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“There are in fact two things, science and opinion;
the former begets knowledge, the latter ignorance.”

- Hippocrates

To all the mothers, and the mothers to-be.
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Abstract
Background: As women live longer, the long-term effects of childbirth may
negatively affect their quality of life and professional careers.
Aim: This thesis investigates the long-term effects of vacuum extraction (VE)
and one and two obstetrical anal sphincter injuries (OASIs). Temporal trends
of OASI incidence were compared in four countries with comparable national
medical birth registers and healthcare systems.
Material and methods: The study cohorts consisted of women with one
(Papers I and III) or two deliveries (Paper II and IV). National birth registers
were used, and in Papers I, II, IV birth register data were linked to information
from a questionnaire survey on current pelvic floor disorders (PFDs).
Results:
Paper I: OASI occurred three times more often during VE than spontaneous
vaginal delivery (SVD). One OASI doubled the long-term prevalence of faecal
incontinence (FI), irrespective of SVD or VE. The prevalence of other PFDs
was similar after SVD and VE but lower after an acute caesarean section.
Paper II: The risk for a repeat OASI almost tripled after an OASI. The long-
term prevalence of all components of FI doubled and tripled after one and two
OASIs. Severe FI increased 3- and 5-fold.
Paper III: In 2004-2016, the incidence of OASI in primipara varied widely
over time and between countries despite similar socio-economic conditions.
Canada reported the highest and Austria the lowest rate of OASI. Only Norway
reported a consistent and significant decrease in OASI incidence, which more
than halved during the study period.
Paper IV: There was a significant trend of more frequent leakage, more severe
grades of incontinence parameters, and an increasing impact of anal
incontinence after one and two OASIs. The first and the second OASIs showed
an equal cumulative effect on multiple self-reported outcome measures.
Conclusion: OASI was a potent risk factor for the prevalence, severity, and
impact of long-term FI. Instrumental delivery was the leading risk factor for
OASI. Perineal protection, when systematically and persistently applied, may
lower the rate of OASI.
Keywords: Anal incontinence, caesarean section, faecal incontinence, pelvic
organ prolapse, severity, urinary incontinence, vaginal delivery.
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SAMMANFATTNING PA SVENSKA

Bakgrund

Med en édldrande befolkning ar biackenbottendysfunktion bland kvinnor
ett problem som kommer att kridva betydande och 6kande hélsovardande
insatser. Biackenbottendysfunktion &r ett samlingsbegrepp for ett antal
tillstdnd, exempelvis urininkontinens, avforingsinkontinens och genitalt
framfall, och utgor ett stort, globalt, hdlsoproblem for kvinnor i alla
aldrar men sérskilt bland dldre. Den viktigaste riskfaktorn for framtida
bickenbottenbesvir dr att ha genomgatt en vaginal forlossning. Denna
avhandling undersoker effekterna pa backenbottenbottenfunktionen 20
ar efter forlossning med sugklocka och en eller tva forlossningsorsakade
skador pa anus ringmuskel, en sé kallad sfinkterskada. Forekomsten av
sfinkterskada undersdks dven i fyra lander med jaimforbara nationella

fodelseregister av hog kvalitet samt statsfinansierade sjukvardssystem.

Kvinnor lever idag ett yrkesaktivt liv under en lang period efter
barnafodandet och manga drabbade kvinnor riskerar dérfor allvarliga
storningar socialt och 1 sin yrkesutdvning. Mellan 10-20% av alla
kvinnor i1 vistvirlden genomgar en rekonstruktiv backenbottenoperation
fore 80 érs alder och efterfragan Okar fortsatt. Etiologin till sena
storningar i bickenbottenfunktionen #r multifaktoriell. Aldrande,
genetiska faktorer, paritet, utdraget forlossningsforlopp, instrumentell
forlossning, och forlossningsbristningar anses ha betydelse. Den framsta

riskfaktorn for avforingsinkontinens bland kvinnor &r en sfinkterskada.



Metod

I Delarbete I identifierade Socialstyrelsen 9423 kvinnor ur det Svenska
Medicinska Fodelseregistret (MFR) som endast fott ett barn 1985-1988,
vaginalt eller via kejsarsnitt. Kvinnorna tillsdndes ett fraigeformulér om
backenbottensymptom 2008, vilket 5199 besvarade. Delarbete II och IV
bygger pa en undersokning av 11000 ur MFR slumpvis valda kvinnor
som fott tvd barn vaginalt 1992-1998, samt samtliga kvinnor (469 st)
som fatt sfinkterskada vid bada sina forlossningar 1987-2000. Varen
2015 inbj6ds kvinnorna till en enkétundersokning angaende nuvarande
bickenbottenbesvir via Statistiska Centralbyrdn. Av kvinnorna valde
7441 att delta, fordelat pa kvinnor utan sfinkterskada (n=6760),
sfinkterskada vid en av forlossningarna (n=357) och vid bada
forlossningarna (n=324). 1 Delarbete I, II och IV kopplades MFR-
uppgifter om graviditeter och forlossningar till respektive enkétsvar.
Delarbete III bygger pa registerdata fran de Kanadensiska, Norska,
Svenska och Osterrikiska fodelseregistren. Studien undersokte vaginala
forstfoderskor, med eller utan sugklocke- eller tangforlossning, med
eller utan tidigare kejsarsnitt, gravida med bara ett foster, forlosta pa
sjukhus 2004-2016 1 vecka 37+0 och med information om sfinkterskada
(ja/nej). Totalt inkluderades 1 933 930 kvinnor, 923 357 fran Kanada,
249 430 fran Norge, 502 315 frin Sverige och 258 828 fran Osterrike.

Resultat

Delarbete I: Forekomsten av sfinkterskada var néstan tre ganger sé hog

efter en sugklockeforlossning, jamfort med en vaginal férlossning utan



sugklocka. Efter en sfinkterskada rapporterade var tredje kvinna att hon
hade avforingslickage. Det var ingen skillnad i forekomsten av
bickenbottendysfunktion efter en forlossning med sugklocka jamfort
med en spontan vaginal forlossning, men de som var forlosta med ett
akut kejsarsnitt hade dock betydlig ldgre forekomst av
backenbottendysfunktion.

Delarbete I1: Risken for att fa sfinkterskada 1 en andra forlossning var
néstan tre gdnger s& hog om man hade haft sfinkterskada vid forsta.
Tjugo ér efter den forsta forlossningen hade 12% av kvinnorna utan
sfinkterskada ndgon ging avforingslidckage, 24% av dem med en och
36% av dem med sfinkterskada vid bada forlossningarna. Dessutom
okade risken for allvarligt avforingsliackage (besvirande lickage flera
génger 1 manaden eller mer) tre ganger efter en sfinkterskada och fem
ganger efter tva sfinkterskador, jamfort med kvinnor utan sfinkterskada.
Mer én 80% av alla med sfinkterskada lackte gas eller avforing vid 60
ars élder.

Delarbete I11: Forekomsten av sfinkterskada varierade markbart over tid
och mellan de fyra undersokta linderna. Generellt rapporterade Kanada
den hogsta forekomsten och Osterrike den ligsta, men forekomsten
okade i1 bdda linderna under den undersokta perioden. Fran och med
2004 var det bara Norge som rapporterade en signifikant och fortsatt
minskning i forekomsten av sfinkterskador, vilken till 2015 hade mer &n
halverats.

Delarbete IV: Tva decennier efter tva forlossningar med en eller tva
sfinkterskador hade kvinnorna en hogre frekvens av lackagetillfillen, ett

allvarligare lickage samt storre subjektiv paverkan pa sin livsforing pa



grund av gas- och avforingslickage, jamfort med kvinnor utan
sfinkterskada. Den forsta och andra sfinkterskadan bidrog pa ett
kumulativt sétt till 6kad svarighetsgrad och 6kad subjektiv padverkan av
gas- och avforingslackage. Det fanns ingen skillnad i forekomst av
annan backenbottendysfunktion mellan kvinnor utan sfinkterskada och

kvinnor med en eller med tva sfinkerskador.

Konklusion

Att ha haft sfinkterskada var associerat med en mycket hog risk for
avforingslickage tvd decennier efter forlossningen. Forekomsten,
svarighetsgraden samt den subjektiva péverkan av gas- och
avforingslickage Okade kumulativt efter en och tva sfinkterskador.
Forekomsten av sfinkterskada var tre gdnger sa hog efter en forlossning
med sugklocka, jamfort med en forlossning utan sugklocka, och dven
efter en forsta forlossning med sfinkterskada. Sfinkterskadan verkar till
viss del vara undvikbar eftersom forekomsten varierade stort mellan
undersokta lander. En nationell handlingsplan for aterkommande och
strukturerad utbildning och tridning av alla personalkategorier verkar
vara avgdrande for att sinka forekomsten av sfinkterskador. Att undvika
sfinkterskada skulle sannolikt signifikant minska forekomsten,
svarighetsgraden och den subjektiva paverkan av gas- och avforings-

lackage, samt senareldgga dess debut.
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1 INTRODUCTION

From a global perspective, life expectancy is increasing, and more
women will live active lives and continue to work long after their
childbearing years. As women live longer, more of them will experience
the long-term effects of childbirth, negatively affecting their quality of

life and professional careers.

Pelvic floor disorder is an umbrella term for several conditions, the most
common being urinary incontinence, pelvic organ prolapse, and faecal
incontinence. Urinary incontinence in women has been reported to occur
in 25-45% and symptomatic pelvic organ prolapse and faecal
incontinence in 5-10% (1-3). These conditions are common and

disabling; treatment options are still suboptimal (4).

With an ageing female population, pelvic floor disorders will pose an
even greater challenge and increase demands on healthcare systems (5).
Currently, one in five women in welfare states, at 80 years of age, will
have undergone surgery for urinary incontinence and symptomatic
pelvic organ prolapse (6,7). Given the scale and consequences of these
problems, it is unsatisfactory that there is scarce information and
conflicting results on the long-term prevalence, severity and impact of

childbirth and serious obstetric events on pelvic floor function (8-12).

The fear of sustaining a permanent injury to the pelvic floor at birth

increases the demand for healthcare professionals to be well-informed
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about potential sequelae, not only in the short-term but also in the long-
term (13). Vaginal delivery may constitute severe trauma to the pelvic
floor, and an obstetrical anal sphincter injury (OASI) is the leading risk
factor for faecal incontinence in parous women (3,14). In Sweden, the
incidence rate of OASI was 7% in the first, 2% in the second, and 1% in
the third delivery from 1999 to 2011, according to the Medical Birth
Register (15).

Anal incontinence is common during the first months after vaginal
delivery (16-18). However, many women with early problems will
recover within the first year (19-22), only to subsequently experience
reoccurrence several years after delivery. The prevalence of faecal
incontinence in women without OASI has been reported to be 5% to
12% (23,24), and 14% to 29% (23,25) after one OASI. The prevalence
of faecal incontinence after two OASIs was 24% in one register-based

study from Denmark (26).

Qualitative studies have demonstrated multiple serious consequences of
faecal incontinence, such as limitations to daily life activities, social
debilitation, and isolation (27,28). In two large national studies, faecal
incontinence severely impacted the quality of life in 23—-39% of afflicted
women (29,30). Surgical treatment with secondary sphincter repair has
shown disappointing long-term results following a short-time

improvement in incontinence (31).
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Common risk factors for OASI are nulliparity, instrumental delivery
(vacuum and forceps assisted delivery), high infant birth weight, the first
vaginal delivery after caesarean section, and midline episiotomy (32-
40). A recent meta-analysis showed that vacuum-assisted delivery
increased the risk ratio for OASI by 2.6 and forceps delivery by 3.2
compared to spontaneous vaginal delivery (41). In 2020, 13% of all
nulliparous women in Sweden were delivered by vacuum extraction,
whilst forceps delivery was used nationwide in only ~50 deliveries per

year (42).

There are still significant gaps in knowledge about the association
between OASI and faecal incontinence later in life. A review of 16
studies showed that seven reports did not find an association between
OASI and bowel incontinence (43). Since there is no generally accepted
prediction model for clinical use to determine the individual risk for
OASI, it is still often excused as an inevitable event, impossible to

foresee (44,45).

With this background, the studies of this thesis aimed to investigate the
long-term effects of one and two obstetrical anal sphincter injuries and
vacuum extraction on pelvic floor function, using national register-
based data and self-reported information from large questionnaire
surveys in women with one or two vaginal deliveries. In addition,
temporal trends of the incidence of OASI were compared in countries
with comparable high-quality national medical birth registers and state-

funded healthcare systems in women at their first vaginal delivery.
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1.1 THE ANATOMY OF THE PELVIC FLOOR IN
WOMEN

The pelvic floor consists of striated muscles, connective tissue, and
ligaments attached to the bones of the pelvis. It forms a dome that
supports the pelvic organs, their outlets, and the lower intra-abdominal
viscera (Figures 1 and 2), and aids urinary and faecal continence
function (46-48). As the pelvic floor relaxes, it allows for less resistance
in the respiratory system, and together with the abdominal and gluteal
muscles, it supports the human body’s upright position (49,50). In
addition, the pelvic floor is activated during sexual arousal and orgasm

(47,51).

The female pelvis consists of the following:

I.  The ligaments and outlets (urethra, vagina, and anus) of
the pelvic organs (Figure 1 and Figure 2) and the
endopelvic fascia (a fibrous connective tissue) which
attaches the organs to the pelvic walls (Figure 3).

II.  The pelvic diaphragm (the levator ani and coccygeus
muscles) (Figures 1 and 2).

III.  The perineal membrane (a one-layer muscle and
connective tissue complex) (not in figure).

IV.  The superficial layer of supporting muscles (the external
anal sphincter, the superficial transverse perineal
muscle, the bulbospongiosus, and the ischiocavernosus

muscles) (Figure 4).
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Figure 1. "Slagter - Drawing Inferior view of the female pelvic diaphragm 2 -
English labels" at AnatomyTOOL.org by Ron Slagter, LUMC, Marco DeRuiter,
LUMC and O.P. Gobée, LUMC, license: CC BY-NC-SA 4.0.

complex of pubovaginalis,
puboperinealis and
perineal body pubo-analis muscles

iliococcygeus muscle
external pubococcygeus muscle
anal sphincter

puborectal muscle
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levator ani
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Figure 2. "Left inferior view of levator ani and external anal sphincter muscles
- English labels" at AnatomyTOOL.org by Ron Slagter, LUMC and Marco
DeRuiter, LUMC, license: CC BY-NC-SA4 4.0
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Figure 3. "Delancey'’s three levels of pelvic support — Dutch lables" at
AnatomyTOOL.org by Ron Slagter, LUMC and Marco DeRuiter, LUMC,
license: CC BY-NC-SA 4.0. Simplified by IEK Nilsson 2022.

The main muscle of the pelvic floor, the levator ani (levator ani muscle,
LAM), consists of three muscles, the pubococcygeus, the puborectalis,
and the iliococcygeus muscle (Figures 1 and 2) (48,52). The
puborectalis muscles encircle the levator hiatus, the opening in the
pelvic diaphragm, where the urethra, vagina, and anus pass. Muscle
fibres from the pubococcygeus and the puborectalis are directly
interconnected to the vagina, the perineal body, the anal canal, and anal
sphincters (46-48). The LAM and the coccygeus muscle predominantly
consist of type 1 striated muscle fibres (aerobic); in the pelvic
diaphragm, they are constantly activated, decreasing the tension on the
pelvic floor ligaments, and preventing them from being overstretched.
The constant tonus of the pelvic diaphragm, together with the

endopelvic fascia, gives the pelvic floor its dome shape. The tonus also
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closes the levator hiatus, aiding continence and the stability of the pelvic
organs (Figures 1 and 2). During anesthetization, or in cadavers, the
dome shape is lost, and the pelvic floor has a more basin-like shape

(46,48).

Clitoris

Ischiocavernosus

Bulbospongiosus (aka
bulbocavernosus)

Urethra

Vagina

Transverse perineal
muscles

Anus

External anal sphincter

Levator ani

Coccyx

Gluteus maximus

Figure 4. "OpenStax AnatPhys fig.11.20 - Muscles of the Female Perineum -
English labels" at AnatomyTOOL.org by OpenStax, license: CC BY 4.0. Source:
book 'Anatomy and Physiology’', https://openstax.org/details/books/anatomy-and-

physiology.

The most central muscles for the continence of faeces are the anal
sphincter complex and the LAM. Its main components are the
voluntarily controlled external anal sphincter (EAS) and the
involuntarily autonomously controlled internal anal sphincter (IAS)

(Figures 2 and 5).
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Figure 5. "Jmarchn - Drawing Human Anus - English labels" at
AnatomyTOOL.org by Jordi Marchn, license: CC BY-SA 4.0
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The EAS is directly attached to the puborectalis of the LAM, and the
IAS is a continuation of the circular muscles of the rectum (Figure 5)
(46,48). The IAS, EAS, and the puborectal muscle all have a constant,
tonic activation that closes the anal canal (3,53). During rest, the IAS is
responsible for 50-60% of the tonus (54). The EAS contributes to the
anal resting tone, but its main function is to contract as stool or flatus
fills the rectum or when intra-abdominal pressure increases, for example
from coughing. The contraction at raised intra-abdominal pressure could
be voluntary or reflexive (55). The puborectalis muscle is responsible
for the closure of the first part of the anal canal as it runs in a U-shape
from the pubic bone to encircle the anorectal junction, giving it an
almost 90-degree angle (56). At defecation, all three muscles relax
which not only opens the anal canal but also increases the angle at the

anorectal junction to ease evacuation (3).

The uterus and vagina are held in place by the endopelvic fascia,
suspended to the pelvis by the arcus tendineus, and the LAM on which
they rest (Figures 2 and 3). The connective tissue support is divided into
three levels according to DeLancey (Figure 3); Level I, at the bottom of
the uterus, the tissues along the vagina (the paracoplium) form the
uterosacral ligaments, which attach to the pelvis. At Level 11, the vaginal
walls are stretched laterally between the bladder and the rectum by the
paracolpium, attaching to the endopelvic and the LAM fascia. At Level
111, the vagina attaches to the urethra, the perineal membrane and the

perineal body (48,57,58).
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The urethra (Figures 1 and 6) first runs through the wall of the bladder,
surrounded by smooth muscle and a loop of the bladder muscle — called
the internal urethral sphincter. Hereafter, it consists of three muscle
layers and a vascular plexus. Distally, the urethra runs under an arch of
striated muscle, referred to as the external urethral sphincter. The last

section is a fibrous outlet that lacks muscles (59).
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Figure 7. "Anterior view of female pelvis; internal organs and innervation -
Latin and English labels" at AnatomyTOOL.org by Ron Slagter, LUMC, Marco
DeRuiter, LUMC and O. Paul Gobée, LUMC, license: CC BY-NC-SA 4.0.
Simplified by IEK Nilsson 2022.

Branches of the sacral plexus; the pudendal nerve, the levator ani nerve,
and the parasympathetic pelvic splanchnic nerves innervate the pelvic

floor and its organs, as well as the hypogastric nerve, which constitutes
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its sympathetic nerve supply (Figure 7) (46,48). The main blood supply

comes from branches of the internal iliac artery (Figure 7) (47).

Hence, this highly complex muscle, ligament, and connective tissue
entity must be firm enough to support the inner organs and maintain
continence but still permit urination, defecation, intercourse, and vaginal

birth.

1.2 THE EFFECT OF VAGINAL DELIVERY

The biomechanics of a vaginal delivery (VD) includes the forces from
the uterine contractions and voluntary pushes, the size of the foetal head
and its potential to remodel through the birth canal, and the birth canal
itself — the pelvis and the pelvic floor and its ability to remodel (60).
Female physiology changes during pregnancy (61), including the pelvic
floor (60). A magnetic resonance imaging (MRI) study comparing
nulliparous, pregnant, and post-partum women showed that the pelvic
floor relaxed in pregnant patients, creating more space in the anterior
parts of the pelvis, most probably to aid vaginal delivery (62). MRI
studies have been performed on women giving birth, but because of its
inherent difficulties, foremost computational models have been used to
get information on the biomechanical process of VD. A geometric
mathematical model showed that the muscle portions of the levator ani
that stretched the most during vaginal birth were the pubococcygeus
(more than 320%) and the iliococcygeus (more than 270%) (60), figures
consistent with MR images of a live birth (63). These findings are
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supported by post-partum MRI studies, where the pubococcygeus
muscle is most often injured at a vaginal birth, followed by the
iliococcygeus muscle (60). Injuries of the LAM are not visible to the
naked eye, but 3D and 4D ultrasound examinations of the pelvic floor
after VD have shown an incidence of 15-40% post-partum and up to 9
months (3). Also, MRI studies 6-12 months post-partum showed LAM
injuries in approximately 19% of VDs (3). Forceps delivery (but not
vacuum extraction), OASI, and episiotomy have been found to

significantly increase the risk of injury to the LAM (64).

In addition to muscles tearing from over-stretching, there are other
theories on the causes of birth-related injuries to the pelvic floor. For
example, ischemia is proposed, which would be due to the compression
of the pelvic floor between the foetal head and the bony pelvis (65).
Another theory is that pelvic floor injuries result from nerve damage
during delivery (66-68). On MRI, muscle tearing is evident immediately
(60,69), and muscle dysfunction due to nerve injury probably develop
over time (70-73).

1.3 PATHOGENESIS AND PATOPHYSIOLOGY

1.3.1 OBSTETRICAL ANAL SPHINCTER INJURY

The OASI is typically a continuation of a perineal laceration, running
from the vaginal mucosa, separating the bulbocavernosus muscles,

tearing the transverse perineal muscle, and finally involving muscle
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fibres of either or both the IAS and the EAS, and in the worst case
scenario, the rectal mucosa (Figure 2 and 4) (17). In the short term,
women with OASI are at a high risk of wound infection and dehiscence
(wound breakdown), in one study reported as high as 20% and 25%
respectively (74). In the prospective cohort study by Gommesen et al,
3% of women with OASI had wound infection, 13% had wound
dehiscence, and a protective effect of antibiotics was found (75). A
protective effect of antibiotics has also been suggested by a Cochrane
review (76). In a meta-analysis of 10 observational studies, the overall
incidence of wound infection was 4% and wound dehiscence was 7%
(77). Sexual dysfunction and dyspareunia 1-4 years postpartum occur in
14-53% of women with OASI, compared to 6-41% in controls (8,78).
The prevalence of faecal and anal incontinence is increased in the first
12 months after an OASI, compared to those without OASI (16,79,80).
However, many women with anal incontinence (Al) symptoms after
delivery will recover within the first year (19-22). Reconstructive
surgery has been shown to have unsatisfactory long-term results on

bowel incontinence (31).

1.3.2 FAECAL AND ANAL INCONTINENCE

The bowel continence function is complex. It involves the anal sphincter
muscles, a functioning pelvic floor entity, an intact sensory function of
the lower rectum, and the ability of the rectum to relax and
accommodate storage (3,5). Faecal incontinence (FI) is often multi-

factorial, and more than one factor can be found in up to 80% of patients
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with FI (3). The most important risk factors for FI in community-
dwelling individuals are any disease causing diarrhoea, ageing, rectal
urgency (a sudden, strong, need to defecate), multiple chronic illnesses,

anal sphincter trauma, obesity, and smoking (3,5,81).

Ageing is a well-documented risk factor for FI, but the pathophysiology
behind it is less clear (3,5,82). Theories include debilitating effects on
the anal sphincter complex including increasing fibrosis and atrophy
(83-85), decreased contractility (86), decreased anal squeeze pressures
(70,87), decreased rectal sensitivity (87), and possibly progressing
neuropathy (70-72).

Diarrhoea adds to FI due to the fluid texture of the stool (88). Regarding
urgency, it is still unknown whether it originates from hypersensitivity
of the nerves, or a fast passage of bowel content overflowing the
reservoir function of the rectum, or a combination of both (3,89,90).
Changes in the reservoir function can arise from radiation therapy,
surgical resection, or diseases in the rectum (91). Whether obesity
causes FI by a chronically increased intra-abdominal pressure, or if
obesity is a mere confounding factor since diarrhoea is more common

among the obese, is unclear (92).

1.3.3 URINARY INCONTINENCE

The two main types of urinary incontinence (Ul) are stress UI (SUI),

caused by physical strain such as sporting, a sudden laugh, cough, or
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sneeze, and urgency UI (UUI), caused by a sudden urge to urinate (93).
Currently, three main reasons for Ul are proposed. In SUI, loss of
urethral support to the underlying connective tissue and its connection
to pelvic floor muscles has been proposed. In UUI, the proposed
mechanisms are bladder muscle and/or urethral overactivity, or
decreased capacity of the brain to handle incoming nerve signals from
the urethra and the bladder. Finally, for both SUI and UUI, urethral
closing pressure failure is emerging as an important element (3,59).
Several factors are needed for the urethra to remain closed during rest
and strain. The striated muscles of the external urethral sphincter (Figure
6) need to be intact and to have functioning innervation by the pudendal
nerve (Figure 7). The urethral mucosa needs an effective circulation, the
urethral smooth muscles needs to be active, and finally, the support by

the vaginal wall needs to be intact (3,59).

1.3.4 PELVIC ORGAN PROLAPSE

Pelvic organ prolapse (POP) constitutes the loss of support of the
bladder, uterus, colon, or rectum, leading to the descent of one or several
of these organs into, and in severe cases, out of the vagina (1). Women
are usually asymptomatic if the prolapse is located above the hymeneal
ring of the vulva (94). Symptoms may be aggravated by straining, such
as long periods of standing, exercise, or defecation, and are relieved by

rest (93).
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Injuries to the connective tissue at Level I may cause prolapse of the
uterus or upper vagina, at Level I prolapse of the bladder or rectum, and
at Level III prolapse of the rectum or descent of the perineal body
(Figure 3) (3). Pelvic organ prolapse develops through the LAM hiatus;
injuries to or irreversible stretching of the muscles leads to a decreased
support of the organs and increased strain on Level I connective tissue
(Figure 2 and 3) (3,48). In an ultrasound study comprising 781 women,
prolapse was seen in 83% (150/181) of the women with LAM avulsion,
and in 44% (265/600) of women without avulsion (relative risk (RR)
1.9,95% CI 1.7-2.1) (95).

14 EPIDEMIOLOGY

1.4.1 OBSTETRICAL ANAL SPHINCTER INJURY

The incidence of OASI is internationally estimated to be about 0.6-11%,
and it differs between and within countries and with time (17,33,40,96-
98). The risk of a recurrent OASI is probably higher (99). Andrews et
al performed a prospective study where women having a first vaginal
delivery were re-examined after delivery by an experienced research
fellow, resulting in an increase of clinically diagnosed OASI from 11%
to 25%. The study showed that 87% of midwives and 27% of junior
doctors failed to diagnose an OASI (100). These results were confirmed
in a study by Groom et al., where re-examination of all second-degree
tears revealed that 15% were OASIs (101). Common risk factors for

OASI are nulliparity, instrumental delivery (vacuum and forceps
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assisted delivery), high infant birth weight, the first vaginal delivery

after caesarean section (VBAC), and midline episiotomy (32-40).

1.4.2 FAECAL AND ANAL INCONTINENCE

In the meta-analysis by Ng et al, the prevalence of FI in both men and
women was reported to be 8% (ranging from 2% to 21%), increasing
with age (highest in institutionalized patients), and dependent on
definition (2). The prevalence of Al was 16% (ranging from 2 to 47%).
Twenty-two of the studies reported sex-specific rates of FI, and in all
but four, women presented a higher prevalence of FI (median 9%).
Qualitative studies have mapped the many debilitating effects that
accidental bowel leakage (ABL) may have on afflicted persons, for
example feelings of shame, lowered self-esteem, social limitations and
isolation, sexual dysfunction, workplace and private economy
difficulties, etcetera (27,28,102). In two large studies from the USA, FI
posed a grave negative impact on the quality of life in 23-39% of

women afflicted (29,30).

1.4.3 URINARY INCONTINENCE

Epidemiological studies have demonstrated that Ul is more common
among women than in men (103,104). Prevalence varies highly between
studies due to the definition used, different populations, cultural
differences and the willingness to report symptoms, possibly racial

differences, and methodological differences such as the wording of
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questionnaires and the collection of data. However, prevalence is most

often reported to be 25% to 45% (1,105).

There is robust epidemiological evidence linking VD and parity to the
development of UI (3,59,105). Current evidence indicates that women
who have a poor urethral function to start with, also will leak during
pregnancy as the mechanical load on the bladder increases, and in
addition, these women are more prone to Ul post-partum and in the long
term (59,105). Compared to women with caesarean section (CS),
women with VD have been reported to have a significantly increased
risk of UI, both in the short- and long-term, and a higher risk of Ul
surgery (106-108).

Age is a well-documented risk factor for Ul both in parous and
nulliparous women (3,59,105). Urethral closing pressure decreases with
advancing age, most probably due to a decreasing number and density
of striated muscle cells and nerve loss (3,59). Ul is more common in
obese women, and prevalence increases with increasing BMI (59,109).
A urodynamic case-control study on 103 women with SUI and 108
controls (matched for age, race, parity, and hysterectomy), suggested
that obese women had stronger urethras, but still not strong enough to
hold back urinary leakage caused by their increased intra-abdominal

pressure (110).
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1.4.4 PELVIC ORGAN PROLAPSE

About 9% of all women worldwide have symptomatic POP (sPOP)
(111). Currently, the pathogenesis of pelvic organ prolapse is assumed
to be due to both environmental and genetic factors, the most important
environmental risk factors being age and VD, especially with increasing
parity (3,111). At 3-6 months after the first vaginal delivery, prolapse is
found in 18-56% of clinical examinations (3). Among women aged >45
years who underwent prolapse surgery in Sweden from 2010 to 2017,
98% had >1 VDs (112), and 27 years after >3 deliveries, the rate of sSPOP

surgery was 8% in women with VDs and <1% in women with CSs (108).

It is well-known that the incidence and prevalence of sSPOP increase with
age (3,111). Twenty percent of women aged 80 will have had at least
one operation for sSPOP or UI, procedures that are uncommon in women

<30 years (6,7).

Regarding genetic factors, sPOP is more common in women with
mothers and sisters with sPOP, regardless of eventual parity and
delivery modes, with the greatest similarities in monozygotic twins
(3,111). Other factors with an association to sPOP include ethnicity,
connective tissue disorders (especially among young women with
sPOP), obesity, employment with heavy lifting, and a wider transverse

inlet of the bony pelvis (3,111).
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2 AIM OF THE THESIS

The overall objective of this thesis was to investigate the long-term
effects of one and two obstetrical anal sphincter injuries and vacuum
extraction on pelvic floor function. In addition, temporal trends of OASI
incidence in primiparous women were compared in countries with
comparable high-quality national medical birth registers and state-

funded healthcare systems.

2.1 THE SPECIFIC AIMS WERE

Paper 1 To describe the prevalence of obstetrical anal sphincter
injury and the prevalence, severity, and subjective impact of pelvic floor
disorders (urinary incontinence, symptomatic pelvic organ prolapse, and
faecal incontinence) two decades after one vaginal delivery with or
without a vacuum extraction, compared to one spontaneous vaginal

delivery or one acute caesarean section.

Paper 11 To determine the age-related prevalence of faecal
incontinence two decades after two consecutive vaginal deliveries with

no, one or two obstetrical anal sphincter injuries.

Paper II' To compare the incidence of obstetrical anal sphincter
injury in the first vaginal delivery in four countries with national medical
birth registers and comparable state-funded health care systems.

Primiparous women with spontaneous or instrumental delivery (vacuum

20



Ida E.K. Nilsson

and forceps) and women with a first vaginal birth after caesarean section

were surveyed.

Paper IV~ To describe the severity and impact of anal incontinence
two decades after birth and to analyse the relative effect of one and two
obstetrical anal sphincter injuries and the possible influence of sphincter

injury on other pelvic floor disorders.
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3 METHODS

The studies in this thesis were based on national birth registers. In Papers
I, I, and IV, register data were linked to information from a

questionnaire survey.

3.1 ETHICS

The ethical approvals for Papers I, II, and IV were obtained from the
Regional Ethical Review Board of Gothenburg University (Paper I;
reference number 381-07, September 21, 2007. Paper II and IV;
reference number 776-13, November 18, 2013). All responders gave
their written consent to participate. For Paper III, no ethical consent was
required since aggregated data were used as authorized by the national

birth registers.

3.2 THE REGISTERS

The Swedish Medical Birth Register (MBR) was founded in 1973 and
is administered by the Swedish National Board of Health and Welfare.
The register includes information on 95-99% of all live birth, and from
2008 all stillbirths from the 22" gestational week (113,114). It is
mandatory for every healthcare provider to report to the register. Data
are collected prospectively, starting at the first antenatal visit, and
comprise maternal information such as; height, weight, smoking habits,

concomitant diseases, socio-demographic factors, parity, and
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complications during pregnancy, and obstetrical and infant information
such as; gestational age at delivery, birth weight and head
circumference, perineal tears, induction of labour, and mode of delivery

(114).

The validity of the MBR data has been assessed and published by the
National Board of Health and Welfare (115). Information on parity in
the MBR was incorrect in approximately 2% of Swedish-born women
and approximately 9% of women born abroad in 1973-1998 (115). In
Papers I, II, and IV, parity was checked with information about parity in
the Total Population Register (TPR). Women with conflicting
information about parity were not included in the study population. In
addition, parity was controlled by a separate question in the

questionnaire.

Data validation was performed by comparing register data with patient
records. Among 440 patient records, there were 1264 obstetrical
diagnoses (e.g. spontaneous delivery, premature birth, caesarean
section, induction, pre-eclampsia, perineal laceration) of which 43
(3.4%) were incorrect, uncertain, or should have been changed to a more
appropriate diagnosis. For 11 (2.5%) of the 440 records, obstetrical
diagnoses were completely missing in the MBR. The delivery mode was
not among the 25 most frequently missed diagnoses. Of 498 patient
records, 440 (90.6%) contained information on ‘maternal height’, of
which MBR data were incorrect in two (0.4%) of the cases and missing

in 11 (2.4%). Infant birth weight was recorded in 526 (97.6%) of 539
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patient records, of which MBR data was incorrect in one case (0.02%),
and missing in three (0.06%). Three percent (4/133) of the epidurals
stated in the MBR were incorrect compared to patient records (115). For
the other MBR variables used in Paper I, IT and IV, the mean maximum
rate of missing values were as follows in 1980-2000: age (birth date) of
mothers 0.2%, and gestational age (weeks) 4%. Regarding “time from
first delivery”, social security numbers are registered for all infants,

hence no delivery dates are missing (114).

Maternal weight at delivery and weight gain during pregnancy have
been collected since 1982, and weight in early pregnancy (at the
registration to antenatal care) since 1992. Before 1990, the weight could
only be recorded with two digits; consequently, 99 kg was the maximum
weight (115). In SWEPOP-1, the research group reviewed the patient
records of all women with a registered body weight of 99 kg (n=300) to
obtain their correct weights. For 1990-1991, weight, both at the
registration in antenatal care and the delivery ward, is missing in the
MBR (115). However, only the responders’ current weight, as stated in
the questionnaire, was used in Paper II and IV. Between 1983 and 1989,
21% of all CSs lacked planned versus acute CS information (115). Only

those women with a stated acute CS were included in Paper 1.

The TPR is a nationwide, compulsory register administered by Statistics
Sweden. It includes all persons registered in Sweden and contains data
on the size of the population and changes within the population, such as

civil status, citizenship, ancestral homeland, residence permit,
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relationships (marital status, biological or adoptive parents, registered
caregivers, etcetera), change of address, emigration, and immigration
(116). Using the mandatory 10 digits personal identity numbers,
Statistics Sweden serves researchers with data by linking the TPR data
to other registers (117). Comparing responders and non-responders in
Papers Il and IV, the TPR was further linked to the Income and Taxation
Register and the Swedish Register of Education. As the TPR, the
Swedish Income and taxation register is a compulsory register,
including nearly 100% of the registered population. Data regarding
income from employment, investment incomes, pensions, taxes, and the
populations educational level are collected from different authorities

(118,119).

In Paper III, aggregated, non-individual data from the MBR and three
comparable, quality-controlled national registers from Austria, Canada,
and Norway were used (120-122). The Austrian Perinatal Registry was
founded in 2008 and collects data from all maternity units in Austria,
and its data validity is checked regularly (122). The Canadian Institute
for Health Information Register (the Canadian Institute for Health
Information’s Discharge Abstract Database, CIHI DAD), was
developed in 1963 and has a high accuracy for perineal lacerations,
99.9% specificity for both 3rd and 4th-degree lacerations, and 97.1 and
94.7% sensitivity, respectively (123). The Medical Birth Registry of
Norway (MBRN) was established in 1967 and includes information on
pregnant women from all antenatal clinics, all delivery units, and all

paediatric examinations during the child's first month of life. The
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MBRN served as a template for the Swedish MBR, and the two registers
have an equally high quality (124,125).

3.3 THE STUDY COHORTS

Paper 1 is part of the Swedish Pregnancy, Obesity, and Pelvic floor
survey (SWEPOP-1) on women with exclusively one VD or one CS.
The inclusion criteria for SWEPOP-1 were primiparity with one
singleton birth between 1985 and 1988, no previous or further births, or
ongoing pregnancy. The study population were obtained from the MBR
by the Epidemiology Centre of the National Board of Health and
Welfare in Sweden. The addresses of 10,117 eligible women were
obtained from the Swedish state Personal Address Register (SPAR),
which includes all residents of Sweden (126). After excluding 694
women with unknown addresses, hidden personal IDs, and newly
deceased, 9,423 women were contacted. A letter was sent in 2008,
including information on the study, and asking for written, informed
consent to complete an enclosed questionnaire on current pelvic floor
disorders (PFDs). After four months, including three mailing cycles,
6,060 women had completed the questionnaire. Of these, 824 women
were excluded as they did not state parity (n=59), affirmed multiparity
(n=716), had a multifetal (n=43), or an ongoing pregnancy (n=6)
resulting in 5,236 women in the final, total study population (Figure 8).
The questionnaires were linked to individual data from the MBR. In
Paper I, the study cohort included 3,061 women with one spontaneous

VD (SVD), 704 with a vacuum extraction (VE), and 438 with one acute

26



Ida E.K. Nilsson

CS (ACS). The ACS group included 28 women with a failed VE. 1037
women were excluded from the study population; 766 had an elective
CS (ECS), 208 unclassified CS, 26 forceps delivery, and 37 women had

missing information on the mode of delivery.

Reported from Medical Birth
Register, n= 10117

‘ No address/died/secrecy

n =694
‘ Invited to participate in study ‘
n="9423
]
| |
Non-responders
Responders ‘ t - ’
E = 6148 (65.2%) n=3275 (34.8%)

Return to sender/severe illness
n=2388

Completed questionnaire
n= 6060 (64.3%)

Excluded due to multiparity
/multifetal/pregnant, n = 824

n=5236

Included/analysed J

Figure 8. The study population in Paper I. Reproduced from Gyhagen et al.
The prevalence of urinary incontinence 20 years after childbirth: a national
cohort study in singleton primiparae after vaginal or caesarean delivery. BJOG.
2013 Jan;120(2):144-151.

27



The long-term effects of obstetrical anal sphincter injury on pelvic floor function

Non-responders in SWEPOP-1 were 1.6 years younger (P<.001), more
often overweight or obese (37% versus 27%, P<.001), and more often
gave birth to a child of >4000g (48% versus 42%, P<.003) compared to
responders (127).

Papers Il and IV are parts of the SWEPOP-2 survey on women with two
VDs. The inclusion criteria were two-para women, with two singleton
VDs in 1992-1998 and no further births or ongoing pregnancy. After a
check for oversubscription performed by Statistics Sweden in 2014, we
excluded deceased, emigrated, and persons who had changed personal
numbers, 64,687 women were eligible. A simple random sample of

11,000 women was drawn.

Figure 9. Study population flow chart, SWEPOP-2. A, Cohort 1, a random
sample of 11,000 women from 1992 to 1998. B, Cohort 2, all women with repeat
(two) OASIs from 1987 to 2000. *The source cohort denotes all women who had
two vaginal deliveries, registered in Sweden and with two singleton births 1992-
1998. "Misclassification for deceased, emigrated, and change of social security
number (January 12, 2014), this information is updated every fourth week. “Mail
hindrance denotes mail returned to sender, addressee not found, or emigrated.
4Excluded denotes declined participation, and a blank or an unusable form.
°Among women with one OASI, 253 had an OASI at the first birth and 104 had
an OASI at the second birth. 'These 28 women occurred both in the random
sample and in the cohort with two OASIs. ¢All women who had two vaginal
deliveries and had sustained two consecutive OASIs 1987-2000.

ID, identification; OASI, obstetrical anal sphincter injury.

Reproduced from Nilsson et al. Symptoms of fecal incontinence two decades
after no, one, or two obstetrical anal sphincter injuries. Am J Obstet Gynecol

2021 Mar;224:276.el-.e23.
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Of these, 39 women had two consecutive OASIs. To yield equal
numbers of women with one and two OASIs the recruitment period of
women with two OASIs was extended to 1987-2000. A postal and web-
based questionnaire survey on symptoms of current PFDs was sent to
the study populations by Statistics Sweden in 2015, and answers were
collected throughout three mailing cycles for three months.
Questionnaire data were linked to obstetrical data from the MBR. Of the
final study population, 6,760 had no OASI, 357 had one OASI (253 at
the first and 104 at the second delivery), and 324 had two OASIs (28 in
the randomly selected cohort) (Figure 9). The response rate was 65.5%
among the randomly selected women with VDs and 70.1% in the cohort
with two OASIs. With the size of the study cohorts, an alpha level of
0.05, a power value of 80%, and using the Fisher exact test for the
analysis, power calculations were completed to evaluate the minimum

significant difference in the prevalence of PFDs between cohorts.

In SWEPOP-2, non-responders were younger (57.8% of women aged
30-39 compared to 23.9% of women aged 60-69), more often had
foreign citizenship (42.1% compared to 34.1% of women with Swedish
citizenship), and were more often born abroad (48.0% compared to
34.1% of women born in Sweden) compared to responders. They also
had a lower income (50.6% of those with an income of <124,999
Swedish krona (SEK)/year, compared to 28.4% of those with an income
of >370,000 SEK/year), and lower education (57.6% with maximum
compulsory school, compared to 28.0% with >3 years in upper

secondary school) than responders.
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In Paper III, aggregated data were used to compare the incidence of
OASI in the first vaginal delivery in four countries with comparable
high-quality national medical birth registers and state-funded healthcare
systems. In 2016, all countries presented a similar maternal age at the
first delivery according to the Organisation for Economic Co-operation
and Development (OECD) (128); 29.1 years in Canada and 29.2 years
in Austria, Norway, and Sweden. In all four countries, home deliveries
are unusual. The aim of this study was to survey the prevalence of OASI
in four main risk scenarios: the first vaginal birth, spontaneous or
instrumental (vacuum or forceps), and in women with a first vaginal
birth after caesarean section (VBAC). Hence, the inclusion criteria were
an in-hospital first VD that was instrumental or spontaneous, with or
without previous CS, in gestational week >37, a singleton foetus in
cephalic presentation, and information on OASI (“yes” or “no”). The
study population all had available information according to the inclusion
criteria. The aggregated data were commissioned from each country’s
register via their data controller and statistician and were available
2007-2016 for Austria (n=258 828), 2004-2016 for Canada outside
Quebec, and Sweden (n=923 357, and n=502 315), and 2004-2015 for
Norway (n=249 430).

3.4 DEFINITION OF OUTCOMES

According to the classification of Sultan, a first-degree perineal
laceration involves the vaginal mucosa and/or the perineal skin, a

second-degree laceration involves the perineal muscles but not the anal
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sphincters, a third-degree laceration (OASI) is defined as a laceration in
the EAS and/or the IAS, and a fourth-degree OASI involves the rectal
mucosa (17). OASI was presented as one group, regardless of degree,
and were identified from the MBR by codes 658.1 and 658.2 in the
International Classification of Diseases 8th revision (ICD-8) (1969-
1986), codes 664.2 and 664.3 in the ICD-9 (1987-1996), and by codes
070.2 and O70.3 in the ICD10 (1997-). From the period 1997 to 2000,
OASI was also identified using the surgical code MBC33.

Primiparous (one-para) women were defined as having delivered one
infant only, secundiparous (two-para) women as having delivered two
infants only, and multiparous were women defined as having delivered

two or more infants.

According to the International Urogynecological Association (IUGA)
and the International Continence Society (ICS), FI was defined as the
involuntary loss of solid and/or liquid stool, with and without
concomitant leakage of gas, and Al was defined as FI or isolated gas
incontinence (IGI) (93,129). Hence, the concept of FI always includes
leakage of stool, whereas Al can describe either leakage of stool or gas
incontinence only. The term accidental bowel leakage (ABL) is an
umbrella term for FI and Al. High frequency of leakage was defined as
leakage several times a month or more often, and low frequency of
leakage as less than once a month. Severe FI or Al was defined as having

bothersome symptoms several times a month or more often.
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Ul and subtypes were defined according to the [IUGA/ICS as a complaint
of involuntary loss of urine. SUI was further specified as Ul occurring
on effort, physical straining, sneezing, or coughing, UUI was UI
associated with urgency, and mixed Ul was a combination of SUI and
UUI (93). Overactive bladder (OAB) was defined according to the
IUGA/ICS as urinary urgency, but a more restricted definition of

nocturia (>2 times/night) was used (93).

Symptomatic pelvic organ prolapse was defined according to the
IUGA/ICS as a sensation of tissue protrusion from the vagina or a

vaginal bulge (93,130).

Bothersome FI, Al, IGI, Ul, and sPOP were defined as symptoms

causing “Some bother”, “Much bother”, or “A major problem”.

3.5 QUESTIONNAIRE

In the survey of SWEPOP-1, the questionnaire included 31 questions
(Paper I) and in SWEPOP-2 40 questions by adding questions about
lower urinary tract symptoms other than urinary incontinence (Paper II,
IV) (Appendix). The questionnaire was divided into three different
sections serving both as a symptom inventory and a measure of the
degree of bother and distress caused by UI, FI and Al, and sPOP. The
introductory section dealt with demographics such as current age, height
and weight, menstrual status, hysterectomy, menopause, hormone

treatment, treatment for any of the PFDs, and a control question about
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parity. Body mass index (BMI; kg/m?) was calculated from weight and
height given in the questionnaire in Papers I, II, and IV, and additionally
from MBR data (“BMI early pregnancy”) in Paper I. The second section
asked validated questions to estimate the prevalence, severity, and
subjective impact of PFDs from the Jorge-Wexner anal incontinence
score (131), the Sandvik severity index for UI (132,133), and the
Tegestedt short-form questionnaire for sSPOP (130).

Prevalences of ABL were explored by the questions “Do you leak solid
faeces involuntarily?”, “Do you leak liquid faeces involuntarily?”, and
“Do you leak flatus/gas involuntarily?”. Any solid or liquid leakage
referred to isolated symptoms, or any combination, in women with FI.
The frequency of each symptom was reported as “Never”, “Less than
once a month”, “Several times a month but less than once a week”,
“Once a week or more”, or “Once a day or more”. Pad use was enquired
by the question “Do you use a protective product/pad because of
involuntary leakage from the back passage?”” and the subjective impact
of Al by the question “Is your daily lifestyle affected by involuntary
leakage from your back passage?”, with frequency alternatives as for
ABL. The Jorge-Wexner score, ranging from 0 (continent) to 20
(complete incontinence) by cross-tabulating frequencies and the five
items, was further divided into mild (1-3), moderate (4-8), and severe
(=9). The mental impact of Al was explored by the question “How do
your bowel symptoms affect you?” (“No problem”, ““A minor nuisance”,

“Some bother”, “Much bother”, or “A major problem”).
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The prevalence of Ul was surveyed by the question “Do you have
involuntary loss of urine?”. UI subtypes were specified with further
questions, for SUI “Do you have involuntary loss of urine in connection
with coughing, sneezing, laughing or lifting heavy items?”, for UUI “Do
you have involuntary loss of urine in connection with a sudden and
strong urge to void?”, and for MUI positive answers to all three
questions were required. In addition, in Paper I, Ul symptoms for >10
years were reported. The frequency of urinary leakage was reported as
“Less than once a month,” “Once or more per month”, “Once or more
per week” and “Every day and/or night”. The amount was reported as
“A few drops”, “Small amounts” and “Large amounts”. The mental
impact of UI was explored by the question “How does your urinary
leakage affect you?” (“No problem”, “A minor nuisance”, “Some
bother”, “Much bother”, or “A major problem”). OAB was affirmed by
a positive answer to the question ”Do you have urinary urgency with a
sudden and strong urge to void which is hard to postpone?”, and nocturia
by answering the question “Do you have to urinate during the night?”

>2 times/night.

Symptomatic POP was regarded as present if the woman affirmed the
question “Do you have a sensation of tissue protrusion (a vaginal bulge)
from your vagina”, although different frequencies were regarded as an
affirmative answer in Paper I (often/sometimes/infrequently = yes,
never = no) and Paper IV (often/sometimes = yes, infrequently/never =

no). The subjective impact of SPOP was assessed by the question “How
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do these vaginal symptoms affect you?” (“No problem”, “A minor

nuisance”, “Some bother”, “Much bother”, or “A major problem™).

Having one or more complaints of FI, UL, or sSPOP was defined as having
“any PFD”. In Paper IV, “Other PFDs” refers to Ul and sPOP, and lower
urinary tract symptoms (LUTS) refer to OAB and nocturia.

3.6 MISSING DATA

The overall rate of missing data for outcomes was low. In SWEPOP-1,
the amount of missing data varied between 0% (age) and 15.9%
(hysterectomy) (127). In Swepop-2 the rate of missing data ranged from
0.3% (maternal height) to 3.8% (bothersome anal incontinence). In each
analysis, missing data were excluded, except for in the calculation of the
Jorge-Wexner score, where a missing answer in single questions was

regarded as “never”/’no problem”.

3.7 STATISTICS

For categorical data, number, percent, and 95% CI were presented. The
mean and standard deviation (SD), and the median and interquartile
range (QI1-Q3) were presented for continuous variables. When
comparing two groups, Student’s t-test for independent samples (Paper
I) and Mann—Whitney U test (Papers Il and IV) were used for continuous

variables. Furthermore, Chi-square test (Paper I) and Fisher’s exact test
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(Papers II and IV) was used for dichotomous variables, and Mantel—
Haenszel chi-square test was used for ordered categorical variables. In
addition, the results for continuous variables were presented as the mean
difference, and for categorical variables as the difference in percentage,

with 95% CI and P value.

When analysing PFDs between VE and SVD, and VE and ACS,
adjusted odds ratios (aOR) with 95 % CI were calculated using logistic
regression, adjusting for BMI, maternal age, and infant birth weight.
When analysing independent risk factors for any PFD and >2 PFDs,
multivariable logistic regression was used including maternal age at
delivery, infant birth weight, episiotomy, epidural anaesthesia, VE,
OASI, and current BMI as potential risk factors, presenting OR with 95
% CI.

Trends for women with no, one, and two OASIs were analysed using
Mantel-Haenszel statistics for dichotomous variables and the Spearman
rank correlation test for continuous variables. The Pearson chi-squared
test was used for the distributions of FI symptoms among non-ordered
groups. The order of the cohorts presumed that women with no OASI
were least affected, followed by those with one, and lastly that women

with two OASIs were most affected.
Logistic regression models were used when comparing the prevalence

of FI symptoms between two groups (no, one, or two OASIs) adjusting

for age and current BMI. Three independent logistic regression models,
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weighted with the year 2000 as reference, obtained the estimated age-
related probability of FI with OR/10 years, 95% CI, and P value. For the
groups with one or two OASIs, piecewise logistic regressions were
performed with 52 years of age as the cut-off. Results were presented as

OR/10 years, 95% CI, and P value.

When analysing OASI rates by year from 2004 to 2016, linear regression
models were used to show the trend. The average, yearly, change in
percentage units were used as the B-value of the regression model. Based
on the number of women at risk, the trend for each country was analysed

using Mantel-Haenszel chi-squared statistics.

To estimate the degree of bother according to the Jorge-Wexner score,
four separate logistic regression models were made. The cumulative
degree of bother (“A major problem”, “A major problem + Much
bother”, “A major problem + Much bother + Some bother”, and “A
major problem + Much bother + Some bother + A minor nuisance”) was
the dependent variable, and Jorge-Wexner anal incontinence score the
independent variable. Results were presented as the observed prevalence

of the degree of bother and the estimated percent of the degree of bother.

Statistical testing was two-sided and the significance level was set to
P<.05. Statistical analysis system (SAS) version 9.1 (Paper I) and 9.4
(Paper 11, 111, and IV) was used for the statistical analysis (SAS Institute,
Cay, USA).
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4 RESULTS

41 PAPERI

Compared with SVD, women with a VE delivery were older (P<.001),
shorter (P<.001), had a higher BMI in early pregnancy (P<.001), gave
birth to an infant with higher birth weight (P<.001), more often had an
episiotomy (P=.001), and epidural anaesthesia (P<.001). OASI occurred
in 6.3% after VE and 2.4% after SVDs (P<.001). The prevalence of FI,
sPOP, UL, Ul >10 years, and bothersome Ul was similar in both groups;
the rate of any PFD was 49.9 % after VE and 49.0 % after SVD (Table

1.

When comparing VE deliveries with and without OASI, an OASI
doubled the rate of FI (15.4% to 30.2 %, OR 2.55; 95 % CI 1.26-5.15).
A similar increase in the rate of FI was seen in SVD complicated by an
OASI (30.2 vs 27.8 %, OR 1.12; 95 % CI 0.49-2.56). In addition, OASI
(regardless of delivery mode) increased the rate of UI by over 60%, but
no difference was found in sPOP prevalences after OASI. The
prevalence of most PFDs was overall approximately halved in women

with an ACS compared with a SVD or a VE delivery (Table 1).

The multivariate logistic regression analysis showed that maternal age,
current BMI unit, infant birth weight, and OASI were risk factors for
any PFD (one or more PFD symptoms). The risk factors for two or more

PFDs were maternal age, current BMI, epidural anaesthesia, and OASI.
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Table 1. Crude prevalence and adjusted odds ratio and 95% confidence interval
of pelvic floor disorders grouped according to mode of delivery.

VE SVD  ACS VEvsSVD VEvs ACS
n=704  n=3061  n=438 adjOR adjOR

% o % (95%CI)  (95% CI)
sPOP 15.1 15.2 o= (0.701.-910.14) (1.723-7411.25)
sPOP+UI 8.8 9.7 27 (0.5%-719.07) (1.92-?.16)
Tr:;tcl)nlffnélfor 48 >0 23 (0.5%-7 14. 10) (0.915-9419.04)
FI 16.3 13.6 12.5 (0'912'_116_46) (1.11(5-529.28)
Any PFD 49.9 A4 38.8 (0,911.?19.28) (1.310'-628.16)
>2 PFDs 17.9 16.5 08 (0.812?12.27) (1.622‘-339.52)
Ul 40.5 41.0 el (0.7(;?1?06) (1.216.625.14)
UI>10 years 9.0 10.5 5.1 (0.5%_718.()5) (1.12—93().17)
BOthIejrf e 10 >9 (0.92-21().55) (1.62é?2.29)
Sought doctor 6.3 3.1 33 (0.713-0i49) (1.025?33.77)

ACS, acute caesarean section; aOR, adjusted odds ratio; F1, faecal incontinence;
PFD, pelvic floor disorder; sPOP, Symptomatic pelvic organ prolapse; SVD,
spontaneous vaginal delivery; VE, vaginal delivery assisted by vacuum extraction.
Odds ratios were adjusted for BMI, maternal age, and infant birth weight.
Reproduced from Nilsson I, Akervall S, Milsom I, Gyhagen M. Long-term effects of
vacuum extraction on pelvic floor function: a cohort study in primipara. Int

Urogynecol J 2016,27:1051-6
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42 PAPERII

At the first delivery, the risk of sphincter injury was 3.9%, and the risk
of a repeat sphincter injury was 10.0% (OR 2.70, 95%CI 1.80-4.07).
Demographics showed that women with OASI were somewhat older
than women without OASI. The mean current age was similar (~50
years) in women with no, one, or two OASIs, respectively. Due to the
extended inclusion period, the follow-up time from first birth was
somewhat longer (~0.6 years) in women with two OASIs. The time
interval between the first and second delivery was somewhat longer in
women with OASI at the first delivery (~0.2 years). In women with one
and two OASIs, infant birth weight >4kg occurred twice as often as in
those without (Trend P<.0001). The rate of VE was more than doubled
in the OASI groups (Trend P<.0001).

Two decades after the first delivery, 11.7% of the women without OASI
had FI, whereas the prevalence in women with one or two OASIs was
23.7% and 36.1% (Trend P<.0001) (Figure 10). In women with no, one,
and two OASIs, leakage of any solid stool increased from 3.4% to 7.3%
and 11.7%, and leakage of any liquid stool increased from 10.8% to
21.7% and 349 %, respectively (Trend P<.0001) (Figure 10).
Concomitant gas incontinence and any liquid stool incontinence
occurred at similar frequencies. Severe FI increased from 1.8% to 5.4%
and 9.0% in women with no, one, and two OASIs (Trend P<.0001). The
most common combinations of FI, liquid stool and gas, and the triple
combination of solid and liquid stools and gas, increased with one and

two OASIs. There was no difference in the prevalence of isolated gas
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incontinence between the three groups. The age-related prevalence of FI
increased after 52 years of age in women with sphincter injuries. At the

age of 60 years, less than one in five women with OASI was continent.
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Figure 10. Components of accidental bowel leakage.

CI, confidence interval;, OASI, obstetrical anal sphincter injury. Reproduced from Nilsson et
al. Symptoms of fecal incontinence two decades after no, one, or two obstetrical anal sphincter
injuries. Am J Obstet Gynecol 2021 Mar;224:276.el-.e23.

43 PAPERIII

The total study population consisted of 1 933 930 women with a first
vaginal delivery in Austria, Canada, Norway, and Sweden. Overall,
115 070 OASI were identified; 62 197 in women with SVD, 35 258 in
women with VE (n=312 317), and 17 615 in women with a forceps
delivery (n=86 123). In all countries, the annual number of births

increased during the study period. The annual prevalence of CS was
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rather similar within the four countries during 2004-2016, Austria (31%)
and Canada (27%) had the highest rates, and Norway (18%) and Sweden
(16%) had the lowest. Almost every fourth primipara in Canada and
Norway was delivered instrumentally, and forceps-assisted delivery was
performed in ~8% of primiparous deliveries in Canada and in ~3% of
primiparous deliveries in Norway. The rate of operative VDs was
somewhat lower in Austria and Sweden, compared with Canada and

Norway, and forceps were rarely used (<0.5%).

Trend p< 0.0001 (All)
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—Canada* 4,2 42 4 41 42 43 47 49 49 47 49 49 52
—Norway 51 48 38 34 31 29 28 27 28 24 24 23
Sweden 54 5 47 44 44 41 45 45 45 49 49 43 4
——Austria 6 17 19 19 2 22 22 24 25 23

* Quebec not included
Figure 11. Incidence of sphincter injury at first birth by spontaneous vaginal delivery.

In Norway, the rate of OASI in SVD decreased from 5.1% to 2.3%
(Trend B —0.23, P<.001) during the study period, and in Sweden a
similar but weaker trend was seen (5.4% to 4.0%, Trend B —0.05,
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P<.001). The opposite trend was noticed in Canada (4.2% to 5.2%,
Trend B 0.09, P<.001) and Austria (1.6% to 2.3%, Trend § 0.09, P<.001)
(Figure 11).

18
16 Trend p< 0.0001 (All)
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Percent
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

——~Canada* 12,8 12 11,8 12,1 11,9 12,3 13,4 13,5 13,8 13,1 13,7 12,3 13
—Norway 13,9 11,6 11,1 8,8 8,6 8,6 6,5 58 54 5,4 53 4,7

Sweden 15,1 15,5 14,5 13,5 13,5 12,5 13,9 13,7 12,9 14 13,1 12,6 12,2
——Austria 4,3 4,1 4,7 4,9 52 5,5 5 6,1 6,2 51

*Quebec not included

Figure 12. Incidence of sphincter injury at first birth by vacuum delivery.

The incidence of OASI after operative VD varied with the mode of
delivery, between countries, and during the study period; in VE
deliveries from 4.1% (Austria) to 15.5% (Sweden) (Figure 12), and in
forceps deliveries from 4.0% (Austria) to 26.6% (Sweden). The mean
rate of OASI was 2.7 times higher after a VE delivery, and 4.3 times
higher after a forceps delivery, compared to SVD. The rate of OASI after
VE delivery in 2015 was twice as high in Canada and Sweden (12.3%
and 12.6%), compared to Norway and Austria (4.7% and 6.2%) (Figure
12). During the study period, the incidence of OASI in VE deliveries
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decreased from 13.9% to 4.7% in Norway (Trend B —0.79, P<.001). The
rate of OASI in forceps delivery was similar in Canada (18.6%) and
Norway (20.4%) in 2004, but decreased to 6.2% in Norway (Trend 3
—1.15, P<.001) and increased to 24.3% in Canada (Trend B 0.49,
P<.001) at 2015.

Compared to having an SVD at first birth, the risk of OASI in VD after
a prior caesarean section (VBAC) was increased in all countries (about
10-60% at the end of the study period). There was a decreasing trend in
both Norway and Sweden (Trend B —0.20, P=.017, and Trend B —0.17,
P<.001), however in 2014, Sweden had the highest rate of OASI in
spontaneous VBAC (8.1%), corresponding to a difference of ~5
percentage units between Norway and Sweden. The rate of OASI in
vacuum-assisted VBAC varied markedly between years and countries.
Overall, the incidence rates were approximately doubled in vacuum-
assisted VBAC in all countries, compared to spontaneous VBAC (2014-
2016). Norway showed a downward trend in the incidence of OASI also
in VE-assisted VBAC, from 16% in 2004 to 6.7% in 2015 (Trend B
—0.71, P<.001). The registers in Austria and Sweden denied information
on forceps-assisted VBAC since there were so few cases and hence a

risk of identifying these women.

44 PAPERIV

The study cohorts were identical to those in Paper II. The mean rate of

missing data was 1.6%, lower in women with two OASIs (0.8%).
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Bothersome FI increased 3- and 5-fold, from 3.3% in women without
OASI, to 10.4% (aOR, 3.25; 95% CI, 2.23-4.73) in women with one
OASI and 16.5 % (aOR, 5.16; 95% CI, 3.69-7.22) in women with two
OASIs (Figure 13). The prevalence of IGI was about 40% in each group,
but bothersome IGI was higher after one and two OASIs (Trend
P=0.0024) (Figure 13). 28.2% of women without OASI perceived their
FI as bothersome, compared to 43.9% and 46.0% in women with one or
two OASIs (Trend P<.0001). The frequency of leakage of solid and
liquid stool and IGI increased in women with one or two OASIs
compared with those without (Trend all P<.0001). For example, the
frequency of any leakage of liquid stool was 10.8% in women with no
OASI, 21.7% in women with one, and 34.9% in women with two OASIs
(Trend P<.0001). The use of pads was higher in the one and two OASIs
groups compared with no OASI, from 2.3% in women without OASI to
7.1% and 8.4% in those with one and two OASIs (Trend P<.0001)
(Figure 13). An effect on daily life was reported by 8.6% of women
without OASI and 19.7% and 29.6% in women with one and two OASIs
(Trend P<.0001) (Figure 13). The mean Jorge-Wexner score was 1.27,
2.25, and 2.98 with 0, 1, and 2 OASIs, respectively (Trend P<.0001). In
women with a Jorge-Wexner score of six, more than 50% had
bothersome AIl, and in those with a score of 9, almost 80% had
bothersome Al. Few women had received treatment for bowel leakage,
there were however significantly more women with one and two OASIs
(3.4% and 4.1%) compared with women without OASI (1.3%) (Trend
P<.0001) who had received treatment (Figure 13).
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Neither one nor two OASIs was associated with an increased risk for

other PFDs and lower urinary tract symptoms (LUTS).
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Figure 13. Impact of incontinence.

Al anal incontinence; F1, fecal incontinence; /G, isolated gas incontinence; Incontinence
score, the Jorge-Wexner anal incontinence score; OASI, obstetrical anal sphincter injury;
Treatment, refers to any kind of treatment (surgery, physiotherapy, medical, etcetera). The
trend was analyzed using Mantel-Haenszel statistics for categorical variables, and the
Spearman’s rank correlation test for continuous variables. Reproduced from Nilsson et al.
Severity and impact of accidental bowel leakage two decades after no, one, or two sphincter
injuries. Am J Obstet Gynecol 2023; doi: https://doi.org/10.1016/j.ajog.2022.11.1312 Online
ahead of print.
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5 GENERAL DISCUSSION

5.1 STUDY DESIGN

This thesis was based on national, high-quality, birth registers with
either national total cohorts or national large simple random samples of
women with restricted parity and mode of delivery. Restricting the
inclusion criteria is an effective method to prevent confounding of
known risk factors (134), in our case regional differences, multiparity,
and mode of delivery. In Papers I, II, and IV, birth register data from
comprehensive cohorts were combined with a self-administered,
validated questionnaire on current symptoms of PFDs, controlling for
recall bias. Questionnaire surveys are considered to yield more accurate
data on sensitive or embarrassing topics (135) and gave the opportunity
to further control for parity. The long-term follow-up from the first

delivery in Papers 1, II, and IV was approximately two decades.

5.2 METHODOLOGICAL CONSIDERATIONS

5.2.1 INTERNAL VALIDITY

Internal validity describes to what extent an observation or symptom is
correct for the specific group studied, so that the effect is measured
accurately in the specific group. Three general categories compromise
internal validity: selection bias, information bias, and confounding

(136).
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5211 SELECTION BIAS

Selection bias arises from systematic differences in the studied group
and the source cohort. For example, even if questionnaire surveys are
considered the most valid measure of the presence, severity, and impact
of sensitive issues such as PFDs (137), the willingness to participate
might be higher in women with symptoms, hence risking overestimating
symptom frequency (130,138). A response rate of under 60% has been
correlated to a high risk of response bias, which is why the response
rates of the SWEPOP-1 and -2 surveys could be regarded as acceptable
(139). In Paper I (SWEPOP-1), the non-responders were younger, more
often overweight or obese, and more often gave birth to a child of >4kg
compared to responders, therefore having risk factors acting both ways
on the risk of PFDs (lower age versus higher BMI and birth weight). In
Papers II and IV (SWEPOP-2), the response rate was somewhat higher
in the cohort of women with two OASIs compared to the randomly
selected women with VDs. This may support the notion that women with
symptoms are more willing to participate. Compared to responders in
SWEPOP-2, the non-responders were younger, more often born abroad,
and more often non-Swedish citizens with a lower education level and
income (MBR data was not offered for non-responders). A lower age
implies a lower prevalence of PFDs, but the possible impact of the other
factors on the risk for PFDs is more uncertain — as they are all associated
with a lower socioeconomic status. This group might also have a higher

prevalence of various illnesses (140,141).
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5212 INFORMATION BIAS

Information bias occurs when there are measurement errors in the
information about the participants, which is also called
misclassification. In this thesis, obstetrical data of mothers and infants,
and data for the analysis of responders and non-responders, were
collected from high-quality national medical birth registers, as well as
the TPR, the Income and Taxation Register, and the Register of
Education. In the MBR, the information on parity is missing in
approximately 2-9% of cases, leading to an incorrect parity (115).
Importantly, we used a separate control question in the questionnaire
about parity. Those who stated a higher parity than in the MBR and

women with missing information in the questionnaire were excluded.

5.21.3 CONFOUNDING

Confounding arises when the effect of the studied exposure is mixed
with the effect of an unknown exposure linked to the studied exposure,
hence a mixing of effects. A confounder may lead to both over- and
underestimation of results. Epidemiological studies must therefore try

to control (adjust) for known and unknown confounders in the cohorts

(142).

In paper I, we considered it relevant to adjust for current maternal weight
and age, and infant birth weight. Crude ORs and adjusted ORs were
almost similar, and crude ORs were not published. In Papers II and IV

adjustments were made for known risk factors for FI (age and BMI).
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5.2.2 EXTERNAL VALIDITY

External validity refers to the generalizability of the study results to
populations outside the study (136). SWEPOP-1 aimed to study the
effect of one vaginal or one caesarean delivery on future PFDs. As such,
it ought to be highly generalizable to similar populations. With the same
reservations, this applies to the 2-para women in SWEPOP-2. Due to the
large, random sample of national data, the external validity is high.
Paper IIl was predominantly a descriptive study, highlighting the
differences in OASI incidence in countries with presumed medical and

socioeconomic similarities.

In the SWEPOP surveys, we deliberately chose to include all VDs of
primiparous or secundiparous women, regardless of gestational week,
foetal presentation, instrumental delivery, etcetera, since the aim of this
study was to compare vaginal delivery with or without VE, and with or
without OASI, in total. In addition, women were included irrespective
of health status and obstetrical complications, to better be able to

generalise results and to get a more realistic basis for consultation.

5.2.3 RANDOM ERROR

Precision is essential for the accuracy and validity of the study (136). In
epidemiology, random error is mainly about the process of collecting
the study population and, therefore, a sampling error. The precision can
be improved by increasing the sample size of the study and by dividing

data into strata for comparisons. SWEPOP-1 and -2 both consisted
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simple random samples of ~10,000 women each, and in Paper III,
national, total, cohorts were used. In all papers, study participants were
further divided into strata based on the mode of delivery, or delivery

with or without OASI.

5.3 REFLECTION REGARDING ALTERNATIVE
STUDY DESIGNS

Papers I, II, and IV are cohort studies establishing selection criteria and
exposure factors in advance from a national register, e.g., parity,
delivery mode, diagnosis, etcetera. In agreement with the
recommendation by Rothman, Greenland, and Lash, they are
prospective studies, as the studied disease outcomes (PFDs) could not
influence the exposure information (143). Information about exposure
was obtained from a national register and not from information obtained
from the participants. Recall bias regarding the degree of perineal tears
has been found to be high 5-10 years after delivery (144). The SWEPOP
surveys report on long-term (20 years) symptoms of PFDs after
childbirth. Prospective studies with long-term follow-up are time- and
money-consuming and are afflicted with a progressively increasing
number of drop-outs and consequently decreasing the number of
participants, which often has led to underpowered analyses. Paper III is

an ecological study, as no individual data were available (145).
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5.3.1 RANDOMISED CONTROLLED TRIALS

The most robust evidence regarding causality is obtained through
randomised controlled trials (RCT) (146). However, an RCT to analyse
the association between obstetrical events and future PFDs, will not be
approved due to the ethical considerations of randomising women to a
set parity or a fixed delivery mode. Furthermore, RCTs with long-term
follow-up will exhibit similar shortcomings as prospective long-term

follow-up cohort studies.

The incidence of OASI is however a short-term outcome. In a recent
RCT that was published in The Lancet, women with a first vaginal
delivery were randomised to either standard care with one midwife
present at delivery or to an intervention group with an extra midwife
assisting from the second stage of labour to the delivery of the infant
(147). The primary outcome was the prevalence of OASI in the
intervention group compared to the standard care group. The result
showed that assistance from a second midwife during the active second

stage of labour reduced the risk of OASI (OR 0.68, 95% CI 0.49-0.95).

There are many studies analysing risk factors for OASI (32-40), and the
next step would be to identify the individual risk of OASI using logistic
prediction models developed from large databases (45,148,149).
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5.3.2 CASE-CONTROL STUDIES

Initially, a retrospective case-control study was considered less reliable
than a cohort study. This is based on the early experiences from case-
control studies, in which exposure was identified by asking study
participants to recall their exposure history (143). The case-control
study typically investigates rare diseases, and the cases are chosen based
on their disease status (in our case PFDs) and not exposure (VD, CS,
VE, and OASI) (145). If we had conducted a case-control study, the
exposure status could have been identified without the risk of recall bias.
Even though the rate of Al and FI was not established among parous
women when designing the SWEPOP-1 and -2 studies, it was unlikely
that Al and FI would be rare (2). Furthermore, without a large random
sample, we would have missed valuable information on the prevalence
of OASI and repeat OASI (Figure 9) (150). Hence, a case-control study
design was not considered for the SWEPOP surveys.

5.3.3 A QUALITATIVE APPROACH

The qualitative approach is founded on theories about human experience
and human interpretation. It aims to explore the meaning of social and
cultural phenomena as the afflicted person perceives them in their
habitual context. The results of qualitative studies are often used to
create hypotheses for quantitative studies (151). Qualitative studies have
been crucial in stressing the relevance of epidemiological studies of FI

and Al as they have revealed a range of severe consequences due to the
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symptoms, such as reduced self-esteem, anxiety, unwillingness to leave

home, as well as relationship and work difficulties (27,28,102).

5.34 SYSTEMATIC REVIEW AND META-ANALYSIS

The explosion of scientific articles, and the need for informed decision-
making in clinical practice and public health, has led to the need for
research results to be synthesised in systematic reviews and meta-
analyses. Meta-analyses may further help to understand and quantify the
variability of the results between studies (152). The systematic review
and meta-analysis by LaCross et al. highlighted that high-quality studies
on the long-term (>10 years) prevalence of PFDs after OASI was
missing (43), which is why the SWEPOP surveys were conducted.
Regarding the incidence of OASI, rates seem to differ considerably
between countries, and over time (40,96-98,153), and no meta-analysis
has yet been performed on the overall incidence. Still, one has affirmed

the increased risk of OASI in VBAC (154).

5.3.5 ANIMAL MODELS

Changes in female physiology and changes to the pelvic floor with
pregnancy are still essentially unknown and pose a largely unexplored
research field (60,61). Using animal models is one alternative to spread
light on these unresolved questions. A study on rats found that an
increased load on the pelvic floor induced plasticity of the muscles,

resulting in a protective effect against mechanical injury. The effect
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increased if the rat was gravid (155). Crush injury to the pudendal nerve
in rats, simulating a birth injury, induced a recoverable SUI where the
leak point pressure was lowest after four days but recovered to almost
normal levels two weeks after injury (156). However, there may be
ethical considerations of subjecting animals to potentially painful
experiments, especially since the results of animal models may not apply
to humans. For example, the fact that rats are quadrupeds and humans

are bipeds may influence comparability.

54 STRENGTHS AND LIMITATIONS

The national birth registers and the study design were the main strengths
of this thesis. Because of their completeness, the quality of the birth
registers and the TPR is considered high. The study cohorts were large,
from countries with similar socio-economic and demographic
conditions, and surveyed during limited periods. Response rates were
high in the questionnaire surveys compared with earlier studies in this
research field (157,158). The design strategy of restriction controlled for
confounding factors. The study populations of Papers I, II, and IV were
retrieved from a high-quality national register, and the control groups
were the theoretically most appropriate (159). The questionnaire used
validated questions about PFDs and LUTS. In large populations, a
questionnaire survey is considered the most appropriate tool to collect
information about sensitive issues such as FI (135), and numerous
studies have shown that self-reporting is consistent (160) and valid when

the symptoms exist concurrently (160-162).
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However, the prevalence of PFDs in Papers I, I, and IV might be
overestimated as the willingness to participate in questionnaire studies
is higher in symptomatic women. In addition, the participants reported
their current height, weight, and PFD symptoms in the questionnaire.
The accuracy of this information is dependent on the participants'
willingness and ability to provide it. Responders may misinterpret
questions and feel uncomfortable answering sensitive questions, which
may lead to under- or overestimation of the rates. We presumed that FI
was more bothersome than IGI. It is a limitation that SWEPOP-1 and -

2 lacked information about PFDs before or during pregnancy.

Underreporting of OASI is recognised as a substantial hindrance in
epidemiologic research of perineal lacerations and the aetiology of FI
(17). In Sweden, the incidence of sphincter injury was less than 1% in
nullipara during the mid-80s, which most likely reflects an
underreporting in MBR. Tears involving only a minor part of the
sphincter muscle may be unreported. This may have led to a selection
bias of more severe lacerations in the OASI cohorts and, most probably,
an overestimation of FI. Conversely, it would also entail that less severe
OASIs were present in women allocated to the control groups. In Paper
I, differences in the diagnoses and reporting of OASI and the exact
technique for perineal protection during delivery of the foetus were not
available. Misclassification of perineal injuries may explain the
differences to some extent. There is, however, no reason to assume that

the trends in OASI rates within and between countries vary by chance.
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5.5 CONSIDERATIONS OF DEFINITIONS AND
CLASSIFICATIONS

5.5.1 OBSTETRICAL ANAL SPHINCTER INJURY

OASI was analysed as one entity with no distinction between 3™ and 4-
degree injury. Until 1997, there was no information in the MBR about
the subgroups of 3"-degree OASIs, and 4"-degree injuries were rare

(approximately 7% of all OASIs in SWEPOP-2).

5.5.2 QUESTIONNAIRE

In 2007, when the SWEPOP-1 survey was designed, no validated
questionnaire for all three main PFDs (UI, sPOP, and FI) had been
constructed and used. We, therefore, used validated questions from
Jorge and Wexner (FI), Tegerstedt et al. (sSPOP), and Sandvik et al. (UI)
(130-132). In our questionnaire, the number and order of the questions
might have affected the answers, but in that case, the groups that were

compared would have been equally afflicted by this bias.

5.5.3 FAECAL INCONTINENCE

Qualitative studies have revealed numerous debilitating effects due to
FI1, such as feelings of shame, social limitations and isolation, sexual
difficulties, and not being able to work full time (27,28). The results of

qualitative studies are, however, limited by small numbers of study
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participants, and participants were often recruited among patients
seeking healthcare, or awaiting surgical treatment, for FIL.
Questionnaires are used to quantitatively estimate the prevalence and
subjective impact of FI in larger populations. At the time of the
construction of our questionnaire, the Jorge-Wexner incontinence score
was the most widely used form and was considered easy to understand
and sensitive to changes over time with a limited number of questions
(163). The score has been validated in several studies (164-167), but it
has been unclear how the women’s perception of their incontinence
compares to the Jorge-Wexner score. A Jorge-Wexner score of >9 has
indicated a significant impairment in quality of life (166). In one study,
even a lower score was shown to affect the quality of life for women
still employed or having active physical and social lives (168). It has
also been shown that the degree of bother is strongly associated with

coping behaviours, such as the use of pads (169).

5.5.4 URINARY INCONTINENCE

The question about UI was specified by questions about subtypes of Ul.
UI subtypes have been shown to be associated with different degrees of
severity and bother, and with age (1,170-173). As Ul is a frequent
symptom in epidemiological surveys, with a prevalence of 25-45%, the
severity and impact of Ul are clinically more relevant. The question
about the subjective impact (bothersomeness) was also used in the

EPICONT survey of almost 30 000 Norwegian women (172).
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5.5.5 PELVIC ORGAN PROLAPSE

In 2005, Tegerstedt et al. validated a short-form questionnaire for sPOP,
the question “Do you have a sense of tissue protrusion (vaginal bulge)
from your vagina” had almost all the predictive capacity of the test
(130), which has been verified by others (94,127,174). The short form
was developed on women with and without confirmed prolapse to the
introitus, and when tested on a random sample of 8000 women (29-79
years old), the questionnaire had 66.5% sensitivity and 94.2%
specificity (175). When the question was used in the SWEPOP-0
project, a positive answer was set to “often, sometimes, or infrequently”
and nulliparous women aged 25-34 years presented a higher prevalence
(9.6%) of sPOP than women aged 55-64 (6.4%) (176). However,
bothersome sPOP and symptoms aggravated by heavy lifting were about
twice as common in older women. When using the cutoff “sometimes
or more often”, the prevalence decreased to 2.9%, compared to 2.4% in
the study of Tegerstedt et al. (175). The high prevalence of a “vaginal
bulge” among the younger nullipara was thought to reflect coexisting
conditions (such as “a chafing feeling”, OAB, and FI) common in the
group, indicating a spectrum bias (174,176,177). Hence, the frequency
for affirming sPOP was changed from often/sometimes/infrequently in

Paper I, to often/sometimes in Paper IV.
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5.6 MAIN FINDINGS AND COMMENTS

5.6.1 PAPERI

OASI occurred three times more often in vacuum-assisted vaginal
delivery than in spontaneous delivery. An OASI doubled the long-term
prevalence of faecal incontinence irrespective of whether the OASI
occurred after a spontaneous or vacuum-assisted delivery. The long-
term prevalence of other PFDs was similar after SVD and VE but
consistently lower after an ACS. Further, OASI was associated with an

increased risk of Ul and FI rates but not sPOP.

The increased incidence of sphincter injury after VE in our cohort is
consistent with previous reports on primipara. In the study by Robinson
et al., the incidence of OASI was 8.7% after SVD and 29.8% after VE
(178). In addition, the risk of sustaining an OASI was 2.9 in VE
compared with SVD in a study on primiparas by Ekeus et al. (179).
According to the MBR, the mean incidence of sphincter injury in
primipara 2009-2013 was 13.4% after VE and 16.9% after VE in a
VBAC (180). In the present study, the prevalence of FI was 30.2% two
decades after OASI, considering the 17 years longer follow-up, this is
consistent with the mean FI rate of 21.3% found in 13 studies from 1993
to 2004 (OASI n=936, median follow-up 31 months, range 10-72)
(181).
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There was scarce information about long-term PFDs after VE compared
with spontaneous delivery. In a study from the US, the prevalence of
bothersome PFDs 5-10 years after delivery was similar after VE (n=49)
and SVD (n=324) conforming with our results (182). In a Norwegian
study with 15-23 years of follow-up, the prevalence of PFDs was higher
after operative VD (VE n = 299, forceps n=335) compared to SVD (n =
692): FI1 12 vs. 6%, Ul 48 vs. 49%, sPOP 15 vs. 9% (183). However, in
that study, the cohorts were mixed regarding mode of delivery and parity

(mean parity 2.2); hence, the comparison with our results is uncertain.

In a study with a fictive VE setting, clinicians were urged to achieve a
minimum, average, and excessive traction force, and they generally
misjudged and underestimated the pull force applied at the tests (184).
Furthermore, in a clinical setting, the employed extraction force was
even higher (184). In the Cochrane review from 2010 by O’Mahony et
al., forceps and VE delivery were compared in ten randomized
prospective studies. The overall OASI rate was 14.0% after forceps and
7.5% after VE. However, the OASI rate varied from 0 to 25%,
significantly related to the OASI rates after forceps (Kendall’s t=0.81,
p< 0.004), which indicates that the setting for instrumental delivery was

a risk factor for OASI (185).

5.6.2 PAPERII

The risk for a repeat sphincter injury nearly tripled after having an OASI
at first birth.
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Twenty years after birth, the prevalence of all symptoms of FI was
doubled in women with one OASI and tripled after two OASIs
compared to women with two VDs without OASI. After one and two
OASIs, severe FI increased 3- and 5-fold. Sphincter injury was
associated with increased occurrence of the triple combination of solid
and liquid stools and concomitant gas. The incidence of FI was relatively
constant at ages 40 to 60 years in women without OASI but increased
after 52 years in those with OASI. Less than one in five women with

OASI were continent for stool and gas at the age of 60 years.

The risk of a repeat sphincter injury at the subsequent birth was 6.3%
(range 2.0-13.4%) in a review by Jha and Parker on 99,042 women (99).
The wide range was thought to be due to a skewed distribution of
predictors of sphincter injury and obstetrical practice. Due to the higher
response rate after two OASIs (70.1% vs 65.5%), our result (10.0%)

may be somewhat inflated.

Currently, convenience samples from single hospitals (11,23-
25,144,186) with follow-up periods of <10 years (11,24,144) have been
used in most studies about long-term FI after sphincter injury. In two
studies, only women with “complete” OASI were included (11,186),
and six studies used uncertain definitions of FI or presented solid and
liquid stool leakage separately, which most likely add up to an
overestimated rate of FI when summarized (11,23-25,144,186). The
mode and number of previous and subsequent births have not been fully

controlled for in any of the studies. In women without OASI, the
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prevalence of FI ranged from 5.3% (23) to 12.2% (24), and in women
with one OASI, FI rates ranged from 13.5% (23) to 28.8% (25). The
mean increase of FI from no OASI to one OASI in four studies was
13.5% (24,25,144,186). In Denmark and Sweden, there are currently
two large projects on FI after no, one, or two OASIs, both based on
validated national registers and questionnaire surveys and with follow-
up periods of 12, respectively, 20 years (26,187,188). The prevalence of
FI among women without OASI was 5.6% in the Danish study (188)
and 13.7% in the Swedish study (187). In women with one OASI, the
prevalence was 13.2% and 16.5% in the Danish cohort with two VDs
(26,189) and 28.4% in the Swedish cohort with one VD (187). After two
sphincter injuries, the prevalence was 23.6% (26) and 36.1% in this
study. On average, the difference in FI rates was about 10% in the
national cohorts with no, one, and two OASIs, ~10% higher in the
Swedish compared to the Danish study. The difference between the two
national cohorts may be explained by the difference in follow-up time
and age when answering the questionnaires. A longitudinal project from
the Netherlands supports this assumption as it reported an increasing
prevalence of FI (once a week or more often) from 8.8% (11/125) at 14

years after OASI to 15.1% (18/119) 25 years after (190,191).

5.6.3 PAPERIII

The incidence of sphincter injury in primiparous women varied widely
over time and between countries despite similar socio-economic

conditions. Canada reported the highest incidence of OASI, ~25%, in
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forceps delivered primipara in 2016. Austria had the lowest rate of
OASI, but the rate increased in all scenarios. Starting in 2004, only
Norway reported a consistent and significant decrease in OASI

incidence, which more than halved during the study period.

Due to the lack of high-quality birth registers, the number of
international comparisons on OASI rates is limited (96,192). Laine et al.
compared the incidence of OASI in Denmark, Finland, Norway, and
Sweden and found a significant increasing trend from 1986 to 2004
(192). From 2004 to 2010, there was a decreasing rate of OASI in
Norway but not in any of the other three countries (193). The present

study confirmed this trend in Norway.

The present study showed some apparent dissimilarities in clinical
practices among the countries. The incidence of OASIs may be
influenced by the overall national rate of caesarean sections, assisted
vaginal births (i.e., vacuum and forceps deliveries), and the episiotomy
rate. The rate of caesarean sections was significantly higher in Canada
and Austria (27% and 31%) compared to Sweden and Norway (16% and
18%). In 2010, the rate of episiotomies differed widely. In Sweden, the
episiotomy rate was 5% in SVD and 26% in VE. In Canada, the
episiotomy rate was much higher, 18% in SVD and 45% in VE (39,96).
In the present study, the OASI rates were similar in Sweden and Canada
in both scenarios, indicating a complex association between episiotomy

and OASI. In a study of 20 European countries, Blondel et al. came to
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the same conclusion and urged the need for better evidence to define an

optimal rate of episiotomies (96).

Midwives attend SVDs in Austria, Norway, and Sweden, whereas
physicians perform vacuum and forceps deliveries. In Canada,
physicians attend a majority of even low-risk births. Factors such as
financial motives and concerns regarding lawsuits could influence
obstetricians’ choice of delivery mode, consequently influencing the
rates of instrumental delivery and possibly increasing the rate of OASI
(194). In Austria and Sweden, obstetricians managed VD almost entirely
without forceps in contrast to Canada, where every third instrumental
birth was a forceps delivery, which was associated with a high and
increasing rate of OASI (194). In a Cochrane review from 2010 by
O’Mahony et al., forceps delivery almost doubled the risk of OASI
compared with VE (relative risk 1.89, 95% CI 1.51-2.37) (185).
Pergialiotis et al. found similar results in a meta-analysis of 22 studies
(n =651 934); a forceps delivery increased the risk for OASI by an OR
of 5.50, and VE increased the risk of OASI by an OR of 3.98 (195).
Hence, women should be entitled to this information antenatally,
especially in countries where both delivery modes are in use. In the
Cochrane review from 2010, the rate of OASI after VE was significantly
related to the rate after forceps, indicating that the setting highly
influences the risk of sphincter injury (185). Hence, to reduce the rate of
OASI, appropriate training of obstetricians is most probably necessary

(196).
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Women are generally recommended a trial of labour after a CS in the
first birth (197,198). However, they are often uninformed of the
increased risk of OASI (especially if an instrumental delivery is
required) and this must be considered in the overall risk assessment

(33,38,96,197-199).

A significant problem is the misdiagnosis of OASIs. Differences in
skills and formalized training might explain why recognition and
classification sometimes fail (33,193,200,201) and why women are
withheld treatment and information (200). Postpartum perineal
ultrasound has been suggested to improve the detection of an OASI

(202).

Austrian obstetric practice has for many years focused on pelvic floor
protection during childbirth, both in education and clinical work, which
is thought to explain the low rates of OASI. However, since 2007, the
trend of the OASI rate has increased significantly.

In 2004, The National Board of Health and Supervision in Norway
requested a national action plan for obstetricians and midwives to reduce
the rate of sphincter injury. A structured training program was initiated
that included: to manually slow down the crowning of the infant's head
at the second stage of delivery, avoiding pushing during crowning,
having appropriate visualization and manual support of the perineum,
and performing a lateral or mediolateral episiotomy on indication

(203,204). The interventions should be used in SVD and operative
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vaginal deliveries (193,203). After implementation, there was a
consistent decrease in OASI incidence by more than 50% in all
subgroups. OASI rates were reduced by 70% for forceps deliveries in
2015, although the rate of operative vaginal deliveries has increased by
four percentage points. When a comparable program was introduced at
a UK general hospital, OASI rates were reduced from 4.8% to 3.1%
(P.008) after a year (205), and at the Croydon University Hospital, the
OASI incidence decreased from 4.7% to 4.1%, with a statistically
significant decrease in grade 3c and grade 4 OASI (P <.001) (206). In a
large teaching hospital in the Netherlands, implementing a similar
program was associated with reducing the OASI incidence by more than
50%, but after the initial improvement, the OASI rate relapsed. Non-
adherence to the program among specialists was considered the main

obstacle to upholding the lower rates (207).

564 PAPERIV

Two decades after two vaginal births with one or two OASIs, there was
a significant trend of more frequent leakage, more severe grades of all
outcomes, and an increasing impact of anal incontinence, compared to
controls. The first and the second sphincter injury showed an equal
cumulative effect on multiple self-reported severity and impact outcome
measures. However, one or two sphincter injuries did not affect the
prevalence of urinary incontinence, symptomatic pelvic organ prolapse,

or lower urinary tract symptoms.
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Studies on the long-term severity and impact of anal incontinence after
OASI are contradictory (23-26,144,186,190,208,209), and currently,
there is only one study investigating the consequences of two
consecutive OASIs (26). In a study by de Leeuw et al., 125 matched
pairs of women with and without OASI were followed for about 14
years. In women with OASI, symptoms of Al had a more rapid onset
(within 3 months postnatally, P.003) and a higher frequency than in
women without OASI (P.004). In conformity with our results, no

association between OASI and SUI or UUI was found (190).

Fifty-three women with one OASI, of which ~60% were verified with
ultrasound, were followed by Samarasekera et al. and compared with 69
women without OASI and 53 women delivered by ECS. Ten years (or
more) after delivery, there was a significant increase in the mean Jorge-
Wexner score and a significant decrease in the QoL among women with

OASI compared to controls (208).

In a hospital-based study by Baud et al., an OASI was sustained in 1.5%
of the deliveries in a population where 70% were multiparous (1996-
2006). OASI cases were matched with three times as many VD controls
and were invited to a questionnaire survey ~6 years after delivery,
37.5% (66/176) of the cases and 36% (192/534) of the controls
responded. The Jorge-Wexner scores corresponded with our study, as
women with OASI had a mean score of 2.3, compared to 1.2 in women
without (P.004). Furthermore, 15.4% of women with OASI reported

severe anal incontinence (a Jorge-Wexner score >5) compared with
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6.6% of controls (RR 2.6, 95%CI 1.1-6.3), numbers in agreement with
the mean total effect size of severe Al after one OASI in our study (OR

2.2) (24).

The hospital-based study of Soerensen et al. had a mean follow-up of 22
years after delivery and revealed conflicting results. This case-control
study compared 125 women with a complete sphincter rupture with 238
matched controls without OASI. Even though both the Jorge-Wexner
and the St Mark’s scores were increased in women with a complete
sphincter rupture compared to the controls (P.02 and P<.001),
bothersome Al and impact on QoL due to Al did not differ between
cases and controls (186). In a national register and questionnaire study,
Jango et al. surveyed all women with two deliveries from 1997-2005 (no
previous or further births), of which an OASI complicated the first
delivery. Of the responders, 1384 had one OASI, and 106 women had a
recurrent OASI. About 11 years after the first delivery, 34.9% (37/106)
of the women with two OASIs had affected QoL (yes = “some” and “a
lot of bother”) due to Al, compared to 24.2% (335/1384) in women with
one OASI. However, the difference was not considered significant when
adjusting for degree of OASI, age, infant birth weight, years since
second delivery, and if Al was present between the two deliveries (aOR

1.53, 95%C1 0.92-2.56, P.10) (26).
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6 CONCLUSION

6.1 PAPERI

The incidence of OASI in primiparous women was three times higher
after a VE-assisted delivery than an SVD. OASI doubled the long-term
risk of faecal incontinence regardless of whether the injury occurred at
a VE or an SVD. Antenatally, women should be entitled to information
about these risks. Vacuum-assisted delivery is a procedure that requires
training, experience, and that the physician adheres to established
guidelines regarding indications as well as knowing when to abstain

from the procedure.

6.2 PAPERII

The risk of a repeat OASI tripled after an OASI at the first delivery. The
prevalence of faecal incontinence doubled and tripled after one and two
OASIs. Avoiding an OASI may significantly reduce the risk of and
postpone the onset of age-related F1. This study supports the hypothesis
that there is a causal link between OASI and an increased risk of FI in

the long term.
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6.3 PAPERIII

Despite similar demographics, Austria, Canada, Norway, and Sweden
had varying incidences of OASI and obstetric practices over time and
between the countries. There appeared to be considerable potential for
lowering the incidence of OASI in countries with high rates. Limiting
the use of forceps in favour of vacuum delivery seems like a reasonable
first step in reducing the rate of OASI. The perineal protection program
implemented by Norway in 2004 appeared to be advantageous. Each
country should critically analyse its current rates of OASI and clinical
practices, and consider the best preventive strategy — a national,
recurring action plan for structured education and training of all staff

members appears to be essential.

64 PAPERIV

One and two OASIs showed a consistent cumulative effect on the
severity and impact of anal incontinence two decades after two vaginal
births, compared to women without OASI. This information is essential
for healthcare economics, healthcare professionals, clinical practice, and
policy. This study showed that an OASI did not increase the risk for
other pelvic floor disorders or lower urinary tract symptoms. The
severity and impact of long-term AI would most probably be
significantly reduced by avoiding OASI at delivery. This calls for
further research to elucidate the best strategy for preventing OASI and

a critical attitude toward current clinical practice.
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7 FUTURE PERSPECTIVES

The results of the four papers of this thesis show that OASI was a potent
risk factor for long-term faecal incontinence in vaginally parous women
based on prevalence, severity, and impact, irrespective of what caused
the injury. Instrumental delivery was still the leading risk factor for
OASI, forceps delivery being the dominant obstetrical adverse
intervention. Perineal protection, when systematically and persistently
applied, may lower the rate of OASI. In the future, prevention may be
further advanced selectively, using prediction algorithms for individual
risk assessment of OASI in different scenarios, offering women a tool

for their autonomous decision about their preferred mode of delivery.
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APPENDIX

Appendix 1: Questionnaire of SWEPOP-1

UNDERSOKNING AV KVINNORS BACKENBOTTENBESVAR

EFTER BARNAFODANDE

Detta formuldr innehéller frigor om symtom och besvir frin
backenbotten och hur det i sé fall pdverkar Dig i ditt dagliga liv. Sétt ett
kryss i den ruta som Du anser stimmer bist in p4 Dig. Aven om det inte
exakt beskriver hur Du upplever besvéren, kryssa dndé i den ruta som
kanns mest riktig for Dig. Vi dr tacksamma om Du fyller i fragorna dven

om Du inte har nagra besvir.

l. Hur lang ar du?

2. Hur mycket viger du?

3. Hur ménga barn har du fott?
4, Menstruerar du fortfarande?
5. Om du inte menstruerar-

Ar du gravid?

Ar livmodern bortopererad?
Anvénder du hormonspiral?
Ar du i klimakteriet?
Anvinder du 6strogen?

BESVAR IFRAN URINVAGARNA

6. Har du oftrivilligt urinléckage?

JA

JA
JA
JA
JA
JA

JA

Om du inte har besvir med urinldckage ga vidare till fraga 15.

NEJ

NEJ
NEJ
NEJ
NEJ
NEJ

NEJ
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7. Hur ofta har du urinldckage?
Mer séllan 4n en gang i manaden
En géng i manaden eller mer
En géng i veckan eller mer
Varje dag och/eller natt

8. Hur mycket urin lacker Du vid varje lickagetillfdlle?
Négra droppar eller lite
Smé méngder
Stora méngder

9. Har du urinldckage nédr Du hostar, nyser, skrattar eller lyfter
tungt? JA NEJ

10. Har Du urinldckage i samband med pl6tsligt pAkomna och starka
urintrdngningar? JA NEJ

11.Hur ldnge har Du haft urinldckage?
0-5 ar
5-10 ér
Mer 4n 10 &r

12. Har Du sokt ldkare pa grund av ditt urinldckage?
JA  NEJ

13. Hur péaverkas Du av ditt urinldckage?
Inget problem
Lite besvér
En del besvir
Mycket besvér
Mycket stort problem
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14. Har urinldckage paverkat din(a):

- forméga att utfora hushéllsarbete?

Inte alls
Lite

Mattligt
Mycket

- fysiska aktiviteter som promenader, simning osv?

- ndjen som att gé pa bio, konsert o dyl?

Inte alls
Lite

Mattligt
Mycket

Inte alls
Lite

Mattligt
Mycket

- formaga att aka bil eller buss mer dn 30 min hemifrdn?

Inte alls
Lite

Mattligt
Mycket

- medverkan vid sociala evenemang utanfor hemmet?

Inte alls
Lite

Miattligt
Mycket
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- mentala hilsa (nervositet, depression osv)
Inte alls
Lite
Mattligt
Mycket

- kénsla av frustration?
Inte alls
Lite
Mattligt
Mycket

15. Har du fétt ndgon behandling for
urinldckage? JA NEJ

16. Har din mor besvérats av urinldckage? JA NEJ

BESVAR IFRAN SLIDAN

17. Har Du en kénsla av att ndgot buktar fram ur slidan?
Ja ofta
Ibland
Négon géng
Nej aldrig

18. Hénder det att Du har skavningsbesvér i underlivet?
Ja ofta
Ibland
Négon géng
Nej aldrig
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19. Hander det att Du behover lyfta fram framre slidviggen
for att kunna kissa? Ja ofta
Ibland
Nagon gang
Nej aldrig

Besvara endast fraga 20-21 om Du har besvér fran slidan, om inte, ga
till fraga 22

20. Om Du anstringer dig med tunga lyft blir dina besvér:
Of6riandrade
Bittre
Samre

21. Har framfall paverkat din(a):
- forméga att utfora hushallsarbete?
Inte alls
Lite
Mattligt
Mycket

- fysiska aktiviteter som promenader, simning osv?
Inte alls
Lite
Miattligt
Mycket

- ndjen som att ga pa bio, konsert o dyl?
Inte alls
Lite
Mattligt
Mycket
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- forméga att dka bil eller buss mer dn 30 min hemifran?
Inte alls
Lite
Miattligt
Mycket

- medverkan vid sociala evenemang utanfér hemmet?
Inte alls
Lite
Mattligt
Mycket

- mentala hilsa (nervositet, depression osv)
Inte alls
Lite
Mattligt
Mycket

- kénsla av frustration?
Inte alls
Lite
Mattligt
Mycket

22. Har du fatt ndgon behandling for framfall? JA NEJ

23. Har din mor besvirats av framfall? JA NEJ
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BESVAR IFRAN ANDTARMEN

24. Lacker Du fast avforing ofrivilligt?
Aldrig
Mer sillan én 1 ggr i manaden
Flera ggr i manaden, men inte varje vecka
Alltid, varje dag

25. Lacker Du 16s avforing ofrivilligt?
Aldrig
Mer séllan dn 1 ggr i manaden
Flera ggr i manaden, men inte varje vecka
Alltid, varje dag

26. Lacker Du gas ofrivilligt?
Aldrig
Mer sillan én 1 ggr i manaden
Flera ggr i manaden, men inte varje vecka
Alltid, varje dag

Om Du inte lacker gas eller avforing gé vidare till fraga 30

27. Anvander Du skydd pga ofrivilligt lickage ifran tarmen?
Aldrig
Mer sillan én 1 ggr i manaden
Flera ggr i minaden, men inte varje vecka
Alltid, varje dag

28. Pdverkas din dagliga livsforing pga oftrivilligt lickage fran tarmen?
Aldrig
Mer sdllan dn 1 ggr i manaden
Flera ggr i manaden, men inte varje vecka
Alltid, varje dag
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29. Har gas eller avforingslidckage paverkat din(a):

- formaga att utfora hushallsarbete?
Inte alls
Lite
Mattligt
Mycket

- fysiska aktiviteter som promenader, simning osv?
Inte alls
Lite
Mattligt
Mycket

- ndjen som att gi pa bio, konsert o dyl?
Inte alls
Lite
Mattligt
Mycket

- formaga att dka bil eller buss mer dn 30 min hemifrdn?
Inte alls
Lite
Miattligt
Mycket

- medverkan vid sociala evenemang utanfor hemmet?
Inte alls
Lite
Miattligt
Mycket
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- mentala hilsa (nervositet, depression osv)

Inte alls
Lite
Mattligt
Mycket
- kénsla av frustration?
Inte alls
Lite
Mattligt
Mycket
30. Har du fatt ndgon behandling for gas
eller avforingsldckage? JA NEJ
31. Har din mor besvérats av gas eller
avforingslickage? JA NEJ

Nedan finns det utrymme for Dina egna funderingar betrdffande detta
formular:
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Appendix 2: Questionnaire of SWEPOP-2

Formuléret innehaller fragor om symtom och besvir frdn biackenbotten
och hur det i sa fall paverkar dig. Sitt kryss i rutan for det som stimmer
bést in pa dig. Aven om det inte exakt beskriver dina besvir, kryssa inda
1 den ruta som kinns mest ratt. Vi dr tacksamma om du besvarar fragorna
dven om du inte har nagra besvir.

1. Hur lang ar du? ___cm
2. Hur mycket viager du? kg
3. Har du f6tt barn?
Ja— Hur ménga barn har du fott ?
__bamn
Nej

4. Menstruerar du fortfarande?
Ja— Ga till fraga 6

Nej

5. Om du inte menstruerar, vad beror det pa?
Du kan markera mer &n ett alternativ!

Graviditet

Livmodern ér bortopererad
Anvinder hormonspiral
Ar i klimakteriet
Anvinder 6strogen

Annan anledning
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BESVAR FRAN URINVAGARNA

6. Hur ménga géanger kissar du under dagen pa ett ungefar?

__ ganger
7. Behover du kissa pé natten?
Ja— Ungefédr hur ménga génger gar du upp och
kissar?
__ ganger

Nej

8. Har du urintrdngningar, dvs tringningar som kommer hastigt pa och
som kénns svéra att motsta?

Ja

Nej — Ga till fraga 10

9. Hur paverkas du av dina urintréngningar?
Inget besvir
Lite besvir
En del besvir
Mycket besvir

Mycket stora besvéar
10. Tar du nagon medicin mot urintringningar?

Ja
Nej
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11. Var du sédngvdtare som barn, dvs hade ofrivillig tomning av
urinblasan 1 sémnen?
Ja— Ungefir vid vilken élder slutade det?
Vid _ éars alder
Nej

12. Har du urinlackage?
Ja
Nej — Ga till fraga 21

13. Hur ofta har du urinldckage?
Mindre 4n en géng i manaden
En géng i manaden eller mer
En ging i veckan eller mer

Varje dag och/eller natt

14. Hur mycket urin lacker du vid varje ldckagetillfille?
Négra droppar
Sma méngder

Stora méingder
15. Har du urinldckage nir du hostar, nyser, skrattar eller lyfter tungt?

Ja
Nej
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16. Har du urinldckage i samband med plotsligt pdkomna och starka
urintringningar?

Ja

Nej

17. Ungefar hur lange har du haft urinldckage?
0-5ar
5-10ar

Mer 4n 10 ar

18. Har du sokt ldkare pa grund av ditt urinldckage?
Ja
Nej

19. Hur paverkas du av ditt urinldckage?
Inget besvir
Lite besvér
En del besvir
Mycket besvér

Mycket stora besvéar
20. Om du fott barn —hade du urinldckage redan fore forsta graviditeten?

Ja
Nej
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21. Har du opererats for urinlackage?
Ja
Nej

22. Tar du ndgon medicin mot urinldckage?
Ja
Nej

23. Har din mor besvérats av urinldckage?
Ja
Nej
Vet inte

BESVAR FRAN SLIDAN

24. Har du en kénsla av att nagot buktar fram ur slidan?
Ofta
Ibland
Négon géng
Aldrig

25. Hénder det att du har skavningsbesvir 1 underlivet?
Ofta
Ibland
Négon géng
Aldrig
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26. Hander det att du behover lyfta fram framre slidviggen for att kunna
kissa?

Ofta

Ibland

Négon gang

Aldrig

Ga direkt till fraga 29 om du inte har besvér frén slidan.

27. Om du anstranger dig med tunga lyft blir dina besvér:
Of6riandrade
Bittre

Samre

28. Hur paverkas du av dina besviér fran slidan?
Inget besvir
Lite besvér
En del besvir
Mycket besvér

Mycket stora besvar
29. Har du fétt ndgon behandling for framfall?

Ja
Nej
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30. Har du opererats for framfall?
Ja
Nej

31. Har din mor besvérats av framfall?
Ja
Nej
Vet inte

BESVAR FRAN ANDTARMEN

32. Lacker du fast avforing?
Aldrig
Mindre &n en ging i manaden
Flera génger i manaden, men inte varje vecka
Flera ginger i veckan, men inte varje dag

Alltid, varje dag

33. Lacker du 16s avforing?
Aldrig
Mindre 4n en géng i manaden
Flera génger i manaden, men inte varje vecka
Flera ginger i veckan, men inte varje dag

Alltid, varje dag
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34. Lacker du gas ofrivilligt?
Aldrig
Mindre 4n en géng i manaden
Flera gdnger i manaden, men inte varje vecka
Flera ganger 1 veckan, men inte varje dag

Alltid, varje dag

Ga direkt till frdga 38 om du inte licker gas (ofrivilligt) eller avforing.

35. Anvénder du skydd pa grund av ldckage fran tarmen?
Aldrig
Mindre 4n en géng i manaden
Flera gdnger i manaden, men inte varje vecka
Flera génger i veckan, men inte varje dag

Alltid, varje dag

36. Hur ofta paverkas ditt dagliga liv av ldckage fran tarmen?
Aldrig
Mindre &n en ging i manaden
Flera gdnger i manaden, men inte varje vecka
Flera ginger i veckan, men inte varje dag

Alltid, varje dag
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37. Hur paverkas du av dina besvir fran tarmen?
Inget besvir
Lite besvir
En del besvir
Mycket besvér

Mycket stora besvér

38. Har du fitt ndgon behandling for gas eller avforingslackage?
Ja
Nej

39. Har din mor besvirats av gas eller avforingslickage?
Ja
Nej
Vet inte

40. Har du nagra synpunkter pa frageformuliret, ser vi gérna att du

skriver det har nedan:
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