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“Most people say that it is the intellect which makes a great scientist.
They are wrong: it is character.”

[Albert Einstein
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ABSTRACT

Hirschsprung disease (HSCR) is a congenital defect of the enteric nervous system
characterized by a lack of enteric neurons in the distal hindgut. Motility disturbances in the
distal colon usually lead to neonatal intestinal obstruction. The birth prevalence of HSCR has
been assessed to 1 in 5,000 live births. HSCR is known to be a multifactorial disease caused
by both genetic and environmental factors. HSCR can be part of a syndrome, most commonly
Down syndrome (trisomy 21). A majority of the patients undergo surgical treatment during
the first year of life. There is a risk of impaired long-term functional outcome, with fecal
incontinence and obstructive symptoms.

The aim of this thesis was to assess the functional outcome and quality of life (QoL) after
surgery for HSCR. The aim was also to investigate environmental risk factors for HSCR as
well as assessing it as a risk factor for a patient’s future socioeconomic life. An additional
aim was to evaluate the molecular background in a family with HSCR combined with
multiple sclerosis (MS).

In Study I, mutation screening was performed using exome sequencing in three females in a
family; a girl with HSCR, and also her mother and grandmother, both with HSCR associated
with MS. A novel heterozygote mutation in the endothelin receptor B gene was found
changing arginine at position 133 into a premature stop codon (p.Arg>*).

Study Il was conducted as a longitudinal assessment of bowel function with a three-year
interval. Twenty-nine patients operated 1998-2009 with laparoscopic assisted pull-through
surgery for HSCR in the Stockholm area were eligible for inclusion. Median age at surgery
was 104 days (29 days-8 years) and median age at first follow-up was 4 (2-16) years. Soiling
for loose stools was reported by 67% of the patients at the first interview and by 59% three
years later, whereas soiling for solid stools was reported by 59% and 56% of the patients
respectively. The number of patients suffering from constipation decreased significantly from
41% to 14% (p=0.023).

Study 111 was a cross-sectional study of bowel function and QoL in patients who underwent
surgery for HSCR between 1969 and 1994. Validated questionnaires for bowel function and
QoL were sent to 60 patients. Forty-eight responded, of who 39 were finally included. For
each patient one age- and gender-matched control was selected. The median age at follow-up
was 28 (20-43) years and most of the patients had undergone a Soave procedure. Patients
with HSCR reported significantly more constipation symptoms and fecal incontinence than
the control group. There were no differences in the generic QoL but the symptom-specific
QoL showed significantly lower scores for patients with HSCR.

Studies 1V and V were population-based register studies. In Study IV, maternal risk factors,
perinatal characteristics and the birth prevalence of HSCR were investigated in a case-control
study between 1982 and 2012. Study IV included 600 cases of HSCR and 3,000 controls and
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their mothers. The results showed that maternal obesity was associated with an increased risk
of the child having HSCR (OR 1.74; Cl 1.25-2.44) as well as maternal parity of three or more
children (OR 1.25; CI 1.00-1.56). Patients with HSCR were born at an earlier gestational age
(OR 1.60; CI1 1.18-2.17). The birth prevalence in Sweden between 1987 and 2012 was
1.91/10,000. In Study V the impact of HSCR on future educational level and income was
assessed in individuals born between 1964 and 2013. In the cohort, 739 individuals were
exposed (having HSCR) and 3,847 individuals were unexposed. The median age of the
cohort was 25 (16-49) years. The highest educational level did not differ between the groups
(p=0.327). Median individual disposable income was 142,200 (0-817,200) Swedish krona
(SEK) in the exposed group and 159,900 (0-3418,900) SEK in the non-exposed group
(p=0.615).



POPULARVETENSKAPLIG SAMMANFATTNING

Varje ar fods det i Sverige cirka 20-25 barn med Hirschsprungs sjukdom (HSCR).
Sjukdomen orsakas av att nervceller i tarmvaggen saknas, oftast i den sista delen av
tjocktarmen. Detta far till foljd att tarmens motorik inte fungerar tillfredsstéllande, vilket
medfor att barnen far symtom i form av krékningar, uppblast mage och oférmaga att tomma
tarmen. De flesta fallen diagnostiseras under nyféddhetsperioden och behandlingen &r
operation, dar den sjuka delen av tarmen tas bort och den friska delen kopplas till &ndtarmens
nedersta del.

Denna avhandling syftar till att utdka kunskaperna om HSCR inom omraden som genetik,
postoperativ tarmfunktion, livskvalitet samt epidemiologi. Studierna har genomforts pa
patienter opererade i Stockholm fran 1969 till 2009, men omfattar dven data fran svenska
nationella register.

| delarbete | gjordes en mutationsscreening pa en familj med HSCR och multipel skleros
(MS) for att forsdka identifiera den molekylara bakgrunden till dessa sjukdomar. Familjen
bestod av mormor och mamma med HSCR och MS samt dotter (probanden) med enbart
HSCR. Blodproven analyserades med exomsekvensering och en icke tidigare beskriven
mutation hittades i endotelin receptor B genen. Mutationer i andra delar av denna gen har
tidigare rapporterats forekomma hos personer med HSCR, men inte hos patienter med MS.

| delarbete 11 gjordes en uppféljningsstudie av patienter opererade for HSCR med
titthalsoperation kombinerat med transanal operation utford pa Astrid Lindgrens Barnsjukhus
mellan aren 1998-2009. Syftet var att undersoka hur vanligt det ar med férstoppningsbesvar
och avforingslackage efter operation. Strukturerade intervjuer utférdes under 2009 (29
patienter med medianalder 4 ar) och under 2012 (27 patienter med medianalder 7 ar). Studien
visade att frekvensen av avforingslackage var hdg (56-67%) och att frekvensen inte minskade
med tiden. Forstoppningstendensen var 41 % vid forsta méatningen men hade minskat
signifikant till 14 % fyra ar senare.

| delarbete 111 gjordes en langtidsuppfoljning av patienter opererade for HSCR under aren
1969-1994. Syftet med studien var att utvérdera tarmfunktionen och livskvaliteten hos dessa
patienter efter att en langre tid forflutit efter operationen. Av de 48 patienter som svarade pa
enkaten (60 tillfragade) med validerade fragor om tarmfunktion och livskvalitet, kunde
HSCR bekréftas hos 39 patienter. Dessa patienters resultat jamfordes med en kontrollgrupps.
Medianaldern vid uppféljningen var 28 ar och de flesta patienter hade opererats med Soaves
teknik (74 %). Patienter med HSCR hade signifikant mer besvar med forstoppning och
avforingsinkontinens an kontrollgruppen. Det fanns ingen skillnad i den upplevda generella
livskvaliteten, men patienter med HSCR rapporterade signifikant sémre symtomspecifik
livskvalitet &n kontrollgruppen.



| delstudie IV gjordes en nationell registerstudie med syfte att undersoka antalet svenska fall
av sjukdomen, maternella riskfaktorer och nyfoéddhetskaraktaristika hos barnet med HSCR.
Med hjalp av koppling mellan Medicinska fodelseregistret och Patientregistret mellan ar
1982 till 2012 kunde 816 mojliga fall identifieras. Efter att ha sékerstéllt HSCR diagnosen
bland dessa fall inkluderades 600 fall och 3 000 kdns-och fodelsedrs matchade kontroller.
Fodelseprevalensen av HSCR i Sverige mellan 1987-2012 var 1,91 per 10 000 levande fodda.
Fetma hos mamman under tidig graviditet 6kade risken for barnet att fa HSCR samt om
barnet foddes som nummer tre eller senare i syskonskaran. Barn med HSCR foddes ocksa vid
lagre gestationsalder &n friska kontroller. Bland de undersokta fallen hade 34,5 % associerade
missbildningar, inklusive Downs syndrom.

| delstudie V anvéndes ocksa nationella svenska register for att undersoka ett majligt
samband mellan HSCR och uppnadd utbildningsniva respektive inkomst. | en nationell
kohort hamtad ur folkbokfaringsregistret mellan ar 1964 och 2013 hittades 1 267 personer
med HSCR, varav 739 inkluderades. Alla personer under 16 ars alder eller med
kromosomavvikelser exkluderades innan analysen. | Utbildningsregistret och Inkomst-och
taxeringsregistret analyserades 389 exponerade individer och 3 847 oexponerade (10
individer matchade for fodelsear och kon mot varje exponerad individ). Medianaldern i
kohorten var 25 ar. Ingen statistisk skillnad avseende utbildningsniva eller inkomst kunde
pavisas. Exponerade individer hade en medianinkomst pa 142 200 kr jamfort med 159 900 kr
hos oexponerade.

Sammanfattningsvis har avhandlingen visat att det efter operation for HSCR forekommer en
hog frekvens av avforingslackage och forstoppningsbesvar. Den symtomspecifika
livskvaliteten &r lagre hos patienter som &r opererade for HSCR jamfort med en
kontrollgrupp, medan den generella upplevda livskvaliteten &r likartad mellan de tva
grupperna. Att leva med HSCR verkar inte paverka majligheten till utbildning och
forsorjning. Antalet personer som fods med HSCR i Sverige ar cirka en pa 5 000 levande
fodda och har varit oforandrat under aren. Fetma hos mamman under tidig graviditet eller om
man fods som tredje barn eller senare okar risken for sjukdomen. Barn med HSCR fods ocksa
vid lagre gestationsalder an friska barn.



PREFACE

Eight years ago, | started to contact patients with Hirschsprung disease (HSCR) for a medical
degree project. After a couple of telephone calls, | talked to the mother of a twelve-year-old
boy with HSCR. She told me that everything was fine with the boy and his bowel function.
But when | specifically asked about soiling problems, she told me that he had a second locker
at school where he kept extra clothes in case of soiling. Since then, that boy has remained in
my mind along with the following thoughts: how is the bowel function after surgery for
HSCR? What are the consequences for a patient’s future life and quality of life? How could
the boy’s mother say that everything was fine? Is what | have learned really true, that patients
born with HSCR undergo surgery and then live normal lives thereafter?

Looking back now, | never thought that | would sit here, eight years later, writing the preface
to my thesis on HSCR. That young boy is twenty years old now and my deepest wish is that
this thesis will help improve healthcare not only for him but also for others in his situation,
and that they can live as symptom-free as possible.

Astrid Lindgrens Barnsjukhus, February 15, 2016

Mu—\,

Anna Lof Granstrom
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1 INTRODUCTION

Hirschsprung disease (HSCR) is a congenital disorder characterized by the absence of enteric
neurons along variable length of the colon. The aganglionosis leads to a tonic contraction of
the affected segment giving rise to an intestinal obstruction. It is known as a multifactorial
disease, caused by both genetic and environmental factors. The birth prevalence is 1 in 5,000
live births. Treatment consists of surgical removal of the aganglionic part of the colon.

Figure 1. The photo below shows the contracted aganglionic colon and dilated ganglionic
proximal colon. Hirschsprung disease has also been named congenital megacolon.
(Photo: Anna Lo6f Granstrom)
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Through this thesis you will have the opportunity to follow George. George was born full-
term as the first child to two healthy parents in 2008.

1.1 HISTORY OF HIRSCHSPRUNG DISEASE

In Berlin in 1888 the Danish pediatrician Harald Hirschsprung (1830-1926) presented
findings of megacolon in two infants with fatal bowel obstructions.® Since then, the acronym



Hirschsprung disease has been used for aganglionic congenital megacolon. Megacolon had
been described before Dr Hirschsprung’s publication and some speculate that even Hindu
surgeons about 2,000 BC had some knowledge of the disease.?

The doctoral thesis “Megacolon in the newborn”, which was defended 70 years ago at
Karolinska Institutet by Theodor Ehrenpreis, was one milestone in the history of HSCR.
Ehrenpreis had performed repeated contrast enemas in children with HSCR and concluded
that the pathology was not located to the dilated part of the colon but to the narrow distal
part.® Whitehouse and Kernohan first confirmed the histopathological diagnosis characterized
by the lack of enteric neurons.*

In 1949, Orvar Swenson made another milestone contribution, when he introduced a new
surgical technique for HSCR; the Swenson procedure. From this time forward there was no
other treatment for HSCR than surgery. He also performed manometery and concluded that
there were no peristaltic waves in the aganglionic segment and that the patients had an
increased baseline tonus compared with controls.’

Figure 2. Photo of Harald Hirschsprung. Published by
kind permission of The Royal Library, Copenhagen,
The Collection of Prints and Photographs.

1.2 NORMAL DEVELOPMENT OF THE ENTERIC NERVOUS SYSTEM

The fetal gastrointestinal tract is derived from the endoderm and is divided into three
segments based on vascular supply. The foregut comprises the esophagus, stomach and
proximal part of the duodenum and is supplied by the celiac artery. The midgut consists of
the small and large intestine down to the splenic flexure and is supplied by the superior
mesenteric artery. The hindgut is the remaining part of the large intestine down to the
superior part of the anal canal and is supplied by the inferior mesenteric artery. The enteric
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nervous system (ENS) primarily develops from neural crest cells that emigrate from the
neural tube somite 1-7, also called the vagal level of the neural crest.’

Figure 3. The organization of the developing
enteric nervous system.” Reproduced by kind
permission of Le Douarin and Telliet,

Development, 1973;30:44. The Company of
Biologists Ltd.
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A minority of the neurons in the hindgut derive from the sacral neural crest (behind somite
28).”® The vagal neural crest-derived cells enter the foregut and then migrate caudally along
to the hindgut during the 5th and 12th weeks of gestation.'® During the migration and
colonization of the gut most of the neural crest cells are undifferentiated and respond to
proliferative signals.'! During the proliferation and maturation, the neural crest cells
differentiate from a stem-cell like state to different types of neurons and glial cells.*? The
neurons (also called ganglion cells) are then organized as intramural ganglia (a cluster of
neurons), in the myenteric (Auerbach’s plexus) and submucosal (Meissner’s plexus) ganglia,
and as extramural neurons, which connect neuritis in the gut wall to the cell bodies in
autonomic or sensory ganglia.® In order to develop normally, migrating neural crest cells
interact with the local gut environment for different signalling cues along their way.**
Different signalling pathways are involved in this process as well as different transcription

factors. The composition of the extracellular matrix may also influence gut colonization and
maturation of the ENS.*>%°



Figure 4. Anatomy of the enteric nervous system showing different layers of the intestinal
wall. The picture is taken from The Enteric Nervous System, Chapter 1, page 2, John Barton
Furness, 2005, and published by kind permission of Johan Wiley and Sons.
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1.3 FUNCTIONS OF THE ENTERIC NERVOUS SYSTEM AND ANAL
SPHINCTERS

The myenteric plexus innervates the longitudinal and circular muscle layers to obtain bowel
movements, while the submucosal plexus innervates the circular layers as well as the mucosa
and submucosal vessels and therefore regulates more of the secretion and blood flow.!” In
both the myenteric plexus and the submucosal plexus a meshwork of nerve bundles form a
primary plexus connecting the ganglia. Different neurotransmitters play an essential role in
the ENS functions such as acetylcholine, adrenaline, norepinephrine and non-noradrenergic,
non-cholinergic transmitters (NANC) as nitric oxide and substance P play an essential role
for the ENS functions. The ENS can function independently of the central nervous system
(CNS) and is therefore also called the brain of the gut, but is also connected to the CNS by
motor input and sensory output.®*8

13



Gut motility is a complex process caused by an interaction between intestinal smooth muscle
cells, interstitial cells of Cajal (ICC) and the ENS. ICC directs the bowel movements to the
enteric motorneurons. The ENS is essential for widespread coordination of the signal to the
intestinal smooth muscle cells to generate segmentation and peristaltic waves. Both occur in
the absence of extrinsic innervation but require an intact myenteric plexus. Except for
gastrointestinal motility, the main functions of the ENS are controlling the mucosal secretory
cells, neuroendocrine cells, microcirculation as well as immunomodulatory and inflammatory
cells.”

The anal canal is composed of the external and the internal anal sphincter and surrounding
collagen tissue. Their main functions, to coordinate the act of defecation and to maintain
continence in between, are achieved at an average age of 28 months.?’ The external sphincter
is a voluntarily regulated striated muscular tube. Its main function is to contract to prevent
defecation until appropriate. The internal sphincter, which is involuntarily regulated, is
responsible for holding continence by maintaining most of the resting anal canal pressure.
has the ability to transiently relax when the rectum is distended, known as the rectoanal
inhibitory reflex, which is missing in patients with HSCR because of the lack of ganglion
cells.?? The congenital absence of enteric ganglia in combination with the possible effect on
smooth muscle cells of the hypertrophic nerve trunks results in obstruction.”® This prevents
the colonic mass movements to propagate through the aganglionic segment, which
consequently remains in a tonic state. Furthermore, the presence of feces in the rectum fails to
elicit relaxation of the internal anal sphincter, which contributes to the clinically observed
obstructive symptoms.

2Lt

1.4 ETIOLOGY

The absence of enteric ganglion cells in the myenteric and submucosal plexi along variable
portions of the gastrointestinal tract is pathognomonic for HSCR. The underlying mechanism
of HSCR is still unknown, but there is support for three main theories. One is that the
migration of neurons from the neural crest is defective and therefore causes aganglionosis.
Another hypothesis is the hostile microenvironment (the presence or absence of local factors
in the extra cellular matrix) and its possible negative effect on the migration and maturation
of the neurons. The third theory concerns a possible defective differentiation and formation of
the enteric ganglia, caused by survival and selective death (apoptosis).? The exact
mechanism is unknown, however, but HSCR is concluded to be a multifactorial disease
caused by both genetic and environmental factors.

1.4.1 Genetic factors

HSCR can be inherited as an autosomal dominant, autosomal recessive and even as a
polygenic disorder. In the majority of cases HSCR is inherited with low, sex-dependent
penetrance, suggesting a complex pattern of inheritance. For short-segment disease, there is a
4:1 male to female predominance compared to with long segment where the ratio is 2:1. The
sibling recurrence risk is 4%, giving a relative risk of sibs as high as 200 compared with the



general population.?® Furthermore, HSCR is associated with other congenital malformations
in 5%-32% of cases. The most commonly reported anomalies are found in the gastrointestinal
tract (8%) followed by CNS anomalies (7%).2° The incidence of anomalies associated with
HSCR is shown in Figure 7. HSCR may also be syndromic, where the most common
syndrome is Down syndrome (DS). Seven to 15% of patients with HSCR also have DS.?"%
Other syndromes that are associated with HSCR are, for instance, Waardenburg-Shah
syndrome (WS4), Mowat-Wilson syndrome, Goldberg-Shprintzen syndrome, Pitt-Hopkins
syndrome and Haddad syndrome (congenital central hypoventilation syndrome).

Figure 5. Graph showing the mean incidence of associated anomalies with Hirschsprung
disease (HSCR).? CNS: central nervous system.
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Associated anomalies

Mutations in gene encoding components in the ENS signalling pathways are associated with
HSCR and the genes identified until now are shown in Table 1. The first and major
susceptibility gene is the proto-oncogene rearranged during Transfection (RET), that is also
involved in multiple endocrine neoplasia type 2 (MEN 2), causing medullary thyroid
carcinoma, pheochromocytoma and primary hyperparathyroidism.?**°A RET mutation is
identified in 50% of the familiar cases and 15% of the sporadic cases of HSCR.*! RET is a
transmembrane tyrosine kinase receptor. Activation of RET promotes proliferation, migration
and differentiation of the ENS.3? RET also exerts a pro-apoptotic effect that is inhibited by

Glial cell line-derived neurotrophic factor (GDNF).*

GDNEF is part of a family of neurotrophic factors that bind to a cell surface protein called
GDNF family receptor alphas. This ligand complex activates the RET tyrosine kinase. This
pathway is essential for the survival, proliferation, migration and differentiation of the neural
crest cells.*** HSCR is rarely associated with mutations in GDNF.*®
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Endothelin 3 (EDNB3) is a ligand for a G protein-coupled endothelin receptor type B
(EDNRB) that plays a role in the development of ENS. Mice lacking edn3 or ednrb develop
colonic aganglionosis.*” This signalling is also required for melanocyte development.®** In
HSCR patients, EDNRB or EDN3 mutations are found in about 5% of cases.*

Sex determining region Y related box 10 (SOX 10) transcription factor plays an essential role
in ENS formation since it is necessary for the expression of RET and paired-like homeobox
2B (PHOX2B).***! Mutations in the SOX10 have been identified in patients with WS4
including HSCR and deafness with pigmentation abnormalities.*?

PHOX2B is a homeodomain transcription factor, expressed prior to the entry of vagal neural
crest cells into the gut.*** Mutations in the PHOX2B gene are rare in patients with HSCR but
may cause HSCR, congenital central hypoventilation syndrome, and neuroblastoma in
various combinations.*

Zinc finger homeobox 2 (ZEB2) codes for a zinc finger homeobox that is involved during
early neural crest development.*®*” Mutations in this gene cause Mowat-Wilson syndrome,
which is characterized by moderate or severe intellectual disability, a characteristic facial
appearance, microcephaly, epilepsy, agenesis or hypoplasia of the corpus callosum,
congenital heart defects, HSCR and urogenital/renal anomalies.*®

To explain the gender disparity among HSCR patients, interference of the sex-determining
region Y (SRY) gene has been suggested. The SRY gene is the sex-determining gene on the Y-
chromosome and is a transcription factor gene. Li et al have shown that SRY competes with
SOX10 for binding to the RET gene, but acts as a negative modifier on RET expression.*®

Hedgehog signals regulate gut organogenesis and ENS development. There is speculation,
therefore, about their possible impact on HSCR. It has been shown that Indian hedgehog
mutant mice show features typical of HSCR.>® Also, the Sonic hedgehog protein has been
shown to induce intestinal aganglionosis if overexpressed.>* Another connection between
HSCR and the Hedgehog family is the transcription factors glioma-associated oncogene
honomlog (GLI), which mediates Hedgehog signalling. Recently published data suggest that
a new mutation in the GLI genes causes HSCR in mice.*?



Table 1. Genes in which coding sequence mutations are associated with Hirschsprung
disease in humans.>*>* AD: Autosomal Dominant, AR: Autosomal Recessive, MEN 2:
Multiple Endocrine Neoplasia 2, WS4: Waardenburg-Shah Syndrome.

RET 10911 AD Non-syndromic, MEN 2

EDNRB 13922 AD/AR Non-syndromic/WS4

EDN3 20913 AD/AR Non-syndromic/WS4

NRG1 8p12 AD Non-syndromic

GDNF 5p13 AD Non-syndromic

NRTN 19p13 AD Non-syndromic

ECE-1 1p36 AD Non-syndromic

ZEB2 2022 AD Mowat-Wilson syndrome

SOX10 22913 AD WS4

PHOX2B 4p12 AD Haddad syndrome

KBP 10922 AR Goldberg-Shprintzen megacolon
syndrome

1.4.2 Genetic methods

The study of genes has proven to be a powerful approach to understanding biological systems
and disorders. The genetic methods available for use in investigations are developing rapidly
with new findings and developing technology. Deoxyribonucleic acid (DNA) sequencing
according to Sanger is used to search for mutations in candidate genes.*® The goal is to
determine the order of the nucleotide base (adenine, guanine, cytosine and thymine) and to
compare this with a reference. Variants found are compared with those reported in databases
with data from healthy individuals and characterized according to the effect of the mutation
(synonymous/non-synonymous, missense or nonsense mutation). This is a polymerase chain
reaction (PCR) based method that works by stepwise prolongation of a specific DNA target
sequence, using target-specific primers and a thermostable DNA-polymerase. The DNA
sequence is determined through size-based separation of the fragments identified through
detection of wavelengths of emitted fluorescence.

Exome sequencing is another method used in the search of genetic variations responsible for
different disorders.> This method sequences only exons, which limits the study to only
known coding regions of genes that affect protein function. This is a high throughput,
computerized method in which millions of parallel elongation reactions are investigated at the
same time, also with the use of fluorescence, and build up a sequence. The method enables
the processing of a larger amount of data than DNA sequencing but the analyses are more
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complicated than Sanger sequencing. The aim of the process is the same, however, to find
possible mutations.

1.4.3 Environmental factors

Environmental factors increasing the risk of HSCR have been sparsely studied. Vitamin A
(retinol) is an essential nutrient and a precursor to retinoic acid (RA). Fu et al have suggested
that RA is essential for efficient ENS migration and proposed that some cases of HSCR
might be preventable by ensuring adequate maternal vitamin A levels during early
gestation.>” In a chick embryo model by Gasc et al, the combination of phosphoramidon with
glucocorticoid (dexamethasone) resulted in a lower frequency of malformations in male
embryos but a higher frequency in female embryos, compared with treated only with
phosphoramidon. These findings encourage the possible impact of environmental factors,
such as maternal stress during pregnancy on the fetal development.®® Another possible
environmental factor may be benzophenone-3, commonly used in personal care products for
ultraviolet filter. It has been associated with HSCR in the child of maternal prepregnancy

use.>

Untreated hypothyroidism in the embryo or the mother during pregnancy may be another
environmental factor. In a case report describing congenital hypothyroidism associated with
HSCR, Kota et al speculated upon the importance of thyroxin levels for the development of
the intestines.?’ This may explain why patients with DS, who have an increased risk of
hypothyroidism, also have an increased risk of HSCR.*

Another possible environmental factor is maternal medical drug use. In animal models
maternal intake of ibuprofen (used for anti-inflammatory effects) or mycophenolate (used for
suppressing the immune system) can cause ENS malformations with an HSCR-like
pathology, which calls for studies on the maternal intake of drugs during pregnancy and the
associated risk of HSCR.®% There have also been vague speculations about the use of
selective serotonin re-uptake inhibitors (used for anti-depression) and HSCR.*

As a parallel to HSCR and environmental factors, the protozoan parasite Trypanosoma cruzi
causes Chagas disease, a disease similar to HSCR.* In its chronic phase, Chagas disease is
characterized by damage of intramural neurons in the colon. The exact mechanism is still
unclear, but a combination of a direct effect of the parasite and an autoimmune response is
likely.®®

1.5 EPIDEMIOLOGY

The birth prevalence of HSCR varies in the literature between 1 in 2,000 to 1 in 12,000 live
births, with the highest birth prevalence in Asian populations and the lowest in Hispanics.®” A
large register-based study in Europe reported a birth prevalence of 1.09 in 10,000 live
births.®® This study also reported a small increasing trend although this is probably is due to
better registration in the different registers than a true increase. Whether it is preferable to
describe incidence or birth prevalence for congenital malformations has been discussed. The



population at risk is unknown due to the unknown number of conceptions that reach the
gestational age when the congenital malformations may occur. Since the incidence is
calculated on the population at risk, which remains unknown, the calculation on birth
prevalence is preferred.”

Risk factors and the perinatal characteristics of HSCR have been sparsely studied. Mostly,
only small studies are presented in the literature, assessing maternal age, parity and ethnicity,
and the results have not been consistent. Goldberg showed an association between maternal
age and a risk of HSCR in offspring, which could not be confirmed by Russel et al or Best et
al.”"" An increased risk of having HSCR for the first born has been reported.” Several
studies have shown that maternal obesity is associated with an increased risk of structural
anomalies in general, but it has not been shown for HSCR specifically.’%"*"

Patients with HSCR have been reported to be born at an earlier gestational age than
controls.” The prevalence of prematurity among HSCR patients was reported to be 4-19.4%
(overall prevalence, 14%) in a systemic review based on studies from 2000 to 2013.”° The
reason for being born earlier is still unknown but preterm patients with HSCR have more
associated anomalies than full-term patients with HSCR, which may be an explanation.”’

1.6 CLINICAL FEATURES

At two days of age, George had not yet passed meconium. He had vomited and his abdomen
was distended. He was admitted to the pediatric surgical clinic. First, he was resuscitated
with intravenous fluids and the bowel was decompressed with regular irrigations. Abdominal
radiographs showed a bowel obstruction. A couple of days later he was well and could start
feeding. Rectal suction biopsies were taken at the ward and a contrast enema showed a
suspected transition zone at the recto-sigmoid level. The rectal suction biopsies showed
aganglionosis in all three samples; therefore George was planned for surgery.

Most patients (90%) with HSCR present as new-borns with symptoms of neonatal bowel
obstruction with delayed abdominal distension (76%), vomiting (69%), passage of meconium
(57%), and Hirschsprung-associated enterocolitis (HAEC) (10%), whereas other patients
suffering from chronic constipation are diagnosed later in life (10%)."® The clinical
presentation is similar in full-and preterm babies, however, preterm babies have a higher
frequency of associated malformations and total colonic aganglionosis (TCA).”

The diagnostic procedures comprise rectal suction biopsies, contrast enema and anorectal
manometry. Contrast enema shows the transition zone (the area between the dilated bowel
and the narrow aganglionic part) in approximately 74% of cases.”® Anorectal manometry is a
reliable non-invasive test showing, in the case of HSCR, absence of the rectoanal inhibitory
reflex in response to rectal distension.®
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Figure 6. A contrast enema shows the transition zone (arrow) in the sigmoid colon.

The diagnosis is confirmed by rectal suction biopsies. Absence of ganglion cells and
hypertrophic nerve bundles (a diameter of >40um) are typical for HSCR. The presence of
ganglion cells excludes HSCR. The extension of aganglionosis is classified into short-
segment (limited to rectum and sigmoid colon, 74% of all cases) and long-segment (extended
aganglionosis proximally to the sigmoid colon, 18% of all cases). TCA, with or without small
bowel aganglionosis, which may involve a very long-segment HSCR (Zuelzers disease),
occurs in 8% of cases.®*

The median age at diagnosis has decreased over the past few decades due to greater
awareness of the disease. In 1979, 40% of the patients were diagnosed within the first three
months following birth compared with 90% being diagnosed as neonates in 1996.28!

Figure 7. Diagnostic procedures for Hirschsprung disease (HSCR).
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1.7 MANAGEMENT

The initial treatment, starting with the suspicion of HSCR, consists of regular bowel
irrigations. The treatment of HSCR comprises surgical resection of the aganglionic colon
followed by the ganglionic bowel being anastomosed to the anorectum for preservation of the
sphincters. Swenson was the first to develop a surgical technique for HSCR, with Duhamel
and Soave then modifying it a few years later. > #2% During the 1980s, one-stage procedures
were proposed for uncomplicated cases.?* The two main techniques performed today are the
total transanal endorectal pull-through (TERPT) and the laparoscopic assisted pull-through
(LAP), although the Duhamel procedure is also commonly used. There is no difference in
length of stay or incidence of postoperative complications between these two methods.® In
patients with older ages at diagnosis, TCA or with severe enterocolitis, a temporary
enterostomy is often preferred as a first step.

Figure 8. Drawings showing the different surgical methods A. Soave procedure, B. Swenson
procedure, C. Duhamel procedure. The image is taken from the chapter on Hirschsprung
Disease, Pediatric Surgery, 7th edition (2012), edited by Coran et al and published by kind
permission of Elsevier Saunders.
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1.7.1 Surgical methods

The Swenson procedure, originally described by Swenson et al in 1948, includes
transabdominal full-thickness dissection of the colon with coloanal end-to-end anastomosis,
as shown in Figure 8B.%

The Duhamel procedure comprises a retro-rectal pull-through and an end-to-side anastomosis
to the anal canal, as shown in Figure 8C.%

The Soave procedure describes a transabdominal endorectal dissection of the colon before
pull-through and coloanal end-to-end anastomosis, and is shown in Figure 8A.%
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LAP, initially described by Georgeson in 1995, is a minimally invasive approach using
laparoscopy for colonic biopsies and mobilisation of the colon. It is followed by transanal
endorectal dissection of the rectum and coloanal anastomosis.®’

TERPT includes, as the name implies, submucosal dissection of the rectum and colon
endorectally with coloanal end-to-end anastomosis.®® There is also a modified TERPT in
which peroperative biopsies are taken from a small umbilical incision at the beginning of the
procedure. This enables faster analysis of the peroperative biopsies and thus avoids the risk of
missing a patient with TCA.

Sphincterotomy or myectomy have earlier been described as options in the treatment of short-
segment HSCR, but are nowadays only occasionally used for persisting late complications
such as obstructive outlet constipation or recurrent enterocolitis.”

Before one-stage surgery techniques were introduced, most of the patients were initially
treated with a stoma. Some of these patients have never had further surgical treatment and are
therefore still living with their stoma as a permanent solution. Some patients with persisting
problems after pull-through may accordingly receive a stoma as a temporary or permanent
solution.™*

1.8 OUTCOMES

At 10 days old, George had underwent TERPT for HSCR. The surgical procedure was
uneventful and he was discharged from hospital three days later.

Two weeks after pull-through, George and his parents were back for a control at the
outpatient clinic. The time since surgery had been fine, he had had daily passage of stool and
gained weight. At the examination, George had a perianal skin rash and was prescribed local
treatment. His abdomen was soft and the anastomosis was calibrated at the rectal
examination.

Later on, George was followed-up at the outpatient clinic twice a year. He is still using
laxatives due to problems with constipation. At the age of six George was treated with
Botulinum toxin due to persistent constipation and has not experienced any soiling or
constipation symptoms since.

1.8.1 Mortality

Before the era of possible surgical treatment for HSCR, the mortality rate was very high and
only patients with short-segment aganglionosis had any chance of survival. Since the surgical
procedure became available, the mortality rate has decreased significantly. Postoperative
mortality after the Swenson procedure was reported to be 2.4% between 1947 and 1986.%
The mortality in HSCR patients undergoing one stage transanal pull-through varies between
0% and 2%.%* Patients with DS, TCA and HAEC seem to have an increased risk of
mortality, as well as patients with anastomotic leakage after the pull-through.?%%



1.8.2 Morbidity

1.8.2.1 Hirschsprung-Associated Enterocolitis

HAEC is the most threatening complication of HSCR since morbidity and mortality are
possible outcomes. The pathogenesis remains unknown.* It occurs in 5-42% of cases and
may develop both before or after surgery for HSCR.? Patients with DS have a significantly
higher rate of preoperative and postoperative HAEC.? Symptoms such as distended
abdomen, explosive diarrhea with foul-smelling stool, vomiting and fever are typical,
although the symptoms may vary. To promote early diagnosis and treatment, Pastor et al
proposed a diagnostic scoring system.*® The treatment for HAEC is resuscitation,
decompression of the gastrointestinal tract and antibiotics.”

1.8.2.2 Early complications

The early complications are defined as any complication within 30 days after the pull-through
procedure for HSCR. The most frequently occurring complication is perianal skin rash, which
may occur in about 46-55% of the cases.'**** Complications such as wound infection,
bleeding, anastomotic leakage and prolapse of the pulled through segment are less frequently
reported. “1%1% The overall risk of having an adhesive bowel obstruction after surgery for
HSCR has been shown to be about 30%. Although the same study also showed that stoma
formation was a risk factor for having a small bowel obstruction.'®® This may indicate that the
surgical procedure for HSCR today with one stage performance and an transanal approach
may decrease this complication.

1.8.3 To assess outcome

Over the years, many different scoring systems have been employed for the evaluation of
bowel function after surgical treatment for HSCR, which makes it difficult to compare the
outcomes. The methods used to evaluate bowel function in HSCR patients are the
Krickenbeck criteria and the Rintala score (bowel function score) but most commonly are
surgeon-reported outcome without a specific score.’**'% For adults, there are plenty of
scoring systems for fecal incontinence such as the Wexner score, St. Mark’s incontinence
score and the Miller incontinence score.’%% The Krickenbeck and Rintala scores use soiling
as a sign of fecal incontinence, while fecal incontinence itself may also be sub-divided into
incontinence with solid or loose stool, soiling (leakage of fluids) and urgency, as in the bowel
function questionnaire by Osterberg et al.*® Another problem with follow-up is the fact that
patients may be biased if it is the performing surgeon who is asking the questions. The most
objective outcome will probably be achieved if the examiner has not had a current patient-
doctor contact. Studies based on patient-reported outcomes have shown that children with
HSCR reported more pain and symptoms compared with their parental reports.**
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1.8.4 Late complications

The most common late complications are functional problems such as fecal incontinence and
constipation. The late complications of HSCR have gained significant attention during recent
years. The widely held view that the long-term bowel function outcomes of in HSCR are
generally favourable has been strongly questioned by several reports.***** In Table 2 the
number of late complications among adult patients are presented. However, the long-term
effects that are analyzed today are the effects of the early surgical methods.

Table 2. Presented numbers of late complications among adult patients who underwent
surgery for Hirschsprung disease."*** Age presented in years with median or mean (range
or standard deviation)

Jarvi 92 43 (36-51) Duhamel 30% 14%
leiri 42 33 (19-55) Duhamel  33% 17%
Heikkinen 100 31(x7) Duhamel 1% 9%

Constipation has been reported in 1-50% of patients with HSCR.%%411114 The definitions of
functional constipation are defined in the ROME 111 classification.®> The symptoms may be
due to stricture, residual aganglionosis, transition zone pull-through, intestinal dysmotility or
stool-holding behaviour. Internal anal sphincter achalasia is present in all HSCR patients and
while most overcome the inability to relax the internal sphincter, some do not. The
obstructive symptoms may also lead to pseudo-incontinence. ™

Depending on how the bowel function has been assessed, the incidence of fecal incontinence
varies between 8-71% %1111 The main reasons for fecal incontinence are sphincter
damage causing a deficient sphincter function and/or abnormal sensation after surgical
procedures performed mostly through the anal opening, for example TERPT. Stensrud et al
performed endosonographic surveys on patients who had either TERPT or LAP for HSCR.
They found that patients treated with TERPT had more defects in the internal anal sphincter
indicating a risk of fecal incontinence, although the patients in the TERPT group were
younger at follow-up than the patients in the LAP group.'*’ A meta-analysis comparing 159
patients undergoing LAP and 248 patients undergoing TERPT showed no significant
differences between the groups according to postoperative HAEC, fecal incontinence or
constipation.® The interpretation of these results must be cautious due to the heterogeneity in
outcome and follow-up assessment. It must also be remembered that patients with DS and/or
TCA are known to have worse long-term functional outcomes.?®*18



It is of great importance to understand the underlying mechanisms of the long-term
complications in order to successfully apply the available management tools. Conservative
treatment may be diet changes, biofeedback (training of the pelvic floor muscles) and
medication with oral laxatives like as bulking entero-stimulant agents, as well as active bowel
management such as transanal irrigation. Non-conservative treatments include injection of
botulinum toxin, repeated dilatations, sphincteromyectomy, Malone surgery, permanent
stoma, and redo pull-through. %12

Other occasional late complications are urinary incontinence and sexual dysfunction as a
result of low pelvic dissection during surgery. Controlled long-term follow-up studies
designed for this purpose are missing, but small studies have shown micturition disturbances
in 10% of patients and sexual dysfunction in 11%.*% Van den Hondel et al found that 11% of
males with HSCR had erectile dysfunction and that 53% of women reported sexual
dysfunction.'?®

1.8.5 Quality of life

The world health organisation (WHO) defines quality of life (QoL) as “an individual’s
perception of their position in life in the context of the culture and value systems in which
they live, and in relations to their goals, expectations, standards and concerns”.*** QoL has
become an important endpoint in clinical studies and with increased use, different types of
measurements have been developed.'?® There are two main approaches to measure QoL: the
general health-related generic QoL and the symptom-specific QoL. The generic QoL assesses
health and well-being independently of the disease, making it possible to compare QoL of
different diseases while the symptom-specific measurement has the advantage of focusing on
specific issues relevant to the disease under assessment.

The short-form (36) Health Survey (SF-36) is a generic QoL questionnaire used worldwide. It
is a short-form validated survey with 36 questions, translated and validated into Swedish.?*"
128 The results are divided into eight subscales; physical functioning, role physical, bodily
pain, general health, vitality, social eight unctioning, role emotional and mental health and
two summary measures; the physical component score which is defined by physical
functioning, role physical, bodily pain and general health, and the mental component score
defined by the rest of the subscales. The maximum score for each scale is 100, and the higher
the score the better the QoL.

Gastrointestinal quality of life (GIQLI) is a symptom-specific validated 36-item questionnaire
for the measurement of symptom-related QoL in a variety of gastrointestinal disorders.** It
was translated into Swedish and validated in 2009.** Each question generates 0 (least
desirable) to 4 (most desirable) points, which make the total score range from 0 to 144.
Except for a total score, the questionnaire generates scores for five domains: physical role,
large bowel function, emotional role, upper gastrointestinal tract function and meteorism.
Wigander et al recently translated a new disease specific QoL questionnaire the
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Hirschsprung’s Disease/Anorectal malformation Quality of life Questionnaire (HAQL) for
the evaluation of QoL and fecal incontinence."*"**

Since impaired bowel function may impact QoL, it is important to assess it for HSCR
outcome.® Unfortunately, there are only a few studies assessing QoL in HSCR patients.
Jarvi et al followed-up patients mostly operated with the Duhamel procedure in childhood.
Their QoL, measured with GIQLI, showed only marginally and not significantly lower scores
in patients with HSCR. Among the patients with the lowest GIQLI score, low bowel function
score tended to predict poor QoL.**! Gunnarsdottir et al also evaluated QoL among 47
patients who underwent surgery for HSCR, and who were mostly operated with the Duhamel
procedure. They concluded that the overall QoL according to SF-36 was satisfactory but that
young females scored significantly lower for general health and mental health when
compared with male patients and the norms for female in the Swedish population. Patients
with aganglionosis on the right colon also had lower GIQLI score than those with
aganglionosis to the left colon.***

Other aspects of QoL may not be measured by these instruments such as fertility and the
ability to obtain education and work. Patients with HSCR have shown an increased need for
special education at school when compared with controls, although when assessing
intelligence no differences are apparent.'®

1.8.6 Risk of other diseases

Patients with HSCR have an increased risk of developing medullary thyroid carcinoma
(MTC). The risk is partly attributed to mutations in the RET gene shared by HSCR and
MTC.** A small but interesting study has also shown that HSCR patients may develop
inflammatory bowel disease (IBD) later in life."*’

HSCR has also been associated with tumours of neural origin such as neurofibromatosis.**
The risk of other diseases is unknown.

1.9 SWEDISH NATIONAL REGISTERS

Since 1947 all residents in Sweden recieve a unique personal identification number after birth
or immigration. This enables a linkage between different national registers without personal
identification. The comprehensive national health care system represents nearly 100% of all
health care produced in Sweden. These factors enable to unique possibilities for studies on
large, unselected, and population-based material. This is a summary of the national registers
used in Studies IV and V.

1.9.1 The Swedish National Patient Register

The Swedish National Patient Register (NPR) contains prospectively collected information
from all hospital admissions in Sweden and is maintained by the Swedish National Board of
Health and Welfare. The register was initiated in 1964 and covers all hospitals in Sweden



since 1987. The data includes gender, age, geographical data, surgical procedures, primary
and secondary diagnosis and date of admission and discharge. The International
Classification of Diseases (ICD) has been modified over the years: ICD-8 in1969-1986; ICD-
91in 1987-1996 and ICD-10 since 1997. From 2001, data on outpatient specialist care was
also included in the register. The latest validation of the register showed that the diagnoses
are valid in 85-95% of the cases, but the Swedish National Board of Health and Welfare
report the inpatient register to lack about 1% of data.****%

1.9.2 The Swedish Medical Birth Register

The Swedish Medical Birth Register (MBR) contains data on all pregnancies and deliveries
in Sweden since 1973. The Swedish National Board of Health and Welfare administer the
register. Correlation between register data, corresponding original medical records and the
validity of the study exposures has been shown to be excellent.** The data is collected
prospectively from antenatal care clinics, obstetric clinics, and maternity wards and include;
maternal age and parity, maternal weight, height, maternal smoking, maternal diseases,
duration of pregnancy, single or multiple birth, parity and birth weight.

1.9.3 The Swedish Register of Education

The Swedish Register of Education started in 1985 and registers the highest education level
for the inhabitants between 16-74 years of age. The register is national, maintained by
Statistics Sweden, and updated annually. The latest evaluation of this national register
suggests that it is 85% valid.**?

1.9.4 The Swedish Income and Taxation Register

The Swedish Income and Taxation Register was started in 1943 and the system for reporting
data has improved over the years. The registry is administered by Statistics Sweden and
covers all tax-paying citizens. Individual disposal income is the sum of all incomes excluding
taxes per individual and year.
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2 AIMS OF THE THESIS

The overall aim was to increase the knowledge on different types of outcomes in patients
with HSCR.

The specific aims were to:
- identify the molecular background in a family with both HSCR and MS (Study I)
- longitudinally evaluate the functional outcome after LAP for HSCR (Study I1)

- assess the bowel function and QoL in adults who underwent surgery for HSCR during
childhood (Study I11)

- assess birth prevalence, maternal risk factors and perinatal characteristics of HSCR in
Sweden (Study 1V) and to assess if HSCR has an impact on educational level and income
(Study V)



3 PATIENTS AND METHODS

3.1 STUDY I

This was a genetic study of a family with HSCR and MS. The patients enrolled in this study
were three related subjects; a girl with HSCR (proband), her mother and her grandmother,
both with HSCR and MS. All patients had undergone surgery for HSCR during childhood.
None of them had any associated anomalies. The mother of the proband was diagnosed with
MS at the age of 25 years whereas the girl’s grandmother was diagnosed with MS at 37 years
of age.

Figure 9. Pedigree of the family with three generations with squares indicating males and
circles indicating females. Filled symbols are the affected individuals and the arrow indicates
the proband. MS: multiple sclerosis, HSCR: Hirschsprung disease.
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Data on the patients’ HSCR and MS phenotypes were collected from the case records. DNA
was extracted from ethylenediaminetetraacetic acid (EDTA) preserved blood and isolated
according to standard procedures. For the exome sequencing, the library was created with
Aglilent Sure Select Human All Exon 50M and Illumina HiSeq2000 was the platform used
for sequencing. Postcapture libraries were sequenced as 2x100 base pair end reads. The
exome sequencing was performed at the Science for Life Laboratory, Stockholm. After base
calling, mapping, variant calling, annotation were performed using an in-house pipeline.
Filtration was then preformed before analysis. The analyses mainly focused on the known
HSCR genes.

In order to confirm the finding from the exome sequencing, Sanger sequencing of exon 2 of
the EDNRB gene was performed after amplification by PCR using a standard protocol. The
PCR product was purified by Exo I/SAP treatment (Fermentas) prior to direct sequencing
using the BigDye Terminator v3.1 kit (Applied Biosystems) and analyzed using the 3730
DNA Analyzer (Applied Biosystems). The Sanger sequencing was performed at the Center
for Molecular Medicine, K1, Stockholm.
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3.2 STUDY I

This study was a clinical follow-up study which included thirty-five children treated for
HSCR with LAP between 1998 and 2009 at the Department of Pediatric Surgery at
Karolinska University Hospital. The diagnosis was histopathologically confirmed in all cases.
Exclusion criteria were TCA (1 patient), follow-up less than 6 months (1 patient) and lost to
follow-up (4 patients). After parental consent, 29 children participated in the study. Data were
collected from the case records. Semi-structured interviews using a non-validated
questionnaire were performed in 2009 and 2012, respectively, by an independent examiner.
At the second round of interviews in 2012, two additional patients were lost to follow-up due
to emigration. Consequently, 27 patients eventually completed the study. For the interview
protocol, see Appendix A.

Figure 10: Flow chart Study Il. HSCR: Hirschsprung disease, LAP: Laparoscopic assisted
pull-through TCA: total colonic aganglionosis.
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3.3 STUDY Il

Study Il was conducted as a clinical long term follow-up study. All patients who underwent
surgery for HSCR between 1969 and 1994 at St. Goran’s Children’s Hospital were identified
and invited to participate in the study (n=60). Those that accepted received a set of
questionnaires (n=48), the response rate was 80%. After histopathological confirmation of the
diagnosis, nine patients were excluded and 39 remained (22 males). Demographic data were
collected from case records. For the questionnaires, see Appendix B.

One age- and sex-matched control per patient in the HSCR group (n=39) was included. These
individuals were randomly selected from the National Swedish Population Register. This
control group consisted of 22 males and 17 females and the median age was 25 (19-42)
(p=0.738). These controls responded to the same set of questionnaires concerning bowel
function *®°, urinary function and the SF-36 questionnaires but not to the GIQLI
questionnaire. Therefore a different control group, also matched for age and sex, was used for
comparison of the GIQLI scores.



Figure 11. Flowchart Study I1l. HSCR: Hirschsprung disease, SF-36: The Short Form (36)
Health Survey, GIQLI: Gastrointestinal Quality of Life Index.
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This control group was also randomly selected from the National Swedish Population
Register. Since two patients had a stoma at the time of the survey, they were excluded from
the analysis of bowel function and GIQLI results. Both the HSCR group and the control
group consisted of 20 males and 17 females. The median age in the control group was 28.2
(19.6-42.7) (p=0.709).

3.4 STUDY IV

This study was a national population-based case-control study. The study base included all
neonates born in Sweden during the observational period from 1% of January 1982 to 31% of
December 2012 registered in the MBR. In the study base, the outcome HSCR or no HSCR
was assessed. The outcome HSCR was defined as all cases with an ICD code for HSCR in
the NPR (ICD-8: 751.39, ICD-9: 751D, ICD-10: Q431) during the study period (n=816).
Since the histopathological diagnosis was not available in the registers, the following
inclusion criteria had to be fulfilled in an attempt to certify that the cases were not
misclassified as HSCR:

1) HSCR as the main diagnosis and a surgical intervention number specific for HSCR.
2) Admission to a pediatric surgical center at least twice, with a hospital stay of at least
four days at least once, and HSCR as the main diagnosis for both hospital stays.

3) One long admission at a pediatric surgical center once and more than one outpatient

visit at a pediatric surgical centre with HSCR as the main diagnosis.

Figure 12. Flowchart for Study V. HSCR: Hirschsprung disease, MBR: The Swedish
Medical Birth Register, NPR: The Swedish National Patient Register
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Based on these criteria, 216 patients were excluded, resulting in a total of 600 HSCR cases
and 590 mothers due to 10 siblings among the cases. For each case, five controls without a
history of HSCR were randomly selected using incidence density sampling from the study
base and matched for birth year and gender, n=3000. The study exposures were assessed
through linkage with the NPR for both cases and their mothers. The definitions and
categorization of study exposures are presented in Table 3.

Table 3. Definition and categorization of study exposures. MBR: The Swedish Medical Birth
Register, NPR: The Swedish National Patient Register, ICD: International Statistical
Classification of Diseases and Related Health Problems, SGA: small for gestational age.

Maternal risk factors

Maternal age MBR <20 years, 20-24 years, 25-29 years, 30-35 years,
>35 years

Maternal smoking  MBR non-smoker,<10 cigarettes daily, >10 cigarettes daily

Maternal parity MBR First, second, >third

Maternal MBR <18.5 (under weight), 18.5-24.9 (normal weight),

Body Mass Index 25.0-29.9 (over weight), >30.0 (obese)

Maternal diseases MBR/NPR ICD-8: 242, 244, 245, 250, 340.99, 563.00-563.10,
ICD-9: 242, 244, 245, 250, 340A-341X, 555A-X,

556,
ICD-10: EO3, EO5, E06, E10, E11, E12, E13, E89,
G35.9, K50-51.
Perinatal Characteristics
Delivery mode MBR Caesarean section, Vaginal delivery
Gestational age MBR <37 gestational weeks (preterm)
>37 gestational weeks (fullterm)
Birth weight for MBR SGA
gestational age not SGA
Preeclampsia MBR/NPR ICD 8: 637.00-637.04, 637.09-637.10, 637.99

ICD 9: 250 A-H, 648A, 648W

ICD-10: E100-149, 0240-244, 0249 041.0-041.9
Congenital MBR/NPR ICD-8: 750.00-759.99
malformations ICD-9: 740-759X

ICD-10: Q00-Q99

3.5 STUuDYV

This was a nationwide, population-based cohort study during the observational period from
1% of January 1964 to 31* of December 2013. The study exposure was HSCR collected from
the NPR (ICD-7: 756.31, ICD-8: 751.39, ICD-9: 751D, ICD-10: Q431). A total of 1,267
individuals with these ICD codes were found, and to confirm that they were exposed to
HSCR and not misdiagnosed, each individual had to fulfil one of the following inclusion
criteria:



1) HSCR as the main diagnosis and a surgical intervention number specific to HSCR.
2) Admission to a pediatric surgical centre at least twice, with a hospital stay of at least
four days at least once, and HSCR as the main diagnosis for both hospital stays.

3) One long admission (>4 days) to a pediatric surgical centre once and more than one

outpatient visit to a pediatric surgical centre with HSCR as the main diagnosis.

Figure 13. Flowchart Study V. HSCR: Hirschsprung disease, NPR: The Swedish National
Patient Register.
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Using these criteria 528 individuals were excluded, resulting in a total of 739 exposed cases.
Since the study outcome was the highest educational level and income, we chose to exclude
individuals who had died before 2013 (n=16) or were <16 years of age (n=259). Individuals
with chromosomal aberrations (n=75) were also excluded. Altogether, after exclusion, a total
of 389 cases were included. The unexposed cohort was randomly collected from the
Population Register and comprised 10 unexposed individuals for each exposed individual
matched for birth year, gender and birth county (n=3,847).

The study outcome of highest education level was collected from The Swedish Educational
Register and was categorized into three levels: <9 years of compulsory school, 2-3 years of
upper secondary school, and university education.

The individual disposable income was collected from The Swedish Income and Taxation
Register for the year 2013.

3.6 STATISTICS

For Studies 11-V, P-values <0.05 were considered statistically significant.
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3.6.1 Study i

Categorical data are presented as frequencies/proportions and were analysed with a chi-
squared test. Numerical continuous parameters are presented as median and range.

3.6.2 Study Il

Categorical variables are presented as frequencies/proportions and were analysed using
Fisher’s two-tailed exact test. Numerical variables are presented as median and range and
were analysed with the Mann-Whitney U test. Occasional missing values within the GIQLI
questionnaires were replaced with the median value for that particular question for the whole
group. Data were analysed with the software program IBM SPSS Statistics Version 21
(Armonk, NY, USA).

3.6.3 Study IV

Differences in possible correlating factors (gestational age, weight for gestational age,
delivery mode) between the HSCR and control groups were analyzed using logistic
regression and are presented with odds ratio (OR) estimates, and 95% confidence intervals
(CI). Factors possibly directly related to the odds of a child being born with HSCR were
analyzed using a conditional logistic regression (clogit in R) stratifying over the matched
pairs. Results are presented with ORs and 95% Cls. All the odds of HSCR were evaluated
with a univariable approach. Multivariable analysis was considered if the univariable analysis
showed that it was appropriate. All statistics were performed in the R program. **?

3.6.4 Study V

The association between exposed and unexposed individuals was analyzed with the R
program. *** Categorical data are presented as frequencies/proportions and were analyzed
using Fisher’s two-tailed exact test. Numerical continuous data are presented as median and
range and the two-sided Mann-Whitney U test was used for analysis. Ordinal regression of
highest educational level was conducted using three levels of education: <9 years of
compulsory school, 2-3 years of upper secondary school, and university education. A linear
regression model was conducted for effect of exposure on income, adjusted for age and
gender.

3.7 ETHICS

The Regional Ethics Review Board at Karolinska Institutet approved all the studies in this
thesis.



4 RESULTS

4.1 STUDY I

A novel heterozygote nonsense mutation was found in the EDNRB gene (c.C397T, p.R133X,
ref NM_000115), changing an arginine at position 133 into a premature stop codon in the
proband and her grandmother. The mutation was confirmed by Sanger sequencing in all three
affected family members.

Figure 14. Results from the Sanger sequencing.
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4.2 STUDY I

There were 23 males and 4 females in the study group. Median age at presentation was 4 days
(0 days-6 years). Twenty patients (74%) presented with neonatal bowel obstructions followed
by five with constipation (19%) and two with HAEC (7%). The extent of aganglionosis
according to histopathology was recto-sigmoid in 25 of the patients (93%) and long-segment
in two of them (7%). The median age at surgery was 104 days (29 days-8 years). Two
patients had postoperative complications, one had anal stricture and one underwent a second
operation due to perforation of the rectum at LAP. Associated malformations including
chromosomal aberrations were detected in 10 of the children, of whom three patients had DS.
The patients followed-up in Study Il were of a median age of 4 years (2-16) at the first
interview and 7 years (5-19) at the second. The results of the bowel function are shown in
Table 4.
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Table 4. Functional outcome. Text in bold indicates statistically significance. NS: non
significant.

Soiling (loose stool) 18 (67%) 16 (59%) NS

Soiling (solid stool) 16 (59%) 15 (56%) NS

Constipation 11 (41%) 4 (14%) 0.023

Use of laxatives 13 (48%) 8 (30%) NS
4.3 STUDY I

There were 22 males and 17 females in the study group. The extent of aganglionosis
according to histopathology was recto-sigmoid in 37 (95%) of the patients and TCA in two
(5%) of them. The median age at surgery was 1 year (1-17). Associated malformations
including chromosomal aberrations, were detected in five of the patients of whom one patient
had DS. Most of the patients had undergone a Soave procedure, (n=29; 74%) followed by
Duhamel, which was performed in five (13%) of the patients, sphincteromyectomy (two
patients), ileostomy (one patient), sigmoid colostomy (one patient) and an unknown
procedure (one patient). A multi-staged procedure, with a preoperative stoma, was performed
in five (19%) of the patients. Seven patients had postoperative complications within one
month after surgery. Secondary surgery was needed for four patients and 14 (36%) had
dilatations requiring general anaesthesia. The median age at follow-up in the study group was
28 years (20-43).

4.3.1 Results of general questions

There was no significant difference in the body mass index (BMI) between the groups.
Patients in the study group reported that their bowel function problems had affected their
choice of occupation significantly more than the control group (p=0.006) and had also
affected their social relations (p=0.013). Only two patients in the study group had a current
contact with medical care.

4.3.2 Results of the bowel function

The results are presented in Table 5. Patients in the study group had significantly more
incontinence symptoms such as urgency, a need to rush to the toilet and a higher Miller
incontinence score. Patients in the study group also had significantly more constipation
symptoms such as flatulence, strain at defecation, and the need of repeated defecations to
empty the rectum. In the study group, 29 (78%) out of 37 patients had at least one
constipation parameter compared with 13 (35%) individuals in the control group. The number
of patients having a Miller incontinence score more than five was seven (19%) compared
with none in the control group.



4.3.3 Results of SF-36

The median physical component score was 54 (29-62) in the study group and 56 (30-65) in
the control group. The median mental component score was 51 (15-59) in the study group
and 49 (16-59) in the control group. Altogether, there was no significant difference in the SF-
36 between the two groups.

Table 5. Bowel function in patients with Hirschsprung disease (HSCR) and controls. Data
are presented as frequencies or median (range). Text in bold indicates statistically significant
P-values.

Constipation parameters

Use of laxatives 1 0 0.199
Use of enemas 1 0 0 0.054
Bloating 17 1 0 0.052
Problems with flatulence 24 1 12 0 0.005
Supporting around anus at 1 4 1 0 1.000
defecation

Need to strain at defecation 11 4 4 1 0.042
Several defecations for emptying 16 5 0 0.004
Incontinence parameters

Use of loperamid or equivalent 5 2 2 0 0.254
Need to rush to toilet 17 2 8 0 0.025
Use of pad daytime 2 4 0 0 0.219
Deferring time loose stool (min) 15 (0-20) 4 15 (2-20) 4 0.653
Deferring time solid stool (min) 20 (0-20) 3 20 (4-20) 4 0.706
Miller incontinence score (0-18) 0.5 (0-15) 0 0 (0-4) 0 0.050

4.3.4 Results of GIQLI

The total GIQLI score was significantly lower in the study group when compared with the
control group. A summary of the GIQLI score is shown in Table 6. Males in the study group
had lower scores on the large bowel function, compared with the control group; 18 (12-24)
versus 22 (8-24), p=0.006. Female participants also showed significantly lower scores than
controls; 39 (22-44) versus 42 (19-44), p=0.027 for the physical role.

37



Table 6. Gastrointestinal quality of life scores for the Hirschsprung disease (HSCR) group
and controls. Data presented as median (range). Text in bold indicates statistically significant
P-values.

Physical role 39 (15-44) 43 (19-44) 0.009

Large bowel function 18 (6-24) 21 (8-24) 0.002

Emotional role 25 (11-31) 25 (2-32) 0.888

Upper gastrointestinal tract function 26 (12-32) 29 (14-32) 0.064

Meteorism 7(3-12) 9 (4-12) 0.041

Total 116 (59-139) 125 (52-141) 0.026
4.4 STUDY IV

The birth prevalence of HSCR in Sweden was 1.91/10,000 between 1987 and 2012 (Figure
15).

Figure 15. Total birth prevalence and male/female birth prevalence. The middle lines are a
sliding estimate of average prevalence.
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Maternal obesity was associated with an increased risk of the child having HSCR (OR 1.74;
Cl 1.25-2.44) as well as maternal parity of three or more children (OR 1.25; CI 1.00-1.56).
More data on maternal risk factors are shown in Table 7. Children with HSCR were born at
an earlier gestational age (OR 1.60; Cl 1.18-2.17) than controls, Table 8.



Table 7. Maternal characteristics with univariable, unadjusted odds ratios (OR) and 95%
confidence intervals (ClI). Text in bold indicates statistical significance.

Maternal age (years)

<20 9 68 0.65 (0.32-1.33)
20-24 102 520 0.97 (0.75-1.26)
25-29 203 1,005 1

30-34 170 898 0.94 (0.75-1.17)
>35 116 509 1.13 (0.88-1.46)
Maternal smoking (cigarettes daily)

None 469 2,369 1

1-9 62 277 1.12 (0.83-1.51)
>10 18 151 0.62 (0.38-1.03)
Missing data 51 203

Parity

1 233 1,249 1

2 215 1,100 1.05 (0.86-1.28)
>3 152 651 1.25 (1.00-1.56)
Maternal Body Mass Index

Under weight <18.5 9 80 0.62 (0.31-1.26)
Normal weight 18.5-24.9 279 1,533 1

Over weight 25.0-29.9 113 514 1.24 (0.96-1.58)
Obese >30.0 57 193 1.74 (1.25-2.44)
Missing data 142 680

Maternal diseases

Diabetes 11 58 0.95 (0.49-1.82)
Inflammatory Bowel Disease 0 3 -

Multiple Sclerosis 1 3 0.6 (0.06-5.77)
Thyroid diseases 26 101 1.3 (0.84-2.03)

Table 8. Perinatal characteristics with univariable, unadjusted odds ratios (OR) with 95%
confidence intervals (ClI). Text in bold indicates statistical significance.

Gestational age (weeks)

<37 60 196 1.60 (1.18-2.17)
>37 537 2,793 1

Missing data 3 11

Small for

gestational age (SGA)

SGA 15 56 1.32 (0.74-2.36)
Not SGA 557 2,752 1

Missing data 9 97

Delivery mode

Cesarean section 88 430 1.03 (0.80-1.32)
Vaginal delivery 493 2,475 1

Missing data 19 95
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There were associated malformations in 34.5% of the cases, including chromosomal
anomalies. Excluding those cases with only chromosomal anomalies, 191 had associated
malformations. In total, 59 (9.8%) of the cases had DS and 18 (3%) had other chromosomal
anomalies. The distribution of congenital malformations is shown in Figure 16.

Figure 16. Congenital malformations among the cases. CNS: central nervous system.
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45 STUDY V

The study comprised 389 exposed (294 male) and 3847 unexposed (2906 male) cases and the
median age of the cohort was 25 (16-49) years. The highest educational level did not differ
between the groups (p=0.327). Ordinal regression showed that the unexposed cohort had 1.19
higher odds (CI 0.97-1.46) of having a higher educational level compared with the exposed
cohort. Median individual disposable income was 142,200 (0-817,200) Swedish krona (SEK)
in the exposed group and 159,000 (0-3418,900) SEK in the non-exposed group (p=0.615).
Results are summarized in Tables 9 and 10. Figure 17 shows the distribution of income in the
cohort.



Table 9. The table shows the highest educational level in the study cohorts. There were no
statistically significant differences between the groups (p= 0.327).

Compulsory school <9 years 100 (26%) 838 (22%)
Upper secondary school, 2-3 years 170 (44%) 1,742 (45%)
University education 98 (25%) 1,062 (28%)
Data missing 21 (5%) 205 (5%)

Table 10. Data showing the median (range) individual disposable yearly income of the cohort
in Swedish krona.

16-24 57,900 (0-406,500) 53,100 (0-397,800)
25-30 207,300 (0-580,300) 204,200 (0-780,000)
31-40 250,300 (0-668,100) 253,800 (0-3418,900)
40-44 232,500 (86-817,200) 274,400 (0-1302,500)

Figure 17. Plotted individual disposable income and median value according to age at time
for the study. There was no statistically significant difference between the exposed and
unexposed (p=0.615).
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5 DISCUSSION

5.1 DISCUSSION OF FINDINGS

5.1.1 Genetics

In Study I the family with HSCR and MS was interesting from an etiological point of view,
as it is the first description of an association between HSCR and MS, even though HSCR is a
congenital malformation and MS is a late onset disorder. In the three subjects, HSCR was
confirmed by histopathology on the resected distal colon and MS was diagnosed based on the
McDonald criteria in the mother and grandmother.*** We showed a novel heterozygote non-
sense mutation in the EDNRB gene in all three subjects. Mutations in the EDNRB gene occur
in approximately 5% of all cases of HSCR and the mutations are mainly inherited from
unaffected parents, and usually associated with short-segment aganglionosis.”® The EDNRB
gene is coding for a subtype of G protein-coupled receptors, which play an essential role in
the development of both enteric neurons and epidermal melanocytes.>”*® There are reports on
mutations in the EDNRB gene in humans with neurological symptoms, all associated with
WS4 14548 An association between HSCR and demyelinating disorders has earlier been
related to mutations in the SOX10 gene.'*” Cantrell et al described that interaction between
the SOX10 and EDNRB genes influences penetrance and severity of the aganglionosis in a

ODom R 148

sox1 mouse model of HSC The etiology of MS remains still unknown but it is a
complex disorder, that is affected by several minor risk alleles mainly in the HLA-regions.**
An association between a mutation in the EDNRB gene and MS has not been described
previously, and it cannot be ruled out that this association may be a coincidence. The found
mutation probably causes HSCR in the family but whether the mutation increases the
susceptibility of MS is unknown. We also assessed the possibility of an association between
HSCR and MS in Study IV, regarding MS as a maternal risk factor, but could not confirm
any additional cases.

5.1.2 Functional outcome and QoL

5.1.2.1 Fecal incontinence/soiling

To evaluate long-term complications after surgical treatment for HSCR is an important issue.
For the adolescent in Study I, soiling was reported in 59-67% of cases at the first follow-up
and in 56-59% three years later. Study 11 assessed the fecal incontinence (Miller
incontinence score higher than five) at 19% in adults with HSCR and 54% of the patients
reported at least one symptom of fecal incontinence. These results are comparable with
results from other Nordic studies.*®*** A recently published study of patients having only
TERPT surgery showed that 75% were socially continent but that they reported significantly
increased impaired bowel function compared with the control group.**® There are other
follow-up studies, which report less soiling/fecal incontinence, but the different results could



be attributed to the lack of an independent examiner.*** The underlying reason for these
sequels are not assessed in these studies and neither is the effect of optimal treatment.

5.1.2.2 Constipation

Study Il shows a significant decrease in constipation over time (41-14%) with less usage of
laxatives with time. Several studies, as in Study I1, have shown progressively improved
continence with time as well as constipation."™****>* However, there are also studies
suggesting the opposite development.®? In Study 111 there were significantly higher
constipation parameters in the HSCR group compared with controls, but the use of laxatives
was relatively low. Approximately 78% of patients in the HSCR group reported some
symptom of constipation, which is high when compared with other studies.****°

51.23 QoL

In Studies Il and 111, patients who underwent surgery for HSCR had a significant risk of fecal
incontinence and constipation a long time after surgery. Since fecal continence has been
suggested as an important predictor of normal QoL in patients with HSCR one of the aims in
Study 111 was to evaluate whether this affected QoL in our study.* The conclusion was that
there was no impact on the generic QoL, but a significant decrease of symptom-specific QoL.
When subanalysing the data there was no difference between age or gender in the total score
for either the generic or symptom-specific evaluation. Gunnarsdottir et al showed a good
overall QoL, but also that female gender was predictable for a worse total score of generic
QoL. Patients with an aganglionic segment reaching the right colon also had a significantly
lower total symptom-specific score.*** In a study of ARM, including young HSCR patients,
children reported better QoL but worse bowel function compared with adolescents.**?
Another study on QoL and patients having TERPT surgery for HSCR has shown that the
children’s QoL was equal to their controls while adults exhibited lower scores on emotions
and limitation of personal and sexual relationships.*® Assessing a symptom-specific
evaluation of QoL with GIQLLI, earlier studies have shown that individuals who score lower
than 105 have constant, on-going gastrointestinal symptoms.*?***® In our material, nine
individuals in the HSCR group had a score below 105. Study |11 showed a lower QoL in the
symptom-specific assessment but looking at the total, patients with HSCR as a group have a
normal rate indicating a normal/ ordinary QoL.

5.1.3 Epidemiology

Studies IV and V showed unique data as there is a lack of register studies on larger HSCR
cohorts. The birth prevalence in Study 1V of 1.91/10,000 or 1 of 5,000 live births, is
concurrent with other incidence data and did not change over the study period.®’

The maternal risk factors presented in Study IV show that obesity may be a maternal risk
factor, or at least a risk indicator for the child to have HSCR. Similar studies have shown that
maternal obesity is associated with congenital malformations, but not specifically with
HSCR."* "% T\wo known risk factors for birth defects that may confound this association
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are blood folate levels and prepregnancy diabetes. The blood folate level among the cases’
mothers is not available from the registers and is therefore unknown. The rate of diabetes
among the mothers was analyzed and no differences could be demonstrated between cases
and controls. Also, parity of three or more children increases the risk of having a child with
HSCR. When subanalysing for gender, boys show the same pattern, but not girls, perhaps due
to the small sample size and lack of power. This result is opposite to what Ryan et al
described, namely, that being first born increass the risk of having HSCR." Goldberg showed
an association between maternal age and the risk of HSCR in offspring, which could not be
confirmed in our study or by Russel et al and Best.®"*"

Study 1V also showed that HSCR patients were born at a lower gestational age than controls,
thus confirming earlier studies.” Preterm birth may have many causes, for example,
preeclampsia or congenital malformations. Maternal preeclampsia was not overrepresented
among the cases’ mothers in this study. Downey et al studied preterm patients with HSCR
and concluded that they had more associated anomalies than full-term patients with HSCR."’
The rate of associated malformations, 34.5%, reported in this study is fairly high compared
with other studies. This could be explained by our broad definition of malformation: at least
one diagnosis in any of the registers, which could cause an overrepresentation of the patients
with associated malformations. Since a very high frequency of gastrointestinal malformations
was found, these malformations were investigated further. Spounge et al have reported
associated malformations in 30% of the cases in their cohort study in VVancouver. As in our
study, gastrointestinal malformations were the most frequently reported followed by
cardiovascular malformations.*’

Study V is a unique cohort study exploring the impact of HSCR on education-and income.
There were no significant differences between the exposed cohort and non-exposed cohorts
concerning highest educational level and individual disposable income.

As shown in Studies Il and 111, as well as in other studies, patients with HSCR are at risk of
long-term complications such as fecal incontinence and constipation.**! There is no current
consensus of the impact on QoL of these long-term complications.** VVan den Hondel et al
recently published data showing that 55% of HSCR patients required special education or
remedial teaching at the age of eight years. The intelligence level is normal, but the sustained
attention is significantly lower compared with controls.**® Our results showed no difference
in graduation level, suggesting that patients with HSCR can concentrate and perform at the
same level as their schoolmates. Taking into consideration the risk of type Il errors, we would
wish to encourage further studies in the field as there are no similar studies in the literature
today.

5.2 DISCUSSION OF METHODOLOGY

5.2.1 Follow-up studies

Both Studies Il and 111 are small observational studies and the studies were conducted as
follow-up studies of patients who had undergone surgery for HSCR in the Stockholm area.



The population sample is a challenging problem, when studying a relatively rare disease and
Is a limitation within these performed studies. This problem encourages multi-centre studies
with cooperation between clinics although that may serve for other problems like different
surgical procedures and other clinical traditions. Since the functional outcomes after surgery
for HSCR are probably dependent on different aspects such as surgical technique and skill,
extent of aganglionosis, age at surgery, postoperative complications, syndromes, time to
follow-up, age, type of evaluation and type of examiner, these aspects will affect the results.
In Study 11, we assessed only the LAP technique including all types of levels of aganglionosis
and ages at surgery. This was a strength in Study 11, in addition to the repeated evaluations, as
the participants became their own controls. In Study I, the surgical procedures were
different as well as the extent of aganglionosis. The age at surgery and age at follow-up was
recorded as well as postoperative complications and possible syndromes. For this study the
mix of possible effectors of the outcome was a limitation. The more similar the study group,
for example the same surgical technique or level of aganglionosis, the more generalizable the
results will be. On the other hand, in Study 11, the comparison with the control groups was a
strength.

The choice of evaluation method will affect the future comparison possibilities with other
studies and if the examiner is unbiased or not will probably reveal more or less true
outcomes. In Study I, we used a non-validated questionnaire as the management information
for the interviews, which reduces the reproducibility of the study. In Study 111, the patients
participated through a validated questionnaire, which was processed without knowledge of
information on the detailed clinical characteristics of every patient.

In Study 111, a dropout analysis was performed to assess any possible selection bias between
responders (n=48) and nonresponders (n=12), showing no significant differences with respect
to age or gender.

5.2.2 Epidemiology

Epidemiology is the study of the distribution and determinants of health-related states or
events. There are two main types of epidemiological studies, cohort studies and case-control
studies. A cohort study is a longitudinal study of a designated group of individuals over a
period of time. They are defined by their exposure and followed-up for the outcome. The
main advantages of the cohort study are that temporal relations can be taken into account but
the disadvantages are that it may be time and cost consuming. Study V was a prospective
cohort study, meaning that the exposure status is assessed at the beginning of the follow-up.

In a case-control study, the patients with a certain outcome, for example HSCR, are identified
in a source population. The distribution of exposed/unexposed individuals is then calculated
among cases and a randomly selected control group that should mirror the study base. The
selection of controls is one of the main concerns when carrying out a case-control study.
Study 1V was conducted as a case-control study.
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No study is without limitations or possible errors. Within epidemiological studies the two
main types of errors are systematic errors and random errors (non-systematic errors). The
systematic errors affect the internal validity, meaning to what extent the results actually
measure what the study is supposed to measure. Internal validity is important for the external
validity, how the generalizability of the findings is to other populations. The systematic errors
are classified into selection bias, misclassification and confounding.

Selection bias may be introduced if there is a probability of being included in the study base
that is related to the exposure and disease. It occurs if the association between the exposure
and outcome differs between those who participate and those who do not. If the cases and
controls are recruited from the same population, as in the population-based Studies IV and V,
the concern for selection bias decreases. Selection bias may, however, have been introduced
due to the fact that Study 1V was limited to only live births. Since it was not possible from the
registers to find all possible conceptions that may have lived through gestation week 5-12,
these cases had to be excluded.

Misclassification is introduced when information regarding the exposure or outcome is
wrong, which is also called information bias. This can either be differential, in which case it
may affect the result to be false weaker or false stronger, or non-differential meaning that the
misclassification does not depend on the person’s status for the outcome. The potential
difference in the risk rate between the groups is then diluted. The introduction of inclusion
criteria in an attempt to differentiate the “true cases of HSCR” from other individuals, who
for example had been admitted for suspected HSCR but had negative rectal suction biopsies
and still received a HSCR diagnosis, may cause information bias. Recall bias is another form
of information bias that may be introduced if information on exposure data has been assessed
in a retrospective manner. All the data in Studies IV and V were collected prospectively
which is why there is no possibility of any recall bias in this thesis.

A confounder is a factor, a second exposure, which is both associated with the primary
exposure and the outcome, for example, age and gender. It can cause both an over- and
underestimation of the effect of the primary exposure. There are some possibilities to control
for confounders such as matching cases and controls, and the usage of randomization or
compensation during the data analysis (stratification or regression models).

Random or non-systematic errors are errors that remain after systematic errors have been
eliminated. They may occur during all the stages of a study and cannot be corrected for in the
statistical analysis since they affect the precision, which is reflected statistically by
confidence intervals and P- values. There are two types of random errors: type | and type II.
A type | error occurs when the null hypothesis is rejected even though it is in fact true. This is
a threat that all studies face and in an attempt to avoid this type of error in this thesis, we had
a clear hypothesis and categorized variables in advance. A type Il error occurs when a study
fails to reject the null hypothesis, when the null hypothesis is in fact false. This can be a result
of insufficient statistical power. This type of error is possible in Studies IV and V due to the
small number of individuals, although these are the largest study in this field.



5.2.3 Strengths and limitations

Sweden has well recognized population-based medical registers which make it possible to
perform powerful studies. All data were prospectively collected, thus avoiding the risk of
recall bias. Our study assessed a large number of HSCR cases with cross-linked data on
exposures with the same definition in cases as in controls in Study IV and the same definition
on exposure and outcome in Study V. However, the studies also have limitations since there
was no histopathology register available for linkage to confirm the HSCR diagnosis. This
means that it was necessary to base the diagnosis on the ICD code, which was the reason for
using additional inclusion criteria to increase the specificity of the study. Going back to the
excluded cases, we found that the majority had only been admitted once during the neonatal
period, without having surgery, or admitted to a hospital without pediatric surgery services.
Another possible limitation is the risk of type 1 errors due to the limited sample size. Data on
HSCR that occurred in stillbirth or termination for fetal anomaly were not possible to retrieve
from the registers and may be a limitation in Study IV.

The controls in Study IV were randomly selected from the study base and the cohort in Study
V was randomly selected from the population register, thereby decreasing the risk of
selection bias. To decrease the risk of confounders, we chose to match the reference
population for age and sex in Study V and matched cases with controls in Study IV. Another
possible confounder in Study V was the patients with chromosomal aberrations, which were
more common in the exposed cohort. Therefore, all individuals with chromosomal
aberrations from both cohorts were excluded. However, confounders such as socioeconomic
and educational status among the study population’s parents were not monitored and may
have influenced the results in Study V.
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6 CONCLUSIONS

Study |

In the family with HSCR and MS, a novel mutation in the EDNRB gene was found.
Mutations in the EDNRB gene may have an influence on the central and peripheral as well as
the ENS. It could, therefore, be a possible molecular link between HSCR and MS although
this can only be suggested from our study and needs further investigations.

Study 11

The functional outcome after LAP for HSCR over time in the study group was affected,
mostly due to soiling and constipation. The study revealed a high rate of soiling at the two
interviews, which is problematic. The constipation rate on the other hand, decreased
significantly over time.

Study 111

The bowel function was impaired in patients who underwent surgery for HSCR during
childhood compared with controls in our study, showing symptoms of fecal incontinence and
constipation. Surgery for HSCR in childhood had a significant impact on symptom-specific
QoL, but not on the generic QoL.

Study 1V

The birth prevalence of HSCR in Sweden was 1.91/10,000 and was stable during the
observational period. Maternal obesity and parity were shown to be risk factors for children
to develop HSCR and affected children were born at a lower gestational age than controls.

Study V

There was no significant impact of HSCR on educational level and income in our study.



7/ FUTURE PERSPECTIVES

This thesis has contributed to understanding the mechanism of HSCR, describing a new
mutation in Study | and possible risk factors in Study IV. Since clinical studies have their
limitations within the field of rare diseases, often with sample size, the epidemiology
approach may encourage new data within the field of HSCR. In Sweden the national registers
provide unique opportunities for population-based studies making it possible to analyse
various aspects of the disease. Epidemiology is one way of finding associations between
potential risk factors and the development of the disease. Studies on other possible risk
factors for HSCR as well as HSCR as a risk factor for other events in life are necessary.

There are also other interesting areas for the search of etiology within the field of ENS
development and differentiation. Ongoing studies on the possibilities of a future stem-cell
based therapy for HSCR may lead to a new treatment for the disease.'***® The understanding
of microbiome in HSCR and how it affects the risk for HAEC is another challenge for the
future. ™

Today, however, surgery is the treatment of choice for HSCR. As shown in Studies Il and I1I,
patients with HSCR have fecal incontinence and constipation a long time after surgery. It is
important for pediatric surgeons as well as for general surgeons who treat adult patients with
HSCR to be aware of the risk of these symptoms. When seeing these individuals in an out-
patient situation it is important to ask for specific signs of incontinence and constipation,
instead of asking if everything is normal, since patients with congenital malformations in the
gastrointestinal tract may never experience a ‘“normal” bowel function. It is also important as
a clinician to be aware of the complication’s possible impact on QoL, to be able to react in a
supporting way. ldeally these patients would be centralized to be able to receive specialized
and individualized care and treatment. Centralization would also improve the transition of the
patient from the pediatric care to adult care, which occurs in Sweden at 18 years of age (a
sensible time for the patient).

For the future it is of great importance to continue to follow these patients over time to
understand the natural course after different types of surgery procedures, what problems may
occur, which is the best treatment, and how QoL is affected. Therefore, the introduction of a
standardized and validated questionnaire for the evaluation of bowel function and QoL for all
outpatient visits would be ideal. Also clinical as well as research cooperation between
different pediatric surgery units and between pediatric surgeons and general surgeons is of
importance to achieve the best care for the patients.
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8 APPENDIX

8.1 A. QUESTIONNAIRE STUDY II

Symtomregistrering

>10/dag

>5

Alder vid uppféljningen ar man

Langd: Vikt: BMI:

Slakting Hirschsprung: N J Slaktrelation:

Slakting IBD: N J Slaktrelation:
Ulkningar/krakningar: N J

Antal avféringar: 1 var tredje dag-3/dag 4-6/dag 7-10/dag
Forstoppning: N J

Bruk laxantia: N J Typ/dos:
Bruk irrigation/lavemang/ACE: N J

Full avféringskontroll: N J

Luftinkontinens: (>1 gang/v) N J

Soiling vid 16s avforing: (>1 gang/v) N J

Soiling vid fast avforing: (>1 gang/v) N J

Paverkas barnet av soiling: N J

Bruk av stoppande medicin: N J Typ/dos:
Antal episoder av enterokolit som krévt behandling: 1 2-5
Miktionsproblem: N J Typ:
Medicinering: N J Typ:
Normal skola: N J

Fysisk aktivitet: N J

Kamrater: N J

Normal kost: N J

Avvikelse:




8.2 B. QUESTIONNAIRE STUDY lli

A. Allméanna fragor

1. Ar Du idag yrkesverksam? (majlighet att kryssa i fler svar):
O Ja, Arbetar SOM ...
T LT (1 (o =T - PP
O Nej, ar langtidssjukskriven
Q Nej, uppbéar sjukpenning
Q Nej ar pensionerad
Q Nej, ar arbetsstkande
O NEj, ANNaAt. .
2. Yrke:
3. Utbildning:
O  Grundskola/Gymnasium (Linje/program:..............ooooiiiiiiiiiin )
O Hogskola/Universitet (AMNe:. ... ..o )
a Examen:
4, Har Dina dndtarmsbesvar i barnadren haft ndgon inverkan pa ditt yrkesval?
a Ja Om ja, pavilket satt.........ccccoeoiieiiiiice e
QO Negj
5. Civilstand:

a  Gift/Sambo
QO Ensamstaende med fast relation
O Ensamstaende utan fast relation

6. Syskon:
a Ja, Antal:
QO Negj
7. Om ja, syskonbarn
O Ja,antal................
O Nej
8. Finns nagon annan i din slakt som har Hirschsprungs sjukdom?
a Ja
O Nej
9. Om ja, hur &r denna/dessa person(er) slékt med dig?
10. Fritidsintressen
T U Vo 1= o = =Y o P
O NUVArANAE . o e
11. Sysslar du men nagon sport?
a Ja Om ja; vilken?
a Nej.
12. Vikt: kg
13. Langd: cm
14. Roker Du?
a Ja, paket/v sedan ar
Q Nej/ Har rokt tidigare Fr.o.m. till
15. Har sjukdomen péverkat din fritid?
a Ja Om ja, hur?
Q Nej
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Har sjukdomen péverkat ditt kamratliv?
a Ja Om ja, hur?
Q Nej

Har sjukdomen paverkat nara relationer med dina foraldrar?
a Ja Om ja, hur?
O Nej

Har sjukdomen paverkat nara relationer med dina syskon?
a Ja Om ja, hur?
O Nej

Har sjukdomen paverkat néra relationer med dina vanner?
a Ja Om ja, hur?
Q Nej

Har du blivit mobbad ndgon gang?
a Ja
O Nej

Har du nagon gang mobbat andra?
a Ja
O Nej

Har du fatt information om din Hirschsprungs sjukdom fran sjukvarden?
a Ja

QO Negj
Om ja, hur gammal var du nar du fick informationen? Ar
Kommer du ihdg vad du fick reda pa? (fri text)

Har du fatt information om Hirschsprungs sjukdom fran dina foraldrar?
a Ja
O Nej
Kommer du ihdg vad du fatt reda pa av dina foraldrar? (fri text)
Tycker du att den information du fick var tillrécklig?
a Ja
QO Negj

Om nej, kan du berétta varfor? (fri text)

Hur upplevde du efterkontrollerna hos lakaren? (Positivt / Negativt)

Hur upplevde du informationen kring operationen?(Positivt / Negativt)

Né&r har du blivit opererad?

Blev det nagra komplikationer efter ndgon operation?
a Ja om ja, vilkken?
Q Nej

Har du regelbunden kontakt med lékare nu?
a Ja
Q Nej



34. Skulle du vilja ha mer kontroller hos lakare?
a Ja
Q Nej

35. Hur tycker du att sjukvarden ska hantera patienter med Hirschsprungs sjukdom vad det géller
lakarkontroller?
Q >4/ar
a >lgfar
a <lg/ar
Q bara efter op

36. Hur tycker du det har varit att delta i denna undersokning?
VAS-skala (Mycket jobbigt-Lite jobbigt-Helt ok- Inga problem) + kommentarer (fri text)

37. Har du ytterligare synpunkter som du vill fdrmedla?
B. Tarmfunktion

1. Har du stomi?
O Nej
O Ja, ileostomi (hoppa over fraga 11-36)
Q Ja, colostomi (hoppa Gver fraga 11-36)
O Ja, oklart vilken sort (hoppa Over fraga 11-36)

2. Hur ofta har Du avforing/behdéver du tomma stomipasen?
Q Meran 2 ggr/dag
Q 2ggr/dag
0 1gang/dag
Q Ungefar varannan dag
Q Ungefar 2 ggr/vecka
0 Ungefar 1 gang/vecka
O Mer séllan an 1 gang/vecka
3. Anvander Du piller, droppar, pulver eller vétska for att halla tarmen igang?
O Ja,isafallvad? ....ccoooiniiii
O Nej
4, Anvander Du lavemang?
Q Ja,via andtarmen ........... ggr per vecka
Q Ja, via "appendicostomi eller knapp” ............. ggr per vecka
O Nej
5. Anvander Du mikrolavemang (Toilax, Microlax etc)?
O Ja,isafallhurofta? ...
O Nej
6. Anvander Du ndgon form av stoppande medicin (imodium, loperamid el dyl)
Q Ja,isafallhurofta? ...,
Q Nej
7. Hur &r avféringens konsistens?
O Lés, dvs ej formad
0 Normal, dvs mjuk och formad
O Hard
O Véaxlande mellan I6s och hard

8. Besvaras Du av smartor i buken/backenet?
O Ja, isa fall hur ofta/nar kommer de och var i magen sitter de?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Besvaras Du av uppblashet buken?
a Ja
O Nej

Besvaras Du av mycket gaser?
a Ja
O Nej

Maste Du hjalpa till med fingret eller annat féremal for att fa ut avféringen?
a Ja
O Nej

Maste Du stddja med fingrarna kring andtarmen eller i slidan for att fa ut avféringen?

a Ja
O Nej

Maste Du krysta hart for att f& ut avforingen?
a Ja
O Nej

Behover Du sitta lange for att tomma tarmen?
O Nej

Q Ja, cirka 10 minuter

Q Ja, cirka 20 minuter

Q Jamer an 20 minuter

Forsok uppskatta under hur stor del av tarmtdmningen som Du behover krysta.

Ingen del Halva Hela

Tycker Du att det ar svart att f tarmen att kdnnas tom efter toalettbesok?
a Ja
O Nej

Maste Du ga flera ganger pa toaletten samma dag for att det ska kannas tomt?
a Ja
Q Nej

Har Du ofrivilligt lackage av gaser?
Q Nej

0 Ja, enstaka ganger

O Ja, minst 1 gang/vecka

Q Ja, dagligen

Har Du ofrivilligt lackage av 16s avforing?
O Nej

O Ja, enstaka ganger

O Ja, minst 1 gang/vecka

O Ja, dagligen

Har Du ofrivilligt lackage av fast avforing?
O Nej

O Ja, enstaka ganger

O Ja, minst 1 gang/vecka

Q Ja, dagligen

Om Du besvaras av avforingslackage vilken beskrivning passar bast in pa de lackage Du

upplevt?

O Plotsligt har det intraffat ett lackage utan att jag har kéant det?

O Jag far trangningar till avféring men kan ej halla emot

O Lackage av avforingsfargat slem och nedsmutsning av underklader



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bar Du nagon form av skydd mot avforingslackage nattetid?
a Ja
O Nej

Bar Du nagon form av skydd mot avféringslackage dagtid?
a Ja
O Nej

Har Du problem med nedsmutsning av trosor/kalsonger?
a Ja
O Nej

Har Du besvar med klada kring andtarmen?
a Ja
O Nej

Kanner Du nar avforingen kommer?
a Ja
O Nej

Kan Du skillnad pa om det ar gas eller avforing i tarmen?
a Ja
O Nej

Maste Du snabbt till en toalett nar Du kanner att Du behdver?
a Ja
Q Nej

Fran det att Du fort kdnner behov av att tomma tarmen hur, hur lange kan du halla Dig?
Vid 16s avforing

0 5 10 15 20 minuter

Fran det att Du fort kanner behov av att tomma tarmen hur, hur lange kan du halla Dig?
Vid fast avforing

0 5 10 15 20 minuter
Besvaras Du av smartor i eller kring andtarmen?
a Ja
Q Nej

Har Du smatrtor i tarmen/backenet/buken i samband med avféring?
a Ja
O Nej

Har Du smartor i tarmen/béackenet/buken efter avféring?
a Ja
O Nej

Besvaras Du av blodning frn tarmen eller tarm&ppningen?
a Ja
O Nej

Forsok att uppskatta ungefar hur manga ganger Du har avforing under en "vanlig” vecka

Forsok att uppskatta ungefar hur manga ganger Du skulle ha avféring under en vecka ifall du

inte tog nagra lavemang eller mediciner for att reglera avforingsfrekvensen

........... agr

Ar Din tarmfunktion besvarande for Ditt allmanna valbefinnande?
a Ja

O Nej
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38. Ar Din tarmfunktion besvarande for Ditt umgangesliv?

a Ja
O Nej
39. Behover Du halla diet pa grund av Dina tarmbesvar

O Ja,isa fall vad undviker Du att 4ta?

O Nej

40. Ar Dina besvar med tarmen sa svéra att de hindrar Dig frén att resa p& semester?
a Ja
O Nej

C. Fragor rorande urinvagsfunktion

1. Kan Du halla tatt for urin vid hosta, nysning, skratt eller tunga lyft?
a Ja
Q Nej
2. Tycker Du att Du har svart att témma urinblasan?
a Ja
O Nej

D. Livskvalitet

1. Hur ofta har du de senaste tva veckorna haft buksmartor?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[y

2. Hur ofta har du under de senaste tva veckorna haft en fyllnadskansla i 6vre delen av buken?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

OCoO0D0DO

3. Hur ofta har du under de senaste tva veckorna besvarats av uppblasthet eller kansla av att du
haft for mycket gaser i magen?

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

000 0D

4. Hur ofta har du under de senaste tva veckorna besvarats av gasavgang?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

oooo0oo

5. Hur ofta har du under de senaste tva veckorna besvarats av rapningar eller uppstétningar?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

[y Oy



10.

11.

12.

13.

14.

Hur ofta har du under de senaste tve veckorna haft pafallande mag- eller tarmljud?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

oooo0o

Hur ofta har du under de senaste tva veckorna besvarats av talrika avféringar?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

oooo0oo

Hur ofta har du kant néje och gladje av att dta de senaste tva veckorna?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[ iy O

Hur ofta har du pa grund av din sjukdom avstatt fran mat du annars garna ater?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[y Wy

Hur har du under de senaste tva veckorna kunnat hantera vardagsstress?
Mycket daligt

Daligt

Acceptabelt

Bra

Mycket bra

[ iy Sy

Hur ofta har du under den senaste tva veckorna varit ledsen 6ver att du &r sjuk?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[y R A

Hur ofta har du under de senaste tva veckorna kant dig nervos eller orolig pa grund av din
sjukdom?

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[ iy Sy

Hur ofta har du under de senaste tva veckorna kant dig allmant tillfreds med livet?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

ooooo

Hur ofta har du under de senaste tva veckorna kant dig frustrerad over din sjukdom?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

oooO0oo
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15.

16.

17.

18.

19.

20.

21.

22.

Hur ofta har du under de senaste tva veckorna kant dig trétt eller hangig?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

oooo0o

Hur ofta har du under de senaste tva veckorna kant att du inte matt bra?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

oooo0oo

Hur ofta har du under den senaste veckan (1 vecka) vaknat pa natten?
Varje natt

5-6 natter

3-4 natter

1-2 natter

Aldrig

[ iy O

Hur mycket har din sjukdom lett till att ditt utseende forandrats negativt?
Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

[y Wy

Hur mycket har din allmanna styrka avtagit pa grund av din sjukdom?
Valdigt mycket

Mycket

Maéttligt

Lite

Inte alls

[ iy Sy

Hur mycket har du till foljd av din sjukdom forlorat din uthallighet?
Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

[y R A

| vilken utstréackning har du till féljd av din sjukdom tappat formen?
Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

[ iy Sy

Har du kunnat fullgéra dina dagliga aktiviteter (t ex arbete, skola och hushall) de senaste tva
veckorna?

Hela tiden

For det mesta

Ibland

Séllan

Aldrig

ooooo



23.

24.

25.

26.

27.

28.

29.

30.

Har du kunnat utfora dina normala fritidsaktiviteter (sport, hobby osv.) de senaste tva
veckorna?

Hela tiden

For det mesta

Ibland

Séllan

Aldrig

[y Wy

Har du under de senaste tva veckorna kant dig negativt paverkad av din medicinska
behandling?

Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

[ iy Wy

I vilken utstrackning har ditt forhallande till dina narstaende paverkats av din sjukdom?
Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

[ iy iy

I vilken utstrackning har din sjukdom vallat avbrack i ditt sexualliv?
Valdigt mycket

Mycket

Mattligt

Lite

Inte alls

ooooo

Har du under de senaste tva veckorna de senaste tva veckorna besvarats av uppstott foda
eller vatska i munnen?

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[y S Ry

Hur ofta har du under de senaste tva veckorna kant dig besvarad av att du varit tvungen att
ata langsamt

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

000 0D

Hur ofta har du under de senaste tva veckorna besvarats av att du haft svart att svalja foda?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

oooo0oo

Hur ofta har du under de senaste tva veckorna besvarats av att du snabbt méaste hinna till
toaletten for att ha avforing?

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[ iy Wy
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31. Hur ofta har du under de senaste tva veckorna besvarats av diarréer?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

oooo0o

32. Hur ofta har du under de senaste tva veckorna besvarats av férstoppning?
Hela tiden

For det mesta

Ibland

Séllan

Aldrig

oooo0oo

33. Hur ofta har du under de senaste tva veckorna kant dig besvarad av illamaende?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[ iy O

34. Hur ofta har du under de senaste tva veckorna oroat dig éver blod i avféringen?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[y Wy

35. Hur ofta har du under de senaste tva veckorna besvérats av halsbranna?
Hela tiden

For det mesta

Ibland

Sallan

Aldrig

[ iy Sy

36. Hur ofta har du under de senaste tva veckorna besvarats av okontrollerad avgang av
avféringsavgang?

Hela tiden

For det mesta

Ibland

Sallan

Aldrig

O000D

E. SF-36 Halsoenkéat

Besvara fragorna genom att satta en ring runt den siffra Du tycker stammer bast in pa Dig. Om
Du &r osaker ringa &nda in den siffra som kanns riktigast.

1. | allménhet, skulle Du vilja séaga att Din hélsa &r:

Utmarkt
Mycket god
God

Nagorlunda

a A W N P

Dalig




2.

3.

Jamfort med for ett &r sedan, hur skulle Du vilja bedéma Ditt allmanna hélsotillstand nu?

Ungefar detsamma

Mycket béttre an for ett ar sedan

Nagot battre &n for ett ar sedan

Nagot samre nu an for ett ar sedan

Mycket samre nu an for ett ar sedan

De féljande frAgorna handlar om aktiviteter som Du kan ténkas utfora under en vanlig dag. Ar
Du pa grund av Ditt halsotillstdnd begransad i dessa aktiviteter nu? Om sa fall, hur mycket?

Ja, mycket Ja, lite Nej, inte
begrénsad begréansad begransad
a. Anstrangande aktiviteter (springa, lyfta 1 3
tunga saker)
b. Mattligt anstrangande aktiviteter (flytta
2 1 3
bord, dammsuga, ga en skogspromenad)
c. Lyfta eller bara matkassar 1 3
d. G& uppfor flera trappor 1 3
e. Ga uppfor en trappa 1 3
f. Boja Dig eller ga ner pa kna 1 3
g. G& mer an tva kilometer 1 3
h. Ga nagra hundra meter 1 3
i. G& hundra meter 1 3
j. Bada eller kla pa dig 1 3

Under de senaste fyra veckorna, har Du haft nagot av féljande halsoproblem i Ditt arbete eller
med andra regelbundna dagliga aktiviteter som en folid av Ditt kroppsliga halsotillstand?

JA NEJ
a. Skurit ned den tid Du normalt dgnat at arbete eller andra aktiviteter? 2
b. Utrattat mindre an Du skulle 6nskat? 2
c. Varit hindrad att utféra vissa arbetsuppgifter eller andra aktiviteter? 2
d. Haft svérighe_t_er att utfoéra Ditt__arbe_te eller andra aktiviteter (t.ex 5
genom att det krdvde extra anstrangning)?
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Under de senaste fyra veckorna, har Du haft ndgra av féljande problem i Ditt arbete eller mer
andra regelbundna dagliga aktiviteter som en féljd av k&nslomassiga problem (som t.ex.
nedstamdhet eller &ngslan)?

JA NEJ
a. Skurit ned den tid Du normalt &gnat at arbete eller andra aktiviteter? 1 2
b. Utrattat mindre an Du skulle 6nskat? 1 2
c. Inte utfort arbete eller andra aktiviteter s noggrant som vanligt? 1 2

Under de senaste fyra veckorna, i vilken utstrackning har Ditt kroppsliga halsotillstand eller
Dina kansloméssiga problem stoért Ditt vanliga umgange med anhdériga, vanner, grannar eller
andra?

Inte alls
Lite

Méttligt
Mycket

ga B~ W N B

Valdigt mycket

Hur mycket vérk eller smérta har du haft under de senaste fyra veckorna?

Ingen
Mycket latt
Latt

Mattlig

Svart

» O~ W N P

Mycket svar

Under de senaste fyra veckorna, hur mycket har varken eller smartan stort Ditt normala
arbete (innefattande bade arbete utanfér hemmet och hushallssysslor)?

Inte alls
Lite

Mattligt
Mycket

a A W N P

Valdigt mycket




10.

11.

Fragorna har handlar om hur Du kanner Dig och hur Du haft det under de senaste fyra
veckorna. Ange for varje fraga det svarsalternativ som bast beskriver hur Du kant Dig. Hur

Hur stor del av tiden under de senaste fyra veckorna ...

Storsta | En hel | Endel | | . Inget
Hela Lite av
Tiden de!en av dgl av av tiden av
tiden tiden | tiden tiden
a. ...har Du kant Dig riktigt pigg och stark? 1 2 3 4 5 6
b. ...har Du kant Dig mycket nervos? 1 2 3 4 5 6
C. ...hgr Du kant Dig sa nedsta_md att 1 > 3 4 5 6
ingenting kunnat muntra upp dig?
d. ...har Du kant Dig lugn och harmonisk? 1 2 3 4 5 6
e. ...har Du varit full av energi? 1 2 3 4 5 6
f. ...har Du kant Dig dyster och ledsen? 1 2 3 4 5 6
g. ...har Du kant Dig utsliten? 1 2 3 4 5 6
h. ...har du kant Dig glad och lycklig? 1 2 3 4 5 6
i. ...har Du kant Dig trott? 1 2 3 4 5 6
Under de senaste fyra veckorna, hur stor del av tiden har Ditt kroppsliga halsotillstand eller
Dina kanslomassiga problem stort Dina mojligheter att umgas (t.ex. halsa pa slakt och vanner
etc)?
Hela tiden 1
Storsta delen av tiden 2
En del av tiden 3
Lite av tiden 4
Inget av tiden 5
Valj det svarsalternativ som bast beskrivet hur mycket vart och ett av foliande pastaenden
STAMMER eller INTE STAMMER in pa Dig
Stammer Stammer
Stammer . inte Stammer
. ganska | Oséker . .
precis bra sarskilt | inte alls
bra
a. Jag verkalllr hz_i lite lattare att bli sjuk 1 > 3 4 5
an andra manniskor
b. Jag ar I|ka_fr|sk som vem som helst 1 > 3 4 5
av dem jag kanner
c.__Jag tror min hélsa kommer att bli 1 > 3 4 5
samre
d. Min halsa ar utmarkt 1 2 3 4 5
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F. Fertilitet

1. Har du forsokt fa barn?
a Ja
Q Nej

2. Har du nagongang varit gravid eller gjort nagon gravid?
a Ja
O Nej

3. Har du haft svart att fa barn?
o Ja Om ja, har du sokt for svarigheten att fa barn?
O Nej

4, Har du genomgatt nagon form av infertilitetsutredning?
a Ja
QO Negj

5. Har du fatt behandling i syfte att f& barn?
a Ja Om ja, vilken typ av behandling?
O Nej

6. Har du/har du haft impotensbesvar?
a Ja
QO Negj

7. Har du fatt ndgon behandling mot impotens?
a Ja Om ja, under vilka perioder? Hur ofta?
QO Negj

8. Fungerade behandlingen?
a Ja
O Nej

G. Fragor enbart gallande kvinnor

1. Hur méanga vanliga forlossningar har Du genomgétt?
............ stycken
2. Anvandes tang vid nagon forlossning?
o Javid............ stycken forlossningar
Q Nej
3. Anvandes sugklocka vid nagon forlossning?
Q Ja,vid............ stycken forlossningar
O Nej
4, Blev Du sydd i underlivet i samband med nagon férlossning?
a Ja
a Nej
5. Ar det kant om Du fick en skada pa slutmuskeln vid nagon férlossning?
a Ja
a Nej
6. Har Du skotts av gynekolog pa grund av underlivsframfall?
a Ja
O Nej
7. Har Du opererats pa grund av underlivsframfall?
a Ja

O Nej
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