatively little attention has bg®#aced on replacing the ileocaecal valve in

AGIR. In this chapter we briefly review the mosipptar AGIR procedures.

2.5.1. Reverse segments and colonic interpositions

The use of a reversed segment represam@sistance or delay, but not an obstruction.
Small bowel loops are isolated on a vascular pedrdtated, and anastomosed in a reverse
fashion. The antiperistaltic direction will slow wo transit. The 180° rotation on the

mesentery is not tight and does not cause ischemia.

The use of colonic interposition as an adjuvanteduore in the management of Short Bowel
Syndrome was first described in 1971. It utilizes slower colonic motility to slow transit
and to delay nutrient loss, thus allowing a longascosal contact for absorption. It is
believed that the colon may also take over smaNdbanucosal function. The segment of
colon can be inserted pre-jejunal or pre-ilealulté®y in reduced transit time, enhanced
vitamin By, carbohydrate, and fat absorption and an incremseight gain secondary to a

more prolonged exposure of nutrients to the abagrbmall bowel mucosa.

2.5.2. Lengthening and tailoring procedures

After massive resection the residual intestinestt® adapt to the loss, to improve
absorption and increase intestinal transit timehisTincludes micro- and macroscopic
changes, smooth muscle hypertrophy, increasedlus Vieight, crypt depth, proliferation of

enterocytes and macroscopic bowel dilatation. Ategtain point the increased diameter
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prevents proper approximation of the bowel wallkisTleads to a sloshing motion of the
intraluminal contents and disorganised anterogradmgression. These dilated segments
become potential sites of stasis and bacterial gpgetth. Lengthening and tailoring
techniques are designed to correct the two majutional problems of adapted short bowel:
stasis leading to bacterial overgrowth and disademotility. At present the Bianchi
longitudinal intestinal lengthening and tailoringl(T) and the serial transverse enteroplasty
(STEP) procedures have gained popularity and haen bshown to improve enteral
autonomy in patients with Short Bowel Syndrome. wideer both techniques have their

limitations.

2.5.2. Longitudinal intestinal lengthetnigidLT)

Mr Bianchi (Manchester UK) introduced hisclinique in 1980. During a LILT
procedure the bowel is divided longitudinally alomige antimesenteric border. The
mesenteric border is divided longitudinally in tihélline, passing between the blood vessels.
This results in two fully vascularised hemisegment§he two hemisegment are to be
tubularised and then anastomosed isoperistalticdlhe procedure is challenging. The
longitudinal division of the mesentery may be caoicgikd in thickened, scarred mesentery.
Injuring the vasa recta may lead to loss of hermsags. The procedure requires a long

suture line and the anastomoses may be complicated.

2.5.3. Serial Transverse Enteroplasty (STEP)

Serial Transverse Enteroplasty (ST&B3 first described by Kim et al 2003 as an
alternative to the Bianchi LILT procedure for thergical treatment of short bowel.

GIA stapler is applied sequentially, from alterngtand opposite directions, in a transverse

23



and partially overlapping fashion creating a zig-ike channel of approximately 2 to 2.5cm
in diameter. The staplers are inserted througHlsnmesenteric defects between consecutive
blood vessels. The staplers are placed from tlfea®@ 270° positions (0° being the
mesenteric border). The end result is creatingpaniel of bowel that is both smaller in

diameter and longer in length than the original eow

The STEP procedure has advantages tbeeBianchi LILT in that it is easier to
perform; there is no anastomosis, the bowel is mepened, and the mesentery is never
jeopardised. Additionally the degree of bowel tape is customisable; the Bianchi
procedure requires a 50% reduction in circumferemgeereas with the STEP the channel
size and thus the diameter, is determined by thgesn. One drawback in the STEP
procedure is that it disorganises the orientatibthe muscle fibres within the intestine. The
circular muscle fibres will become longitudinal attte longitudinal fibres will become
circular to the flow of intestinal content or axa$ the new bowel. It is not clear whether
peristalsis recovers after the STEP procedure, lwtlver the new bowel is just a passive

tube.

2.5.4.Spiral Intestinal Lengthening and Tailoring (SILT)

The SILT is a new concept of the Aagudus Intestinal Reconstructive Surgery
developed by our team. In SILT a spiral incisienmade on the bowel wall then it is
stretched along its longitudinal axis and retubsét. The advantage of this technique over
the Bianchi’'s procedure is that it is easier, nampromising the mesentery and

customizable. The SILT does not alter the oriemadf the muscle fibers to the same extent
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as the STEP procedure. The SILT procedure allowal&blique orientation of the circular

muscle fibres, which is more physiological than 81&EP.

We believe that the SILT will provide an additioresdd promising alternative to present
lengthening and tailoring procedures, which istieddy easy to perform, customizable and
leaves less structural change on the functionaloamaon the lengthened bowel. In vivo

animal studies are in progress and initial rearksvery promising .

2.5.5. lleocaecal valve reconstruction

Although attempts have been made to reconstructl@hé in the past, its role is still
undervalued. The sporadic indication for ICV restomction was in Short Bowel Syndrome

and Crohn’s disease, but no one considered itheratise healthy patients.

This is probably due to the technical difficultiaed failure of understanding of the real
anatomy, physiology and function of the ICV. Thergstal techniques used were

intussusception-like small bowel nipple valve, suloosal tunneling telescope anastomosis.

These valves were usually able téampthe reflux control, but failed to reproduce
anterograde flow control and were not able to fudlplace the ICV. Studying its anatomy
and neuroanatomy a new concept of ICV replacememtrged. The structure of the
neuromuscular components within the ICV suggeshed the ICV does not look like a
classical sphincter as was previously suggestesl,véive is rather a result of a simple

intussusception of the terminal ileum into the cmecThis observation led to the idea that
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the ICV could be replaced more physiologically lnyilao-caecal end-to-side intussusception

like ileo-colic anastomosis.

3. AIMS

Our main goal was to find more evidetweeinforce the clinical importance of the

ileocaecal valve and justify its preservation amcbnstruction.

3.1. Analysis of the occurrence of surgical dissdsading to loss of the ileocaecal junction

Our first aim was to evaluate the difersurgical diseases that may result in the loss
of the ileocaecal valve, either directly or inditgcin order to shed light on possible

prevention.

3.2. Analysis of the importance of the ileocageacttion in healthy patients

We aimed to investigate the importanté¢he ileocaecal valve in patients that are
otherwise healthy and not suffering from Short Bb®gndrome and Crohn’s disease, by
studying the clinical outcome in the patients whsel their ileocaecal valve and comparing

them to a control group of patient whose ICV isspreed.

3.3. Analysis of the importance of the ileocagaacttion in Short Bowel Syndrome

We aimed to evaluate the importancthefileocaecal valve in patients with short gut
by comparing the survival in patients without a@odaecal valve to those in whom it was

preserved.
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3.4. Analysis of the importance of the ileocaeaakjion in Crohn’s disease

We aimed to evaluate the importancehefiteocaecal valve in patients with Crohn’s
disease by determining whether or not the riskeotirrent terminal ileal disease is higher in

patients without an ileocaecal valve compared ¢s¢hin whom it has been preserved.

4. MATERAIL AND METHODS

4.1. Occurrence of surgical diseases leading to $osf the ileocaecal junction

4.1.1. Database

The case notes of children that had undergamgery at Royal Manchester Children’s

hospital was the source of our data.

4.1.2. Data collection

Between 1998 and 2010, the casenotes afrehilwho underwent surgery leading to a
loss of the ileocaecal valve at Royal Manchesteild@n’'s Hospital were analysed
retrospectively. The casesnotes were retrievedhbyAudit Department at the children’s
hospital by identifying patients that had the fallng operations: hemicolectomy, limited

hemicolectomy, colectomy, caecum resection, argelapwel resection.

4.1.3. Data analysis

We collected data on the patient demograpéund the various pathologies that led to the
loss of the ileocaecal valve, whether pre- or ppsratively. We took note of the type of

surgical intervention undertaken in each patient.
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4.2. The ileocaecal junction in healthy patients

4.2.1. Database

The case notes of children that had undergurgery at Royal Manchester Children’s

hospital was the source of our data.

4.2.2. Data collection

Between 1998 and 2010, the case not88 children who underwent resection of the
right hemi-colon and terminal ileum at Royal Marstee Children’s hospital were reviewed
retrospectively. The patients were categorised thtee groupsGroup 1: resection of the
ileocaecal valve (limited right hemicolectomy wiss than 10cm resection of ileum and
less than 10cm of caecun@roup 2: right hemicolectomy, with resection of the teralin
ileum, up to 10cm, and more than 10cm but less ttahof the length of the colon, and
Group 3: resection of the terminal ileum by more than 10eut less than 25cm. The
patients that were excluded included those who hadfollow-up and patients with
underlying pathology associated with chronic diaed such as Crohn’s disease and short

gut.

4.2.3. Data analysis

We looked at the patient demographtos type of surgery undertaken, whether or not
they developed chronic diarrhoea and for how lohgaddition we evaluated the length of

post-operative follow-up.
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4.2.4. Statistics

A Pearson Chi-square test was used tgpaoenthe three groups to ascertain if there
was a statistically significant difference in themmber of patients developing chronic

diarrhoea postoperatively.

4.3. The ileocaecal junction in Short Bowel Syndrom

4.3.1. Database

The database of the Paediatric AutoloBogel Reconstruction and Rehabilitation
Unit (PABRRU) at the Royal Manchester Children’ssidital was retrospectively analysed.
Records of the patients with short gut who had tgwoiee a LILT (longitudinal intestinal
lengthening and tailoring) procedure from 1981-200&ve been reviewed with the

permission of the clinical director of the unit (Ression attached in the appendix)

4.3.2. Data collection

We collected data under two main grouppatients with short gut, those that had
survived (group A) and those that died (group B).each group we looked at the length of
the remaining small bowel, whether or not the IC&¥swresent, and the extent of the large

bowel that remained.

4.3.2. Data collection

We collected data under two main group$atients with short gut, those that had
survived (group A) and those that died (group B).each group we looked at the length of
the remaining small bowel, whether or not the IC¥swresent, and the extent of the large
bowel that remained.
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4.3.3. Data analysis & Statistics

A Fisher’'s exact test was used to detegnifithere was a significant difference in the
proportion of patients with an intact ICV betweée survival and non-survival group. An
unpaired t-test was used to compare the mean |leigtmall bowel between the survival and
non-survival group. Additionally and unpaired $ttevas used again to compare the mean
length of small bowel in the survival group betwgetients with an intact ICV and patients

without an ICV.

4.4. The ileocaecal junction in Crohn’s disease

4.4.1. Database

The case notes of children that had undergurgery at Royal Manchester Children’s

hospital was the source of our data.

4.4.2. Data collection

Between 1998 and 2010, the case noteQofhddren who had undergone a right
hemicolectomy at Royal Manchester Children’s H@spitere reviewed. The patients with a
pre-operative diagnosis of Crohn’s disease whicls later confirmed on histology post-

operatively were included.

4.4.3. Data analysis

We looked at patient demographics, typsunfiery, length of follow-up, frequency of
relapse and whether or not they developed chraarchebea or failure to thrive post-

operatively.
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5. RESULTS

5.1.0ccurrence of surgical diseases leading to losstbt ileocaecal junction

A total of 74 children were included toetlstudy who had undergone a right
hemicolectomy, with subsequent loss of the ileogbhealve. The male to female ratio was
1.4:1, and the mean age of the patients was 3.6 fe@nge 0 — 17 years). The various
pathologies that led to the operative intervenatong with the number of children that had
these pathologies (in bracket) are as follows:ssiigception (17), necrotising enterocolitis
(16), appendix mass (8), Crohn’s disease (7), tin@sduplication cyst (5), colonic volvulus
(5), intestinal perforation (4), colonic atresig, (Bal atreisa (2), ileal and colonic atresia (2)
lymphoma (1), colonic angiodysplasia (1), meconideus (1), intestinal stricture (1),
gastroschisis with a detached caecum (1) and bob&uction secondary to an adhesive

band (1). Data are summarised in Table 2.

5.2. The ileocaecal junction in healthy patients

Group 1: 26 patients underwent a limited right hemicolegtomChronic diarrhoea was

documented in seven cases (27%). The duratiorhain@ diarrhoea varied between a
minimum of 2 and a maximum of 120 months, an awe@ months. The age range at the
time of surgery was 0-15 years. The primary diggsovere intussusception (13), appendix
mass (6), terminal ileal stricture (1), duplicatioyst (3), colonic atresia (2), and adhesive

bowel obstruction (1).

Group 2: 22 patients underwent an extended right hemitmbeg as previously defined.
Chronic diarrhoea was reported in six cases (27%d)e duration of diarrhoea was 6-60

months, an average of 30 months. The age rangeedime of surgery was 9 days — 15
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years. The primary diagnoses were necrotising recdétis (16), intussusception (2),
lymphoma (1), colonic atresia (1), caecal perforat{l), and cystic mass in the ileocaecal

area (1).

Group 3: 13 patients underwent resection of the terminalini, and none developed
diarrhoea. The age range at the time of surgery valays — 11 years. The primary
diagnoses were intussusception (7), adhesive dmoalel obstruction (2), ileal perforation

(2), ileal cyst (1), meconium ileus (1), and duation cyst (1).

In terms of the number of patients developing clrrahiarrhoea, there was a statistically
significant difference between Group 1 and Groyp & 0.0038) and between Group 2 and
Group 3 (p = 0.043). But there was no significdifference between Group 1 and Group 2

(p =0.947).

5.3. The ileocaecal junction in Short Bowel Syndrom

Thirty four patients underwent bowetdéhening in the Paediatric Autologus Bowel
Reconstruction and Rehabilitation Unit (PABRRU) time Royal Manchester Children’s
Hospital between 1981 and 2006. Twenty one patmumaved while 11 patients died within

5 years after the procedure.

Proportion of ICV in the survival and non-survival groups:

Six patients of the 23 who survived did not lose tB8V, 17 of the 23 patients survived

without ICV. Only two of the 13 non-survival patterhad an intact ICV and the remaining
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11 of 13 died without an ICV. There was no stai#ly significant (p = 0.38) difference

between the groups in terms of the proportion ¢tiepés with an intact ICV (Figure 21.).

Small bowel length in the survival group if 1CV present vs. missing:

A significantly (p = 0.002) shorter bowel length sveequired to survive if the ICV was

present versus if the ICV was missing. (40.5 #€m) vs. (74.9 £ 29.0 cm).

Small bowel length in the non- survival group if 1CV present vs. missing:

In the non-survival group the mean length of srhallvel was 36 + 4,24 cm with an intact

ICV and 43.88 + 21.35 cm without an ICV.

An unpaired t test showed that there was no sagmt difference between these two groups

(p = 0.629).

The length of small bowel in the survival group vs. the non-survival group:

The mean lengths of small bowel (£ SD) in the savand non-survival groups were 66.0 +
32.5cm and 42.5cm £ 19.4cm respectively (Figure 22 unpaired t-test with Welch
correction showed that patients in the survivalugrdiad a significantly longer segment of

small bowel (p = 0.0098).
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The minimum length of small bowel in the survival group with and without an ICV::

In the survival group the minimum length of smailiAel was 30cm in patients with an intact

ICV and 35cm in patients without an ICV .

The maximum length of small bowel in the non- survival group with and withoutan ICV::

In the non-survival group the maximum length of Brbawel was 39cm in patients with an

ICV and 90cm in patients without an ICV.

6. DISCUSSION

6.1.0ccurrence of surgical diseases leading to losstbk ileocaecal junction

There are a number of congenital andiiaed conditions that can lead to a loss of the
ICV. Our data looking retrospectively at the cheld who had undergone surgery that
involved excision of the ICV between 1998 and 20M@ntified intussusception (22%),
necrotising enterocolitis (21%), appendix mass (L&%a Crohn’s (9%) disease as being the
four most common pathologies. This is significardcduse these pathologies have a

relatively high incidence in various age groups.

Intussusception is the commonest cadisatestinal obstruction in infants with an
incidence of 1.4 — 4 per 1000 live births. The m@uiynsite of intussusception is at the
ileocaecal junction hence it is no surprise thas tmay lead to necrosis of the ICV.
According to our data the mean age on intussusmeptas 7 months (range 0 — 75months)
means the primary intussusception (with no leaatpas more likely to result in loss of the
ICV. However in the vast majority of the cases wun of the intussusception under
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radiology guidance is possible, but surgery maydupiired if conservative management is
unsuccessful and the intussuscepted bowel is stuitle colon. Intraoperatively the manual
reduction technique of pushing the apex of thessiisceptum out of the intussuscipens, and
not simply pulling at it distally, needs to be caoesed more thoroughly in light of the
adverse outcomes of losing the ICV. The surgicatisien to remove or leave the
compromised ICV may be influenced by our studyssiirgg the importance of the valve.
Introducing a combined antibiotic prophylaxis, @pbsobservation, longer postoperative
fasting time or TPN may aid surgeons in taking thexision to leave a not severely
compromised ICV or make attempt to reconstructstear perforations at the ileocaecal

junction.

Necrotising enterocolitis is the mostenon gastrointestinal emergency in the neonatal

period [incidence of 1 — 3 per 1000 live birth3he meidan age of our patients was 1 month
(range 0 — 6 months). It has been suggested th@tlHally starts at the ileocaecal junction.
This may explain the high frequency of resectionhaf ICV in acute NEC. The primary site
of stricture that is frequently seen post NEC & BV. This may be another reason for ICV
resection. The GOS study found no difference ivigal in NEC after ICV resection, and
even less postoperative strictures were seenrafteoval of the ICV, however no long term
follow up on bowel habit was evaluated. The motidif patients with NEC requiring
surgical intervention is high. Taking the mildeiskrto save ICV does not seem appropriate.

Elective reconstruction of the valve after recoveegms to be a better option.
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Patients with spontaneous intestinalgrations seen in this study were newborns with
a median age of 6.5 days (range 3 — 20 days). Téeses might be considered as NEC,

however recently it has been considered as a depantty.

Acute appendicitis is the commonest isatgemergency in children overall (life time
risk of 6.7% for girls and 8.7% for boys. Surprgiyncomplicated appendicitis was the third
most common cause of ICV loss in our study. Thas/roome from the absolute frequency
of appendicitis compared to intussusception or NBdowever resection of the ICV is not a
frequently performed practice even in complicatpgeadicitis. There are only 8 patients
identified in a 12-year period. Considering the bemof appendectomies performed in this
large centre, approximately 200 appendicectomieyear, this is not a large number (0.003
per year). Unexpected complications during the esyrgncluding a massive appendix mass,
and injury to the ileum or caecum, and the beliedt tthe resection of the ICV is well
tolerated may have made the operating surgeontrgsedeocolic junction. It is known that
in advanced appendicitis, especially with an appemass, the bowel loops are adherent and
their wall is oedematous and fragile. Thereforeasajion of the mass may lead to serosal
tears or perforations. If an appendix mass is diagd preoperatively, conservative
management with combined antibiotics and interpplesmdectomy is recommended by many
authors to avoid bowel injury complications. Comsidg that more attention to the
preoperative diagnosis of complicated appendinigy have prevented resection of the ICV,
a long history of abdominal pain, young age (urigderand a palpable mass should raise the
suspicion of an appendix mass. Ultrasound exammatr examination-under-anaesthesia
prior to surgery are effective methods of diagngsem appendix mass. Conservative

treatment has high efficacy, only 5-10 % of pasedb not respond after 24-48 hrs on
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combined antibiotics and may require surgery. Giergig this protocol and the recognition
of the importance of the ICV may force surgeonavoid the resection of the ICV in these

cases.

The incidence of Crohn’s disease is gsagain worldwide (incidence of CD has
doubled from 3.5 to 6 per 100,000 individuals pearyfrom 1997 to 2006. Crohn’s disease
primarily affects the terminal ileum and ICV. Crafinlisease was expected to be prevalent
among the diseases leading to loss of the ICV. é¥@wsurgery is not the first line treatment
of Crohn’s disease especially nowadays since bicdbgtherapy became available.
Complications unresponsive to medical therapy sashabscess, fistula, and intestinal
stricture may necessitate ICV resection. In theses ICV reconstruction may be an option,

especially if we consider that the relapse rategker if reflux control of ICV has been lost.

Colonic volvulus is a rare condition,tlwe identified nearly the same number of
patients (5) as CD (7) patients who had lost thé. ISeurodevelopmental delay and severe
chronic constipation were found be the most commaskociated diseases. The presenting
symptoms of large bowel volvulus occur quite fregfe in children with
neurodevelopmental delay and chronic constipatitthout volvulus and may respond to
enema and laxatives. The rarity of the volvulus eredlack of adequate communication in a
child with neurodevelopmental delay is the mairsogawhy the diagnosis of volvulus may
be delayed. Plain abdominal radiography may beflieipit demonstrates extreme colonic
dilatation and a relative absence of gas in thercdlistal to the obstruction. The typical
finding on contrast enema is a narrowed, twistddrcavith a “bird’s beak” deformity (See
Figure 8). The grossly dilated bowel segment \aitifluid level separated with septa has

been considered as specific features of volvulusCdnscan. Contrast enema in severe
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chronic constipation is not only diagnostic, bugrdpeutic as well, because gastrografin is

known to aid faecal dilution.

Early diagnosis of patients with PLBV makes conagwe management, contrast
enema detorsion, or early surgery possible prengn€V loss. Otherwise reconstruction of

ICV remains the option if compromised ICV needf¢éoremoved.

It is surprising, but the lack of smiadiwel volvulus in our study suggest that volvulus
due to malrotation rarely affects the ICV. Accoglio the literature however, the ICV is lost

in 11 % of small bowel volvulus.

Small bowel atresia does not necesshedyg to ICV loss, except in the rare case of
ICV agenesis as mentioned in the introduction. Hexén an apple peal small bowel atresia

the terminal ileum may not be viable and rescetinay be necessary.

Other causes likegmphoma, colonic angiodysplasia, meconium ileugesimnal
stricture, gastroschisis, and adhesive small b@lstruction can be considered as sporadic

cases leading to ICV loss.

6.2.The ileocaecal junction in healthy patients

We have found a significant difference <p0.05) between the groups including
ileocaecal valve resection (Group 1 and Group 2) @e ileal resection control group
(Group 3) regarding the complications. This resuljgests that loss of the ileocaecal valve
has significant (27%) long term risk to patientattare not suffering from Crohn’s disease or
Short Bowel Syndrome. It could be argued that tleesaplications originate only from the

loss of the ileocaecal valve after a right hemictdmy. The resection always affects the
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terminal ileum to some extent. The last segmerhefterminal ileum is known as the only
site for bile salt reabsorption. On losing thertigral part of the ileum, the non reabsorbed
bile salts that pass into the colon may inducerkitega due to their laxative effect. It has been
shown that approximately 20 cm of terminal ileurssias still well tolerated. This is in
accordance with our observations in Group 3. Thesewe postulate that the complications
caused by a right hemicolectomy, including remafdess than 10 cm of ileum in Group 1

and 2, is unlikely to be due to loss of the ileum.

During a right hemicolectomy, part of #icending and transverse colon are resected.
Loss of the colon reduces the reabsorption of water electrolytes from the intraluminal
faeces, which may result in diarrhoea. We foundsignificant difference (p = 0.947)
between Group 1 and 2 indicating that the exterbtdnic loss, up to half of the colon, does
not influence the rate of complications. Therefires unlikely the diarrhoea that occurs

after a right hemicolectomy is attributable to cotoloss.

6.3.The ileocaecal junction in Short Bowel Syndrome

Bianchi (1999) suggested that the intact I8\A igood prognostic factor in SBS [9]. In
the present series it appears that larger priopodf the patients have intact ICV in the
survival group compared to the non-survival graéigf vs 2/13), however it did not reach
statistical significance (p = 0.38) . The relatsreall numbers in our series may distort result
of statistical analysis. On the other hand it isyet® understand that other parameters like the
absolute length of small bowel are stronger deteimgifactors of survival. We showed that
the survival group had a significantly longer segtnaf small bowel compared to the non-

survival group: 66.0 £ 32.5cm vs 42.5 + 19.4cmislpossible that conditions not affecting
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the ICV are resulting shorter bowel segment loas timore extensive diseases destroying the
ICV. Itis also know the quality of the remainingvizel really matters. The terminal ileum for
example is the most valuable part of the small bhd&eause of the differences in absorption
of vitamin By, and bile salts. Conditions affecting the ICV mbkely affecting the terminal
ileum than jejunum, but loss of a certain lengthledim with an intact ICV may cause less
dramatic problems than loss of the same lengtheaim alone. It is also possible that the
terminal ileum associated with the intact ICV rattien the valve itself is responsible for the
better survival [2, 8, 9]. If we were able to catBge patients in a group of SBS with
terminal ileum and no ICV and a group of SBS withtarminal ileum but an intact ICV we
would be able to divide the importance of the IG\ dhe terminal ileum. Unfortunately the
relative low incidence of the SBS makes this almgtossible. This however increase the
value of our results gained in the previous redeanth healthy patients where we learned
that the ICV itself is of significant importancei$however increase the value of our results
gained in the previous research with healthy pttiamere we learned that the ICV itself is

of significant importance.

The fact that in the survival group the mean lengtlsmall bowel with intact ICV was
significantly shorter (p=0.002) than the mean langt small bowel without ICV clearly

demonstrates that children survives with a sigaificshorter bowel if ICV is intact.

Our results suggest that the presence of an 1Kd/dtructure (valve/sphincter) acting as an
anterograde flow control between a short small b@egment and the large bowel will delay
transit, allows better absorption, reduce TPN ddpeay and possible improves survival. We
believe that these findings justify attempts toorestruct ICV in SBS compared to a simple

end-to-end anastomosis
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6.4.The ileocaecal junction in Crohn disease

However we found that very limitedmber of children underwent surgery due to
Crohn’s disease complications. We demonstrated 5086 of our patients with Crohn’s
disease undergoing a right hemicolectomy followgdabsimple end to end anastomosis
without reconstruction of the ICV developed recatr€rohn’s disease. This cannot be fully
explained by the loss of the ICV. However Bakkev@ad09 showed that patients with
Crohn’s disease who had construction of a nippleevdeocolic anastomosis to mimic the
ICV following resection, had a lower rate of re@ant Crohn’s disease, 11% after 1 year,
than previously published data 37% after 1 year%/6f our patients have chronic diarrhoea
after ICV resection, which may originate from thelnh disease itself, but we learned that in
otherwise healthy patients, loss of the ICV aloray mesult in chronic diarrhoea in about 27
%. Our data shows that to preserve or reconsth&ct@V in patients with Crohn’s disease

may be quite important.

6.5. Summary of the new results and conclusions

This thesis focuses on the clinical im@oce of the ileocaecal junction. Shows
evidence and justifies attempts for its surgicaorsstruction in Short Bowel Syndrome,

Crohn’s disease and in otherwise healthy children.

In the first section using clinical da#ége analyses, the surgical conditions leading to
loss of the original ileocaecal junction in childrevere established. The main cause leading
to loss of the ileocaecal junction is age relateecrotising enterocolitis in the newborn

period, intussusception in infancy, complicatedeaficitis and inflammatory bowel disease
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and large bowel volvulus in adolescence. Accurasgribsis of these conditions and the

appreciation of the value of the ICV may prevemrt tieed for resection of the valve.

In the second section the long term compbeoatseen after the loss of the ileocaecal
junction is analysed in otherwise healthy patieftsee groups of patients underwent limited
hemicolectomy, hemicolectomy and resection of 10eBb ileum have been statistically
compared. The results showed the loss of the aligumction has significant long term
morbidity. 27% of the patients developed long teliarrhoea and it comes only from the loss
of the ileocaecal valve. The loss of 10-25 cm teahileum and the loss of the ascending

colon have no significant role in the postoperatemplications.

In the third section the relation oétmtact ICV and the survival in Short Bowel
Syndrome has been analysed. Our results suggistied significantly shorter (40.5 + 7.74
cm vs. 74 + 29.0 cm) small bowel length is requifed survival if the ICV is intact.
In the fourth section we looked at patients withol@rs disease undergoing surgical
intervention and ileocaecal resection. It was shdolwat a very high rate (75%) of chronic
diarrhoea and disease recurrence (50%) occurred lafis of the ICV. However this is not
attributable only to loss of the ICV. CD patiergspecially, may benefit from preservation or

reconstruction of the ICV.

Our results showed that ileocaecal vabdoonstruction should be considered as part of
Autologous Gastrointestinal Reconstructive SurgaryShort Bowel Syndrome. Patients
with Crohn’s disease and even otherwise healthyemat may benefit from ileocaecal

reconstruction as well.

Keywords: ileocaecal valve, short bowel, autologue gastesiihial reconstructive surgery

42



!.:E'][[NK UNIVERSITY AND MATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KENEZY LIFE SCIENCES LIBRARY
W hbariet g

Fegister Number: DEENKETKI2E/2014.
Hem Number:

Subject #n.D. List of Publications

Candidate: Semiu Eniola Folaranmi
Neptun 1D: WVYEZMS
Dactoral School: Docioral School of Clinical Medicina

List of publications related to the dissertation

1. Folaranmi, 5.E., Cho, A., Tareen, F., Morabito, AL, Rakoozy, G, Csarni, T.: Proximal large bowesl
wvolvulus in children:@ new cases and 3 review of the literature.
J. Pediafr. Surg. 47 (8), 1572-1575, 2012.
DOl hitpoiids.dai.org10. 10168 jpedsurg . 201 1. 10.064
IF:1.383

2. Ceerni; T., Takayasu, H., Muzsnay, Z., Varga, G., Murphy, F_, Felaranmi, 5.E., Rakoczy, G.: Naw
idea of intestinal lengthening and tailoring.
Fediatr. Surg. fnf. 27 (3], 1009-1013, 2011.
£O1: hitp:lidx.doi.org/10.1007/500383-011-2900-x
IF:1.253

3. Folaranmi, 5., Rakdczy, G., Bruce, J., Humphrey, G., Bowen, J., Morabito, A, Kapur, P., Morecroft,
J., Crzigie, R., Cserni, T.: lleocaecal valve: How important is #7
Pediatr. Surg. int. 27 (8], 813-615, 2011.
DOl: hitp:tidx.doi.org/10.1007/s00383-010-2841-8
IF:1.263

List of other publications -

o
{
4. Oragui, E., Eli, M., Folaranmi, 5., Sooszinathan, 5.: An Unusoal Casdnd Fibllar {F‘*oEtax;alﬁ
Polydactyly: Extrametatarsal Head with Fused Dupt ||::E|i|dT1 oiclr.ﬁﬂrmdmal Phialant

The Joumal of Foof and Ankle Sungery. 57 (4], dBE—d?"I b ) o 1
DOl hitp:idx.daoi.org 10,1053 fas 201 1.10.048 " i g
IF-0.86

H-403F Debrecen, Egyetem tér 1, e-mail: publikaciokd@lib.unideb.hu

43



’A:[I[[N UMNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KENEZY LIFE SCIENCES LIBRARY

W bparideton

/. Folaranmi, 5.E., Oragui, E., Craigie, R.J., Minford, J., Humphrey, G.; An unusual presentation of
phasachromocytomsa {Discussion and Diagnosis).
Acts Paediatr, 100 (11), 1510-1511, 2011.
DO hitp:ide.doi.org/10.1111/].1651-2227 201102402 %
IF:2.073

6. Folaranmi, 5.E., Mehta, G., Datiz, D., Holdstock, G Suspected intestinal luberculosis might be
Crohn's disease.
Case Report. Mad. 2070, 4 p., 2010,
DOl hitpaiidy.doi.org/10,1155/2010/695461

7. Folaranmi, 5.E.: General surgery.
im: Qeford specialist handbook of applied medicine and swurgery in denfistry. auth. Athanasios
Kalantzis, Crispin Scully, Dxfor University Press, Oxford, 245-280, 2010,

B. Lyras, DN, Kazakos, K., Verettas, D., Chronopoulos, E., Folaranmi, 5., Agrogiannis, G.: Effect of
combined administration of fransforming growth factor-b1 and insulin-like growth factor | on the
mechanical properties of a patellar tendon defect mode! in rabbits.

Acta Orthop, Belg. 76 (3), 380-388, 2010
IF:6.382

9. Zaidi, T., Sudall, C., Kauffmann, L., Folaranmi, 5., Khalil, B., Morabito, A_: Physical cutcome and
quality of life after total esaphagogastric dissociation in children with severe neurcdisability and
gastroesophages! refiux, from the caregiver's parspective.

J. Pedialr, Surg. 45 (9), 1772-1776, 2010,
DO hitpolids.doi.org/ 10,1016/ jpedswrg.2010.04.022
IF:1.308

Total IF of journals (all publications): B8.522
Total IF of journals [publications related to the dissertation): 3.888

The Candidate's publication data submitted to the Publcation Datab_as'e aof the Universidy of Debrecan
have been validated by Kenezy Life Sciences Library on the hasig:,'é‘.f Weh of Science, Scopus and
i g

Journal Citation Report {Impact Facior) databases. & 4
'." {F’ 3 =
& February, 2014 o = J K
4 -
H-4032 Debrecen, Egyetem tér 1, e-mail: publikaciok@lib.unideb. hu

44



8. AKNOWLEDGEMENT

| would like to take this opportunitg thank my supervisors Dr. Tamas Cserni,
consultant paediatric surgeon at University Teaghtospital of the Medical Health and
Science Centre University of Debrecen, Nyiregyhdzangary and Dr. George Rakoczy
consultant paediatric surgeon at, Royal Manche&&ildren’s University Hospital,
Manchester UK. They have played a significant ratel have been very supportive in
guiding me through the write up of this thesiswleathem an enormous amount of gratitude.
Also both Dr Cserni and Dr Rakoczy have been insémtal in developing my operative

skills as a paediatric surgeon, and for that | wdikle to thank them.

| would like to thank Mr Adrian Biancldand Mr Antonino Morabito, consultant
paediatric surgeons, specialists and internatiprkabwn experts in Short Bowel Syndrome

for allowing me to review the data of their pateeahd supporting me in writing this thesis.

Special thanks to the Clinical Audit degment at Royal Manchester Children’s

University Hospital, for collecting and providiniget casenotes of the patients.

| would like to express my heartfelaggude to my wife, Rhyannon, for her support

and patience in allowing me the time to compleig work.

45



