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Abstract

Aim

To evaluate complications following hypospadias repair and correlate them to pre- and
postoperative symptoms, degree of hypospadias and surgical procedures.

Methods

The fundament was a cohort from a prospectively collected register including boys who
underwent primary repair of hypospadias by the Mathieu procedure or tubularised
incised plate (TIP) repair for 1-2-degree hypospadias. Controls were used for analysis
of postoperative urinary tract infections. A meta-analysis was performed comparing the
two surgical procedures regarding major complications, i.e. fistulas and strictures.
Urinary flow measurements were conducted to evaluate if signs of obstruction might
precede any development of fistula.

Results

There were no significant differences between the Mathieu procedure and TIP repair
regarding frequency of major surgical complications, prompting a procedure under
general anaesthesia, Clavien-Dindo IIIb, no matter what the preoperative symptoms or
the degree of hypospadias. The presence of postoperative positive urinary cultures
differed between boys who had hypospadias surgery (7.5%), and boys operated on for
inguinal hernia (1.5%) (p < 0.01). A higher incidence of urinary tract infections was
noted in boys who had concomitant congenital malformations in addition to

hypospadias (34% [10 of 29] versus 0.5%) (p < 0.01).

In our study the Mathieu procedure was followed by a higher frequency of reoperations
compared to TIP repair (p < 0.01), but in the meta-analysis, the Mathieu procedure
was favoured regarding urethral stricture. Urinary flow measurement could not single
out boys at risk of developing urethral fistulas.

Conclusions

The overall risk of complications after hypospadias repair does not correlate to the degree
of hypospadias or preoperative symptoms. Therefore, surgery in boys with hypospadias
without symptoms might be questionable.

Boys with hypospadias are likely to be affected by urinary infections.

The postoperative complication rate in our local cohort decreased after transition from the
Mathieu procedure to TIP repair, but according to the meta-analysis, strictures were less
common after the Mathieu procedure compared to TIP repair.

The results reject the hypothesis that urinary flowmetry enables an early detection of the
postoperative complication of fistula after hypospadias surgery.
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Keywords

Hypospadias repair; Boys; Preoperative Symptoms; Age; Meatal Location; Outcome;
Complications; Urinary tract infections; Reconstruction; Urinary flow measurements;
Fistula; Meta-analyses; Mathieu (PBF); Tubularised incised plate repairs (TIP);
Urethrocutaneous fistula; Urethral stricture

Abbreviations

AMH: anti-Miillerian hormone

CEBM: (Oxford) Centre of Evidence Based Medicine
DHT: dihydrotestosterone

HOSE: hypospadias objective scoring evaluation
LUTS: lower urinary tract symptoms

PBF: perimeatal based flap, i.e. the Mathieu repair
PPPS: paediatric penile perception score

PVR: post-void residual volume

RCT: randomised controlled study

SRY gene: sex-determining region of the Y chromosome
TIP: tubularized incised plate repair

UTT: urinary tract infection

Definitions

Q max (ml/s): maximum flow rate

Voided volume (ml): volume of urine delivered during the measurement
Voiding time (s): duration of the voiding procedure

Time to Q max (s): duration of time from the beginning of voiding to maximal urinary
flow

Q ave (ml/s): average flow rate

PVR (ml): post-void residual urinary bladder volumes
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Introduction

Hypospadias is a common malformation affecting almost 8 in 1000 boys in Sweden
(1). Hypospadias means that the opening of the urethra, the meatus, fails to reach the
tip of the glans penis during development and therefore becomes located somewhere
along the ventral side of the penis. The malformation is a midline anomaly and can be
of varying severity, usually divided into degrees, according to where the meatus is
situated. The more proximal, the more complex the anomaly, and more complex cases
may also present with curvature of the penis. The proximal hypospadias account for up

to 30% of all cases of hypospadias (2).

In the mildest forms, the only sign of a midline anomaly might be the cleaved foreskin
exposing a well-formed meatus in or near the correct location. In these boys, physical
symptoms are rare. In distal hypospadias the meatus is sometimes rudimentary which
influences urinary flow by obstruction. The natural course of untreated hypospadias is
not well studied because the great majority of boys are treated surgically. The result of
a conservative approach, when it comes to function and appearance, could only be
evaluated after puberty, but it could be expected that a pronounced curvature of the
penis might interfere with penetrating intercourse.

While the treatment is surgical there is as yet a lack of consensus of opinion on the ideal
treatment of hypospadias, and complications resulting from surgery are common.

Male sex development

At fertilisation, the chromosomal sex is determined by the fusion of the ovum
containing an X chromosome and the sperm, carrying either an X or Y chromosome.
After an initial quiescent phase of about 6 weeks, the gonadal tissues begin to
differentiate into testes or ovaries depending on which sex chromosomes are present.
Either type of gonad is then responsible for the development of the phenotypic sex,
male or female, defined by the internal and external genitalia and secondary sex
characteristics (3).

15



Differentiation of male internal genitalia

In the presence of a Y chromosome and its SRY gene (sex-determining region of the Y

chromosome), the gonadal ridges develop towards testicular tissue. The subsequent

hormonal action will lead to male phenotypic sex development. The gonad is driven to

Sertoli cell differentiation and their subsequent release of anti-Miillerian hormone

(AMH) will lead to regression of female primordial internal genitalia. The Sertoli cells

also, in conjunction with foetal and placental hormones, secrete factors that stimulate

the development of Leydig cells with concomitant production of testosterone. This will

induce the differentiation of male internal genitalia into the seminal vesicles, vas

deferens and epididymis.

A. Indifferent stage
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enita| /__Q | merbrane  /; ;
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4 4 fold
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Figure 1. Differentiation of male external genitalia.

Differentiation of male external genitalia

In the primordial external genitalia testosterone is converted locally to the more potent

dihydrotestosterone (DHT) which is required for the virilisation process initiated from

foetal week 9. DHT stimulates the androgen receptor to promote fusion of the

labioscrotal folds with a lengthening of the anogenital distance and elongation of the

genital tubercle into a phallus (3-5). With the lengthening of the genital tubercle the
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epithelium-covered urethral groove develops ventrally and is referred to as the urethral
plate. The urethral plate fuses medially like a zipper in a proximal to distal direction. It
forms a tube communicating proximally with the urogenital sinus and the developing
prostatic and membranous urethra, and distally reaching the glans penis. The most
distal glanular part is proposed to arise from ectodermal ingrowth from the glans, fusing
with the penile urethra. By fusion of the outer genital folds, the corpus spongiosum
and the corporeal bodies are shaped in the proximal to distal direction. Finally, the
foreskin is closed over the glans at the end of the 20th week of gestation (5-7).

Hypospadias characteristics

In some cases, the differentiation into the male phenotypic sex does not follow the
expected course and results in atypical external genitalia. Hypospadias is mainly
characterised by a meatus short of the tip somewhere on the ventral side of the penis, a
ventral curvature and a cleaved, hood-resembling foreskin, assembled dorsally. There
might be a meatal stenosis which is important to recognise.

With the meatus in an abnormal position, perhaps even narrow, the boy might have
problems with the direction of the urinary stream and display obstructive signs. Older
boys and men can suffer from a ventral curvature with painful erections and difficulties
in performing sexual intercourse.

The position of the meatus depends on when the zipper-like tubularisation of the
urethra fails during foetal development. The lesser anomaly results in a slightly
misplaced meatus and a cleaved foreskin. If the anomaly occurs early, it can affect the
fusion of the whole urethra, as well as the genital folds, resulting in a near perineum
meatus and bifid scrotum or even ambiguous genitalia (8).

It is important to understand that the obvious malformation could be described as just
the tip of the iceberg, and that the malformation also includes surrounding tissues. The
surrounding anomaly can interfere with healing and it may have implications for
surgical strategy.

A ventral curvature is present in distal hypospadias; it is mainly the result of deficient
skin length and periurethral growth (8).

On the other hand, in proximal hypospadias, the corpus spongiosum, which is
supposed to enclose the penile urethra to the tip of the penis, is divided and hypoplastic.
As a result of the lack of androgen action this, and other hypoplastic and even apoptotic
ventral tissues such as the urethral plate, contribute to the curvature (8).
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Usually, the hypospadias is obvious because the foreskin fails to cover the glans, but in
rare cases intact foreskin covers the misplaced meatus and therefore the malformation
is revealed during circumcision or after puberty.

The spectrum of hypospadias also features penoscrotal transposition, penile torsion,
webbed or concealed penis, glans tilt and the so-called cryptohypospadias with a
curvature but with the meatus in the correct position.

The great diverseness of the phenotype is important to describe correctly, to enable
research and to plan surgery. Presently, the most common classification system is based
on the location of the meatus, taking into consideration any curvature that after a
straightening procedure enhances the degree of the hypospadias (8,9).
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Figure 2. Phenotypes of hypospadias.

Definitions of hypospadias
The different types of hypospadias have been classified according to the preoperative
position of the urethral meatus as follows (10):

e Degree 1: glanular hypospadias with the meatus located on the glans or in the
sulcus coronaries;

e  Degree 2: distal hypospadias with the meatus located subcoronally or on the
mid-shaft of the penis;

e Degree 3: with the meatus located penoscrotally or scrotally.
e Degree 4: with the meatus located perineally

In cases where a curvature was present, the classification of the hypospadias was made
after the straightening procedure.
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The fundamentals of the thesis, questions and problems

Globally, hypospadias is one of the most common congenital anomalies (11). The
reconstruction for this condition is a delicate procedure and the ideal method of repair
for hypospadias is still under debate. More than 300 different operations have been
described in the literature for the treatment of this condition (11). The considerable
number of different operative interventions might reflect the frustration of surgeons
facing the high rate of complications — reoperation rates can exceed 50% after primary
repair (11) — that result from hypospadias repair. Also, in Sweden we identified a great
diversity of methods being used at different centres which was acknowledged during
the formation of a national hypospadias guidelines group. Hence the ambition in
Sweden has been to reduce the number of methods to a few alternatives whereby a
glanuloplasty or conservative treatment is recommended for the first-degree distal
hypospadias, TIP repair for second degree and a few different variants of two-stage
procedures for the third to fourth degree proximal hypospadias (12).

Uniform definitions have also been missing as to how to assess complications and
outcome. Functional outcome is usually assessed with uroflowmetry and measurements
of residual volumes after micturition. Patients who have been operated on for
hypospadias run a double risk of lower urinary tract symptoms (LUTS) compared to
controls (13).

With regard to the cosmetic result, there are several questionnaires available with their
own pros and cons, such as the (Pediatric) Penile Perception Score (PPPS) and the
Hypospadias Objective Scoring System (HOSE). Yet there is no validated
questionnaire for the evaluation of psychosexual function (2,14,15). However, 70% of
responding patients are reported to experience satisfaction with the cosmetic outcome
after hypospadias repair (50% in the proximal group) and 80% report to have
satisfactory sexual function (13). To gain deeper understanding and knowledge about
patients’ needs for long-term follow-up and treatment, reports from different centres,
and comparisons between them, are important. True and transparent presentation of
standardised data is mandatory to increase the quality of research with the intention to
refine hypospadias repair as the majority of research is based on observational studies

(2).

The goal of surgery is normalisation of function and cosmetic appearance. For function,
indications for surgical repair include diverted spraying of the urinary stream, inability
to void in a standing position, a pronounced curvature of the penis assumed to interfere
with future sexual intercourse, dissatisfaction with genital appearance and fertility
issues.
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Acknowledging those functional issues, the results in the studies of this thesis were
compared with outcome reported in the literature. Furthermore, postoperative
complications were correlated with the degree of hypospadias, with the method of
intervention, and with the boys’ preoperative symptoms. In general, the symptoms of
hypospadias depend on the degree of the condition. In this paper our focus has been
the symptoms and signs that must be dealt with, i.e. urinary obstruction and
debilitating curvature.

Another aspect of complications to hypospadias surgery is the postoperative risk of
infection. Surgeons often administer prophylactic antibiotics, usually in a one-dose
regimen preoperatively. The aim is to reduce the risk of a possible urinary tract infection
(UTT) or wound infection related to the surgery or the malformation (16). Previous
studies regarding the use of prophylactic antibiotics in conjunction with hypospadias
repair show a difference of opinion (1,16-19). Due to increasing prevalence of
antibiotic resistance it is important to investigate whether the incidence of UTIs is
higher in hypospadias patients and what actions should be taken regarding antibiotic
use associated with the operation (20).

Until 2012 the predominant method of hypospadias repair at our clinic was the
Mathieu procedure (21). We then successively replaced this method with the TIP repair
(22-24) which has become the most widely used technique worldwide. The reason for
the change was the high complication rates in our series as well as in others reported in
the literature (11).

The widely practised and established procedures to correct distal penile hypospadias are
the Mathieu procedure with a perimeatal-based flap, and TIP urethroplasty. The
Mathieu procedure was first described in 1932 and has been mainly used for coronal
and subcoronal hypospadias (21). TIP urethroplasty was first described in 1994 and
has been used to correct distal hypospadias (25). For both methods, complication rates
have been reported to be 2%-13% (25-27). The most commonly reported serious
complications after hypospadias surgery are urethral stricture and urethrocutaneous
fistula, both of which require further surgical correcting. To date, there has been no
consensus on the preferred choice between the Mathieu and TIP techniques, as well as
on the short- and long-term outcomes of both procedures (27).

The most common postoperative complication after hypospadias surgery is that of a
urethrocutaneous fistula (11,28,29). Speculations regarding the upcoming of fistulas
have concerned postoperative local infections, increased pressure due to anastomotic
narrowness or stricture, the effect of suturing manner and material as well as the
surgeon’s skills and choice of method (30,31). There are no reports on early signs, such
as obstructive flow, that may signal a risk of the development of a fistula. Our
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hypothesis was that a compromised uroflowmetry would signal a narrowness of the
reconstructive area which would lead to increased pressure in the anastomoses. If too
high a pressure, the neourethra might burst and the urine would take the easy way out
and produce a fistula. Urinary diversion may then help to avoid this and, furthermore,
if the hypothesis could be supported by data, an intervention dilating the urethral
stricture may lead to a decreasing risk for the development of a fistula after the
hypospadias reconstruction.
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Aim of project

The aim of the doctoral project was to evaluate surgical care and follow-up of
hypospadias patients. The intention was to find ways to improve the surgical care and
the situation of boys undergoing hypospadias repair. The specific aims of the included
studies were:

Paper I

To assess the rate of complications following hypospadias repair in a consecutive series
of boys and the correlations of those complications with their preoperative symptoms,
degree of hypospadias and method of operation. This study was conducted to shed light
on the issue of whether all boys with any degree of hypospadias should undergo
reconstruction.

Paper IT

To evaluate the frequency of UTI in boys with hypospadias pre- peri- and
postoperatively in order to determine whether antibiotic prophylaxis for UTI is
warranted when boys undergo reconstructive surgery for hypospadias.

Paper ITT

To analyse if a change of surgical method affects the complication rate in hypospadias
surgery. The Mathieu procedure was replaced by the TIP repair as the most favoured
method to correct grade 1-2 hypospadias.

Paper IV

To compare the two major complications, namely postoperative urethrocutaneous
fistula and urethral stricture, between the Mathieu procedure and TIP repair method
for distal hypospadias.

Paper V

To see if the findings of routine postoperative urinary flow measurements could identify
those boys prone to develop a fistula after surgery. If so, this could help in the
identification and removal of the possible cause of the fistula and thereby improve
outcome.
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Settings and patients

Papers [, I, Il and V

Patients

All patients were treated at a tertiary centre of paediatric surgery, which conducts
approximately 50% of hypospadias procedures in a region with a population of around
1.8 million inhabitants and the birth of 22,000 babies every year. As healthcare is free
in the region, noncompliance due to socioeconomic factors is unlikely.

Surgeons and care

The senior hypospadias surgeon at the hospital or a surgeon tutored by him. performed
all the reconstructions. The surgeon who performed the operation was also responsible
for the preoperative evaluation and work-up, as well as follow-up. All complications
were handled by the same team of surgeons.

Patients collected for each clinical study

The project was based on a routine follow-up programme that is connected to a local
hypospadias register and database. Every boy consecutively undergoing hypospadias
reconstruction at the tertiary centre of paediatric surgery was registered prospectively.
Thus, the study groups comprised all boys who underwent primary surgery for urethral
reconstruction during the period studied. All primary urethral reconstructions during
the periods studied were included as summarised in Table 1.

Patients were identified from the register and information about patient characteristics,
surgical procedures, complications and outcome of the postoperative urinary flow
examinations was compiled retrospectively from the prospectively collected database.
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Table 1. Summary of the number of boys included in the studies, degree of hypospadias and the periods studied.

Paper number Hypospadias degree | Time period studied N
1 All degrees January 2011-April 2014 76
I} Degrees 1 and 2 Early 2010 until the end of 2015 174 and
204 controls™*
1] Degrees 1 and 2 The first period covers the years of 2010 142

Vv Different degrees

2012 and the second the following 3 First period, n = 69
years 2013-2015** Second period, n = 73
2005-2018 73

*The control group consisted of 204 boys, age 1-5 years, operated on for inguinal hernia.
**The period was split into two equal halves mirroring the shift in paradigm.

Patients were identified from the register and information about patient characteristics,

surgical procedures, complications and outcome of the postoperative urinary flow

examinations was compiled retrospectively from the prospectively collected database.
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Methods

Papers [, I, Il and V

Study design

All the information was collected from the hospital registry for hypospadias patients
and a control group was defined for Paper II.

The surgical methods

Four different operative techniques were used, and all techniques are well established
in the literature (9). The technique chosen for each boy was based upon the surgeon’s
choice and depended on the degree of hypospadias as described above, the individual
prerequisite and the judgement of the surgeon. The Mathieu and “V” incision sutured
meatoplasty (MAVIS) (21,32) was used for all degrees of hypospadias, whereas the TIP
repair (25) was used for degrees 1 and 2. A Duckett reconstruction (33) was performed
in one degree 2 patient. Two boys with degree 3 hypospadias were operated on using
the Byars’ two-stage reconstruction (34).

Mathieu repair and MAVIS modification

During the Mathieu procedure (21) a skin flap based towards the meatus is turned 180
degrees and sutured into incision on both sides of the glanular groove and along the tip
of the penis. In the MAVIS (Mathieu and V-incision sutured meatoplasty)
modification, a “V”-incision is made and excised at the apex of the flap with the purpose
of achieving a vertical slit meatus (32). Curvature is corrected when present. The glans
wings and ventral penile skin are then closed in the midline.
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Figure 3. Mathieu perimeatal based flap.

Tubularised incised plate repair (TIP)

In TIP repair (22-25) a U-shaped skin incision is made along the edges of the urethral
plate and the penis is degloved. The urethral plate is widened by a midline incision
along its length and then tubularised over a stent. A pedicle of subcutaneous tissue is
dissected from the ventral or dorsal penile skin and used to cover the neourethra.
Finally, the glanular wings, mucosal collar and ventral penile skin are closed in the

midline.

Figure 4. Tubularised incised plate urethroplasty (TIP).

Byars’ two-stage repair

The Byars’ technique (34) starts with a straightening up procedure. A circumferential
incision is made proximal to the coronal sulcus, the penile shaft is degloved and the
curvature is corrected. Penile straightening and full removal of tension-creating
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structures must be confirmed by means of the artificial erection test. The glans is either
divided deeply in the midline to the tip or, if the mucosal groove is deep, this is
preserved, and incisions are made just lateral to the groove on each side. The dorsal
foreskin is unfolded carefully and divided in the midline. The most distal portion of
the foreskin is rotated into the glanular cleft and sutured to the mucosa of the glans. A
midline closure is performed, and the midline sutures catch a small portion of Buck’s

fascia. The bladder is drained with an 8-F Silastic Foley catheter for approximately 5—
7 days.

Figure 5. Byar’s two stage, stage one

The second stage of the procedure is carried out 6-12 months later, when the tissues
have usually softened sufficiently, and healing is complete. The previously transferred
preputial skin is used to reconstruct the glans and urethra. A 16 mm-diameter strip is
measured, extending to the tip of the glans. The strip is tubularised with a running
subcuticular stitch all the way to the tip of the glans. The lateral skin edges are
mobilised, and the remaining tissue is closed over the repair in at least two layers. A
strip of skin (3—5 mm wide) is then de-epithelialised on one side to provide a raw
surface of deep dermis. The medial edge of the shaved flap is brought across the buried
urethroplasty and sutured to fascial tissue beneath the other flap.
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Figure 6. Byar’s two stage, stage two

Duckett reconstruction

In the Duckett reconstruction (33), a straightening procedure is performed first. Then
the ventral preputial flap is fanned out and the urethra outlined as a rectangle that is
then incised and rolled into a tube over a catheter. An island flap is developed by
dissection of subcutaneous tissue from the dorsal penile skin. A glans channel is created
with scissors in a plane just above the corpora and all glans tissue is removed from the
channel. The island flap urethra is spiralled ventrally, anastomosed to the proximal
urethra and delivered to the tip of the glans. Finally, Byars’ flaps, composed of dorsal
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penile skin, are transpositioned to the midline.

owlay island flap

Figure 7. Duckett onlay island flap
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Perioperative regimen

Catheters

For the TIP repairs, 8 Charrié¢re (Ch) stents, allowing urinary dripping into the nappy
were retained for 7 days. When a Mathieu or a Duckett plasty was performed, a
suprapubic catheter 10 Ch was used for 7 days in all cases. For the tubularisation of the
neourethra in the Duckett reconstructions, conventional “Foley™ catheters, 8 or 10 Ch,
were used.

Suture technique

For the urethral reconstruction, 5/0 or 6/0 polyglactin and polydioxanone sutures were
used. They were sewn either with running or interrupted patterns according to the
choice of the surgeon based on the local prerequisites.

Dressings

The so-called chimney dressing used was the same for the patients in the Mathieu,
Duckett and Byars’ I-II groups. This dressing consisted of a layer of transparent,
flexible thin perforated polyurethane film embedded in a silicon wound contact layer,
a layer of compressing gauze and a surrounding tape. These dressings resembled a
chimney. The dressing used for the TIP operations consisted of a piece of hydrofibre
dressing covering the suture line, transparent film wrapping, compression gauze
bandage and fluffed gauze compresses. The dressings were all removed under general
anaesthesia 1 week after the procedure.

Antibiotics

The local guidelines stipulated one dose of prophylactic trimethoprim-
sulfamethoxazole (co-trimoxazole) intravenously to all patients prior to surgery.

In hospital stay

The boys who underwent Mathieu and TIP repair operations were discharged on day
3 after surgery. Their parents were instructed to keep the child in a supine or sitting
position during the first week. When a Duckett repair or a Byars’ two-stage
reconstruction was performed, the boys were hospitalised and immobilised in a
wheelchair for a week.

Foreskin procedures

In cases in which a TIP reconstruction was made, the parents might have requested a
preputial reconstruction or a circumcision, either of which could be performed in the
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same session (35). For the Mathieu procedure, we preferred to do these corrections in
a secondary setting.

Clinical follow-up and outcome

Patients were seen at the outpatient clinic 1 week after the reconstruction when the
bandage and the catheter, whether suprapubic, a Foley or a dripping stent were
removed. They were then called back to the out-patient clinic at 4 weeks and 2 and 6
months after the operation. In cases in which no complications occurred, a clinical
examination was performed 1 year after the reconstruction. The boys were followed up
according to the national guidelines at 5, 10 and 15 years of age (12).

During the visits, the patients were examined regarding urinary function including
urinary flow measurements when applicable: i.e. if the patient was old enough and able
to cooperate. The examinations of the surgical results focused on function, cosmetic
appearance and complications such as fistulas, strictures, ruptures, postoperative
infections, haematomas or bleeding, malfunctioning of catheters, and urinary
retention.

We also registered the techniques used and the age at the time of the urethral
reconstruction.

Main outcome measures

Any complication calling for a reoperation, Clavien-Dindo IIIb (36), was considered
as an outcome measure. This was any development of a fistula, rupture and/or stricture,
during the period from the operative intervention until the endpoint of the study.

Table 2. Clavien-Dindo classification of complications (36).

Grade Definition

Grad | Any deviation from the normal postoperative course without the need for pharmacological treatment
or surgical, endoscopic or radiologic interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, diuretics, electrolytes,
and physiotherapy. This grade also includes wound infections opened at the bedside

Grade Il Requiring pharmacological treatment with drugs other than such allowed for grade | complications.
Blood transfusions and total parenteral nutrition are also included

Grade Il Requiring surgical, endoscopic or radiological intervention

Grade llla Intervention not under general anaesthesia

Grade lllb Intervention under general anaesthesia

Grade IV Life-threatening complication (including CNS complications) requiring IC/ICU management

Grade IVa Single organ function (including dialysis)

Grade IVb Multiorgan dysfunction

Grade V Death of patient
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Urethrocutaneous fistula

A fistula between the urethra and penile skin is defined as a urethrocutaneous fistula
and is a known complication of hypospadias repair.

Urethral stricture

All urethral strictures that required reoperation under general anaesthesia were
included. The localisation of the obstructive site, whether meatal, neourethral or
anastomotic, was not considered important per se in the studies.

Postoperative infections

In order to investigate the number of UTIs in each group, a regional database of
bacteriological cultures was used to confirm infection in the urine cultures. Positive
bacteria cultures before, during, and after the primary operation, were included in this
study. All infections that occurred from birth until the primary urethral reconstruction
were deemed preoperative, while a perioperative UTI was defined as one confirmed on
the day of the operation and within 30 days after surgery. Postoperative infections
included infections that occurred after 30 days from the day of surgery up until the end
of this study (May 2015). For the hypospadias patients the following data were also
registered: the use of prophylactic antibiotics, other congenital abnormalities of the
genitourinary tract, and the degree of hypospadias.

Urinary flow measurements

Urinary flow measurements were performed, at the earliest around 4 weeks
postoperatively, according to standard method. Flow max, Q max (ml/s), voided
volume (ml) and urinary flow pattern were measured. The urinary flow curve pattern
was defined as normal if the curve was documented to be bell shaped, or as pathological
if plateau shaped or uncoordinated corresponding to interrupted, staccato, spike-dome
pattern.
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Figure 8. Plateau-shaped uroflow curve.

The urinary flow analyses and frequency of fistula was evaluated for each surgical
procedure. The urinary flow was then compared between boys with and without fistula.

Paper IV: Meta-analysis

Search strategies

The meta-analysis was conducted following the PRISMA guidelines (37). Using the
keyword “hypospadias,” all literature published from January 1990 to January 2019
was searched in PubMed, EMBASE, and Cochrane databases. The inclusion criteria
were: “hypospadias,” “Mathieu,” “tubularised incised plate repairs,” TIP,” “Snodgrass,”
and “complications”, data that could be obtained from the paper. Cases were only
included if the complications were identified and described with clarity in the paper.
Filters were set for articles in English and those that included different age groups (i.e.
infants, children, and adolescents).

First, all the abstracts were screened: all the studies that reported postoperative
complications as an outcome after the Mathieu and TIP techniques were considered to
meet the inclusion criteria. Then, the full articles were retrieved. All the eligible
abstracts and articles were assessed independently by HW and EA for inclusion in the
meta-analysis.

34



Inclusion criteria

Included were all comparative studies who reported on urethrocutaneous fistula and
urethral stricture after hypospadias repair by the two repair methods, the Mathieu and
TIP techniques, on boys younger than 18 years.

Exclusion criteria

Excluded were all non-original articles; those with cohorts smaller than 10 patients;
those with a greater than 10:1 ratio between the two techniques; those that lacked
reports on the two complications studied; those that reported overlapping data; and
those in previously published articles. To reduce the risk of modification of the methods
that might have influenced the rate of complications, studies with a time interval of
greater than 20 years were excluded. Studies that included repeat operations were
included when differentiating between repeat and primary interventions was not

possible.

Complications

Complications were defined according to Clavien-Dindo (36); studies with grade 3b
complications of urethrocutaneous fistula and urethral stricture that required
reoperation under general anaesthesia were included. The definition of stricture was
decided subjectively by the surgeon/author or was measured objectively in correlation
with the patient’s age or postoperative time. Complications, such as infections and
wound dehiscence, as well as cosmetics, were excluded from the analyses.

Data extraction

The data extracted from the included articles were the study characteristics, such as
authors, publication year, sample size, time span, surgical technique (Mathieu or TIP
technique), and follow-up period, and patient characteristics, including age at surgery
and degree of hypospadias. Specific information on postoperative complications was
collected and analysed. In cases of uncertainty, events were not included.

Quality assessment

The level of evidence and publication type was classified according to the Oxford
CEBM, Levels of Evidence (38).
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Ethical considerations

This doctoral thesis was conducted according to the revised Helsinki Declaration of
1964 and the Good Clinical Practice (GCP) guidelines. It fulfilled the criteria of the
general approval by the Regional Ethical Review Board (registration number 2010/49).
The data were coded and de-identified. The included children were registered
according to the regional demands on quality registry, number 01481271007173.

The study protocol was designed to meet the legislative documentation required by the
country of origin. The intention-to-treat was the main analysis strategy and was applied
to all boys. No protocols were exercised that would have required appropriate informed
consent or approval of an institutional review board.

All evaluations, treatments, and procedures described in this report met the standard of
care and were conducted at a tertiary centre for paediatric surgery. Since these data were
collected retrospectively from a prospectively collected database, the treatment plan of
each patient was not altered. The risk of harming the patients due to the study in any
physical, social or psychological manner was non-existent.

The data were anonymised prior to calculations and are presented in such a manner
that it is impossible to identify or link to any specific individual. Therefore, it was not
necessary to obtain approval from the individual patient’s guardians to conduct this
study. It will not be possible to go back and trace or identify any of the participants.
All information is in the patient’s files.

Statistical analysis

In Paper I, data were analysed by Fisher’s exact probability test, two tailed, as well as
non-parametric tests including the Mann—Whitney U test. A p-value of less than 0.05
was considered significant.

Sample size calculation was performed in Paper II. Because the value expected from the
study group was 8% and that expected from the control group was 2%, the sample size
provided was 71 for both groups.

The alpha error level or confidence level was 5%, corresponding to a 95% confidence
interval (probability of incorrectly rejecting the null hypothesis that there is no
difference in the percentage values).
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Beta error level or statistical power (1-beta) was 50% (probability of incorrectly failing
to reject the null hypothesis that there is NO difference in the percentage values,
assuming no difference when a real difference exists).

Statistical analysis was performed using SPSS (Statistical Package for the Social
Sciences). Fisher’s exact probability test (two-tailed) was used for dichotomous variables
and the Mann-Whitney U-test was used for continuous results. P < 0.05 was considered
to be statistically significant.

In Paper III a clinically significant relevance was set at a decrease in the complication
rate by 20% units. The intention was to study independent cases and controls with one
control(s) per case. Prior data indicated that the probability of exposure among controls
is 0.3. If the true probability of exposure among cases is 0.1, we would need to study
72 case patients and 72 control patients to be able to reject the null hypothesis that the
exposure rates for case and controls are equal with probability (power) 0.8. The Type I
error probability associated with this test of this null hypothesis is 0.05. We used a
continuity corrected chi-squared statistic or Fisher’s exact test to evaluate the null

hypothesis.

Paper IV: The Mantel-Haenszel method was used to calculate pooled odds ratio (OR)
(39). Dichotomous variables were analysed by estimating the ORs with 95%
confidence intervals (Cls). P values < 0.05 were considered to be statistically significant.
The RevMan 5.3 statistical package was used to conduct the meta-analysis (40).

Paper V: Prior data indicated that the probability of exposure among controls is 0.2. If
the true probability of exposure among cases is 0.8, we would need to study seven case
patients (developing fistula) and 35 control patients (without fistula) to be able to reject
the null hypothesis that the exposure rates for case and controls are equal with
probability (power) 0.8. The Type I error probability associated with this test of the
null hypothesis is 0.05. A continuity-corrected chi-squared statistic or Fisher’s exact test
was used to evaluate the null hypothesis (41).
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Results

Paper I

Seventy-six boys underwent primary hypospadias repair during a 40-month period.
Their median age (range) at the time of repair was 3 (0-8) years, and the median (range)
follow-up period was 19 (1-40) months. No boy was lost to follow-up. The
preoperative status and evaluations of function are summarised in Table 3.

Table 3.Preoperative clinical evaluations of the 76 boys with hypospadias.

‘ Anatomical malformation Penis function
Degree of hypospadias Number Expected micturation Expected copulation

1-3 (n) problem in (n) problem in (n)
Ventral 1 1 1 1
curvature
(n = 10) 2 6 4 6

3 3 3
No ventral 1 22 12
curvature
(n = 66) 2 41 20

3 3 1
Meatal 1-3 38 38
stenosis

Ten of the patients were described as having curvatures that might have interfered with
future sexual function and this observation prompted surgery. Nineteen had
meatotomy performed prior to the urethral reconstructions, and another 19 had
meatotomy performed as a part of the urethral reconstruction. Uroflowmetry
examinations were performed in 30 boys.

The stenosis was defined as difficulty in urinating. Difficulties were defined as frequent
micturition, prolonged urination, a thin stream, and difficulties starting urinary flow,
keeping the flow going, difficulties in directing the stream into the toilet, spraying of
the urinary stream, and straining or arching of the back during voiding. These clinical
findings were supported by uroflowmetry measuring the volume, the speed with which
it is released, and duration of urine released from the body. Furthermore, bladder
ultrasound was used to detect urinary retention.
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The most preferred method of reconstruction was the Mathieu procedure, which was
used for any degree of hypospadias and in 13, 27 and 3 boys with degrees 1, 2 and 3,
respectively. The TIP method was used for degree 1 in 10 boys and for mild degree 2
in 18 boys.

Table 4 summarises the postoperative complications that were correlated with the
meatal location. The numbers of complications did not differ significantly between the
groups with different degrees of hypospadias.

Table 4. The complications of hypospadias including fistulas, rupture and other complications and their correlations with
the meatal locations described using the different degrees of hypospadias.

Hypospadias degree 1 2 3 p-value®

n 23 47 6

Complications:

- Fistulas 5 14 3 0.48
- Ruptures 2 1 1 0.24
- Others 2 9 0 0.56

*The Freeman-Halton extension of Fisher’s exact test.

Table 5 shows the complications and methods of repair. In the Mathieu group, 18
(42%) had a fistula or rupture that necessitated reoperation. The corresponding
number for the TIP procedures was 4 (15%), which was significantly lower.

Table 5. The method of operation correlated with the postoperative complications*.

Total TIP Mathieu Duckett (n = 1) p-value®
(n =28) (n=43) Byars (n = 4)

Fistulas 22 (29%) 3(11%) 15 (35%) 4 (80%) 0.02
Ruptures 4 (5%) 1 (4%) 3(7%) 0.28
Urethral stricture 1(1%) 1 (4%) 0 0 0.38
Infections 2 (3%) 0 2 (5%) 0 0.38
Haematoma/bleeding 4 (5%) 3(11%) 1(2%) 0 0.13
Catheter malfunction 2 (3%) 2 (7%) 0 0 0.14
Urinary retention 1(1%) 0 0 1(20%) 1.0
p-value™ 0.16 0.21 0.01

* Fisher’s exact test
**Mann-Whitney U Test

The clinical symptoms that preceded the repairs were correlated with the postoperative
complications. There were no differences regarding the postoperative complications.

40



Paper I1

The results of the data collection on the study group of 174 boys who underwent
primary hypospadias surgery regarding degree, other congenital malformations of the
urogenital tract, and prophylactic antibiotics are summarised in Table 6. The most
common characteristics were degree 2 hypospadias and no other congenital urogenital
malformations in addition to hypospadias. Of the boys who suffered a UTI, 77% had
other congenital malformations of the genitourinary tract (p = 0.02), either hydrocoele
or undescended testis.

Table 6. Data on 174 boys who underwent hypospadias surgery regarding degree, other congenital urogenital
malformations, and prophylactic antibiotics.

Hypospadias patients (n =174)
Hypospadias degree 1 (glanular) 44 (25%)
Hypospadias degree 2 (penile) 109 (63%)
Hypospadias degree 3 (proximal) 18 (10%)
No degree recorded 3(2%)
Other congenital urogenital malformation 29 (17%)
Prophylactic antibiotics 116 (67 %)

The control group comprised 204 boys who underwent inguinal hernia repair. The
median age at operation and the duration of follow up did not differ between the
groups.

There were significantly more boys with UTIs in the hypospadias group, compared
with the controls.

The UTIs contracted peri-operatively and up to 30 days postoperatively did not differ
between the study group and the control group. This finding of no difference in the
30-day postoperative period held true even after excluding the boys receiving
preoperative antibiotic prophylaxis.
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Table 7. Urinary tract infections in the study group of 174 boys operated on for hypospadias compared with a control
group of 204 boys who underwent inguinal hernia repair. Values are presented as median (range), absolute number (n)
and percentage (%) of patients.

Study group: Control group: p-value
Hypospadias Inguinal hernia
(n=174) (n=204)

Age (years) 4(1-8) 3(1-5) 0.08*
Follow-up (years) 5(0.5-15) 4(1-8) 0.73*
Urinary tract Infection, n (%) 13 (7.5%) 3(1.5%) <0.01**
Preoperatively 3(2%) 2 (1%) 0.66**
Perioperatively*** 1(1%) 0 0.10**
Postoperatively 9 (5%) 1(0.5%) 0.03**

Values are presented as median (range), absolute number (n) and percentage (%) of patients.
*Mann-Whitney U-Test; **Fisher’s exact test ***within 30 days postoperative

Paper III

The third paper comprised 142 boys going through hypospadias repair during two
equally long time periods. There were 69 and 73 boys in the first and second period,
respectively. In the first period 50 (72%) of the boys underwent the Mathieu procedure
compared to the second period where only 19 (26%) were selected for this method.
The corresponding numbers for TIP repair were 19 (28%) and 54 (74%), respectively.
In the first period 35 (51%) of the boys required another operation compared to only
15 (21%) in the second, p < 0.01, Table 8.

For obvious reasons the duration of follow up was longer in the first period. The
duration of the follow-up was also influenced by emigration to other countries and in
some cases caretaking at another hospital in the region or by their own parents if they
had urological competence. The most common postoperative complication was an
urethrocutaneous fistula. The time of the reoperations was median 15 months (range
2-72 months) after primary repair and was not significantly different between the
groups from the two periods.
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Table 8. The rate of complications in 142 boys undergoing hypospadias repair.

2010-2012 2013-2015 Total p-value*
n =69 n=73 n=142

Complications, n (%) 35 (51%) 15 (21%) 50 (35%) <0.012
Type of complication

. Fistula 24 (35%) 10 (14%) 34 (24%) <0.01°

D Rupture 11(16%) 1(1%) 12 (8%) <0.01°

e Stricture 0 4(5%) 4 (3%) 0.12°
Degree 1**

. Mathieu 19 (9) 6 (0) 25(9)

. TIP 8 (4) 13(1) 21 (5) 0.02°
Degree 2**

. Mathieu 31(17) 13 (7) 44 (24)

. TIP 11 (5) 41 (7) 52(12) <0.01°
Number of:
Mathieu (complications) 50 (26=52%) 19 (7=37%) 69 (33=48%) 0.46°
TIP (complications) 19 (9=47%) 54 (8=15%) 73 (17=23%) 0.03°
Duration of follow-up, months, 29 (3-73) 13 (1-53) 19 (1-73) <0.05°
median (range)
Timing of complications after the 2 (0-52) 2(1-19) 2(0-52) 0.41°
reconstruction, months (range)
After: 6 months 25 9 34 <0.01°
<1 year 5 5 10 1
>1 year 5 1 6 0.11°

The numbers in brackets are complications, i.e. a fistula, a rupture or a stricture
*Statistical method: Fisher’s exact test and ®Mann-Whitney U test

Paper IV

A literature search for “hypospadias AND Mathieu AND tubularised incised plate
(TIP) repair AND children” provided 110 studies. These 110 abstracts were screened,
of which 17 studies met the eligibility criteria (Figure 6). After collecting the
information from the full text articles, all 17 studies fulfilled the criteria to be included
in the final meta-analysis (Table 9). The overall CEBM criteria ranged from 1b to 2b,
i.e. from RCT to cohort study (38). Search for hypospadias and meta-analysis revealed
seven publications, but none of these were relevant for this study.
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[110 records identified through database searching ]

|31 records after duplicates removed ]

79 records 54 records

screened excluded

25 full-text articles 8 full-text articles
assessed for excluded, with
eligibility reasons

17 studies included in qualitative synthesis and in quantitative synthesis (meta-analysis)

Figure 9. Flowchart of the process to search for articles that compared the complications after hypospadias reconstruction
using the Mathieu and TIP repair methods.

Table 9. A summary of the studies included in this meta-analysis.

References Year Level of Mathieu TIP Mathieu TIP
evidence

n n Fistulae Stricture Fistulae Stricture
Aminsharifi 2008 1b** 20 20 0 (0%) 0 (0%) 2 (10%) 5(25%)
(42)
Anwar-ul-haq 2006 2b*** 45 45 7 (16%) 3(7%) 3(7%) 2 (4%)
(43)
Bae (44) 2014 2b 13 25 1(8%) 0(0%) 6 (24%) 1 (4%)
Chrzan (45) 2007 2b 25 26 1 (4%) 1 (4%) 17 (65%) 1(4%)
Elganainy (46) 2010 1b 64 37 (8%) 0 (0%) 3(8%) 5(14%)
Guo (47) 2004 1b 43 36 11 (26%) 1(2%) 3 (8%) 2 (6%)
Hamid (48) 2014 1b 48 52 6 (13%) 4 (8%) 3(6%) 3(6%)
Imamo lu (49) 2003 2b 54 56 4 (7%) 2 (4%) 4 (7%) 5(9%)
Karabulut (50) 2008 2b 9 4 5 (56%) 0(0%) 2 (50%) 1(25%)
Moradi (51) 2005 1b 18 15 (6%) 0 (0%) 2 (13%) 1(7%)
Nezami (52) 2010 1b 33 21 1(3%) 0 (0%) 1 (5%) 1 (5%)
Oswald (53) 2000 1b 30 30 (7%) 1(3%) 0 (0%) 0 (0%)
Oztorun (54) 2017 2b 331 161 38 (11%) 1(0%) 23 (14%) 1(1%)
Samore (55) 2006 1b 10 10 2 (20%) 1(10%) 2 (20%) 1(10%)
Ugras (56) 2006 2b 34 20 5(15%) 0 (0%) 3(15%) 1(5%)
Winberg (57) 2016 2b 69 73 24 (35%) 0 (0%) 10 (14%) 4 (5%)
Yildiz (58) 2010 2b 16 79 2 (13%) 1(6%) 6 (8%) 3 (4%)

Total: 862 710 115 15 920 37

TIP: tubularised incised plate
**1p: Randomised controlled trial (RCT)
***2b: Cohort study
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Study characteristics

A total of 1572 patients (range, 13—492 patients per study) were included in the meta-
analysis. Of these, 862 (55%) had undergone surgery with the Mathieu procedure and
710 (45%) with TIP repair. Some local variations in the surgical methods were noted
during the data extraction, although the general principles of the methods were equal
and allowed comparison. Data on age at surgery, weight, and indication for the
hypospadias repair were not provided in detail in all the studies; therefore, these were
not included in the current analysis. A summary of the characteristics of the included
studies is shown in Table 10.

Frequencies of fistula and stricture

Overall, 259 of 1572 (16%) boys developed complications of fistula or urethral
strictures that required reoperation. Specifically, these complications occurred in 130
0f 862 (15%) patients who underwent the Mathieu procedure and in 129 of 710 (18%)
patients who underwent TIP repair. Urethrocutaneous fistula was less frequent with
the Mathieu procedure than with TIP repair in eight studies; less frequent with TIP
repair than with the Mathieu procedure in seven studies; and similar between the two
methods in three studies. Urethral stricture was less frequent with the Mathieu
procedure than with TIP repair in 11 studies; less frequent with TIP repair than with
the Mathieu procedure in three studies; and similar between the two methods in three

studies.
Mathieu TP Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 10. Forest plot of the comparison between the Mathieu procedure and TIP repair methods for hypospadias
reconstruction, in terms of fistula formation.
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Figure 11. Forest plot of the comparison between the Mathieu procedure and TIP repair methods or hypospadias

reconstruction, in terms of postoperative strictures.
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Figure 12. Forest plot of the comparison between the Mathieu procedure and TIP repair methods for hypospadias

reconstruction, in terms of fistula formation among the RCTs.
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Figure 13. Forest plot of the comparison between the Mathieu procedure and TIP repair methods for hypospadias
reconstruction, in terms of postoperative strictures among the RCTs.

Paper V

The background data did not show any significant differences between the boys
operated on using different methods of hypospadias repair (Table 10).

The age and the time of follow-up with urinary flow examinations in the group of boys
with postoperative fistula, versus those without, did not differ significantly which is
displayed in Table 12.

The urinary flow measurement results differed significantly between the three
reconstructive methods used at the centre, Table 11. The maximal flow rate as well as
the appearance of the curve were closer to normal after the Mathieu procedure.

The results of the urinary flow rate in the group of boys developing a fistula after
hypospadias repair versus those who did not are summarised in Table 13. No significant
difference was disclosed. The urinary flow measurements were performed at the earliest
3 weeks’ postoperatively. All but one was performed at the time of discovery of the
fistula.
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Table 10. Data on 73 boys who underwent hypospadias surgery regarding degree, urethrocutaneous fistula other
congenital urogenital malformations, and prophylactic antibiotics.

Total Byars’ Mathieu TIP p-value
n (%) 73 3 (4%) 19 (26%) 51 (70%)
Age at operation, 50 (14-92) 47 (14-49) 52 (18-77) 50 (17-92) 0.79*
months (range)
Grade 1 (distal) 20 (27%) 4 16 0.89**
Grade 2 (shaft) 50 (68%) 1 15 34 0.78**
Grade 3 (proximal) 3 (4%) 2 0 1 0.01**
Urethrocutaneous 13 (18%) 1 6 6 0.22%*
fistula
Other congenital 8(11%) 0 2 6 1.00**
malformation***
Antibiotics 65 (89%) 3 14 44 0.95**

*Mann-Whitney U-Test (two tailed)

**The Fisher exact probability test for two-rows by three-column contingency table, the Freeman-Halton extension
***The other congenital urogenital malformations (n) included: inguinal hernia (6), undescended testis (1), pelvis-ureteral
junction (PUJ) obstruction (1), renal agenesis (1), vesicoureteral reflux (VUR) (1), persistent Mullerian structures in disorders
of sexual differentiation (DSD) conditions (1) as well as renal dysplasia (1).
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Figure 14. Uroflowmetry, the "receipt toilette”.
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Table 11. The urinary flow measurements showing the Q max, volume and the curve formation correlated to the

technique of operation. Bell-shaped suggested a normal curve while plateau-shaped suggested obstruction.

Parameters Byarsn=3 Mathieu n =18 TIP n =51 p-value*
n=73 2 0of 3 130f 19 28 of 51
Qmax 1 Median (range) 6 (5-7) 10 (8 - 15) 6 (2-18) <0.01*
ml/s
Volume Median (range) 23 (19-26) 130 (56-380) 67 (12-257) 0.06*
ml
Curve Bell-shaped 2 12 15
0.02*
Plateau 0 0 13
shaped****

The group of patients operated on using the Byars’ technique was too small (< 5) and was not included in the statistics.

*Mann Whitney U-test.

Table 12. Urinary flow measurements in boys with postoperative uretero-cutaneous fistula, n = 13, versus without, in the

study group of 73 boys operated on for hypospadias.

After surgery for hypospadias With fistula* Without fistula p-value *
Patients (n) 13 60
Age, years (range) 4(1-6) 4(1-8) 0.21
Duration of time from reconstruction to 2 (13 days—31 months) 1(1-7) 0.76
urinary flow measurements, months
(range)
Duration of time from reconstruction to 2 (0-11) **
uretero-cutaneous fistula complication,
months (range)
Follow-up time after last surgery (months) 75 (54-184) 69 (30-176) 0.25
*Mann-Whitney U-Test (two tailed).
**All but four fistulas had appeared before the first flow measurement.
Table 13. Urinary flow rate and flow pattern after hypospadias reconstruction in 73 patients.
Postoperative uroflow parameters With fistula Without fistula p-value
n=13 n =60
Q max (ml/s), mean (range) 11 (4-16) 8 (3-74) 0.25*
Voided volume (ml), mean (range) 94 (35-171) 94 (0-270) 0.98*
Urinary flow pattern:
. Bell shaped (%) 9 (69%) 41 (68%)
e Plateau shaped) 3(23%) 18 (30%) 0.42**

*Mann-Whitney U-test;
**Fisher's exact test (two-tailed).
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Discussion

Complications and correlation with symptom, degree and method of
operation (Paper I)

Should all boys with any degree of hypospadias undergo reconstruction?

Of course, this is a provocative question. But nevertheless, in clinical practice the
paediatric surgeon notes that small boys seldom have any subjective problems from
their hypospadias. So, the mean objective for surgical treatment in childhood is to
prevent problems later in life. It is not obvious how a conclusion made early, at the
recommended time for hypospadias repair, can be drawn with respect to overall
function. According to most authors, judgements concerning voiding and erection in
adult life have to wait until after puberty (59,60).

The outcome measurements in this study included the frequency of postoperative
complications that correlated with preoperative symptoms and/or signs, the degree
of hypospadias and the various operative interventions. The results can only explain
whether there were differences between the different parameters studied. It cannot
indicate differences between operations and non-operations because all the boys
underwent operative interventions. Thus, the results only add indirectly to
information to the research question above. Operations on boys without symptoms
and/or signs cause complications with a frequency that is comparable to those for
which an operative intervention is assumed necessary.

Due to the findings, when penile function is normal, the Hippocratic principle of not
harming, by not performing surgery, should be considered seriously.

The frequency of complications in our series was high: more than every third boy
needed an extra procedure under general anaesthesia (Clavien-Dindo IIIb). The results
were insignificantly different from those that have previously been described in
comparable reports collected from the literature over the last few years

(30,42,46,61,62).

However, there are reports of significantly worse findings than ours (63). The reasons
for a high frequency of complications are probably multifactorial, but taking into
account other explanations, the following are worth mentioning.
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Type of study and compliance with follow up

In our study, data were gathered prospectively, although analysed retrospectively. To
provide better insights into various questions, including the true complication rate after
different methods of repair, data should be registered prospectively (2). Promising
initiatives in this direction are the Dutch hypospadias database and SWEAPS, the
Swedish national quality registry. In the latter all boys with hypospadias referred to a
tertiary centre in Sweden will be registered (64). With a longer follow up time, the rate
of complications might increase since complications might be discovered as late as at
post-pubertal examinations (60).

Surgeons’ experience and skills

Unpublished data from the Dutch hypospadias database presented at the NBUF
(Nordic Paediatric Urologist Association) meeting some years ago, stated that the
surgeon’s skill and experience was central in the outcome of hypospadias surgery. When
the surgeon chooses to operate, the interpretation of the degree of the hypospadias
might differ between different surgeons, e.g. underestimation due to concomitant
curvature. To minimise this issue, the group of boys described in Paper 1 was evaluated
based on the consensus between the two operating surgeons.

The surgeon also choses the age at reconstruction. This is still a subject of debate (11).
The age in our series was uniform, but certainly higher than recommended. Globally,
paediatric surgeons advocate surgery between 6 and 18 months and this is commonly
adopted (65). The rational for this is mainly psychological, i.e. claimed gender
unawareness and that the boy would not be able to remember the intervention. The
limitation in the lower age range is the penile size and increased anaesthetic risk. On
the other hand, there are reports that state that age at surgery does not increase the risk
of urethroplasty complications (66).

The surgeon then chooses the method of repair and for this a standardisation is still
missing in the literature (2). Although too small a group to reach a conclusion in our
small series, one may have concerns that the wrong operations have been performed for
the more proximal hypospadias and those boys with a significant curvature. This is
expressed by the high (50%) fistula rate in boys with curvature. These boys should
probably not have had a single-stage repair. Acknowledging this, in the literature repair
for proximal hypospadias still carries a high complication rate.

When the surgeon starts to operate, his or her skill and experience are crucial for the
outcome (2). In Paper 1 we describe the results of two experienced and dedicated
surgeons who operated on the boys. Different surgeons use different suturing material
and suturing technique; they also prescribe different schemes of antibiotics. Beyond
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this, the use of catheters and their route can vary, the dressings, and the mobilisation
plan, etc, differ between centres. There can be day-case fast-track surgery or in-hospital
stays of up to 3—5 days. For all these aspects there is still no consensus (11).

Risk of UTI in boys with hypospadias (Paper II)

The results reveal significantly more UTIs in a group of boys with hypospadias
undergoing reconstructive surgery compared with a control group of boys operated on
for an inguinal hernia. Many of the boys with hypospadias and positive urine cultures,
regardless of when the infection occurred, also had another congenital urogenital
malformation. Whether the other congenital malformations do have any impact on the
frequency of UTI remains to be studied.

The physiological characteristics of children with a UTT are quite different from adults.
Young children with UTIs may have a fever, poor appetite, vomiting, or no symptoms
at all. In addition, the children have problems expressing themselves. To determine that
the symptomatic UTIs really exist, bacteriological culture of urine is necessary, as
performed in our study.

Previous studies have also investigated the role of antibiotic prophylaxis in this context.
The opinions vary among the different studies. Two older studies (19,67) encourage
the use of prophylactic treatment, while more recent ones (16,68), find it unnecessary.
They are all case-control studies where one group received prophylactic antibiotics and
the other did not. In the older studies (19,67), urine cultures were performed regularly
on all patients, regardless of whether symptoms of an infection were present. They
observed a higher incidence of UTIs in the group where no prophylactic antibiotics
were given; thus, the use of prophylaxis was recommended (19,67). The more recent
studies (16,68), only performed a urine culture when the patient presented with
symptoms, such as high fever, irritability, or pain while voiding. They could not
identify a difference in the incidence of symptomatic UTIs between their two groups
and opposed the use of prophylaxis in this respect (16,68).

We only registered symptomatic UTTs confirmed by positive urine cultures. Therefore,
our study design is more like the latter two studies mentioned above (16,68). If we had
performed the urine cultures in all patients, the number of positive results would
probably have increased and resembled the results of the early two studies (19,67). In
order to proceed with this issue, one needs to decide whether asymptomatic UTIs
should be classified as equally severe as symptomatic ones. Previous studies state that
patients with asymptomatic bacteriuria should not be treated with antibiotics, except
for pregnant women and patients undergoing urological interventions (69). According

53



to these guidelines, standardised urine cultures should be performed for all hypospadias
patients in order to diagnose and treat these asymptomatic infections.

We chose to collect the control group from a cohort of boys undergoing an operative
intervention for inguinal hernia. One might argue that a population-based control
group would be more appropriate. However, we considered that a group of boys also
undergoing an operative intervention at the same hospital would be the most
appropriate control group, being exposed to similar conditions.

The frequency of UTTIs must be compared with that of the general population. It has
been estimated that 1% of prepubertal boys are diagnosed with UTTs (70). Using that
figure in comparison with the boys with hypospadias, instead of using the boys
undergoing an inguinal hernia operation, would not change the conclusions in this
study.

Whether or not boys with hypospadias have a higher incidence of UTIs has been
debated. Wehbi et al stated that the incidence of recurrent UTTs in hypospadias patients
is higher over time (1.9%) than that of boys without this malformation (0.1-0.2%),
with a median follow-up time of 6.5 years (18). This is in accordance with our
postoperative results. Our study focused both on UTIs occurring near the day of
surgery, where the use of prophylactic antibiotics can have an impact, as well as over a
longer duration.

Our results show that there was no statistically significant difference in the number of
UTTs between the hypospadias group and the control group within 30 days of surgery.
Surprisingly, the only boy who incurred a UTT did receive prophylaxis at the time of
surgery. When comparing the incidence of UTIs over a longer period, it was
significantly higher in the group of hypospadias boys than in the control group. Since
no significant difference was found in close relation to the procedure, the use of
prophylactic antibiotics in order to lower the rate of UTIs does not appear to be
warranted. The frequency of wound infections, which may cause urethroplasty
complications during the postoperative course, is an issue that was not the subject of
this study.

The higher incidence of UTIs found in the total group makes us consider what the
actual causes of these UTTs were. Based on our results, we suggest that the primary
operation in itself is not the source of the increased number of infections. Since many
complications can occur in association with this procedure, a single urethral
reconstruction is not always adequate to restore full function in all hypospadias patients.
Therefore, patients often need further surgery and treatment during their childhood;
thus inflicting trauma to the urinary tract and promoting the development of scar tissue
that may play a role in the boys” vulnerability to a UTIL. We suggest that this could
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explain the higher frequency of UTTs even several years after the primary surgery. Our
data also indicate a higher risk for UTT in the group of hypospadias boys with another
urogenital anomaly. This suggests a susceptibility to infection of the urogenital tract
that might be inborn.

A limitation regarding the prophylactic antibiotics was that although intended
routinely, in about one-third of the operations, it was either missed or not recorded.
Therefore, it is uncertain whether the outcome was affected by compliance. However,
the only boy who contracted a UTT from birth until 30 days after the surgery did receive
prophylactic antibiotics. This raises the question of whether this measure can prevent
an infection of the urinary tract. It would have been preferable if prophylactic
antibiotics had been given either to all or none of the hypospadias patients. Also, we
compared the findings with a control group in which no patients received prophylaxis
and, therefore, to make it clearer we could have chosen to exclude the hypospadias
patients who did receive antibiotics. However, when we did, there was still no difference
in the frequency of UTIs compared with the control group.

Also, some infections might have been missed, because cultures were only taken from
patients with typical symptoms of UTIs. This could have been the result of vague
symptoms or unawareness by either hospital personnel or patients/parents. Since all
patients were not operated on at the same time point, the follow-up time varied from
months to years. This difference was found both between the control group and the
hypospadias group, as well as within the hypospadias group itself. This limitation is
hard to avoid but could have affected the results. One way to improve statistical power
could have been to include a greater number of patients, for example on a national level
and, therefore, decrease the number of limitations associated with a small study group.

Does a change of surgical method affect the complication rate in hypospadias

surgery? (Paper III)

We showed that the change in the hypospadias reconstruction method from the
Mathieu procedure to TIP repair in our hands significantly improved the outcome for
boys undergoing hypospadias repair. There were no other changes, e.g. modification of
surgical method or suture material during the period studied. The operative
interventions were performed by the same team of two experienced paediatric surgeons.

Although analysed retrospectively, data were registered prospectively which guarantees
the originality and value of our study. The shift in paradigm made it possible to
compare the two procedures for hypospadias repair. Thirty-five per cent of all the 142
boys in our series had a complication. This is in accordance with the recent literature
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with complication rates ranging from 7-50% (28,30,35,46,57,60-63,71,72). Thus, it
is obvious that an effort must be made with the intention to improve the outcome of
hypospadias surgery. Paper III is an attempt to do this.

The reason for the change of method of operation from the Mathieu procedure to the
TIP repair was the poor results with the Mathieu method before the study started. We
also saw an advantage of having fewer basic methods to adapt, since the TIP repair can
be used for more variants of hypospadias than the Mathieu procedure. Amongst all the
creative procedures described in the literature, we found TIP repair to be the most
natural way of handling the developmental shortcomings, to help nature. The
technique of TIP repair was not modified during the time period studied and there
were no selection criteria, e.g. the quality or measures of the urethral plate, besides the
surgeon’s preference.

During the first phase there was no difference between the outcomes of the two
methods. Insignificant but better results after the TIP reconstruction prompted further
and increased use of TIP. The better results with TIP in phase 2 can be attributed to
more experience gained by the surgeons. As shown in Table 9 the complications of the
Mathieu procedure were reduced from phase 1 to 2 (52% vs. 37%). This difference
was not significant (p = 0.49).

The duration of follow-up in our series is comparable to that which is reported in the
literature. A randomly selected recent retrospective case series (73) reported that the
median follow-up was 27 months, range between 6 weeks and 9 years. Most papers did
not address the issue of whether the boys were lost to follow-up or excluded from the
study. It must be assumed that the follow-up rate is usually 100%, as is the case in our
group of boys (29).

The follow-up time is naturally shorter in the second group and one should expect that
complications can develop over time. However, in a recent review of the study, 3 years
after the conclusion, the results have not changed.

The findings from Paper III are of value when informing parents in preoperative
consultations before hypospadias surgery. Furthermore, comparison with other centres
is made possible.

Meta-analysis comparing the outcome of two methods of distal hypospadias
repair (Paper IV)

This meta-analysis was based on 17 reports that included 1572 patients. The level of
evidence ranged from 1b to 2b (38). Fistula was the most common (13%) complication
after hypospadias repairs and had a similar rate between the Mathieu procedure and
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TIP repair. Both techniques had low rates of postoperative complications, but the risk
for urethral stricture was lower after the Mathieu procedure than after TIP repair.
Subgroup analysis of the eight RCTs showed consistent results.

To the best of our knowledge, this was the first meta-analysis that showed significant
differences in postoperative complications between the Mathieu procedure and TIP
technique for hypospadias repair. Like this study, one systematic review (published in
2012) and another meta-analysis (published in 2013) showed that both the Mathieu
and TIP repair methods had low rates of postoperative complications (2% to 15%) and
overall no significant difference was found between them (27,74). A systematic review
of studies published before 2010 concluded that both reconstruction techniques for
distal hypospadias had low rates of postoperative complications and did not present a
clear consensus on the ideal method (27). However, that study was not included in this
present meta-analysis, because of an evidence level of only 4 (38).

Many factors may influence the repair of hypospadias; therefore, comparison and
analysis of literature may not be precise. The analysed studies did not always document
or report consistently on the presence of a ventral curvature, surgeons’ experience,
patients’ age, previous penile surgery, quality of the penile skin, and configuration of
the corpora. Therefore, in this meta-analysis, adjustment for confounding factors was
not possible, and we could not take into full account the many variables that are related
to fistula formation. Urethral stricture was the second most common complication after
hypospadias surgery, with a rate of 2% after the Mathieu procedure and 5% after TIP
repair. Our pooled data estimated a higher rate of urethral stricture for TIP repair than
for the Mathieu procedure. As with the case for fistulas, possible causes for strictures
could not be analysed further because of the lack of information about the confounding
factors.

There are several limitations to mention about this study. As stated above, some critical
data were only documented rarely, making it impossible to adjust for all possible
confounding factors. The significant clinical heterogeneity made our conclusions
somewhat conservative, although we used a random effects model. Furthermore, there
was a lack of uniform criteria for reporting outcomes and we assumed that the criteria
were similar enough to be assessed together. Therefore, future studies with complete
data and uniform criteria are needed, in order to identify the best operative intervention
for hypospadias. Nevertheless, this study provided valuable and up-to-date information
in this field. The level of evidence on which our review was based was high and our
conclusion differed from that of some previous reports (27,74). Our results are in
favour of the Mathieu procedure over TIP repair, when it comes to lowering the risk
of urethral stricture.
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Urinary flow measurements and the prediction of fistulas (Paper V)

The results do not support the hypothesis that it is possible at an early postoperative
stage, through urinary measurements findings, to anticipate the development of the
complication of a fistula.

There are contradictory reports on the use of urinary flow measurements in the
postoperative course of hypospadias repair. Some authors suggest that the quality of
micturition should be assessed subjectively and, when possible, confirmed objectively
with uroflowmetry (75) without providing any hint about how to interpret or
implement the findings. Other authors report that early uroflowmetry appears to be
unnecessary, as the voiding history appears to be just as good at alerting the surgeon to
the suspicion of urethral stricture after TIP repair. Furthermore, these authors report
that there is a spontaneous normalisation, or at least a significant improvement of the
urinary flow, in boys after TIP repair, although many boys still had a Qmax in the low
normal or obstructive range (76,77).

For the main outcome measure the parameters Qmax (ml/s) and voided volume (ml)
were chosen to quickly disclose any abnormality in the urinary flow pattern. These are
the most used parameters and easy to collect from a routine urinary flowmetry. The
data did not need correction since the age and size of the boys included did not differ
significantly between the compared groups. The parameters: Voiding time (s), Time to
Q max (s), Q average (ml/s) and residual urine (PVR) (ml) were too dependent on
individual variations to be of use in this study.

Urinary flow pattern was documented and found to be normally bell shaped in most
boys, Table 13. The remaining boys had interrupted/intermittent, slightly flattened or
a plateau pattern to their urinary flow that was inconsistent and difficult to interpret.
Whether the urinary stream was single and straight, angled or divided was considered
unimportant to answer the question being addressed. Mainly as a result of inconsistent
individual variations, these excluded parameters may vary by the boy’s situation at the
flowmetry measurement.

The criteria used to define obstruction on uroflowmetry in the literature are the
presence of a plateau pattern and maximum flow (Q max) below the 5th percentile on
a standard nomogram or two standard deviations (SD) below the mean normal for age
(78-86). These parameters are not used consistently throughout the literature. We used
the uroflowmetry for comparison between those boys who developed a fistula
postoperatively and those who did not, to try to single out any signs of obstruction.
Hence, we did not have to set out definitions for the uroflow criteria of obstruction.
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As mentioned above, we were not able to prove that through uroflowmetry, it was
possible to foresee the development of a fistula. Most boys had already developed a
fistula at the time of the urinary flow measurement. In one 5-year-old boy, though, the
urinary flow measurements were performed before the fistula appeared. In this boy the
Qmax was 4 ml/s only (compared to the median of 10 ml/s in the other boys) and the
voided volume was at the average of 94 ml and the curve was bell shaped. Could this
be an indication for further research?

If so, the urinary flow measurement must be performed early postoperatively. Secondly
the same method of repair must be used, since there are significant differences between
the urinary flow measurement findings related to the different methods of repair as
shown in Table 11. Such a study would be possible in boys who had hypospadias repair
at the median age of 4 years, as in earlier days at our centre. In the boys of 6 months to
2 years of age now undergoing repair for hypospadias, this would be difficult since the
urinary flow measurements are designed for potty-trained boys.

An obstructive urinary flow pattern is often observed in asymptomatic boys following
TIP urethroplasty surgery (82). Thus, findings of an obstructive urinary flow pattern
could be expected and not the normal bell-shaped urinary flow observed in most of our
patients. Olsen et al describes plateau-shaped curves in 31% of boys with hypospadias,
whereas all the boys without this malformation displayed normal bell-shaped flow
curves (83). These results are supported by our data in Table 13.

It is obvious from Table 13 that the urinary flow measurements are rather unreliable
and depend on many factors influencing the boy expected to void in the flowmeter.
The volume in the urinary bladder and any type of disturbances could influence the
voiding boy and cause bias on the measurements.

Strength and limitations and risk of bias in Papers I-V
All research runs the risk of bias and the research presented in this thesis is no exception.

The strengths of the studies are that the operative interventions were all performed by
two paediatric surgeons who cooperated when operating on most of the boys.
Therefore, all the boys had undergone standardised hypospadias reconstructive
operations by the same team of surgeons. A further strength of this study is that the
healthcare in the region is free when needed. Therefore, any drop out or a
noncompliance due to socioeconomic effects or factors is unlikely. The urinary flow
measurement was performed by the same team of nurses at the out-patients’
department. Also, since all laboratory results regarding urine cultures are registered
automatically, inadequate charting does not need to be considered as a limitation of
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this study. Through our follow-up programme, it will be possible to make a fairer
comparison in the years to come. Follow up will be continued due to acknowledged
accumulation of complications over time.

The main research limitations are that the studies are a retrospective collection of data
albeit in a prospectively gathered database. The studies are also limited by not being
randomised. Thus, a bias was introduced in the case selection for the type of repair
which was the preference of the surgeon. We cannot exclude the fact that boys with
poor urethral plates were considered unsuitable for TIP repair and that the surgeon
chose to perform a Mathieu procedure in those cases. Although effort was expended to
define the degrees of hypospadias, bias in the interpretations of those degrees must be
considered. Underestimations of the degrees due to insidious curvatures might have
occurred. The operating surgeons were also responsible for the follow-up, which might
have caused a conflict of interest.

Further limitations are the small number of boys included and the short duration of
the postoperative follow-up.

There was potential bias in the review process of the literature, including selection bias
due to random sequence generation and allocation concealment. Furthermore,
performance bias cannot be excluded due to the binding of personnel, and detection
bias might be present due to the binding of outcome assessment. Incomplete outcome
data (attrition bias), selective reporting (reporting bias), or publication bias was likewise
possible.
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Conclusion

The results from Paper I revealed that the complication rate following hypospadias
surgery did not correlate with the preoperative symptoms and signs or the degree of
hypospadias. Thus, there may be a group of boys with hypospadias without symptoms
or signs for whose operations are questionable. The preoperative symptoms and signs
should be reported in future reports on the results of hypospadias surgery.

The results from Paper II suggest that patients undergoing primary urethral
reconstruction should not receive prophylactic antibiotics in order to decrease the
number of UTTs, since we could not find a higher incidence of these infections among
hypospadias patients during the initial perioperative period. The results show that boys
with hypospadias who have undergone surgery are more prone to incur a UTI
compared to a control group. This may be due to damage to the urethra leading to
postoperative consequences due to urethral scarring. Thus, this factor is of importance
when the boys undergo repeat operative interventions. There are, however, other
reasons to administer antibiotic prophylaxis to boys undergoing hypospadias surgery.
Minor wound infections leading to wound dehiscence and development of a fistula can
occur. Thus, the findings reported here should have an impact on antibiotic
administration.

The results reported in Paper III show that the surgical approach matters, at least in
our hands. We find it difficult to ignore the clear findings, which support our measures
taken for improving the outcome of distal hypospadias repair. As a consequence, the
Mathieu procedure was replaced by the TIP repair as the most favoured method for
treatment of grade 1-2 hypospadias.

The meta-analysis reported in Paper IV concluded that compared with TIP
urethroplasty, the Mathieu procedure for hypospadias reconstruction was associated
with a significantly lower risk of postoperative urethral stricture and may be the
preferred method for hypospadias repair. The risk of urethrocutaneous fistula was
similar. However, the clinical implications of the results can be debated because the risk
of stricture in both procedures was low. The implications for research are obvious
because there had been no studies that have provided firm guidelines on the best
method for the operative intervention for hypospadias.
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The results of the study reported in Paper V do not support the hypothesis that it is
possible to detect the postoperative complication of fistula after hypospadias surgery.
The urinary flow measurement results differed significantly between the three
reconstructive methods used at the centre.
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Future aspects

After performing this doctoral project trying to answer some queries, several new
considerations have come to mind and are left for further studies.

First the main question if all boys born with hypospadias should undergo surgical repair
is still waiting for an answer. I believe the answer is no. For some boys the risk of an
intervention simply outweighs the benefits. With regard to addressing the question, the
design of such a study could constitute a challenge: should boys with congenital
hypospadias be categorised into different groups studied independently depending on
their need for surgical interventions? The first groups might comprise boys with an
obvious need for surgical interventions, e.g. with meatal stenosis, curvature of the penis
or proximal opening of the urethral orifice. Then, those with only a cosmetic problem
could have the opportunity to choose if they want to undergo a surgical intervention
or not. Finally, the third group with combined surgical and cosmetic problems where
surgical intervention may not be urgent, could perhaps wait so that issue could be
discussed later with the boy and his guardian when the boy is older.

So, the question remains: do we need a consensus with guidelines providing firm rules
for the care of boys affected by hypospadias?

Data in the thesis show that the numbers of UTTs are not distributed evenly and raise
the question of whether there is an associated susceptibility among these boys.
Determining if some groups of boys, such as those with several malformations, would
benefit from antibiotics more than others would be of interest to investigate in a future
study.

As pointed out in Paper III the surgical method seems to matter. It is well known that
surgeons differ in their choice of operative technique. Therefore, there are numerous
reports on successful operative interventions in the hands of surgeons gaining special
interest or developing details in the operative interventions suiting their way of thinking
and being appropriate in their hands. This leads to reports about successful results of
case series. It is a pity that the excellent results cannot be repeated by all other surgeons.
Could this situation be solved by guidelines providing the surgeon with directives to
handle the great diversity of the hypospadias malformation?
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Reading the hypospadias literature there are two main lines of surgical treatment used
in hypospadias surgery, i.e. Mathieu perimeatal-based flap (PBF) and TIP. Scrutinising
the published case series using these two main approaches it becomes clear that the
operating surgeons conduct these two methods in their own way, making minor
changes to the main method descriptions. Thus, the reports do not describe the exact
same methods of operations, causing bias in any comparative study performed based
on these reports. It is critical to provide detailed data and clear definitions to change
this shortcoming,.

The problem of postoperative urethrocutaneous fistula is a curse for hypospadias
surgeons. We would do anything to escape this common problem which occurs in 10—
15% of all boys operated on for hypospadias. The question arises whether there are
methods enabling us to avoid these fistulas. The solution is still missing. Because the
phenotypes of hypospadias are so diverse, the surgeon should be able to improvise. To
master this the surgeon needs insight into many different technical approaches. At the
same time, and quite contradictory, the surgeon should focus on a few techniques
adjusted for the degree of hypospadias, taking into account the individual prerequisites
of the patient.

Since we started this project, management of hypospadias has changed quite
substantially. With the endeavour to reach full parental consent on the pros and cons
of the reconstruction based on our findings, we are now ready to do further
patient/guardian-centered research.

How high a complication rate should the surgeon and the patient/guardian tolerate for
an operation that primarily addresses an aesthetic issue? How important should we
allow genital aesthetics to be? Probably the answer differs between cultural contexts and
of course between times, but acknowledging this, bringing up the subject for an open
debate would provide us with the tools for tailor-made solutions for the individual
patient. Should decisions regarding solely cosmetic intervention be left to the individual
boy when he is old enough to make his own decisions?

Humpty Dumpty went to the fair,
Humpty Dumpty had a repair;
All the king’s horses, all the king’s men
Couldn’t pur Humpty together again
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Populirvetenskaplig sammantfattning

Hypospadi 4r en missbildning av det manliga urinréret med underutveckling av
undersidan av penis. Urinréret mynnar nigonstans mellan spetsen pd penis och
pungen, férhuden ir nistan alltid kluven och ibland kroker penis nedat. Hypospadi
kan indelas i olika grader (1—4) utifran var pd penis urinréret mynnar. Ju hogre grad,
desto storre risk att penis ocksd dr kroke.

Missbildningen ér vanlig och drabbar cirka 1/125 fédda pojkar.

Behandlingen av hypospadi ir kirurgisk men risken for komplikationer ir stor.
Utmaningen har sporrat manga genom historien att utveckla nya eller foridla ildre
tekniker, men man tvistar fortfarande om vilken teknik som ir den bista.

Hypospadi opereras ofta i blojaldern, 6—18 ménader, med tanken att barnet inte ska ha
ndgot minne av ingreppet.

Beslutet om operation fattas av virdnadshavarna i samrad med kirurgen. Symtom som
diligt urinfléde och/eller en krokning av penis saknas ofta och operationen genomférs
av kosmetiska skil. Detta vicker frigor om etik och kring ritten att bestimma om det
mest privata. Barnet ir ju inte delaktigt i processen. For att underlitta for forildrarna
att bedoma riskerna och ge majlighet till ett mer vilgrundat beslut infor en eventuell
operation har vi inspirerats till kartliggning av savil inneboende patientspecifika
forutsittningar samt till inventering av de olika kirurgiska metodernas resultat.

Syftet med den f6rsta studien var att bedoma om komplikationerna efter kirurgi kunde
kopplas till hypospadigrad, operationsteknik samt till om pojkarna hade nagra symtom
innan operationen. I studien beskrivs fyra olika operationstekniker.

En kohort bestdende av alla pojkar som opererades primirt f6r hypospadi mellan
januari 2011 och april 2014 inkluderades i studien.

Vi kunde se att komplikationsrisken var hdg och att den inte korrelerade till
hypospadigrad eller symtom innan operation och kanske finns det en grupp pojkar dar
operation kan ifrigasittas.

Andra studien gjordes for att utvirdera om risken for urinvigsinfektion hos pojkar
opererade for hypospadi fore, i samband med eller efter operation berittigar

65



anvindande av antibiotikaprofylax. Denna studie gjordes som en fall-kontroll studie
dir kontrollgruppen bestod av friska pojkar som opererades for ljumskbrack vid samma
operationsavdelning.

Pojkar med hypospadi och i synnerhet de med andra medfédda missbildningar i urin-
eller kénsorganen, utvecklade oftare urinvigsinfektioner med symtom. Infektionerna
uppstod dock inte fore eller i samband med operationerna Darfér kunde vi inte hivda
att forebyggande antibiotika behovdes for att undvika urinvigsinfektion efter
hypospadikirurgi.

Den tredje studien gjordes for att analysera om ett byte av kirurgisk teknik skulle
paverka komplikationsrisken. Vi mitte hir endast de komplikationer som krivde
ytterligare en sévning for att atgarda. Vi fann att dessa komplikationer minskade sedan
vi successivt ersatt Mathieus teknik med TIP f6r de distala (grad 1-2) hypospadierna.

I den fjirde studien gjordes en metaanalys av komplikationsfrekvensen mellan de tva
vanligaste operationsmetoderna for distal hypospadi: Mathieu och TIP avseende de tva
vanligaste operationskrivande komplikationerna uretrokutan fistel respektive
uretrastriktur. Risken att utveckla en fistel var lika stor med de bigge metoderna, men
strikturerna var signifikant vanligare efter TIP.

Med vir femte studie (accepterad for publicering i Journal of Pediatric Urology)
undersoker vi kopplingen mellan daligt urinfldde och uppkomst av fistel mellan urinrér
och hud efter rekonstruktion for hypospadi. Urinflodesmitning gjordes pa pott-trinade
pojkar minst 4 veckor efter operationen. Tre olika tekniker jimfordes. Vi kunde inte
bevisa att det gick att forutse eller forklara uppkomsten av fistlar, men vi kunde se att
urinflodet var bittre efter Mathieu.

Tillsammans utgér de fem studierna underlag for att bittre forsta risker och vinster
infor ett beslut om kirurgisk atgird i avsaknad av symtom. Risken f6r komplikation
som innebir ytterligare en operation och sévning ir stor vid denna typ av kirurgi och
tycks inte paverkas av symtom, graden av hypospadi och inte heller av vilken
operationsteknik kirurgen viljer.

66



Acknowledgements

Pernilla Stenstrdm, my main supervisor. My hero of Telemark. Tolerant, yet striving
for perfection. Charismatic and inspirational. Humble and kind.

Einar Arnbj6rnsson, my first main supervisor and after retirement my co-supervisor
2.0. An Islandic volcano without eruptions, but never ceasing fire and energy.

Magnus Anderberg, my co-supervisor. Smart, and smart looking. Yoda of quick-witted
comebacks. Startles at an Oxford comma.

All my co-authors Papers I-V. Without you this thesis might be mistaken for a comics
magazine.

Hakan Lovkvist, biostatistician at the Competence Centre for Clinical Research, Skane
University Hospital, Lund, Sweden, for statistical advice, without which we would have

been fumbling in the dark.
Ros Kenn, for proofreading de luxe.

Hypospadias team — Morten Vigen, Ann Nozohoor Ekmark and Mette Hambraeus.
We presently make history by reconstructing for the future.

Friends and colleagues at the Paediatric Surgery Department: Helena Arnadéttir,
Torbjérn Backman, Anna Bérjesson, Christina Graneli, Emma Eklund Grottling, Lars
Hagander, Kristine Hagelsteen, Erik Omling, Martin Salé and Louise Tofft. You all
come with heaps of knowledge and lashes of support.

Per Ekros — for contemporary wrapping of my temporary achievements

OF friends in order of appearance — Tomas, Felix, Henric, Carl-Johan, Anders and
Hans. You have left footprints in my heart.

Mum and Dad — thank you for always supporting and believing in me. I miss you
Mum, sorry for being a slow starter! I am proud to be your son Dad!

My sister Annika — for making me aware of the gender perspective early on.

My brother Bjorn — for out-lengthening me in spite of brotherhood pressure.

67



Signe, Elsa and Karl — You learned how to walk, and you learned how to talk... and I
want to be with you. And you turned out to be the most delightful people I will ever
meet in my life.

Ellen — my wife, thank you for being you: generous, loving and sharing my great love
of music. Thank you for support and commitment through everything and for being a
fabulous mother to our kids.

68



References

10.

11.

12.

13.

14.

Nordenvall AS, Frisén L, Nordenstrom A, Lichtenstein P, Nordenskjsld A. Population
based nationwide study of hypospadias in Sweden, 1973 to 2009: incidence and risk
factors. ] Urol. 2014;191(3):783-9.

van der Horst HJ, de Wall LL. Hypospadias, all there is to know. Eur J Pediatr.
2017;176(4):435-41.

Rey RA, Grinspon RP. Normal male sexual differentiation and actiology of disorders of
sex development. Best Pract Res Clin Endocrinol Metab. 2011;25(2):221-38.

Mitchell, Sharma. Embryology. Elsevier-Churchill Livingstone 2005.

Feingold KR, Anawalt B, Boyce A, Chrousos G, Dungan K, Grossman A, et al.
Endotext. 2000.

Ammini AC, Sabherwal U, Mukhopadhyay C, Vijayaraghavan M, Pandey J.
Morphogenesis of the human external male genitalia. Pediatr Surg Int. 1997;12(5-
6):401-6.

Yamada G, Satoh Y, Baskin LS, Cunha GR. Cellular and molecular mechanisms of
development of the external genitalia. Differentiation. 2003;71(8):445-60.

Giannantoni A. Hypospadias classification and repair: the riddle of the sphinx. Eur
Urol. 2011;60(6):1190-1; discussion 1-2.

Azmy AF, Hadidi AT. Hypospadias surgery : an illustrated guide. Berlin [u.a.]: Springer;
2004.

Hadidi AT. Classification of Hypospadias. In: Hadidi AT, Azmy AF, editors.
Hypospadias Surgery: An Illustrated Guide. Berlin, Heidelberg: Springer Berlin
Heidelberg; 2004. p. 79-82.

Cimador M, Vallasciani S, Manzoni G, Rigamonti W, De Grazia E, Castagnetti M.
Failed hypospadias in paediatric patients. Nat Rev Urol. 2013;10(11):657-66.

Barker G, Holmdahl G, Krysander L, Nordenskjéld A, Skoldenberg E, Svensson H, et
al. Nationellt Vardprogram f6r Hypospadi. 2019.

Rynja SP, de Jong TP, Bosch JL, de Kort LM. Functional, cosmetic and psychosexual
results in adult men who underwent hypospadias correction in childhood. ] Pediatr

Urol. 2011;7(5):504-15.

Holland AJ, Smith GH, Ross FI, Cass DT. HOSE: an objective scoring system for
evaluating the results of hypospadias surgery. BJU Int. 2001;88(3):255-8.

69



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

70

Dodds PR. Re: The pediatric penile perception score: an instrument for patient self-
assessment and surgeon evaluation after hypospadias repair: D. M. Weber, V. B.
Schénbucher, M. A. Landolt and R. Gobet ] Urol 2008; 180: 1080-1084. ] Urol.
2009;181(3):1506; author reply

Baillargeon E, Duan K, Brzezinski A, Jednak R, El-Sherbiny M. The role of preoperative
prophylactic antibiotics in hypospadias repair. Can Urol Assoc J. 2014;8(7-8):236-40.

Lickgren G, Nordenskjold A. Hypospadia. In: Puri P, Héllwarth M, editors. Pediatric
Surgery. Berlin, Heidelberg: Springer Berlin Heidelberg; 2009. p. 935-46.

Wehbi E, Patel P, Kanaroglou N, Tam S, Weber B, Lorenzo A, et al. Urinary tract
abnormalities in boys with recurrent urinary tract infections after hypospadias repair.
BJU Int. 2014;113(2):304-8.

Meir DB, Livne PM. Is prophylactic antimicrobial treatment necessary after hypospadias
repair? ] Urol. 2004;171(6 Pt 2):2621-2.

Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections:
epidemiology, mechanisms of infection and treatment options. Nat Rev Microbiol.

2015;13(5):269-84.

Mathieu P. Traitement en un temps de 'hypospadias balanique et juxta balanique. J
Chir (Paris). 1932;39:481-4.

Snodgrass WT. Tubularized incised plate hypospadias repair: indications, technique,
and complications. Urology. 1999;54(1):6-11.

Snodgrass W, Bush N. Surgery for Primary Proximal Hypospadias with Ventral
Curvature >30°. Curr Urol Rep. 2015;16(10):69.

Snodgrass W, Bush N. TIP hypospadias repair: A pediatric urology indicator operation.
J Pediatr Urol. 2016;12(1):11-8.

Snodgrass W. Tubularized, incised plate urethroplasty for distal hypospadias. ] Urol.
1994;151(2):464-5.

Al-Saied G, Gamal A. Versatility of tubularized incised plate urethroplasty in the
management of different types of hypospadias: 5-year experience. Afr ] Paediatr Surg.
2009;6(2):88-92.

Wilkinson D], Farrelly P, Kenny SE. Outcomes in distal hypospadias: A systematic
review of the Mathieu and tubularized incised plate repairs. Journal of Pediatric
Urology. 2012;8(3):307-12.

Winberg H, Westbacke G, Nozohoor-Ekmark A, Anderberg M, Arnbjérnsson E. The
complication rate after hypospadias repair and correlated preoperative symptoms. Open
Journal of Urology. 2014.

Springer A. Assessment of outcome in hypospadias surgery - a review. Front Pediatr.
2014;2:2.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

Sarhan O, Saad M, Helmy T, Hafez A. Effect of Suturing Technique and Urethral Plate
Characteristics on Complication Rate Following Hypospadias Repair: A Prospective
Randomized Study. The Journal of Urology. 2009;182(2):682-6.

Ulman I, Erik¢i V, Avanoglu A, Gokdemir A. The effect of suturing technique and
material on complication rate following hypospadias repair. Eur ] Pediatr Surg.
1997;7(3):156-7.

Boddy SA, Samuel M. Mathieu and V" incision sutured (MAVIS) results in a natural
glanular meatus. J Pediatr Surg. 2000;35(3):494-6.

Duckett JW, Jr. Transverse preputial Island flap technique for repair of severe
hypospadias. The Journal of Urology.167(2):1179-82.

Byars LT. A technique for consistently satisfactory repair of hypospadias. Surg Gynecol
Obstet. 1955;100(2):184-90.

Snodgrass WT, Koyle MA, Baskin LS, Caldamone AA. Foreskin preservation in penile
surgery. ] Urol. 2006;176(2):711-4.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg.
2004;240(2):205-13.

Group TP. The Prisma Statement 2009 [Available from:
hetps://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000097 prisma
-statement.org.

Group OLoEW. The Oxford 2011 Levels of Evidence 2011 [Available from:
hetp://www.cebm.net/index.aspx?0=5653.

MANTEL N, HAENSZEL W. Statistical aspects of the analysis of data from
retrospective studies of disease. ] Natl Cancer Inst. 1959;22(4):719-48.

Community C. RevMan information.

Dupont WD, Plummer WD. Power and sample size calculations for studies involving
linear regression. Control Clin Trials. 1998;19(6):589-601.

Aminsharifi A, Taddayun A, Assadolahpoor A, Khezri A. Combined Use of Mathieu
Procedure with Plate Incision for Hypospadias Repair: A Randomized Clinical Trial.
Urology. 2008;72(2):305-8.

Anwar-ul-haq, Akhter N, Nilofer, Samiullah, Javeria. Comparative study of Mathieu
and Snodgrass repair for anterior hypospadias. ] Ayub Med Coll Abbottabad.
2006;18(2):50-2.

Bae SH, Lee JN, Kim HT, Chung SK. Urethroplasty by use of turnover flaps (modified

mathieu procedure) for distal hypospadias repair in adolescents: comparison with the
tubularized incised plate procedure. Korean J Urol. 2014;55(11):750-5.

Chrzan R, Dik P, Klijn AJ, de Jong TP. Quality assessment of hypospadias repair with
empbhasis on techniques used and experience of pediatric urologic surgeons. Urology.
2007;70(1):148-52.

71



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

72

ElGanainy EO, Abdelsalam YM, Gadelmoula MM, Shalaby MM. Combined Mathieu
and Snodgrass urethroplasty for hypospadias repair: A prospective randomized study.
International Journal of Urology. 2010;17(7):661-5.

Guo Y, Ma G, Ge Z. [Comparison of the Mathieu and the Snodgrass urethroplasty in
distal hypospadias repair]. Zhonghua Nan Ke Xue. 2004;10(12):916-8.

Hamid R, Baba AA, Shera AH. Comparative Study of Snodgrass and Mathieu's
Procedure for Primary Hypospadias Repair. ISRN Urol. 2014;2014:249765.

Imamoglu MA, Bakirtag H. Comparison of two methods--Mmathieu and Snodgrass--in
hypospadias repair. Urol Int. 2003;71(3):251-4.

Karabulut A, Sunay M, Erdem K, Emir L, Erol D. Retrospective analysis of the results
obtained by using Mathieu and TIP urethroplasty techniques in recurrent hypospadias
repairs. ] Pediatr Urol. 2008;4(5):359-63.

Moradi M, Moradi A, Ghaderpanah F. Comparison of snodgrass and mathieu surgical
techniques in anterior distal shaft hypospadias repair. Urol J. 2005;2(1):28-31.

Nezami BG, Mahboubi AH, Tanhaeivash R, Tourchi A, Kajbafzadeh AM. Hypospadias
repair and glans augmentation using a modified Mathieu technique. Pediatr Surg Int.

2010;26(3):299-303.

Oswald J, Korner I, Riccabona M. Comparison of the perimeatal-based flap (Mathieu)
and the tubularized incised-plate urethroplasty (Snodgrass) in primary distal
hypospadias. BJU Int. 2000;85(6):725-7.

Oztorun K, Bagbanci S, Dadali M, Emir L, Karabulut A. A retrospective analysis of
mathieu and tip urethroplasty techniques for distal hypospadias repair; A 20 year
experience. Arch Esp Urol. 2017;70(7):679-87.

Samore M, Malik M, Igbal Z. Management of distal hypospadias: Mathieu's repair
versus tubularized incised plate urethroplasty. Pak J Surg; 2006. p. 154-8.

Ugras M, Ergin H, Kili¢ S, Giines A, Baydinc C. Factors affecting success in surgery for
mid- and distal penile hypospadias: a comparative study of Mathieu and TIPU
techniques. Turk Uroloji Dergisi 2006. p. 375-80.

Winberg H, Anderberg M, Arnbjérnsson E. Tubularized Incised Plate (TIP) Repair
Improves Outcome of Hypospadias Repair. J Surgery; 2016.

Yildiz A, Bakan V. Comparison of perimeatal-based flap and tubularized incised plate
urethroplasty combined with single- or double-layer dartos flap in distal hypospadias.
Urol Int. 2010;84(3):265-8.

Nuininga JE, DE Gier RP, Verschuren R, Feitz WF. Long-term outcome of different
types of 1-stage hypospadias repair. ] Urol. 2005;174(4 Pt 2):1544-8; discussion 8.
Ekmark AN, Svensson H, Arnbjornsson E, Hansson E. Postpubertal examination after

hypospadias repair is necessary to evaluate the success of the primary reconstruction. Eur

J Pediatr Surg. 2013;23(4):304-11.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

Aslam R, Campbell K, Wharton S, Bracka A. Medium to long term results following
single stage Snodgrass hypospadias repair. ] Plast Reconstr Aesthet Surg.
2013;66(11):1591-5.

Spinoit AF, Poelaert F, Groen LA, Van Laecke E, Hoebeke P. Hypospadias repair at a

tertiary care center: long-term followup is mandatory to determine the real complication
rate. ] Urol. 2013;189(6):2276-81.

Prat D, Natasha A, Polak A, Koulikov D, Prat O, Zilberman M, et al. Surgical outcome
of different types of primary hypospadias repair during three decades in a single center.
Urology. 2012;79(6):1350-3.

Swedish register for Advanced Pediatric Surgery [Available from:
https://sweaps.registercentrum.se.

Riedmiller H, Androulakakis P, Beurton D, Kocvara R, Gerharz E, Urology EAo. EAU
guidelines on paediatric urology. Eur Urol. 2001;40(5):589-99.

Bush NC, Holzer M, Zhang S, Snodgrass W. Age does not impact risk for urethroplasty
complications after tubularized incised plate repair of hypospadias in prepubertal boys. ]
Pediatr Urol. 2013;9(3):252-6.

Shohet I, Alagam M, Shafir R, Tsur H, Cohen B. Postoperative catheterization and
prophylactic antimicrobials in children with hypospadias. Urology. 1983;22(4):391-3.
Kanaroglou N, Wehbi E, Alotay A, Bagli DJ, Koyle MA, Lorenzo AJ, et al. Is there a
role for prophylactic antibiotics after stented hypospadias repair? ] Urol. 2013;190(4
Suppl):1535-9.

Nicolle LE, Bradley S, Colgan R, Rice JC, Schaeffer A, Hooton TM, et al. Infectious
Diseases Society of America guidelines for the diagnosis and treatment of asymptomatic
bacteriuria in adults. Clin Infect Dis. 2005;40(5):643-54.

Riccabona M. Urinary tract infections in children. Curr Opin Urol. 2003;13(1):59-62.

Pfistermuller KL, McArdle AJ, Cuckow PM. Meta-analysis of complication rates of the
tubularized incised plate (TIP) repair. ] Pediatr Urol. 2015;11(2):54-9.

Hardwicke JT, Bechar JA, Hodson ], Osmani O, Park A]J. Fistula after single-stage
primary hypospadias repair - A systematic review of the literature. ] Plast Reconstr

Aesthet Surg. 2015;68(12):1647-55.

Snodgrass W, Bush N. Recent advances in understanding/management of hypospadias.
F1000Prime Rep. 2014;6:101.

Wang F, Xu 'Y, Zhong H. Systematic review and meta-analysis of studies comparing the
perimeatal-based flap and tubularized incised-plate techniques for primary hypospadias
repair. Pediatr Surg Int. 2013;29(8):811-21.

Manzoni G, Bracka A, Palminteri E, Marrocco G. Hypospadias surgery: when, what and
by whom? BJU Int. 2004;94(8):1188-95.

73



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

74

Holmdahl G, Karstrom L, Abrahamsson K, Doroszkiewicz M, Sillén U. Hypospadias
repair with tubularized incised plate. Is uroflowmetry necessary postoperatively? ]
Pediatr Urol. 2006;2(4):304-7.

Andersson M, Doroszkiewicz M, Arfwidsson C, Abrahamsson K, Holmdahl G.
Hypospadias repair with tubularized incised plate: Does the obstructive flow pattern

resolve spontaneously? ] Pediatr Urol. 2011;7(4):441-5.

Gonzdlez R, Ludwikowski BM. Importance of urinary flow studies after hypospadias
repair: a systematic review. Int J Urol. 2011;18(11):757-61.

Scarpa MG, Castagnetti M, Berrettini A, Rigamonti W, Musi L. Urinary function after
Snodgrass repair of distal hypospadias: comparison with the Mathieu repair. Pediatr
Surg Int. 2010;26(5):519-22.

Braga LH, Pippi Salle JL, Lorenzo AJ, Skeldon S, Dave S, Farhat WA, et al.
Comparative analysis of tubularized incised plate versus onlay island flap urethroplasty
for penoscrotal hypospadias. ] Urol. 2007;178(4 Pt 1):1451-6; discussion 6-7.

Burgu B, Aydogdu O, Séylemez H, Soygur T. Both dorsal and ventral flaps can be used
in previously circumcised hypospadic adults with comparable success rates. Int Urol
Nephrol. 2010;42(3):689-95.

Wolffenbuttel KP, Wondergem N, Hoefnagels JJ, Dieleman GC, Pel JJ, Passchier BT,
et al. Abnormal urine flow in boys with distal hypospadias before and after correction. J
Urol. 2006;176(4 Pt 2):1733-6; discussion 6-7.

Olsen LH, Grothe I, Rawashdeh YF, Jorgensen TM. Urinary flow patterns in infants
with distal hypospadias. ] Pediatr Urol. 2011;7(4):428-32.

Tuygun C, Bakirtas H, Gucuk A, Cakici H, Imamoglu A. Uroflow findings in older
boys with tubularized incised-plate urethroplasty. Urol Int. 2009;82(1):71-6.

Malyon AD, Boorman JG, Bowley N. Urinary flow rates in hypospadias. Br J Plast
Surg. 1997;50(7):530-5.

Hammouda HM, El-Ghoneimi A, Bagli D], McLorie GA, Khoury AE. Tubularized
incised plate repair: functional outcome after intermediate followup. J Urol.

2003;169(1):331-3; discussion 3.




<<
  /ASCII85EncodePages false
  /AllowTransparency true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 10
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 250
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 250
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.25000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <FFFE4600F6007200200074007200790063006B00200068006F00730020004D0065006400690061002D0054007200790063006B00>
    /SVE ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




