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INTRODUCTION

Background
Hypospadias is a congenital malformation in boys consisting of a displaced urethral

1

meatus along the ventral side of the penis, a penile curvature and/or a dorsal hooded
prepuce. The meatal opening can be located anywhere between the tip of the penis
and the perineal area. The original location of the meatus is used to classify several
phenotypes, often used to define the severity of hypospadias (Figure 1). However, the
presence of penile curvature may be misleading and the meatus may move proximally
once the curvature is corrected. Penile curvature, or chorda, is present in approximately
20% of the patients

[1-3]

and can be due to shortage of skin, tethering of the urethral

plate to the corpora cavernosa, or abnormal flexion of the corpora cavernosa [4, 5]. The
prevalence of hypospadias is estimated to range between 1.7 and 3.8 per 1,000 live births
worldwide [6-9].

hypospadias sine
hypospadias
glandural

anterior hypospadias

(sub)coronal
distal penile
midshaft

middle hypospadias

proximal penile
penoscrotal

scrotal

posterior hypospadias

perineal

FIGURE 1

The classification of hypospadias phenotypes.

Adapted from Brouwers et al. [10]

Underlying causes
Hypospadias occurs as a result of incomplete fusion of the urethral folds between the
8th and 14th week after conception [11, 12]. The exact underlying cause of hypospadias
is unknown in the majority of patients and is most likely multifactorial, including both
genetic and environmental factors.
Much research has been performed into the hormonal pathways and environmental
factors disturbing testosterone levels, such as chemicals with oestrogenic and/or
antiandrogenic properties, suggesting that these may be contributing factors to the
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increasing incidence of hypospadias [11, 13]. Genetic factors that influence the androgenic
and oestrogenic balance and pathways, such as the steroid-5-alpha-reductase type
II (SRD5A2) gene, the mastermind-like domain containing 1 (MAMLD1) gene, and the
estrogen receptor 1 and 2 (ESR1 and ESR2) genes, are also speculated to play a role in the
development of hypospadias [14-19]. However, studies performed by van der Zanden et al.
suggest that these genes as well as the above-mentioned hormonal exposures may be
less important in hypospadias aetiology than previously assumed [20, 21].
A genome-wide association study (GWAS) performed by Van der Zanden et al. produced
evidence that the gene diacylglycerol kinase kappa (DGKK) is associated with
hypospadias [22]. DGKK is a X-chromosomal gene encoding a human type II diacylglycerol
kinase which plays an important role in signal transduction. Several studies replicated
the association of this gene with hypospadias, identifying DGKK as a major risk gene for
hypospadias, particularly in mild or moderate hypospadias phenotypes in Caucasian
populations [23-25].
Other studies into the pathogenesis of hypospadias imply that non-hormonal factors,
such as maternal hypertension and placental insufficiency, are involved

[10, 20, 26].

For

some other congenital malformations, in particular neural tube defects, congenital heart
defects, and orofacial clefts, maternal periconceptional folic acid use was found to be a
protective factor [27-32]. A protective effect of folic acid for hypospadias was also found in
some studies [33-35], but not in others [36-40].

Treatment
The treatment of hypospadias usually consists of surgical relocation of the meatus to
the tip of the glans. If necessary, a meatoplasty or urethroplasty will be performed and
the penile curvature will be corrected

[12, 13].

Depending on the aspect of the prepuce

and parental preference, a circumcision or prepuce reconstruction can be performed.
Surgical correction is usually performed within the first or second year of life [9, 41] and is
an elective procedure, although hypospadias correction is indicated in most patients [8, 9].
Many techniques for hypospadias correction have been described, such as the Meatal
Advancement and Glanuloplasty Incorporated (MAGPI), Tubularized Incised Plate
urethroplasty (TIP), and Mathieu’s technique

[42-45].

In addition to the hypospadias

phenotype, presence of penile curvature, and aspects of the prepuce, other factors,
such as the width and depth of the urethral plate, skin quality, and surgeon’s preference
contribute to the decision on which surgical technique is appropriate [13, 46].
The aim of the surgery is normal micturition without spraying, a straight erection, and
aesthetic satisfaction

[12, 13, 46].

However, agreement on how to objectively measure

postoperative outcome does not exist. Whereas some studies focus on clinical
or cosmetic outcome using scoring methods such as the Hypospadias Objective
Scoring Evaluation (HOSE), the Hypospadias Objective Penile Evaluation (HOPE), or
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the (Paediatric) Penile Perception Score ((P)PPS) [47-50], others are more interested in
functional, sexual, or psychological outcomes. For these outcomes, uroflowmetry
and questionnaires are used, such as the International Index of Erectile Function (IIEF)

1

questionnaire and the TNO-AZL Questionnaire for Preschool Children’s Health-Related
Quality of Life (TACQOL) [51-53]. In addition to the numerous outcome measurement tools,
the use of different classifications of hypospadias phenotypes, the patient selection,
various surgical techniques, and varying duration of follow-up, make it hard to compare
postoperative results between studies [54].

Postoperative complications and risk factors
A wide variety of complications is seen after hypospadias surgery. Patients may develop
physical complications, such as wound infections or urethrocutaneous fistulas, and
functional complications, such as micturition-related problems, but psychological
problems and an unsatisfactory aesthetic outcome can also be regarded as
complications [11, 51, 55]. Physical complications may occur directly after surgery, but many
children develop complications several years postoperatively

[9, 56-58].

The short-term

complication rate, mostly defined as complications within one year after surgery, ranges
between 12 and 24% [1, 2, 57, 59, 60], with a long-term complication rate, varying between
one to ten years postoperatively, as high as 50% [9, 56]. Although some complications are
easily treated, others may need repeated reoperations to achieve a reasonable outcome
[56, 61, 62].

Several studies have been performed to identify risk factors for postoperative
complications, but as mentioned before, methodological inconsistencies decrease
comparability of studies

[54].

Postoperative complications can be defined in numerous

ways, and whereas some studies focus on one specific complication, others use a wider
scope or use reoperation as outcome measurement. Most studies agree, however,
that phenotype of hypospadias (e.g. anterior, middle, or posterior form), preoperative
existence of chordee, surgeon’s experience, and type of surgery influence the number
and types of complications [1, 2, 55, 63-65]. The influence of patient-related factors, such as
the child’s age and health during surgery, and pregnancy-related factors, such as birth
weight, remain controversial [1, 2, 55, 56, 59, 64, 66].

Aim and objectives
The aim of this thesis was to develop additional knowledge concerning the aetiology of
hypospadias and to increase the knowledge about factors influencing the postoperative
outcome after hypospadias correction. To accomplish this, the following research
questions were investigated:
1 What is the role of maternal periconceptional use of folic acid supplements and the
C677T MTHFR polymorphism in the risk of hypospadias?
2 Which treatment-, patient- or pregnancy-related factors influence the occurrence of
postoperative complications and postoperative outcome after hypospadias repair?
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3 Can the risk of postoperative complications or unsatisfactory outcome after
hypospadias repair be predicted?
Identification of risk factors for a negative outcome, whether this is the development
of hypospadias, postoperative complications, or low satisfaction after surgery, may
give direction to future preventive measures and can be used to improve health care for
hypospadias patients. Information on postoperative outcome, and on complications
in particular, can be used to improve preoperative counselling of parents about the
prognosis after surgery.

Study populations and design
For the findings described in this thesis, two study populations and several data sources
were used.
The main group of patients was derived from AGORA (Aetiologic research into Genetic
and Occupational/ environmental Risk factors for Anomalies in children), a large ongoing
data- and biobank coordinated by the Radboud university medical center (Radboudumc)
in Nijmegen, the Netherlands. AGORA contains clinical and questionnaire data as well as
DNA samples from children with congenital malformations or childhood cancer, healthy
control children, and their parents [67].
From December 2004 onwards, patient recruitment has been a routine procedure during
the first hospital visit for hypospadias at the Department of Urology – section Paediatric
Urology of the Radboudumc. The treating physician provides a short explanation of the
aims and procedures of AGORA and hands an information brochure and an invitation
letter to the parents. The parents of older hypospadias patients, treated between 1990
and November 2004 at the Radboudumc, were invited to participate by regular mail. At
inclusion, blood or saliva was collected from patients and their parents, and both parents
were asked to fill out the AGORA questionnaire with questions concerning demographics,
family history, health and lifestyle before and during pregnancy, pregnancy outcome, and
occurrence of hypospadias in first degree relatives.
Recruitment of population-based controls into the AGORA data- and biobank was
performed in 2010 and 2011 by asking municipalities to provide a random sample from
their inhabitants ranging from 0 to 20 years of age. Forty-two municipalities were selected
based on the geographical areas where the patients came from and 39 agreed to provide
a random sample of 150 or 300 children. The age-distribution of the controls was chosen
to be comparable to that of the patient population at time of recruitment. At inclusion,
saliva was collected from controls and their mothers, and the parents were asked to fill
out the AGORA questionnaire.

14
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For several studies described in this thesis, all hypospadias patients from the AGORA
data- and biobank were selected and medical records were used to obtain relevant
clinical information and treatment characteristics, including information on hypospadias

1

phenotype, surgical factors, and postoperative complications. All parents of patients
that had primary hypospadias surgery in the Radboudumc were invited to fill out an online
questionnaire containing questions regarding the neonatal period, patient health in the
first two years of life, and treatment outcome according to the parents.
The second study population was derived from the Medical Centre of Leeuwarden (MCL),
where patient recruitment for the AGORA data- and biobank was performed at first
admittance in the period between February 2011 and February 2012 and by mail for older
patients treated between 1996 and January 2011. In addition to the AGORA questionnaire,
these patients or their parents were asked to fill out a standardised satisfaction
questionnaire developed by Mureau et al. [68] and to visit the outpatient clinic for a regular
check-up. During the visit to the outpatient clinic, the same satisfaction questionnaire
was filled out by the physician, as well as the Hypospadias Objective Scoring Evaluation
(HOSE), a validated objective scoring method to assess postoperative clinical outcome
[47]. Participants could choose to participate in either the satisfaction and postoperative

outcome study, the AGORA data- and biobank, or both.

Outline of this thesis
In this thesis, several time periods concerning the aetiology and treatment of
hypospadias are described, starting with a study on the development of hypospadias
during pregnancy, followed by studies on (pre)operative factors influencing surgical
outcome, and ending with a study on satisfaction with the postoperative outcome.
In Chapter 2, we discuss the role of periconceptional folic acid supplement use in
the development of hypospadias. As folate levels may be influenced by the C677T
polymorphism in the methylenetetrahydrofolate reductase (MTHFR) gene, we also
investigated the gene–environment interaction between this polymorphism and folic
acid use in the aetiology of hypospadias in a case-control study.
To determine whether a complication registration based on medical records is sufficient
for research and proper care, we analysed the level of agreement between medical
records and parents’ reports of complications as described in Chapter 3. In the studies in
Chapters 4, 5, and 6, we tried to identify risk factors for postoperative outcome. The study
on the effects of preoperative illnesses in the weeks before surgery on postoperative
complications is described in Chapter 4. We tried to determine whether the preoperative
screening for common illnesses in children, such as common cold and ear infection,
should be altered and whether we should be stricter about postponing planned
procedures to prevent postoperative complications. In the study described in Chapter 5,

15
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a prediction model was developed to predict the risk of postoperative complications for
individual patients. Individual risk prediction could be included in preoperative parental
counselling and may lead to future improvements in care. Since complications may
temporarily or permanently influence postoperative outcome, we analysed the impact of
postoperative complications on the final clinical outcome measured objectively with the
HOSE in the study in Chapter 6.
The level of agreement between patient and physician satisfaction is described in
Chapter 7. We tried to identify patient and treatment characteristics that influenced the
postoperative outcome as well as the agreement between clinicians and patients or
parents.
This thesis is concluded with a general discussion of the methodological considerations,
the main findings, and the recommendations for clinical practice and future research in
Chapter 8.
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Abstract
Background
Hypospadias is a congenital malformation with both environmental factors and genetic
predisposition involved in the pathogenesis. The role of maternal periconceptional folic
acid supplement use in the development of hypospadias is unclear. As folate levels
may also be influenced by the C677T polymorphism in the methylenetetrahydrofolate
reductase (MTHFR) gene, we hypothesize that a gene–environment interaction between
this polymorphism and folic acid use is involved in the etiology of hypospadias.
Methods
We conducted a case–control study among 855 hypospadias cases and 713 populationbased controls from the AGORA data- and biobank. Folic acid supplement use was derived
from maternal questionnaires and infant and maternal DNA was used to determine the
MTHFR C677T polymorphism using Taqman assays. We performed separate analyses for
different hypospadias phenotypes (anterior/middle/posterior).
Results
Hypospadias was neither associated with folic acid use or the MTHFR C677T polymorphism,
nor with their interaction. However, we did find an association with middle hypospadias
when no supplements were used (odds ratio 5 1.6; 95% confidence interval, 1.1–2.4),
especially in infants carrying the CT/TT genotype (odds ratio 5 2.5; 95% confidence
interval, 1.4– 4.7). In addition, more infants with these genotypes seemed to have posterior
hypospadias, regardless of folic acid use.
Conclusion
Our study does not suggest a major role for folic acid supplements or the MTHFR C677T
polymorphism in the etiology of hypospadias in general, but not using folic acid and/or
carrying the MTHFR C677T polymorphism may be associated with middle and posterior
hypospadias. Therefore, we stress the importance of studying gene-environment
interactions preferably in stratified analyses for different hypospadias phenotypes.
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Introduction
Hypospadias is a congenital malformation of the penis in which the meatus is located on
the ventral side. The prevalence of hypospadias in Europe is reported to range between
0.5 and 3.7 per 1000 live births when mild forms of hypospadias are not or only partly
included

[1, 2]

and between 3.0 and 3.8 per 1000 live births including all hypospadias

phenotypes [3, 4]. Hypospadias occurs as a result of incomplete fusion of the urethral folds

2

between the 8th and 14th week of gestation [5, 6]. The exact underlying cause of hypospadias
is unknown in most cases and is most likely multifactorial, involving genetic factors, such
as diacylglycerol kinase kappa (DGKK) polymorphisms

[7, 8]

and environmental factors,

such as maternal obesity and hypertension [9, 10].
For some congenital malformations, in particular neural tube defects, congenital heart
defects, and orofacial clefts, maternal periconceptional folic acid use was found to
be a protective factor [11-14]. Folate, the natural form of folic acid, is important for rapid
cell division and gene expression and is, therefore, essential for cellular growth and
differentiation during embryogenesis. Maternal periconceptional use of folic acid
supplements may compensate for reduced folate levels, thereby playing a role in the
prevention of congenital malformations, such as neural tube defects. A protective effect
was also found for hypospadias in some studies [15-17], but not in others [18-22].
The inconsistencies between these studies may be explained by methodological
differences, such as the definition of folic acid users or different selections of
hypospadias cases. We showed previously that different risk factors may be involved in
the various phenotypes of hypospadias (anterior, middle, and posterior forms) [23, 24]. In
addition, we suggested that varying genetic predisposition could also cause differences
among studies [25]. The C677T polymorphism in the methylenetetrahydrofolate reductase
(MTHFR) gene reduces MTHFR enzyme activity which results in reduced folate levels [26,
27].

The MTHFR C677T polymorphism seems to have a small effect on the occurrence of

certain congenital malformations

[28, 29],

but this effect seems to increase when there

is a lack of periconceptional use of folic acid supplements [14, 30]. As this polymorphism
was never studied in association with hypospadias, however, we performed a large
case-control study to investigate the role of the C677T MTHFR polymorphism and its
interaction with maternal periconceptional use of folic acid supplements in the etiology
of hypospadias and its different phenotypes.

Materials and Methods
Data and biological material were derived from AGORA (Aetiologic research into Genetic
and Occupational/environmental Risk factors for Anomalies in children), a large dataand biobank coordinated by the Radboud university medical center (Radboudumc) with
clinical and questionnaire data as well as DNA samples from children with congenital
malformations or childhood cancer, control children, and their parents (www.
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AGORAproject.nl). In this case-control study, we used the same approach and the same
control population as in one of our previous studies on anorectal malformations [31].

Study Population
Cases were live born children treated for hypospadias at the Department of Pediatric
Urology of the Radboudumc or the Department of Plastic Surgery of the Medical Center
Leeuwarden (MCL) in The Netherlands. From 2004 onward, parents of hypospadias
patients in the Radboudumc were asked to participate in AGORA at the child’s first
admittance. In the MCL, this was done in the period between February 2011 and February
2012. The parents of older patients, treated between 1990 and 2004 at the Radboudumc
or between 1996 and 2010 at the MCL, were invited to participate by regular mail. Blood
or saliva was collected from patients and their parents, and the parents were asked to
fill out questionnaires concerning demographics, family history, and health and lifestyle
before and during pregnancy.
Our population-based controls were children born between January 1990 and December
2010, randomly sampled from 39 municipalities in the geographical areas where the
patients came from. The parents of control children filled in the same questionnaires and
saliva samples were provided by mother and child. The regional Committee on Research
involving Human Subjects approved the AGORA protocol. Written informed consent was
obtained from all children and/or parents.
The medical records of the hypospadias patients were reviewed to obtain clinical
information on hypospadias phenotype and additional congenital malformations.
Hypospadias phenotype was defined as anterior (hypospadias sine hypospadias,
glanular, and (sub)coronal forms), middle (distal penile, midshaft, or proximal penile), or
posterior (penoscrotal, scrotal, or perineal), based on the original location of the meatal
opening. Cases and controls with a syndrome or chromosome abnormality and cases
with a known cause of hypospadias were excluded. To ensure independent analyses,
only one case or control per family was included in the study by excluding the youngest
brother or one of the brothers at random for twin brothers.

Genetic Analysis
Blood was collected in EDTA containing tubes and saliva in Oragene containers (DNA
Genotek Inc., Ottawa, Canada). DNA was extracted from blood or saliva using standard
methods. Samples were genotyped for the MTHFR C677T polymorphism (rs1801133)
using the 5’-nuclease Taqman single nucleotide polymorphism genotyping assay
(C_1202883_20, Applied Biosystems, Foster City, CA). Polymerase chain reactions
(PCRs) were carried out in 96 or 384 wells plates in a 5 μl reaction volume containing 10
ng of genomic DNA, 2 μl Taqman universal PCR master mix, 0.05 μl assay mix, and 1.95
μl milli-Q. The PCR consisted of an initial denaturation step at 95°C for 10 min, followed
by 40 cycles of denaturation at 92°C for 15 sec and annealing and extension at 60°C
for 60 sec. After PCR, allele-specific fluorescence was measured on an ABI 7500 FAST
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or 7900 HT instrument (Applied Biosystems) for 96 or 384 wells plates, respectively. In
each plate, four blanks were added and five wells were loaded with internal controls for
quality control purposes. Genotyping was performed in a laboratory recognized and
granted accreditation for quality control by the coordinating committee for improvement
of quality control of laboratory research in health care.

Questionnaire data

2

Information about folic acid supplement use was derived from the maternal
questionnaires. Mothers were asked about their use of folic acid and multivitamin
supplements in the 3 months before conception and during pregnancy, including
exact weeks of use and brand name of the multivitamin. Since 1993, Dutch women
with a pregnancy wish have been advised to use 400 μg folic acid supplements per
day, starting at least 4 weeks before conception until 8 weeks after conception

[32].

This advice is strongly endorsed by all professionals involved in pregnancy-related
healthcare. Therefore, mothers reporting any use of folic acid supplements or folic acid
containing multivitamins in the 4 weeks before conception and/or the first 10 weeks after
conception were defined as users of folic acid supplements. Nonusers were mothers
who reported no use during the entire period of 3 months before conception until the end
of pregnancy. Mothers who did not know the period of use or began using more than 10
weeks after conception, were excluded from the analyses on folic acid use. Because folic
acid supplements were not commonly used before 1990, we also excluded cases born
before 1990 and those with an unknown date of birth from the analyses on folic acid use.
There is no food fortification in The Netherlands.
Infant and maternal characteristics were also extracted from the questionnaires. Infant
characteristics included gender, year of birth, ethnicity (Caucasian vs. non-Caucasian),
and occurrence of hypospadias in first degree relatives. Maternal characteristics were
age at delivery, educational level (low: no/primary/lower vocational/ intermediate
secondary education; middle: intermediate vocational/higher secondary education;
high: higher vocational/academic education), multiple pregnancy (singleton vs. multiple),
parity (primiparity vs. multiparity), preexisting diabetes mellitus, and prepregnancy body
mass index. The latter was calculated using reported weight (kg) and height (m) before
conception and categorized in four groups (<18.5, 18.5–24.9, 25.0–29.9, and ≥30.0 kg/m2).

Statistical Analyses
The MTHFR C677T genotype frequencies in controls were tested for deviation from
Hardy Weinberg equilibrium (HWE). Univariable and multivariable logistic regression
analyses were used to calculate crude and adjusted odds ratios (ORs) with 95%
confidence intervals (95% CIs) for the independent associations between hypospadias
and periconceptional folic acid use and infant and maternal MTHFR C677T genotypes.
The homozygous wild-type genotype (CC) was used as reference category. As MTHFR
enzyme activity is already reduced by 35% in the heterozygous genotype (CT)

[26],

the

analyses were repeated assuming a dominant effect (CT/TT vs. CC). In addition, the role
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of interactions between periconceptional folic acid use and MTHFR C677T genotypes
in the etiology of hypospadias was examined. We calculated relative risks due to
interaction (RERIs) to assess interaction on an additive scale using the method and Excel
spreadsheet (www.epinet.se) developed by Andersson et al. [33].
We considered ethnicity of the child, maternal age at delivery, maternal educational level,
multiple pregnancy, parity, pre-existing diabetes mellitus, and prepregnancy body mass
index as potential confounders in the analyses that included folic acid use, because these
factors were previously reported as risk factors for hypospadias [9, 21, 34]. Only potential
confounding factors that changed the OR of interest by 10% or more in bivariable
analyses were included in the full multivariable logistic regression model. For reasons
of precision, we excluded factors from the full models when the OR did not change more
that 10% upon removal. Because risk estimates for infant MTHFR C677T genotypes may
be mediated by maternal genetic effects as these may partially determine the intrauterine environment

[35-37],

we included infant and maternal MTHFR C677T genotypes

in the multivariable analyses of the MTHFR C677T polymorphism and in the interaction
analyses. The above-mentioned analyses were repeated for the different hypospadias
phenotypes. Statistical analyses were performed using SPSS 20.0 for Windows (IBM
SPSS, Chicago, IL).

Results
Study Population
The participation rates were between 65 and 75% for cases and 35% for controls,
leading to a total of 912 cases and 734 controls that were available for this study (Figure
1). To ensure independence, we excluded one of the brothers from 30 sib-pairs among
the cases. In addition, 27 cases and 21 controls were excluded because of a syndrome,
chromosome abnormality, or a known cause of hypospadias. After the first exclusion
steps, 855 nonsyndromic hypospadias cases and 713 population-based controls were
available for the analyses on MTHFR genotypes. Forty-seven of these patients had surgery
in the MCL, the others in the Radboudumc. The original meatal location was anterior in
63%, middle in 23%, and posterior in 14% of the cases (Table 1). The controls consisted
for 47% of boys and their mean age at time of study was lower compared with the
cases (14.2 vs. 16.4 years, respectively), although this difference disappeared when we
excluded cases born before 1990 for the folic acid supplement analyses. Approximately
95% of the cases and controls were Caucasian, and almost 10% of the cases had a first
degree relative with hypospadias. Mothers of cases were younger at time of delivery, had
a lower educational level, a higher number of multiple pregnancies, and were more often
primiparous compared with the mothers of controls.
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TABLE 1

Characteristic of the study population.
Cases

Controls

(n = 855)a

(n = 713)a

n %

n %

Infant characteristics
Hypospadias phenotype
Anterior

508 (63.2%)

Middle

185 (23.0%)

Posterior

111 (13.8%)

Gender
Male
Female

855 (100.0%)

332 (46.6%)

0 (0.0%)

381 (53.4%)

Year of birth
<1990
1990-1995

96 (11.6%)

0 (0.0%)

186 (22.4%)

158 (22.2%)

1996-2000

182 (21.9%)

195 (27.3%)

2001-2005

210 (25.3%)

168 (23.6%)

2006-2012

156 (18.8%)

192 (26.9%)

751 (94.7%)

675 (94.8%)

42 (5.3%)

37 (5.2%)

Ethnicity
Caucasian
Non-Caucasian
Hypospadias in first degree relative
Yes

76 (9.7%)

0 (0.0%)

No

707 (90.3%)

713 (100.0%)

Maternal characteristics
Age at delivery
<25 years

73 (9.0%)

28 (3.9%)

25-29 years

285 (35.1%)

215 (30.2%)

30-34 years

324 (39.9%)

346 (48.5%)

≥35 years

130 (16.0%)

124 (17.4%)

Educational level
Low

171 (22.9%)

111 (15.7%)

Middle

333 (44.6%)

339 (47.8%)

High

242 (32.4%)

259 (36.5%)

Multiple pregnancy
Yes

53 (7.1%)

22 (3.1%)

No

691 (92.9%)

690 (96.9%)

Parity
Primiparity

405 (56.1%)

318 (45.0%)

Multiparity

317 (43.9%)

389 (55.0%)

Pre-existing DM
Yes

5 (0.7%)

2 (0.3%)

No

736 (99.3%)

710 (99.7%)

Pre-pregnancy BMI
Underweight (<18.5 kg/m²)

a

33 (4.6%)

23 (3.4%)

Normal (18.5-24.9 kg/m²)

483 (68.0%)

485 (71.6%)

Overweight (25.0-29.9 kg/m²)
Obese (≥30.0 kg/m²)

130 (18.3%)
64 (9.0%)

127 (18.8%)
42 (6.2%)

Numbers do not add up to total numbers due to missing values

DM = diabetes mellitus; BMI = body mass index

30

INTERACTION BETWEEN MTHFR 677C>T AND FOLIC ACID IN THE RISK OF HYPOSPADIAS

MTHFR C677T polymorphisms
Genotyping of the MTHFR C677T polymorphism was completed successfully in 97.9%
of the infant and maternal DNA samples. Genotype frequencies of MTHFR C677T were
in HWE among control mothers (p > 0.05), but not among control children (p = 0.03).
Approximately 11% of all children and mothers were homozygous for the variant (TT),
while on average 42% were heterozygous (CT) (Table 2). The infant and maternal variants
were not associated with hypospadias, neither on the genotypic level nor in the dominant

2

model, and the results were similar when the effect of the infant polymorphism was
adjusted for the maternal polymorphism or the other way around (infant CT/TT OR = 1.1;
95% CI, 0.9–1.4 and maternal CT/TT OR = 1.1; 95% CI, 0.9–1.4), or when the infant and
maternal genotypes were combined (results not shown).

Periconceptional use of folic acid supplements
Use of folic acid supplements could be determined for 575 cases and 618 controls (Fig.
1), and 68.6% of all mothers were defined as user (Table 2). Use of folic acid supplements
was similar in cases and controls, resulting in an OR of 1.1 (95% CI, 0.8–1.3). None of the
potential confounders had any influence on this result.
TABLE 2 Risk estimates for the associations of hypospadias with maternal
periconceptional folic acid supplement use and the MTHFR 677C>T polymorphism.

Cases

Controls
Adjusted ORa

(95%CI)

n (%)

n (%)

Yes

391 (68.0)

427 (69.1)

1.0

(Ref)

No

184 (32.0)

191 (30.9)

1.1

(0.8 - 1.3)

Periconceptional folic acid use

Infant MTHFR 677C>Tb
CC

382 (45.3)

327 (47.6)

1.0

(Ref)

CT

374 (44.3)

276 (40.2)

1.2

(0.9 - 1.5)

88 (10.4)

84 (12.2)

0.9

(0.6 - 1.3)

462 (54.7)

360 (52.4)

1.1

(0.9 - 1.4)

TT
CT/TT
Maternal MTHFR 677C>Tb
CC

356 (44.9)

335 (48.0)

1.0

(Ref)

CT

351 (44.3)

285 (40.8)

1.1

(0.9 - 1.4)

78 (11.2)

1.0

(0.7 - 1.5)

363 (52.0)

1.1

(0.9 - 1.4)

TT
CT/TT
a
b

85 (10.7)
436

(55.1)

Bivariable analyses revealed that none of the potential cofounders changed the OR by more than 10%.
Infant MTFHR 677C>T genotypes were adjusted for maternal genotypes and maternal 677C>T genotypes were
adjusted for infant genotypes.
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The majority of users took folic acid supplements only (65%), whereas 35% used
multivitamins containing folic acid (with or without additional folic acid supplementation).
Separate analyses comparing the folic acid supplement users with the multivitamin
users and the nonusers showed similar results as in the total group of supplement users
(multivitamin users: OR = 1.1; 95% CI, 0.8–1.5; nonusers: OR = 1.0; 95% CI, 0.8–1.4).

Interaction of folic acid use and MTHFR C677T polymorphisms
Table 3 shows the results of the interaction analyses for all hypospadias cases and
controls with complete information on folic acid use and MTHFR genotype. No effects
were found for any of the combinations of infant or maternal MTHFR C677T polymorphisms
and use of folic acid supplements.

Hypospadias phenotypes
All analyses were repeated for the different phenotypes of hypospadias. The results
for the MTHFR C677T polymorphisms were similar to those in the total group, showing
no associations (data not shown). However, infants from mothers who did not use folic
acid supplements seemed to have an increased risk of middle hypospadias (OR = 1.6;
95%CI:1.1–2.4). We did not find similar results for anterior and posterior hypospadias
(Table 4).
TABLE 3 Risk estimates for the associations of hypospadias with the interaction
between maternal periconceptional folic acid supplement use and the MTHFR 677C>T
polymorphism.

Periconceptional folic acid use
Cases
n (%)

No periconceptional folic acid use

Controls
n (%)

Adjusted
ORa
(95%CI)

Cases

Controls

n (%)

n (%)

Adjusted
ORa
(95%CI)

Infant MTHFR 677C>Tb
CC

177 (31.3)

188 (31.8)

1.0

(Ref)

78 (13.8)

101 (17.1)

0.8

(0.6 - 1.2)

CT

173 (30.6)

160 (27.0)

1.2

(0.8 - 1.6)

81 (14.3)

69 (11.7)

1.3

(0.9 - 1.9)

TT

37 (6.5)

58 (9.8)

0.7

(0.4 - 1.2)

19 (3.4)

16 (2.7)

1.4

(0.7 - 3.0)

210 (37.2)

218 (36.8)

1.0

(0.8 - 1.4)

100 (17.7)

85 (14.4)

1.3

(0.9 - 1.9)

CT/TT

Maternal MTHFR 677C>Tb
CC

172 (30.7)

195 (32.2)

1.0

(Ref)

83 (14.8)

97 (16.0)

1.0

(0.7 - 1.4)

CT

174 (31.1)

173 (28.5)

1.1

(0.8 - 1.5)

79 (14.1)

74 (12.2)

1.1

(0.7 - 1.6)

TT

35 (6.3)

52 (8.6)

0.7

(0.4 - 1.2)

17 (3.0)

15 (2.5)

1.1

(0.5 - 2.5)

209 (37.3)

225 (37.1)

1.0

(0.7 - 1.3)

96 (17.1)

89 (14.7)

1.1

(0.7 - 1.5)

CT/TT
a
b

Bivariable analyses revealed that none of the potential cofounders changed the OR by more than 10%.
Infant MTFHR 677C>T genotypes were adjusted for maternal genotypes and maternal 677C>T genotypes were adjusted
for infant genotypes.
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TABLE 4 Risk estimates for the associations of different hypospadias phenotypes with
maternal periconceptional folic acid supplement use.

Casesa

Controls

n (%)

n (%)

Adjusted ORb

253 (73.1)

427 (69.1)

1.0

(Ref)

93 (26.9)

191 (30.9)

0.8

(0.6 - 1.1)

Yes

73 (58.4)

427 (69.1)

1.0

(Ref)

No

52 (41.6)

191 (30.9)

1.6

(1.1 - 2.4)

Yes

52 (69.3)

427 (69.1)

1.0

(Ref)

No

23 (30.7)

191 (30.9)

1.0

(0.6 - 1.7)

(95%CI)

Anterior hypospadias
Periconceptional folic acid use
Yes
No

2

Middle hypospadias
Periconceptional folic acid use

Posterior hypospadias
Periconceptional folic acid use

Of the 575 cases available for the folic acid analysis (see flowchart (Figure 1)), 29 cases were excluded due to
unknown location of the urethral opening
b
Bivariable analyses revealed that none of the potential cofounders changed the OR by more than 10%.
a

The gene-environment interaction analyses showed that when no periconceptional folic
acid supplements were used infants carrying the CC genotype had a decreased risk
of anterior hypospadias (OR = 0.6; 95% CI, 0.4–0.9), while an increased risk of middle
hypospadias was found in infants carrying the CT or TT genotype (OR = 2.5; 95% CI,
1.4–4.7). In addition, infants carrying the CT/TT genotype seemed to have an increased
risk of posterior hypospadias, regardless whether mothers used folic acid, but this risk
was highest when no folic acid supplements were used (Table 5). However, the RERIs did
not reveal statistically significant excess relative risks due to interaction on an additive
scale for the infant genotype and anterior, middle, or posterior hypospadias (RERI = 0.44,
95% CI, -0.002–0.88; RERI = 0.78, 95% CI,-0.60–2.17; and RERI = 0.57, 95% CI, -1.66–2.80,
respectively).

Discussion
This is the first study to investigate the role of infant and maternal MTHFR C677T
polymorphisms in the etiology of hypospadias as well as their interaction with the use of
folic acid supplements. No independent associations or interaction effects were found
for the risk of hypospadias in general, but not using folic acid supplements seemed to
be associated with middle hypospadias, especially in infants carrying the MTHFR C677T
polymorphism as shown in our gene–environment interaction analyses. In addition,
more infants with CT/TT genotypes seemed to have posterior hypospadias, regardless of
whether their mothers used folic acid.
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138 (41.1)

CT/TT

42 (33.6)

CT/TT

41 (33.3)

CT/TT

CT/TT

27 (37.5)

CT/TT

225 (37.1)

195 (32.2)

218 (36.8)

188 (31.8)

225 (37.1)

195 (32.2)

218 (36.8)

188 (31.8)

225 (37.1)

195 (32.2)

218 (36.8)

188 (31.8)

0.8

1.0

2.0

1.0

1.0

1.0

1.2

1.0

1.1

1.0

0.9

1.0

Adjusted ORb

(0.4 - 1.5)

(Ref)

(1.0 - 3.9)d

(Ref)

(0.6 - 1.8)

(Ref)

(0.7 - 2.1)

(Ref)

(0.8 - 1.5)

(Ref)

(0.6 - 1.2)

(Ref)

(95%CI)

13 (18.1)

89 (14.7)

97 (16.0)

85 (14.4)
8 (11.1)

101 (17.1)

11 (15.1)

89 (14.7)

97 (16.0)

85 (14.4)

101 (17.1)

89 (14.7)

97 (16.0)

85 (14.4)

101 (17.1)

11 (15.1)

28 (22.8)

24 (19.5)

30 (24.0)

22 (17.6)

46 (13.7)

44 (13.1)

49 (14.5)

n (%)

Controls

1.3

1.0

2.8

1.0

1.8

1.6

2.5

1.5

0.8

0.8

0.9

0.6

Adjusted ORb

No periconceptional folic acid use

39 (11.5)

n (%)

Casesa

(0.6 - 3.0)c

(0.4 - 2.3)c

(1.1 - 7.0)e

(0.4 - 2.3)

(1.0 - 3.2)

(0.9 - 2.9)

(1.4 - 4.7)c

(0.8 - 2.8)c

(0.5 - 1.3)

(0.5 - 1.2)

(0.6 - 1.4)

(0.4 - 0.9)

(95%CI)

a

Of the 565 cases and 560 case mothers available for the gene x environment interaction analysis (see flowchart (Figure 1)), 28 cases with unknown location of the urethral opening were
excluded from the analyses for infant genotype and 29 cases with unknown location of the urethral opening from the analyses for maternal genotype
b
Infant MTFHR 677C>T genotypes were adjusted for maternal genotypes and maternal 677C>T genotypes were adjusted for infant genotypes
c
Adjusted for parity
d
Adjusted for multiple pregnancy
e
Adjusted for multiple pregnancy and parity;
BMI = body mass index

24 (33.3)

CC

Maternal MTHFR 677C>T

17 (23.3)

34 (46.6)

CC

Infant MTHFR 677C>T

Posterior hypospadias

30 (24.4)

CC

Maternal MTHFR 677C>T

31 (24.8)

CC

Infant MTHFR 677C>T

Middle hypospadias

108 (32.1)

CC

Maternal MTHFR 677C>T

123 (36.3)

128 (37.8)

CT/TT

n (%)

n (%)

CC

Infant MTHFR 677C>T

Anterior hypospadias

Controls

Casesa

Periconceptional folic acid use

TABLE 5 Risk estimates for the associations of different hypospadias phenotypes with the interaction between maternal periconceptional folic acid
supplement use and the MTHFR 677C>T polymorphism.
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Although some previous studies found a protective effect of folic acid use on the risk of
hypospadias [15-17], our results for the total case group are in line with other studies that did
not find such effect [18-22]. The inconsistent results among the previous studies may have
numerous causes, because many methodological differences were observed. The only
randomized controlled trial did not find an effect of folic acid supplements, but yielded very
few hypospadias patients [18]. Other studies with larger sample sizes had several different
definitions for intake of folic acid supplements with a broad range of dosage, period of use,

2

and intake frequency. They also used different sources for data collection ranging from
registries and medical charts to maternal questionnaires, while the timeframe in which
the relevant pregnancies occurred varied from 1980 to 2004. However, none of the factors
described above clearly discriminated between positive and negative studies.
One of the strengths of our study is the large number of cases and controls. The
population-based controls were randomly sampled from municipalities in the
geographical areas where the cases came from and were of similar age after exclusion
of the cases born before 1990. Although participation rates differed between cases and
controls, both groups seem to be representative for the base population. For the cases,
the proportions of the different hypospadias phenotypes were similar to the proportions
reported in earlier Dutch studies [4, 23]. Among control mothers, 69% were classified as
folic acid users, which is comparable to a recent Dutch study on folic acid use [38]. Other
strengths of our study are the detailed questionnaire data, which made it possible to
correct for confounders, and the ability to investigate genetic factors, which also enabled
us to perform gene-environment interaction analyses. In addition, the extensive review
of medical charts for diagnostic and clinical information made it possible to perform
stratified analyses for the different phenotypes of hypospadias.
A limitation of the study is the retrospective nature of the data collection using selfreported data, which might have introduced some misclassification in the use of folic acid
supplements. However, the validity of self-reported vitamin supplement use seems high [39].
As pregnancy is a major life event and a great deal of attention is given to periconceptional
folic acid use in the Netherlands, we expect that the participating women were able to
adequately recall this information. To prevent misclassification, mothers who did not know
the period of supplement use were excluded from the folic acid analyses.
To increase the power of our study, we included both boys and girls in our control group.
Unexpectedly, the MTHFR genotype distribution varied slightly between the sexes
with a higher frequency of the CC variant in girls compared with boys (51% and 44%,
respectively). However, excluding girls from the control group did not have an effect on
the conclusions regarding the influences of the MTHFR polymorphism, folic acid use, or
the interaction of those two.
The deviation from HWE among the control children was not expected in advance.
However, this phenomenon may rather be explained by genetic selection than by
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genotyping problems, as several researchers found selection in favor of the T allele in the
past decade. They hypothesized that periconceptional folic acid use may have influenced
genetic selection in favor of the MTHFR C677T polymorphism

[40-42].

Our finding of

deviation from HWE among control children but not among control mothers strengthens
this hypothesis as folic acid supplements were not used in the period that the control
mothers were conceived. Although the age groups of the cases and controls are quite
similar, the controls were slightly younger. To ensure that this difference did not affect
our results, we repeated the analyses for the effect of the MTHFR genotypes without the
cases born before 1990 and we corrected for year of birth. Both analyses showed similar
results as those reported.
In previous studies, we showed that risk factors may differ among anterior, middle, and
posterior forms of hypospadias

[7, 23, 24].

Genetic predispositions seems to be more

involved in anterior and middle hypospadias, whereas posterior hypospadias was
more often associated with nongenetic factors. The development of the various forms
of hypospadias in different time windows, possibly through disturbances of dissimilar
processes, could be an explanation. The labioscrotal swellings fuse to form the scrotum,
while closure of the urethral folds contributes to the formation of the penile urethra. The
mechanism behind the development of the glandular portion of the urethra is not exactly
clear yet. Most likely, these different processes are influenced by specific risk factors.
Therefore, we performed subgroup analyses for the different hypospadias phenotypes.
We found a reverse association with anterior hypospadias when infants carried the
reference MTHFR genotype and mothers did not use folic acid supplementation, which
cannot easily be explained, but the RERI for this interaction was very small. We also found
a more than two times increased risks of middle and posterior hypospadias when infants
carried the C677T polymorphism in the MTHFR gene and mothers did not use folic acid
supplements. Because this is the first time that this association is described and our
subgroup analyses are based on small numbers, our results need replication. However,
the gene–environment interactions found are biologically plausible as folate levels are
not only influenced by folic acid intake, but also by the C677T polymorphism. In addition,
the same interaction was found to play a role in other birth defects as well [14, 30].

Conclusions
Our study does not suggest a major role for folic acid use or the MTHFR C677T
polymorphism in the etiology of hypospadias in general, but not using folic acid
supplements in combination with the MTHFR C677T polymorphism in infants seemed
to be associated with middle and posterior hypospadias. Although our results are as
yet inconclusive, we stress the importance of studying the combination of genetic and
environmental factors in the etiology of hypospadias, and we emphasize the need to
perform stratified analyses for the different phenotypes.
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Abstract
Purpose
To analyse agreement on postoperative complications after hypospadias surgery
according to medical records and parents’ reports.
Materials & Methods
In this retrospective cohort study, data were collected from 409 children who received
an initial one-stage hypospadias correction in the Radboudumc, The Netherlands.
Postoperative complications according to medical records were compared with parentreported complications in an online questionnaire. Main complications studied were
wound-related complications, urinary tract infections, fistulas, stenosis, and prepucerelated complications. Agreement was determined by Cohen’s kappa coefficient.
Results
Slightly less complications were mentioned in medical records (37%) compared to
parents’ reports (42%). Overall agreement was moderate (ĸ=0.50, 95% confidence
interval (CI):0.41-0.59), but poor for some specific complications. Agreement was higher
for complications that needed reoperation compared to when no reoperation was
performed (ĸ=0.53, 95%CI:0.43-0.62 and ĸ=0.18, 95%CI:0.06-0.31) and for patients
with recent surgery (<5 years before questionnaire completion) compared to less recent
surgeries (ĸ=0.69, 95%CI:0.55-0.84 and ĸ=0.43, 95%CI:0.33-0.54).
Conclusions
Agreement on complications according to medical records and parents’ reports
was poor to moderate, but better after reoperation and more recent surgery. Some
complications mentioned in medical records were missing from parents’ reports and the
other way around. Better agreement will give physicians and parents a more reliable view
on postoperative outcome after hypospadias surgery.
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Introduction
Hypospadias is a congenital malformation in boys with an estimated prevalence in Europe
ranging between 1.7 and 3.8 per 1 000 live births [1-3]. Surgical correction is performed
in most patients, usually within the first or second year of life [1, 4, 5]. The postoperative
complication rate is high, varying between 12 to 24% complications in the first years after
surgery [6-10], and up to 50% in the long-term [5, 11]. The types of complications vary widely
from postoperative infections to complex fistulas and micturition-related problems [12, 13].
Whereas some complications are easily treated, others may need repetitive reoperations
to achieve a reasonable outcome [11, 14, 15].
Most

studies

investigating

complications

after

hypospadias

correction

use

3

retrospectively collected data from complication registries or medical records based
on information reported by clinicians [5-11]. Although these are a commonly used sources
of information, data on complications from medical records and hospital complication
registries tend to be incomplete [16, 17]. This may be due to poor compliance by physicians
to register all complications, or because patients were treated in primary care or
another hospital. In addition to being incomplete, medical records have the limitation
that they may not reflect the parental perspective on the occurrence of complications.
The parental perspective is relevant in light of decisional regret, experienced by
approximately half of the parents after hypospadias surgery

[18, 19].

Although Ghidini

et al. found postoperative complications not to be a risk factor for regret, Lorenzo et
al. observed a strong association between the two [18, 19]. Agreement between patientreported complications and complications mentioned in medical records differed
for specific types of postoperative complications after elective surgery according to
Bream et al. [20]. Prospective studies showed that patient-reported complications were
comparable to those reported in medical files in orthopaedic and gynaecologic study
populations [21, 22]. To our knowledge, no prior studies have been performed to evaluate
differences between complications reported by clinicians and by patients or parents in a
hypospadias or paediatric urology population.
Therefore, the aim of this study was to evaluate the level of agreement between patient/
parent-reported complications and complications reported in the medical records
after hypospadias correction. The findings of our study may help to improve agreement
on complications and thereby the reliability of the numbers of complications reported,
which is important for both research purposes and preoperative parental counselling.

Materials and methods
Study population
Patients with hypospadias were derived from AGORA (Aetiologic research into Genetic
and Occupational/ environmental Risk factors for Anomalies in children), a large ongoing
data- and biobank coordinated by the Radboud university medical center (Radboudumc)

43

CHAPTER 3

with clinical and questionnaire data from children with congenital malformations and
their parents. Details about the recruitment of patients in the AGORA data- and biobank
were described elsewhere

[23].

Patients who had a primary hypospadias correction in

the Radboudumc were selected for this study. Patients were excluded when insufficient
information was available from the medical record, when surgery was performed as
a multistage correction, when preoperative meatal location was unknown, or when no
or insufficient information could be obtained from the online study questionnaire. A
follow-up of less than one year after the initial hypospadias correction was also reason
for exclusion, unless a complication was registered in the medical record within the first
year.

Data collection
At inclusion in the AGORA data- and biobank, the patients’ parents filled out the AGORA
questionnaire with questions concerning demographics, family history, and pregnancy
outcome. Patient characteristics from these questionnaires used in the current study
were ethnicity, occurrence of hypospadias in first degree relatives, and maternal
educational level. Medical records were used to obtain information on treatment
characteristics and postoperative outcome. The medical records were individually
reviewed by a medical doctor (ED), supported by medically trained research assistants
using structured data forms. Paediatric urologists were consulted in case information
from the medical records was unclear. Treatment characteristics analysed in this study
were hypospadias phenotype, type of surgery, chordectomy performed, type of prepuce
correction, year of surgery, and patient age at time of surgery.
The postoperative follow-up protocol consists of visits to the outpatient clinic after
one week, six weeks, and six and twelve months. After that, the patients are invited
back around the age of five, ten, and fifteen years or whenever a complication occurs.
Complications were categorized into ‘main complications’ which included woundrelated complications (wound dehiscence, wound infection, or meatal retraction),
urinary tract infections (UTI), urethrocutaneous fistulas, meatal or urethral stenosis,
and prepuce-related complications (prepuce fistulas or dehiscence and phimosis) and
‘total complications’, also containing penile curvature or torsion and micturition-related
problems (such as spraying, post-void dribbling, and incontinence). Only hypospadiasrelated complications after the initial repair were included. Each patient could have had
more than one complication, which were recorded separately.
Between April and August 2015, an invitation for an online questionnaire was sent out
to the patients’ parents. Because of the young age at which children had surgery, the
parents were asked to complete the questionnaires instead of the patients themselves.
The questionnaire addressed the treatment for hypospadias and the occurrence of
postoperative complications. Information on the same complications as gathered from
the medical records was asked for in layman’s terms.
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Ethical approval for this study was granted by the Regional Committee on Research
involving Human Subjects. All parents gave written informed consent for the study.

Statistical analysis
For the description of the study population, frequencies and percentages were given
for categorical variables, means and standard deviations (SD) for normally distributed
continuous variables, and median and 90% range for non-normally distributed variables.
The characteristics of the study population were compared to those of the nonresponders to the online parental questionnaire. A P-value of <0.05 was considered to be
statistically significant.
Agreement on complications between medical records and parents’ reports was

3

determined by Cohen’s kappa coefficients (ĸ) with 95% confidence intervals (95%CI)
[24].

Largely in accordance with Landis and Koch, kappas were defined as poor (ĸ ≤0.20),

fair (ĸ=0.21-0.40), moderate (ĸ=0.41-0.60), substantial (ĸ=0.61-0.80), or almost perfect
(ĸ=0.81-1.00) [25].
Agreement

between

medical

records

and

questionnaires

was

analysed

for

complications occurring within the first year after initial hypospadias correction as well
as for complications occurring at any point in time. We investigated whether the level of
agreement differed for specific types of complications, treatment performed to repair the
complication (reoperation versus no reoperation), and timing of completing the online
questionnaire (last surgery ≤5 years versus >5 years before completing the questionnaire).
This cut-off point was chosen to balance the number of patients in both groups. Moreover,
this cut-off point is also frequently used in studies using questionnaire data. The belowmentioned demographic and treatment-related factors, which we thought might influence
agreement, were also taken into account. Ethnicity was categorised as Caucasian or
non-Caucasian and maternal educational level as low (no/primary/lower vocational/
intermediate secondary education), middle (intermediate vocational/higher secondary
education) or high (higher vocational/academic education). Hypospadias phenotype was
defined as anterior (hypospadias sine hypospadias, glanular, and (sub)coronal forms),
middle (distal penile, midshaft, or proximal penile), or posterior (penoscrotal, scrotal,
or perineal), based on the original location of the meatal opening. Type of surgery at the
initial hypospadias correction was divided into the following categories: no urethroplasty
(containing patients in which preputial reconstruction or circumcision and/or correction
of the penile curvature were performed, but no urethral reconstruction); Tubularised
Incised Plate urethroplasty (TIP) or another type of tubularisation plasty; Meatal
Advancement with Glansplasty Incorporated (MAGPI) or meatoplasty; urethral or meatal
advancement; preputial flaps (such as Onlay flap, Duckett, or Double Faced Onlay Flap);
Mathieu repair; other types of reconstruction.
Statistical analyses were performed using SPSS Statistics, Version 22.0 for Windows (IBM
SPSS Inc, Chicaco, IL, USA).
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945
Excluded
Insufficient medical information

857

Patients
88

Excluded
No surgery performed
Surgery performed elsewhere

Patients
10
41

806
Excluded
Multi-stage correction performed
Unknown meatal location
Follow-up < 12 months

Patients
43
7
67

689
Excluded
No online questionnaire
Insufficient online questionnaire

Patients
224
56

409

FIGURE 1

Flowchart of selection and exclusion of patients.

Results
Study population
A total of 945 hypospadias patients were available in the AGORA data- and biobank (Figure
1). After the exclusion steps, 689 patients remained who all had a one-stage correction
for anterior, middle or posterior hypospadias performed in the Radboudumc with followup of at least one year. The online parental questionnaire was sufficiently completed for
409 of these patients (59%). Comparing characteristics of the patients with and without
online questionnaire data, we found that the percentages of Caucasians and mothers
with high educational level were higher, and that age at time of surgery was lower in the
study population compared to the non-responders (Table 1). Moreover, the number of
patients without hypospadias in first degree relatives, with posterior hypospadias, and
with prepuce reconstructions performed were slightly higher in the response group.
However, no differences were seen in the number of main postoperative complications
recorded in the medical records.
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TABLE 1 Patient and treatment characteristics of the study population included in the
analyses and the non-responders to the online questionnaire.

Participants
(n = 409)a
n (%)
Patient characteristics
Ethnicity
Caucasian
Non-Caucasian
Hypospadias in first degree relative
Yes
No
Maternal educational level
Low
Middle
High
Treatment characteristics
Hypospadias phenotype
Anterior
Middle
Posterior
Type of surgery
No urethroplastyb
TIP / tubularisationc
MAGPI / meatoplastyd
Urethral / meatal advancement
Preputial flapse
Mathieu
Other types of reconstruction
Chordectomy
Yes
No
Prepuce reconstruction / circumcision
Prepuce reconstruction
Circumcision
No reconstruction performed
Year of surgery
< 1990
1990 - 1995
1996 - 2000
2001 - 2005
2006 - 2010
≥ 2011
Age at time of surgery
< 18 months
≥ 18 months
Main complications in medical recordsf
No
Yes, irrespective of time

Non-responders
(n = 280)a
n (%)

P-value

373 (97.1)
11 (2.9)

242 (93.1)
18 (6.9)

0.01

35 (10.3)
305 (89.7)

34 (15.1)
191 (84.9)

0.09

54 (16.0)
150 (44.4)
134 (39.6)

53 (28.0)
87 (46.0)
49 (25.9)

271 (66.3)
99 (24.2)
39 (9.5)

202 (72.1)
64 (22.9)
14 (5.0)

43
86
133
24
85
29
9

0.83

284 (70.3)
120 (29.7)

190 (68.6)
87 (31.4)

0.63

217 (54.7)
162 (40.8)
18 (4.5)

127 (46.7)
127 (46.7)
18 (6.6)

0.10

(3.4)
(15.2)
(17.8)
(21.5)
(27.1)
(14.9)

30
51
88
17
70
16
8

13
49
50
66
71
31

3

0.07

(10.7)
(18.2)
(31.4)
(6.1)
(25.0)
(5.7)
(2.9)

14
62
73
88
111
61

(10.5)
(21.0)
(32.5)
(5.9)
(20.8)
(7.1)
(2.2)

<0.001

(4.6)
(17.5)
(17.9)
(23.6)
(25.4)
(11.1)

0.62

275 (67.2)
134 (32.8)

167 (59.6)
113 (40.4)

0.04

258 (63.1)
151 (36.9)

171 (61.1)
109 (38.9)

0.59

Numbers do not add up to total due to missing values and as the number of missings is not equal among all variables, the sum of numbers
varies among variables.
b
The group ‘No urethroplasty’ contained patients in which preputial reconstruction or circumcision and/or correction of the penile curvature
were performed, but no urethral reconstruction
c
Tubularisation using the Tubularised Incised Plate urethroplasty (TIP) or another type of tubularisation plasty
d
Meatal Advancement with Glansplasty Incorporated (MAGPI) or meatoplasty
e
The group ‘Preputial flaps’ contained patients in which corrections such as Onlay flap, Duckett, or Double Faced Onlay Flap were performed.
a

f

Main complications were wound-related complications, urinary tract infections, fistulas, stenosis and prepuce-related complications.

47

CHAPTER 3

The preoperative meatal location of the 409 included patients was anterior in 66%,
middle in 24% and posterior in 10% of the patients. Anterior hypospadias was most
frequently corrected using the Meatal Advancement with Glansplasty Incorporated
(MAGPI) or meatoplasty (44%), whereas tubularisation using the Tubularised Incised
Plate urethroplasty (TIP) or another type of tubularisation plasty was most common
for middle hypospadias (47%) and preputial flaps for posterior hypospadias (74%). The
median age at time of surgery was 15.0 months (5-95% range: 10.2 months – 4.1 years).
The median follow-up after initial hypospadias correction was 4.2 years (5-95%: range 1.2
years – 15.2 years) for the medical records and 11.6 years (5-95%: range 2.4 years – 24.3
years) for parents’ reports.

Complications according to the medical records and parents’ reports
Information on complications according to the medical records was available for all 409
patients, but not all parents filled out the questionnaires completely for all complications,
leading to questionnaire data of 352 to 404 patients being available for different
complications. The occurrence of main complications within one year was similar
according to the medical records and parents’ reports (25% and 26%, respectively), but
main complications irrespective of timing of occurrence were more often reported by
parents (42%) compared to the medical records (37%) (Table 2).
TABLE 2

Incidence of complications reported in medical records and from parents’ reports.
Complications < 1 yeara

Wound-related complications
Wound dehiscence

Complications irrespective of timea

Medical record

Parents’ reportb

Medical record

n (%)

n (%)

n (%)

Parents’ reportc
n (%)

64 (15.6)

60 (15.6)

67 (16.4)

74 (18.9)

34 (8.3)

30 (7.7)

35 (8.6)

38 (9.7)

Meatal retraction

1 (0.2)

21 (5.5)

2 (0.5)

33 (8.5)

Wound infection

37 (9.0)

25 (6.5)

38 (9.3)

30 (7.7)

Urinary tract infection

10 (2.4)

7 (1.8)

19 (4.6)

36 (8.9)

Fistulas

25 (6.1)

16 (4.0)

37 (9.0)

32 (8.0)

Stenosis

5 (1.2)

3 (0.8)

38 (9.3)

35 (8.8)

20 (4.9)

24 (6.1)

32 (7.8)

46 (11.5)

104 (25.4)

92 (25.6)

151 (36.9)

156 (41.9)

Penile curvature / torsion

3 (0.7)

22 (5.9)

16 (3.9)

35 (9.1)

Micturition-related problems

8 (2.0)

18 (4.6)

32 (7.8)

60 (14.9)

125 (30.6)

118 (33.5)

195 (47.7)

182 (49.9)

Prepuce-related complicationsd
Main complicationse

Total complicationsf

Each patient could have had more than one complication, which were recorded separately.
b
Information from parents’ reports on complications within one year were missing for 3 - 14% of the patients, resulting in the number of patients varying between n=352 and n=396.
c
Information from parents’ reports on complications irrespective of time were missing for 1 - 11% of the patients, resulting in the
number of patients varying between n=356 and n=404.
a

e

Prepuce-related complications were defined as prepuce fistulas or dehiscence, and phimosis.
Main complications are wound problems, urinary tract infections, fistulas, stenosis and prepuce-related complications. The total
number of these complications exceed the number of main complications since patients can have multiple complications.

f

Total complications included main complications together with penile curvature / torsion and micturition-related problem.

d
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Reported frequencies of total complications were almost comparable in medical
records and parents’ reports in both time windows (within one year and irrespective of
timing). Most specific complications had frequencies in the same range in the medical
records as in parents’ reports, but the complications meatal retraction, penile curvature/
torsion, and micturition-related problems were more frequently mentioned by parents
in both time windows, and UTI and prepuce-related complications irrespective of time
occurring. Approximately one-third of complications developed more than one year after
surgery. A reoperation was performed in 82% of the 151 patients with main complications
and in 76% of the 195 patients with total complications irrespective of time.

Agreement between medical records and parents’ reports
The levels of agreement for main complications and for total complications within one

3

year were ĸ=0.41 (95%CI 0.30-0.52) and ĸ=0.37 (95%CI 0.27-0.47), respectively (Table 3).
The subtypes of complications all had rather low agreement, with the lowest agreement
for micturition-related problems (ĸ=0.06, 95%CI -0.09-0.20) and the highest for woundrelated complications (ĸ=0.40, 95%CI 0.27-0.52). Higher agreement was found for the
specific complications when no time limit for occurring was set, with ĸ=0.50 (95%CI
0.41-0.59) for main complications and ĸ=0.52 (95%CI 0.44-0.61) for total complications
(Table 4). The highest agreement was observed for fistulas (ĸ=0.53, 95%CI 0.38-0.68),
and the lowest for penile curvature / torsion (ĸ=0.17, 95%CI 0.01-0.32), prepuce-related
complications (ĸ=0.24, 95%CI 0.09-0.38), and micturition-related problems (ĸ=0.28,
95%CI 0.15-0.41). For the latter three complications as well as for UTI, a relatively high
number of parents reported a complication which was not registered in the medical
records. On the other hand, numerous complications were registered in the medical
records but not mentioned by the parents.
Stratified analyses showed that the demographic and treatment-related factors
we analysed did not influence agreement (data not shown). Agreement for main
complications was higher for complications treated with reoperation compared to
complications without reoperation (ĸ=0.53, 95%CI 0.43-0.62 and ĸ=0.18, 95%CI
0.06-0.31, respectively) (Table 5). Patients for whom the online questionnaires were
completed within 5 years postoperatively showed a higher agreement for almost all
types of complications compared to patients who had surgery less recently. This led to
agreement for main complications irrespective of time being ĸ=0.69 (95%CI 0.55-0.84)
for the former compared to ĸ=0.43 (95%CI 0.33-0.54) for the latter.
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a

(0.27-0.52)

0.40

Kappa (95%CI)a

4

Yes

353

1

No

Yes

95%CI = 95% confidence interval

0.15

No

Kappa (95%CI)

(-0.16-0.64)

1

2

Yes

(-0.04-0.34)

2

20

Yes

Parents’ Reports

Medical Record

Penile curvature /
Torsion

0.24

387

No

Kappa (95%CI)

No

Parents’ Reports

Medical Record

Stenosis

29

29

Yes

31

295

No

Yes

No

Medical Record

Parents’ Reports

Kappa (95%CI)

Yes

No

Medical Record

Micturition-related
problems

Kappa (95%CI)

Yes

No

Medical Record

Prepuce-related
complications

Kappa (95%CI)

Yes

No

Medical Record

Urinary tract
infection

(0.07-0.71)

3

4

Yes

(-0.06-0.24)

3

21

Yes

0.06

6

365

No

(-0.09-0.20)

1

17

Yes

Parents’ Reports

0.09

16

355

No

Parents’ Reports

0.39

5

383

No

Parents’ Reports

Kappa (95%CI)

Yes

No

Medical Record

Total complications

Kappa (95%CI)

Yes

No

Medical Record

Main complications

Kappa (95%CI)

Yes

No

Medical Record

Fistula

(0.13-0.53)

7

9

Yes

(0.30-0.52)

52

40

Yes

0.37

44

190

No

(0.27-0.47)

65

53

Yes

Parents’ Reports

0.41

41

226

No

Parents’ Reports

0.33

16

364

No

Parents’ Reports

Agreement for complications within 1 year after hypospadias correction between medical records and parents’ reports.

Wound-related
complications

TABLE 3
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a

(0.32-0.55)

0.44

20

0.44

Yes

Kappa (95%CI)

340

8

No

Yes

95%CI = 95% confidence interval

0.17

No

Medical Record

Kappa (95%CI)

(0.29-0.59)

18

17

Yes

(0.01-0.32)

5

30

Yes

Parents’ Reports

342

No

Penile curvature /
Torsion

No

Parents’ Reports

Medical Record

Stenosis

Kappa (95%CI)a

37

27

Yes

37

290

No

Yes

No

Medical Record

Parents’ Reports

Kappa (95%CI)

Yes

No

Medical Record

Micturition-related
problems

Kappa (95%CI)

Yes

No

Medical Record

Prepuce-related
complications

Kappa (95%CI)

Yes

No

Medical Record

Urinary tract
infection

(0.23-0.57)

12

24

Yes

(0.09-0.38)

12

34

Yes

0.28

15

327

No

(0.15-0.41)

16

44

Yes

Parents’ Reports

0.24

20

333

No

Parents’ Reports

0.40

7

361

No

Parents’ Reports

0.53

Kappa (95%CI)

180
36
0.50

No
Yes
Kappa (95%CI)

(0.41-0.59)

103

53

Yes

No
142
41
0.52

Medical Record
No
Yes
Kappa (95%CI)

(0.44-0.61)

136

46

Yes

Parents’ Reports

No

Medical Record

Total complications

(0.38-0.68)

19

13

Yes

Parents’ Reports

16

Yes

Main complications

351

No

Parents’ Reports
No

Medical Record

Fistulas

Agreement for complications irrespective of time occurring after hypospadias correction between medical records and parents’ reports.

Wound-related
complications

TABLE 4
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TABLE 5 Agreement for main complications irrespective of time occurring after
hypospadias correction between medical records and parents’ reports, stratified for
reoperation and for time between surgery and completion of the online questionnaire.

Main complications
without reoperation

Main complications
with reoperation

Parents’ report
No

Yes

Medical Record

No

No

180

53

No

180

53

Yes

12

14

Yes

24

89

0.18

(0.06-0.31)

0.53

(0.43-0.62)

Kappa (95%CI)a

Kappa (95%CI)

Main complications

Surgery > 5 years previous to
completion of questionnaire

Parents’ report

Medical Record

No

Yes

No

48

Yes
Kappa (95%CI)

Yes

Main complications

Surgery ≤ 5
years previous
to completion of
questionnaire

a

Parents’ report

Medical Record

Parents’ report

Medical Record

No

Yes

8

No

132

45

6

32

Yes

30

71

0.69

(0.55-0.84)

0.43

(0.33-0.54)

Kappa (95%CI)

95%CI = 95% confidence interval

Discussion
This is the first study to evaluate agreement between complications after hypospadias
surgery according to medical records and parent-reported complications. Agreement
for subtypes of complications was found to be poor to moderate, due to complications
missing from either the medical records or parents’ reports. The first was the case
especially for prepuce- and micturition-related complications and penile curvature/
torsion. Agreement was higher for the main complications, for complications requiring
reoperation and for patients that had surgery less than five years before completion of
the online questionnaire.
Although previous studies into patient-reported complications showed good agreement
with medical records [21, 22, 26], our results are in line with the study of Bream et al. who
found much lower agreement [20]. The former studies are hard to compare with our study
due to methodological differences. Firstly, we used parent instead of patient-reported
complications, because of the young age at which children had surgery. Secondly,
we focused on comparison between hospital records and parents’ reports, whereas
others verified reported complications with records from general practitioners (GPs)
and other medical institutions

[21, 22, 26].

Thirdly, due to the detailed information from

our questionnaires, we were able to analyse agreement for subtypes of complications
instead of for complications in general only.
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Other strengths of this study were the large number of patients having had hypospadias
surgery in one clinic and reviewing all medical records individually for complications,
whereas complications registries tend be incomplete

[17].

In addition, we were able to

analyse the influence of many patient- and treatment-related factors. Although some
differences in the patient- and treatment-related factors were found between the
responders (59%) and non-responders (41%), these factors seemed to have no effect
on the agreement. Therefore, we expect these differences to have no consequences for
our results. Limitations of the study were the retrospective collection of parent-reported
complications, and the description of complications in the medical records that were
not all reported in a universal manner and based on the clinical opinion of the evaluating
physician. The main and all complication rates of 25% and 31% one year postoperatively
are slightly higher than in recent literature showing short-term complication rates
between 12% and 24%

[6-10].

3

However, different phenotype selections among study

populations, varying duration of follow-up, and diverse definitions of complications make
it hard to compare results [27].
Although the numbers of complications in medical records and parents’ reports were
rather similar, agreement varied between ĸ=0.06 and ĸ=0.53. This was due to parentreported complications that were not recorded in the medical records, as well as the
other way around. One of the explanations may be inadequate definition of complication
subtypes and misinterpretation of some questions by parents, as mentioned by other
studies [20, 21, 26]. This is supported by the finding that agreement for the overall outcome
measures (main and total complications) was better than for most specific complications.
Parents may have misclassified fistulas or wound-dehiscence into meatal retraction,
which can be deduced from the lower numbers of the former two complications within
one year after surgery in comparison to the higher number of meatal retraction mentioned
by parents. A discordance between definitions may be the reason for the low agreement
on micturition-related problems. Flowmetry is often used to analyse micturition-related
problems at follow-up, but even when flowmetry is normal, patients or parents may
have complaints, varying from dribbling to painful micturition [28]. These complaints are
not necessarily caused by the hypospadias correction and are therefore not always
described as complications in the medical records even though parents consider them
as such.
Moreover, parents’ high expectations of postoperative outcome may result in normal
physiological postoperative responses, such as a slight residual curvature or prepuce
deformity, being reported as complications by parents. On the other hand, some of the
complications may have occurred, but not recorded in the medical record. Previous
studies show that medical records and complication registries tend to be incomplete
due to poor compliance of registration or treatment of patients elsewhere

[16, 17].

We

did not have access to medical information from GPs and other medical institutions,
and parents may be hesitant to inform clinicians about complications treated by other
physicians. We have tried to reduce this threshold for patients/parents by using a
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structured follow-up protocol and having nurse practitioners closely involved in the care.
As follow-up from parent’s reports is longer than from medical records (11.6 years and
4.2 years, respectively), it is also possible that part of the complications mentioned by
parents occurred after the last out-patient visit. However, we would expect patients and
their parents to seek medical assistance as soon as a complication developed.
Low agreement was also due to complications described in the medical records that were
not mentioned by the parents. Part of this discrepancy may be caused by misclassification
of certain complications as described above, or by decreased recollection among the
parents. This was supported by the higher agreement found when surgery was performed
within five years of completing the questionnaire. In addition, agreement was higher for
complications needing reoperation compared to those not needing invasive treatment,
supporting the idea that parents may not remember all complications adequately.
However, this may also be caused by the more extensive registration of severe
complications in medical records. In our study population, all patients with fistulas or
stenosis had a reoperation, but agreement for both was only moderate (ĸ=0.53, 95%CI
0.38-0.68 and ĸ=0.44, 95%CI 0.29-0.59; respectively), so part of the patients with missed
fistulas and stenosis in the medical records may have had surgery elsewhere.
Although patients with wound-related complications had a lower number of reoperations
(72% of the patients) compared to fistulas and stenosis, agreement was similar. Woundrelated complications mostly occur in the first weeks after surgery, when the patients are
closely followed. Therefore, we expected not to have missed many of these. However, a
considerable number of wound-related complications mentioned by parents were not
recorded in the medical records. We assume that part of these complications, such as
wound infections, were treated by the GP. This may also be the case for UTIs, considering
the high number of parent-reported complications not described in the medical records
and the fact that UTIs can easily be treated by the GP.
Overall, agreement on complications between medical records and parents’ reports
was rather low due to complications missing from either one of the sources. Our results
emphasize that clinicians need to carefully inquire about past and present complications,
also about those for which treatment was sought elsewhere. All complications need
to be registered carefully to enable adequate determination of complication risk after
hypospadias surgery. In addition, information about expected postoperative outcome
and complications given during pre- and postoperative parental counselling needs
to be improved in order to manage parents’ expectations. This will prevent parents
from defining normal physiological postoperative responses as complications. Better
agreement will give physicians and parents a more reliable view on the postoperative
outcome after hypospadias surgery, which is important for both research purposes and
preoperative counselling of parents, hopefully resulting in improvement of medical care
for hypospadias patients.
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Abstract
Background
Preoperative illnesses might induce immunosuppression and subsequently increase
morbidity after surgery. Several studies have tried to identify risk factors for complications
after hypospadias correction, but effects of illnesses in the weeks just before surgery are
unknown. We aimed to determine the associations between preoperative illnesses not
severe enough to postpone surgery and short-term complications after hypospadias
repair in children.
Methods
In this retrospective cohort study, data were collected from 681 children with anterior
or middle type hypospadias that had initial one-stage repair in the period 1983-2012
in the Radboudumc, The Netherlands. The associations between common illnesses,
such as common cold, fever, and ear infection, within two weeks prior to repair, and
postoperative complications, such as urethrocutaneous fistula, wound dehiscence, and
stenosis, within two months and one year after surgery were analysed using multivariable
logistic regression analyses.
Results
Of the 681 boys, 22% had preoperative illnesses, most often common cold, and 14%
had postoperative complications. Children with preoperative illnesses had fewer
postoperative complications within two months (n=13, 9%) than children without
preoperative illnesses (n=79, 16%), resulting in a 50% risk reduction (OR 0.49, 95%CI
0.26-0.93). Preoperative infections (common cold, fever, ear infection) in particular
reduced the risk of postoperative infections (wound and urinary tract infections) (OR 0.37,
95%CI 0.14-0.98). Results were similar for complications within one year.
Conclusions
Common preoperative illnesses not severe enough to postpone surgery did not
increase the postoperative complication risk and even seemed to have a protective
effect, especially for postoperative infections. Consequently there is no reason to alter
preoperative screening.
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Introduction
Infectious diseases, such as common cold and acute otitis media, occur frequently
among young children, often resulting in postponed operations. Respiratory illnesses
may occur 4-6 times a year in children under the age of four [1], and 50-85% of children
experience acute otitis media at least once before their third year

[2].

Such infections

might induce immunosuppression that may subsequently increase the risk of
postoperative morbidity after surgery [3].
Hypospadias is a congenital malformation for which most patients undergo surgery to
correct the dislocated meatal opening, usually within the first or second year of life [4-6].
Complications may occur directly after surgery, but also several years postoperatively [68].

Long-term complication rates may be as high as 50% [7], making hypospadias surgery

challenging. Complications vary widely from postoperative infections to complex fistulas
and sexual problems

[9, 10].

While some complications are easily treated, others need

multiple operations to achieve a reasonable outcome [7, 11].

4

Several studies have been performed to identify risk factors for postoperative
complications. Most studies agree that hypospadias phenotypes, preoperative existence
of chordee, surgeon’s experience, and surgical technique influence the number and type
of complications [9, 12, 13]. Because, these treatment-related factors only partially explain
the risk for complications, we focus in this study on patient-related factors, such as
common illnesses, that may also contribute to this risk [14].
In our hospital, all patients undergo preoperative screening shortly before surgery to
ensure the absence of relevant illnesses. Whereas certain illnesses require a delay of
surgery, others may be accepted. The aim of this study was to test our hypothesis that
children with recent preoperative illnesses not severe enough to postpone hypospadias
repair, have a higher risk of postoperative complications compared to children without
such preoperative illnesses.

Material and methods
Study population and data collection
Patients were derived from AGORA (Aetiologic research into Genetic and Occupational/
environmental Risk factors for Anomalies in children), a large ongoing data- and biobank
coordinated by the Radboud university medical center (Radboudumc) with clinical,
questionnaire and genetic data from children with congenital malformations. At inclusion,
the parents of patients are asked to complete a questionnaire concerning demographics,
family history, health and lifestyle before and during pregnancy, and pregnancy outcome.
Details about recruitment of patients into the AGORA data- and biobank are described
elsewhere [15].
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Medical charts were used to obtain relevant clinical information and treatment
characteristics,

including

hypospadias

phenotype,

preoperative

illnesses,

and

postoperative complications. This information was collected by a medical doctor (ED)
supported by medically trained research assistants using structured data forms. Paediatric
urologists were consulted in case the information from medical charts was unclear.
Preoperative screening (patient history combined with clinical inspection) was performed
by paediatric urologists or nurse practitioners specialized in paediatric urology on the
day of or before surgery and described in the medical chart. If there was any doubt about
the health status of the child the appropriate specialist was consulted. This protocol
has been in place for the entire duration of the study. If the preoperative screening
was missing, the pre- and perioperative anaesthetic notes were reviewed, which were
recorded by anaesthesiologists or nurses specialized in anaesthetic care in the weeks
before and during surgery. Surgical protocol included caudal anaesthesia, insertion of a
urethral catheter for a few days, and hospitalization for one night in most patients.
Patients were excluded when insufficient information was available, when preoperative
meatal location was posterior or unknown, and when hypospadias surgery was not
performed, performed elsewhere, or executed as a multistage correction (Figure 1).
945
Excluded
Insufficient medical information
No surgery performed
Surgery performed elsewhere

Patients
86
12
41

806
Excluded
Multi-stage correction performed
Proximal meatal location
Unknown meatal location

Patients
43
54
7

702
Excluded
Patients
Follow-up < 2 months
21

681

Excluded
Patients
66

Follow-up < 1 year

636

Excluded
Patients

650
FIGURE 1

62

No information on
preoperative comorbidities
from medical charts

31

Flowchart of selection and exclusion of patients.
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A follow-up of less than two months or one year after the initial hypospadias correction
was reason for exclusion from the analyses on postoperative complications unless a
complication occurred or a reoperation was performed within the relevant time period.
Ethical approval was granted by the Regional Committee on Research involving Human
Subjects. All parents gave written informed consent.

Definitions of variables
Information on preoperative illnesses was retrieved from the preoperative screening
and when missing from the anaesthetic notes. Common cold, fever, ear infection, diaper
rash, gastrointestinal complaints, and skin-related complaints as described by parents
or found by clinical inspection were defined as preoperative illnesses if they were present
within two weeks preoperatively irrespectively of treatment (with antibiotics) and not
severe enough to postpone surgery. In case of severe cold with green mucus, or fever
above 38° C on the day of surgery, surgery was postponed mostly because of respiratory
concerns after anaesthesia [14]. We considered common cold, fever, and ear infections

4

as preoperative infections and diaper rash, gastrointestinal complaints, and skin-related
complaints as preoperative non-infectious illnesses.
The main outcome variables were postoperative complications within two months and
one year after initial hypospadias surgery. Non-hypospadias related complications were
not taken into account. The postoperative follow-up protocol consist of outpatient clinic
visits after one week, six weeks, and six and twelve months. Postoperative complications
were subdivided into wound-related complications (wound dehiscence (partial or entire
breakdown of the repair), wound infection or meatal retraction) and non-wound-related
complications (urinary tract infection (UTI), urethrocutaneous fistulas, meatal or urethral
stenosis, and prepuce-related complications, such as phimosis, or prepuce fistulas or
dehiscence). These complications were also defined as postoperative infections (wound
infections and UTIs) and non-infectious complications (all other complications above).
For patients who needed re-intervention within one year after initial surgery (n=64), only
complications after the initial repair were analysed.
Several variables were considered as potential confounders. Hypospadias phenotype
was defined as anterior (hypospadias sine hypospadias, glanular, and (sub)coronal) or
middle (distal penile, midshaft, or proximal penile), based on the original location of the
meatal opening. Surgical technique of the initial hypospadias correction was divided
into categories: Tubularisation using the Tubularised Incised Plate urethroplasty (TIP)
or another type of tubularisation plasty (reference group); Meatal Advancement with
Glansplasty Incorporated (MAGPI) or meatoplasty; urethral or meatal advancement;
Preputial flaps, such as Onlay flap, Duckett or Double Faced Island Flap; Mathieu plasty;
other techniques; and no urethroplasty (preputial reconstruction or circumcision and/
or correction of the penile curvature, without urethral reconstruction). Year of surgery
was divided into 5-year time periods: <1990, 1990-1995, 1996-2000, 2001-2005, 2006-
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2010, and ≥2011. Age at time of surgery and surgeon’s experience (years of independently
performing hypospadias corrections) were used as continuous variables and
dichotomous variables (<18 months/≥18 months and <5 years/≥5 years, respectively).
Ethnicity was defined as Caucasian or non-Caucasian. Other potential confounders
were low birth weight (<2500 grams), preterm birth (<37 weeks), multiple pregnancy,
hypospadias in first degree relatives, perioperative use of antibiotics, type of prepuce
correction, chordectomy performed for penile curvature, and surgeon performing the
procedure.

Statistical analysis
We performed univariable and multivariable logistic regression analyses to estimate
crude and adjusted odds ratios (ORs) with 95% confidence intervals (95%CIs) for
associations between preoperative illnesses and complications within two months and
one year after initial surgery. Potential confounders associated with both preoperative
illnesses and postoperative complications were included in the full multivariable logistic
regression models. For reasons of precision, we excluded variables from the full model
when the OR did not change more than 10% upon removal.
The aforementioned analyses were repeated for preoperative infections and preoperative
non-infectious illnesses as well as for different subgroups of postoperative complications
(wound-related

complications,

non-wound-related

complications,

postoperative

infections and non-infectious complications) and for hypospadias phenotypes (anterior
and middle). Sensitivity analyses were performed to assess the reliability of the data from
the medical charts by differentiating the main analyses between patients treated before
2003 (screened by urologist) and those treated from 2003 onwards (mostly screened
by nurse practitioner) and by excluding the data extracted from the anaesthetic notes.
Statistical analyses were performed using SPSS 22.0 (IBM SPSS Inc, Chicaco, IL, USA).

Results
Study population
In total, 945 hypospadias patients were available from the AGORA data- and biobank
(Figure 1). After the exclusion steps, 681 and 636 patients remained with a follow-up
of two months and one year, respectively. The characteristics of both groups were
comparable. The median follow-up after initial hypospadias correction was 3.9 years
(5-95% range 7.9 months–14.6 years) and the majority of patients were Caucasian (95%)
(Table 1). Mean birth weight was 3222 grams (95%CI: 3161–3283), and 13% of patients had
an affected brother or father. Meatal location was anterior in 75% and middle in 25% of
the patients. MAGPI/meatoplasty was the most frequently used surgical technique for
anterior hypospadias (44%), whereas TIP/tubularisation was most common for middle
hypospadias (42%). Prepuce reconstruction was performed in 55% of patients, and
circumcision in 39%. For the remaining 6% the prepuce was left untouched. The median
age at time of surgery was 15.4 months (5-95% range: 10.3 months–5.4 years).
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TABLE 1 Characteristics of the study population in total and divided by having
preoperative illnesses and complications within 2 months and 1 year postoperatively.

Preoperative
Total

illnessesb

Complications within
2 monthsb

Complications within
1 yearb

N=681a

n (%)

n (%)

n (%)

Patient characteristics
Ethnicity
Non-Caucasian ethnicity

30

10 (33.3)

4 (13.3)

5 (19.2)

Caucasian ethnicity

591

117 (20.9)

88 (14.9)

123 (21.7)

Birth weight
< 2500 gram

98

16 (18.0)

14 (14.3)

20 (22.2)

≥ 2500 gram

539

113 (21.8)

81 (15.0)

110 (21.7)

Preterm birth
< 37 weeks

107

16 (16.2)

13 (12.1)

17 (16.3)

≥ 37 weeks

530

116 (22.8)

84 (15.8)

115 (23.3)

Multiple pregnancy
Yes

42

10 (25.6)

6 (14.3)

9 (21.4)

No

639

133 (21.8)

93 (14.6)

128 (21.5)

4

Hypospadias in first degree relative
Yes

72

16 (23.5)

14 (19.4)

17 (25.4)

No

476

98 (21.7)

66 (13.9)

97 (21.4)

Treatment characteristics
Hypospadias phenotype
Anterior

509

99 (20.3)

62 (12.2)

84 (17.8)

Middle

172

44 (27.2)

37 (21.5)

53 (32.5)

TIP / tubularisation

132

31 (24.6)

25 (18.9)

38 (29.9)

No urethroplastyc

77

17 (23.6)

9 (11.7)

10 (13.7)

MAGPI / meatoplasty

243

50 (21.3)

13 (5.3)

Urethral / meatal advancement

46

11 (23.9)

3 (6.5)

5 (12.2)

Preputial flapsd

120

21 (18.8)

36 (30.0)

45 (39.5)

Mathieu

48

8 (17.8)

11 (22.9)

15 (33.3)

Other types of reconstruction

15

5 (35.7)

2 (13.3)

3 (20.0)

Type of surgery

21 (9.5)

Chordectomy
Yes

444

96 (22.6)

73 (16.4)

105 (24.8)

No

230

45 (20.5)

25 (10.9)

31 (15.0)

Prepuce reconstruction

369

80 (22.3)

41 (11.1)

62 (18.1)

Circumcision

261

55 (22.3)

51 (19.5)

67 (27.0)

No reconstruction performed

36

4 (12.5)

5 (13.9)

5 (15.6)

Prepuce reconstruction / circumcision

Year of surgery
< 1990

29

4 (14.3)

7 (24.1)

9 (37.5)

1990 - 1995

107

21 (21.0)

27 (25.2)

41 (40.2)

1996 - 2000

117

16 (14.0)

11 (9.4)

16 (14.8)

2001 - 2005

146

29 (22.1)

16 (11.0)

23 (16.1)

2006 - 2010

177

41 (23.7)

21 (11.9)

29 (17.0)

≥ 2011

105

32 (30.8)

17 (16.2)

19 (21.6)

Age at time of surgery
< 18 months

425

97 (23.8)

61 (14.4)

89 (22.2)

≥ 18 months

256

46 (18.9)

38 (14.8)

48 (20.4)
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TABLE 1

continued.

Total
N=681a

Preoperative
illnessesb

Complications
within 2 monthsb

Complications
within 1 yearb

n (%)

n (%)

n (%)

Surgeon
Surgeon 1

198

35 (19.1)

39 (19.7)

51 (27.0)

Surgeon 2

240

58 (25.0)

22 (9.2)

30 (13.5)

Surgeon 3

95

26 (27.4)

11 (11.6)

13 (14.9)

Surgeon 4

89

15 (17.6)

19 (21.3)

30 (37.0)

Other surgeons

58

9 (16.4)

8 (13.8)

13 (23.6)

< 5 years

220

41 (19.2)

31 (14.1)

39 (18.5)

≥ 5 years

433

97 (23.6)

63 (14.5)

89 (22.3)

Surgeon’s experience

Perioperative use of antibiotics
Yes

320

59 (17.7)

53 (14.7)

80 (23.7)

No

361

84 (26.5)

46 (14.4)

57 (19.1)

Not all numbers in the groups of characteristics add up to 681 due to missing values.
The percentages of preoperative illnesses and complications were calculated after excluding missing values
c
The group ‘No urethroplasty’ contained patients in which preputial reconstruction or circumcision and / or correction of the penile
curvature were performed, but no urethral reconstruction
d
The group ‘Preputial flaps’ contained patients in which corrections such as Onlay flap, Duckett, or Double Faced Onlay Flap were
performed.
a

b

Preoperative illnesses and postoperative complications
Information on preoperative illnesses was available for 95% of patients; 143 (22%) of
them had a recently active illness, with common cold being the most frequent (16%).
Preoperative infections (common cold, fever (n=6), and ear infection (n=5)) were reported
in 118 patients (18%). Diaper rash was found in 10 patients, skin-related complaints in 9,
intestinal complaints in 5 and other illnesses in 1 patient (Supplemental Table 1, page 71).
TABLE 2 Frequency of complications developed within two months and within one year
postoperatively.

Complications within 2 months

Complications within 1 year

(n=650)

(n=605)

n (%)

n (%)

558 (85.8)

478 (79.0)

Postoperative complicationsa
No
Wound-related complicationsb

63 (9.7)

75 (12.4)

Urinary tract infection

13 (2.0)

14 (2.3)

Fistulas

12 (1.8)

28 (4.6)

Stenosis

4 (0.6)

8 (1.3)

15 (2.3)

30 (5.0)

Prepuce-related complicationsc

The total number of specific complications exceeds the number of patients with complications since patients can
have multiple complications
b
Wound-related complications include wound dehiscence, wound infection and meatal retraction
c
Prepuce-related complications include prepuce fistulas or dehiscence, phimosis and skin surplus
a
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One or more hypospadias-related complications were found in 92 (14.2%) and 127
patients (21.0%) within two months and one year postoperatively, respectively, with
wound-related complications being the most frequent (9.7% and 12.4%, respectively)
(Table 2). Fistulas and prepuce-related complications occurred among 2% and 5% of the
patients.
Some of the potential confounders (Table 1) were only associated with preoperative
illnesses (ethnicity, low birth weight, multiple pregnancy, and age at time of surgery) or
postoperative complications (hypospadias in first degree relative and chordectomy).
The variables that seemed to be associated with both preoperative illnesses and
postoperative complications were included in the analyses (preterm birth, hypospadias
phenotype, type and year of surgery, prepuce reconstruction, surgeon, surgeon’s
experience, and perioperative use of antibiotics), but only type and year of surgery proved
to be true confounders.

Association between preoperative illnesses and postoperative complications

4

We hypothesised that patients with recent illnesses have a higher risk for postoperative
complications.

Interestingly,

patients

with

preoperative

illnesses

had

fewer

postoperative complications within two months (9.1%) and one year (16.3%) compared
to those without illnesses before surgery (15.6% and 22.3%) (Table 3). This resulted in
reduced risks of postoperative complications for both time periods (ORadjusted 0.49,
95%CI 0.26-0.93 and ORadjusted 0.65, 95%CI 0.38-1.11, respectively). Similar results were
seen for preoperative infections and postoperative complications in both periods, as
well as for preoperative non-infectious illnesses and complications within two months,
but with a large 95%CI. Patients with preoperative illnesses also showed reduced risks
for the subgroups of complications (wound-related, non-wound-related, infectious
and non-infectious complications) (data not shown). The strongest effects were seen
for preoperative infections (Table 4), with reduced risks especially for postoperative
infections (ORadjusted 0.37, 95%CI 0.14-0.98 and ORadjusted 0.32, 95%CI 0.12-0.85 for
infections within two months and one year, respectively) and for the subgroup of wound
infections in particular: ORadjusted 0.28, 95%CI 0.08-0.94 and ORadjusted 0.24, 95%CI 0.070.81 for wound infections within two months and one year, respectively. No conclusions
can be drawn for UTI, because of the wide 95%CIs (ORadjusted 0.64, 95%CI 0.14-3.03 and
ORadjusted 0.55, 95%CI 0.12-2.58).
Dividing the patients based on hypospadias phenotype, effects of preoperative
illnesses on postoperative complications within two months were observed for anterior
hypospadias (ORadjusted 0.35, 95%CI 0.13-0.94), but due to small numbers it is difficult to
conclude anything for middle hypospadias (ORadjusted 0.74, 95%CI 0.29-1.92). Sensitivity
analyses showed similar results for patients who had surgery before 2003 and from
2003 onwards. For 23% of patients, information on preoperative illnesses was derived
from the anaesthetic notes. However, excluding these data did not change our results
substantially (data not shown).
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11 (9.3)
2 (8.0)

Preoperative infections

Preoperative non-infectious illnesses

Odds Ratio adjusted for type of surgery and year of surgery

107 (90.7)

13 (9.1)
23 (92.0)

130 (90.9)

79 (15.6)

No

Yes
0.37

0.52

0.49

1.0

ORadjusteda

(0.08-1.66)

(0.26-1.04)

(0.26-0.93)

(Ref)

(95%CI)

6 (25.0)

16 (14.4)

22 (16.3)
18 (75.0)

95 (85.6)

113 (83.7)

365 (77.7)

n (%)

No

1.11

0.55

0.65

1.0

ORadjusteda

All complications within 1 year

105 (22.3)

n (%)

Yes

a

(95%CI)

9 (8.7)

62 (14.5)

95 (91.3)

365 (85.5)

0.51

1.0

(0.23-1.10)

(Ref)

0.56

1.0

107 (95.5)

428 (89.7)
0.37

1.0

Infections within 2 months

107 (95.5)

428 (92.2)

(0.14-0.98)

(Ref)

(0.21-1.47)

(Ref)

7 (6.1)

43 (9.1)
107 (93.9)

428 (90.9)

0.64

1.0

(0.27-1.50)

(Ref)

Non-infectious complications within 2 months

5 (4.5)

49 (10.3)

5 (4.5)

0.57

1.0

95 (95.0)

365 (87.5)

0.32

1.0

Infections within 1 year

95 (91.3)

365 (85.7)

(0.12-0.85)

(Ref)

(0.27-1.21)

(Ref)

13 (12.0)

72 (16.5)

95 (88.0)

365 (83.5)

0.68

1.0

(0.35-1.33)

(Ref)

Non-infectious complications within 1 year

5 (5.0)

52 (12.5)

9 (8.7)

61 (14.3)

(0.25-1.26)

(Ref)

(95%CI)

Wound-related complications within 1 year

ORadjusteda

36 (7.8)

0.56

1.0

No
n (%)

Non-wound-related complications within 1 year

107 (93.0)

428 (88.8)

Yes
n (%)

(0.40-3.04)

(0.30-1.01)

(0.38-1.11)

(Ref)

(95%CI)

Non-wound-related complications within 2 months

8 (7.0)

54 (11.2)

Odds Ratio adjusted for type of surgery and year of surgery
b
Neither preoperative infections, nor preoperative non-infectious illnesses

Preoperative infections

No preoperative infectionsb

Preoperative infections

No preoperative infectionsb

Preoperative infections

No preoperative infectionsb

Preoperative infections

No preoperative infectionsb

ORadjusteda

Wound-related complications within 2 months

No
n (%)

Yes
n (%)

TABLE 4 Associations between preoperative infections and wound-related complications, non-wound-related complications,
infections, and non-infectious complications within 2 months (n=650) and 1 year (n=605) postoperatively.

a

n (%)

n (%)
428 (84.4)

No

Yes

All complications within 2 months

Associations between preoperative illnesses and complications within 2 months (n=650) and 1 year (n=605) postoperatively.

Preoperative illnesses

TABLE 3
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Discussion
Preoperative illnesses, such as common cold, not severe enough to postpone surgery did
not increase the number of postoperative complications after hypospadias correction,
and even seemed to have a protective effect, especially for the number of postoperative
infections. Although the 95%CIs of several of our findings include the null value, the
results of almost all analyses point towards a protective effect of preoperative illnesses
on postoperative complications.
To the best of our knowledge, no previous studies were performed to assess the influence
of common preoperative illnesses on postoperative complications in hypospadias
patients. Studies have been performed in general paediatric or adult populations
with preoperative infections as risk factors, but these found either no influence or an
increased risk of postoperative complications

[14, 16, 17].

However, these studies were

performed in populations with severe diseases and different complication outcomes
and although preoperative illnesses have shown to increase the risk of postoperative

4

respiratory adverse events, we were interested in postoperative surgical events. A limited
number of studies described the mechanisms or pathogens responsible for infections
after hypospadias correction. Meir et al. found that the bacteria Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Escherichia coli were most frequently responsible for
postoperative UTIs

[18].

In a study performed by Ratan et al., Staphylococcus aureus (S.

aureus) was one of the most commonly occurring pathogens in the perimeatal area
in patients awaiting hypospadias surgery

[19].

Other studies showed that in specific

patient groups, S. aureus carriers had a three to six times increased risk of postoperative
wound infections compared to non-carriers or low-level carriers, and that preoperative
eradication may improve postoperative outcome

[20, 21].

In our hospital, antibiotics for

postoperative wound infection or UTI were usually started based on clinical evaluation,
without performing a culture. Therefore, we have no information about the specific
pathogens causing these infections in our study population. The use of perioperative
antibiotics was analysed as potential confounder, but did not have an effect on
complication risk.
The strengths of our study are the large number of patients having had hypospadias
surgery in one clinic, and the possibility to adjust for confounders. Moreover, the medical
charts were individually reviewed for complications instead of using a complication
registry. The hypospadias-related complication rates of 14.5% within two months
and 21.5% one year after surgery are in line with recent literature showing short-term
complication rates between 12% and 24% [8, 12, 13]. The numbers were, however, too small
for some subgroup analyses. A limitation is that information on preoperative illnesses
and postoperative complications was retrospectively extracted from medical charts,
was not all reported in a universal manner, and was based on the clinical opinion of the
evaluating physician or nurse practitioner. On the other hand, the assessment was done
in daily practice, and therefore the results of the study can easily be translated to daily
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practice. We expect not to have missed many complications due to our very structured
postoperative follow-up protocol.
The start of two nurse practitioners specialized in paediatric urology and well-trained
to perform preoperative screening in 2003 improved the accuracy and structure of the
preoperative screening, resulting in more reliable and detailed information. The number
of preoperative illnesses seemed to be lower in patients who had surgery before 2003
(17%) compared to those operated from 2003 onwards (26%). However, sensitivity
analyses showed similar associations with postoperative complications in both time
periods. Information on preoperative illnesses was derived from the anaesthetic notes in
23% of the patients. Although the time window in which the preoperative illnesses could
have occurred may have been less accurate in these notes, we expect this information
to be of importance to use for our analyses. Excluding the patients with information from
anaesthetic notes did not substantially change our findings.
Although we expected preoperative illnesses to cause a temporarily weakened immune
system or immune paralyses[3] and therefore an increased risk of postoperative
complications, we found the opposite. Whereas more severe infections may cause
immune paralyses, the mild illnesses investigated in this study may reduce the risk of a
secondary infection due to heterologous immunity, trained immunity, or the Mackaness
effect, stating that previous infections may cause immune cross-protection against
secondary infections [22-25].
Another explanation could be that infectious diseases, such as common cold, are very
frequent among young children [1, 2], implying that children without a recent illness are
at risk of an upcoming infection. Therefore, children who had an infection two weeks
before surgery may in fact have a better health status at time of surgery. In addition,
respiratory viruses have been associated with changed bacterial colonization patterns
of the nasopharynx

[26, 27].

A higher rate of colonisation with Streptococcus Pneumoniae

(S. Pneumoniae) was found in children with symptoms of a viral respiratory infection [26].
Since an antagonistic relation exists between S. pneumoniae and S. Aureus [26, 27], the risk of
postoperative complications caused by S. Aureus may be reduced when the nasopharynx
of the child is colonised with S. Pneumoniae after a viral respiratory infection.
Although the underlying physiopathology is still unclear, our results suggest that there is
no reason to intensify preoperative screening or to be stricter about postponing planned
procedures to prevent postoperative surgical complications among hypospadias
patients. Unfortunately non-hypospadias related complications, such as postoperative
diarrhea, wheezing, or prolonged hospitalisation due to non-hypospadias related
complications, were not taken into account. Therefore we can make no statements
about the effect of preoperative illnesses on these non-surgery-related complications.
Independent replication of our results in a prospective study would be worthwhile, for
both hypospadias repair and other paediatric surgical procedures (such as orchidopexie,
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inguinal hernia repair or tonsillectomy) taking both surgery-related and non-surgeryrelated complications into account.

Conclusion
Preoperative illnesses, such as common cold, not severe enough to postpone surgery, do
not increase the risk for postoperative complications and even seem to have a protective
effect on the occurrence of short-term postoperative complications in general and
postoperative infections in particular. Consequently there is no reason to intensify or
alter preoperative screening as a preventive measure.

Supplemental Table
SUPPLEMENTAL TABLE 1 Frequency of preoperative illnesses within two weeks prior
to surgery, separated for those with a follow-up of at least 2 months and 1 year
postoperatively.

Follow-up 2 months
postoperatively

Follow-up 1 year
postoperatively

(n=650)

(n=605)

n (%)

n (%)

4

Preoperative illnesses
No

507 (78.0)

470 (77.7)

Common cold

107 (16.5)

100 (16.5)

Fever

6 (0.9)

6 (1.0)

Ear infection

5 (0.8)

5 (0.8)

10 (1.5)

10 (1.7)

Diaper rash
Skin-related complaints

9 (1.4)

9 (1.5)

Intestinal complaints

5 (0.8)

5 (0.8)

Other

1 (0.2)

0 (0.0)
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CHAPTER 5

Abstract
Objective
To develop a prediction model for postoperative complications after primary one-stage
hypospadias correction in order to improve preoperative parental counselling.
Materials and Methods
In this retrospective cohort study, data were collected from 356 patients with anterior or
middle hypospadias who had a one-stage hypospadias correction from 2003 onwards.
Potential treatment- and patient-related prognostic factors were selected and used
to develop a model to predict the risk of postoperative complications (wound-related
complications, urinary tract infections, urethrocutaneous fistula, stenosis, and prepucerelated complications) within one year after surgery. Missing variables were solved by
multiple imputation. Multivariable logistic regression analysis with stepwise backward
selection and a p-value of 0.20 was used to select the final model, which was internally
validated using the bootstrap procedure.
Results
Complications within one year postoperatively occurred in 66 patients (19%).
Hypospadias phenotype, surgical technique, chordectomy, and surgeon’s experience
were included in the final prediction model, whereas none of the patient-related factors
were. The final model had a good discriminative ability (bias corrected C statistic = 0.70)
and calibration.
Conclusion
A model using easily obtainable information, including hypospadias phenotype,
surgical technique, chordectomy, and surgeon’s experience showed a good accuracy in
predicting complications within one year after hypospadias surgery. Although external
validation is yet to be performed, this model is a first step towards effective individualized
risk prediction of postoperative complications after one-stage surgery for anterior and
middle hypospadias and can assist in preoperative parental counselling.
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Introduction
Hypospadias is a congenital malformation in boys with an estimated prevalence in Europe
ranging between 1.7 and 3.8 per 1 000 live births [1-3]. Surgical treatment of hypospadias
is usually performed within the first or second year of life [4, 5]. Although hypospadias
correction is indicated in most patients [1, 5], it is often an elective surgical procedure with
a long-term complication rate that may be as high as 50% [6]. Complications vary widely
from postoperative infections to complex fistulas and sexual problems [7, 8]. While some
complications are easily treated, others may need repetitive reoperations to achieve a
reasonable outcome [6, 9, 10].
After hypospadias surgery, approximately half of the parents experience decisional
regret

[11, 12].

Whereas Ghidini et al. found postoperative complications not to be a risk

factor for regret, Lorenzo et al. observed a strong association between complications and
decisional regret [11, 12]. Giving parents an objective perspective of the complication risk
may help preoperative counselling of the parents and making a better informed decision
on whether or not they will have their son operated upon.
Several studies have tried to identify risk factors for the development of complications
and most agree that hypospadias phenotype (e.g. anterior, middle, or posterior

5

form), preoperative existence of chordee (for which surgery is indicated), surgeon’s
experience, and surgical technique influence the number and type of complications
[7, 13-17].

However, not all studies agree on these factors

[18-20]

and the use of different

classifications for hypospadias phenotypes, varying duration of follow-up, and various
surgical techniques make it hard to compare the results [21]. Moreover, the identified risk
factors for complications after hypospadias surgery have never before been combined in
a prediction model.
Although treatment-related factors were investigated most frequently, factors
concerning the neonatal period, such as mode of delivery, and breast feeding, and other
patient-related factors, such as weight at time of surgery and exposure to smoking in
the first years of life of a child, may play an important role as well. The effects that these
factors have on the general health or the immune status of the child [22-25] may influence
the risk of postoperative complications. Some of these factors have been studied
in association with surgical complications before

[23, 25],

but never for patients with

hypospadias. The aim of this study was to develop and internally validate a prediction
model using treatment- and patient-related factors to predict the risk of postoperative
complications within one year after primary hypospadias correction. This risk prediction
model may help physicians with preoperative parental counselling.
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Materials and methods
Study population
In this retrospective cohort study, patients were derived from AGORA (Aetiologic research
into Genetic and Occupational/ environmental Risk factors for Anomalies in children), a
large ongoing data- and biobank coordinated by the Radboud university medical center
(Radboudumc) in the Netherlands, including clinical and questionnaire data as well as
DNA samples from children with congenital malformations and their parents. Details
about the recruitment of patients into the AGORA data- and biobank are described
elsewhere [26]. Patients who had a primary hypospadias correction in the Radboudumc
were selected for this study. Patients were excluded when insufficient information from
the medical record was available, when preoperative meatal location was posterior or
unknown, and when surgery was performed as a multistage correction or before 2003.
This cut-off point was chosen, because two nurse practitioners specialized in paediatric
urology started working in the department in 2003, which improved the accuracy and
structure of preoperative screening and postoperative follow-up, resulting in more
reliable and more detailed information in the medical records. A follow-up of less than
one year after the initial hypospadias correction was also reason for exclusion unless a
complication occurred within the first year.
TABLE 1

Data source of prognostic factors.
Data source

Treatment-related factors
Hypospadias phenotype

Medical record

Surgical technique

Medical record

Chordectomy

Medical record

Prepuce surgery

Medical record

Surgeon’s experience

Medical record

Method of anaesthesia

Medical record

Perioperative use of antibiotics

Medical record

Type of postoperative bandage

Medical record

Patient-related factors
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Birth weight

Parental AGORA questionnaire

Mode of delivery

Online parental questionnaire

Breast feeding

Online parental questionnaire

Child age at time of surgery

Medical record

Weight for age at time of surgery

Medical record

Exposure to smoking during the first 2 years of life

Online parental questionnaire
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Data collection
At inclusion in the AGORA data- and biobank, the parents of patients were asked to fill
out the AGORA questionnaire with questions concerning demographics, lifestyle before,
during and after pregnancy, and pregnancy outcome (Table 1). Medical records were used
to obtain relevant clinical information, treatment characteristics, and postoperative
outcome. This information was collected by a medical doctor (ED) supported by medically
trained research assistants using structured data forms. The paediatric urologist was
consulted in case information from the medical records was unclear. Between April
and August 2015, an invitation was sent to the parents for an online questionnaire with
questions concerning the neonatal period and the patient’s health and exposures in the
first two years of life.
Ethical approval for this study was granted by the Regional Committee on Research
involving Human Subjects. All parents gave written informed consent for the study.

Definitions of variables
We used the occurrence of postoperative complications within one year after initial
hypospadias surgery as described in the medical records as outcome variable. The
postoperative follow-up protocol consists of visits to the outpatient clinic after one
week, six weeks, and six and twelve months. Hypospadias related complications were

5

described as wound-related complications (wound dehiscence, wound infection, or
meatal retraction), urinary tract infections (UTI), urethrocutaneous fistulas, meatal
or urethral stenosis, and prepuce-related complications (prepuce fistulas, prepuce
dehiscence, or phimosis). For patients who needed re-intervention within one year after
initial surgery (n=29, 8%), only complications after the initial repair were analysed.
We selected potential prognostic variables based on importance according to the
literature. Patient-related variables were selected based on their effects on general
health, which may influence the postoperative complication risk. Because the goal of
this study was to develop a model that could be used for preoperative risk prediction,
only variables were selected that are available during preoperative consultation with the
parents. Below, we describe and define the variables selected.
Hypospadias phenotype was defined as anterior (hypospadias sine hypospadias,
glanular, and (sub)coronal forms) or middle (distal penile, midshaft, or proximal penile),
based on the original location of the meatal opening. Surgical technique during the
initial hypospadias correction was divided into five categories: 1 - Tubularisation using
the Tubularised Incised Plate urethroplasty (TIP) or another type of tubularisation
plasty; 2 - ‘No urethroplasty’ (prepuce reconstruction or circumcision and/or correction
of the penile curvature without urethral reconstruction); 3 - Meatal Advancement with
Glansplasty Incorporated (MAGPI), meatoplasty, or meatal or urethral advancement;
4 - Preputial flaps, such as Onlay flap, Duckett or Double Faced Island Flap; 5 - Mathieu
repair and other techniques. Years of experience of the surgeon (since independently

79

CHAPTER 5

performing hypospadias corrections) was considered as a continuous variable.
Other potential treatment-related prognostic factors were preoperative existence of
chordee (chordectomy performed: yes / no), prepuce surgery (prepuce reconstruction
/ circumcision / no reconstruction performed), method of anaesthetics (general
anaesthetics combined with caudal or penile block / general anaesthetics only),
perioperative use of antibiotics (yes / no), and type of postoperative bandage (Tegaderm
/ foam / no or light bandaging). Patient-related factors retrieved from the medical record
were the child’s age at time of surgery (<18 months / ≥18 months) and weight at time of
surgery, which was used to calculate weight-for-age z-scores using WHO Child Growth
Standards [WHO Multicentre Growth Reference Group, 2006]. Additional patient-related
potential predictors retrieved from the AGORA or online parental questionnaires were
birth weight (continuous in grams), mode of delivery (natural birth / caesarean section),
breastfeeding (any breast feeding / no breast feeding), and exposure to smoking in the
first two years of life (exposure in the household or vicinity of the child / no exposure)
(Table 1).

Statistical analysis
Descriptive statistics (frequencies and percentages) were used to provide an overview
of all relevant variables and were used to perform a non-response analysis for the online
parental questionnaire. The mean and standard deviation (SD) were given for normally
distributed variables, and the median and 90% range for non-normally distributed
variables. The latter were centred before adding them to the model for variable selection.
Method of anaesthesia, perioperative use of antibiotics, and type of postoperative
bandage were excluded as prognostic variables because of little variation among current
patients due to the present-day standard of care. Eleven candidate prognostic factors
remained for modelling of which five were treatment-related factors (hypospadias
phenotype, type of surgery, surgeon’s experience, chordectomy, and type of prepuce
reconstruction) and six were patient-related factors (birth weight, mode of delivery,
breast feeding, child age and weight for age at time of surgery, and exposure to smoking
in the first two years of life).
Missing data values were imputed with 50 data replicates using multiple imputation by the
chained equations (MICE) method [27]. In addition to all prognostic variables considered
in the full model, the outcome variable (postoperative complications) was also taken into
account in the multiple imputation. Using multivariable logistic regression and stepwise
backward selection (with individual variable p-values of 0.20), variables were selected for
the final model. The p-value for a variable was derived from the significance of the pooled
estimate for that variable obtained from the imputed datasets. Estimates were pooled
using Rubin’s rule [28].

Model performance and validation
The performance of the model was examined with discrimination and calibration
statistics
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[29].

Discrimination measures the model’s ability to distinguish between

A PREDICTION MODEL FOR POSTOPERATIVE COMPLICATIONS

patients who have complications within one year after primary hypospadias correction
and patients who do not have these complications. Discrimination was assessed by the C
statistic, also known as the area under the receiver operating characteristic (ROC) curve
(AUC). Calibration measures the model’s ability to generate predictions that are close to the
observed outcomes in the data. Calibration was assessed by the Hosmer-Lemeshow test.
Predictive models are known to perform better in the data from which they were derived
than in new data. To provide a more accurate estimate of model performance, 1000
random bootstrap samples were drawn from each imputed data set to obtain a corrected
C statistic [30]. The mean of corrected C statistics obtained from the imputed data sets
was used to indicate model discrimination. Compared to other methods of internal
validation, such as split-sample and cross-validation modelling, bootstrap resampling
techniques produce stable and nearly unbiased estimates of predictive accuracy with
better efficiency [30].
All statistical analyses were performed using SPSS Statistics, Version 22.0 for Windows
(IBM SPSS Inc, Chicaco, IL, USA) and RStudio version 1.0.143 (RStudio: Integrated
Development for R. RStudio, Boston, MA, USA http://www.rstudio.com/).

945

806

5

Excluded
Insufficient medical information
No surgery performed
Surgery performed elsewhere

Patients
86
12
41

Excluded

702

Multi-stage correction performed
Proximal meatal location
Unknown meatal location

Patients
43
54
7

Excluded
Surgery performed < 2003

Patients
308

394
Excluded
Follow-up < 1 year

Patients
38

356

290 patients had no complications

FIGURE 1

66 patients had complications

Flowchart of selection and exclusion of patients.
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Results
Study population
A total of 945 hypospadias patients were available in the AGORA data- and biobank
(Figure 1). Of these, 589 patients were excluded, mostly because of surgery before 2003
(n=308), insufficient medical information (n=86), proximal hypospadias (n=54), or multistage correction performed (n=43). We included 356 patients in the analyses, who all had
a one-stage correction for anterior or middle hypospadias in the Radboudumc in 2003 or
later with at least one year of follow-up. The online parental questionnaire was completed
for 235 patients (66%). The non-response analysis showed that sons of responders more
often had prepuce reconstruction than those of non-responders and were born with a
higher birth weight (Supplemental Table 1, page 88).
In the study population, the majority of patients were of Caucasian ethnicity (93%). The
median follow-up after initial hypospadias correction was 3.2 years (5-95% range 1.2
years – 8.9 years). The preoperative meatal location was anterior in 77% and middle in
23% of the patients (Table 2). Anterior hypospadias was most frequently corrected using
the MAGPI / meatoplasty / meatal or urethral advancement (57%), whereas the TIP /
tubularisation was the most common technique for middle hypospadias (63%). In 66%
of the patients a chordectomy was performed. Prepuce reconstruction was performed
in 61% of the patients and circumcision in 34%. In the remaining 5% of patients, the
prepuce was left untouched on specific request of the parents. Ninety percent of the
corrections were performed by one of the three current paediatric urologists. The median
of the surgeons’ experience was 9.9 years (90% range: 0.9 - 17.7 years).
The median birth weight was 3330 grams (90% range: 1978 - 4262 grams) and 22% of the
children were born by caesarean section. Seventy-seven percent of the children were
breast fed, with a median duration of 4.0 months (5-95% range 0.2 – 11.2 months). The
median age at time of surgery was 13.5 months (5-95% range 9.8 months – 5.0 years).
Approximately 27% of the patients was exposed to smoking in the first two years of life.

Prediction model
One or more hypospadias-related complications within one year after initial one-stage
hypospadias repair were found in 66 patients (19%), of which 45 patients had a reintervention. Wound-related complications were the most frequent complication (11%)
(Table 3). Fistulas, UTIs, stenosis, and prepuce-related complications occurred in 1% to
4% of the patients.
A number of patients had missing information on prognostic variables: chordectomy (n=2,
<1%), prepuce surgery (n=4; 1%), surgeon’s experience (n=3; <1%), birth weight (n=23;
6%), mode of delivery (n=182; 51%), breast feeding (n=125; 35%), weight for age at time
of surgery (n=19; 5%), and exposure to smoking in the first two years of life (n=130, 37%).
Most missing values were due to incomplete online parental questionnaire information.
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TABLE 2 Characteristics of the total study population and divided by the occurrence of
main complications within 1 year after hypospadias repair.

Totala

No Complications

Complications
within 1 yearb

n = 356

n = 290

n = 66

n (%)

n (%)

n (%)

274 (77.0)

238 (82.1)

36 (54.5)

82 (23.0)

52 (17.9)

30 (45.5)

No urethroplastyc

53 (14.9)

45 (15.5)

8 (12.1)

TIP / Tubularisationd
MAGPI / meatusplasty and meatal or
urethral advancemente
Prepuce flapsf

99 (27.8)

68 (23.4)

31 (47.0)

172 (48.3)

157 (54.1)

15 (22.7)

20 (5.6)

11 (3.8)

9 (13.6)

12 (3.4)

9 (3.1)

3 (4.5)

Treatment-related factors
Hypospadias phenotype
Anterior
Middle
Surgical technique

Mathieu and other techniques
Chordectomy
Yes

233 (65.8)

178 (61.8)

55 (83.3)

No

121 (34.2)

110 (38.2)

11 (16.7)

Prepuce reconstruction

213 (60.5)

181 (63.3)

32 (48.5)

Circumcision

120 (34.1)

89 (31.1)

31 (47.0)

19 (5.4)

16 (5.6)

3 (4.5)

Prepuce surgery

No reconstruction performed

5

Surgeon’s experience in years, median (90% range)
9.9 (0.9 – 17.7)

9.6 (0.8 – 17.4)

11.4 (1.0 – 19.3)

3330 (1978 – 4262)

3340 (1997 – 4285)

3280 (1515 – 4280)

Patient-related factors
Birth weight in grams, median (90% range)
Mode of delivery
Natural birth

136 (78.2)

112 (77.8)

24 (80.0)

38 (21.8)

32 (22.2)

6 (20.0)

178 (77.1)

146 (77.7)

32 (74.4)

53 (22.9)

42 (22.3)

11 (25.6)

< 18 months

273 (76.7)

221 (76.2)

52 (78.8)

≥ 18 months

83 (23.3)

69 (23.8)

14 (21.2)

Caesarean section
Breastfeeding
Yes
No
Child age at time of surgery

Weight-for-age at time of surgery as z-score, mean (sd)
-0.18 (1.19)

-0.16 (1.2)

-0.29 (1.15)

Exposure to smoking in the first two years of lifeg
Yes
No

61 (27.0)
165 (73.0)

49 (26.3)
137 (73.7)

12 (30.0)
28 (70.0)

Numbers do not add up to total due to missing values.
Main complications are wound problems, urinary tract infections, fistulas, stenosis, and prepuce-related complications. The total
number of these complications exceeds the number of main complications since patients can have multiple complications.
c
The group ‘No urethroplasty’ entailed patients in which preputial reconstruction or circumcision and / or correction of the penile
curvature were performed, but no urethral reconstruction.
d
Tubularisation using the Tubularised Incised Plate urethroplasty (TIP) or another type of tubularisation plasty.
e
Meatal Advancement with Glansplasty Incorporated (MAGPI).
f
The group ‘Preputial flaps’ contained patients in which corrections, such as Onlay flap, Duckett, or Double Faced Onlay Flap were
performed.
g
Exposure to smoking in the household or vicinity of the child.
a

b
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TABLE 3

Frequency of complications developed within one year postoperatively.

Postoperative complicationsa

Complications within 1 year (n=356)
n (%)

No

290 (81.5)
40 (11.2)

Wound-related complicationsb
Urinary tract infection

8 (2.2)

Fistulas

11 (3.1)

Stenosis

4 (1.1)
14 (3.9)

Prepuce-related complicationsc
a

The total number of specific complications exceeds the number of patients with complications since patients can
have multiple complications.

b

Wound-related complications include wound dehiscence, wound infection, and meatal retraction.
Prepuce-related complications include prepuce fistulas or dehiscence, phimosis, and skin surplus.

c

As a result of multiple imputation of these missing values, the total study population
could be used in the development of the prediction model.
In the final model, no patient-related variables remained, but the treatment-related
variables hypospadias phenotype, surgical technique (no urethroplasty vs. others and
MAGPI / meatusplasty and meatal or urethral advancement vs. others), chordectomy,
and surgeon’s experience were included. These variables are presented in Table 4, with
their ẞ coefficient estimates and standard errors as well as the corresponding odds ratios
(ORs) with 95% confidence intervals (CIs). Performing no urethroplasty or performing a
MAGPI / meatusplasty and meatal or urethral advancement instead of another surgical
technique seemed to decrease the risk of postoperative complications, whereas having
a middle hypospadias, chordectomy, and more years of surgical experience were
associated with increased risks of complications after one-stage hypospadias repair.
TABLE 4 Variables included in the final prediction model with regression coefficient,
standard error, adjusted odds ratio and 95% confidence interval.

Standard
error

Adjusted
odds ratio

95% confidence
interval

0.35

1.75

0.88 – 3.49

-0.78

0.48

0.46

0.18 - 1.18

-1.38

0.38

0.25

0.12 – 0.53

Variables

ẞ coefficient

Intercept

-1.65

0.41

Middle hypospadias

0.56

No urethroplastya
MAGPI / meatusplasty and meatal
or urethral advancementb

Surgical technique

Chordectomy performed

0.80

0.37

2.23

1.07 – 4.62

Surgeon’s experiencec

0.39

0.16

1.48

1.08 – 2.01

The patients in this group had prepuce reconstruction or circumcision and/or correction of the penile curvature
without urethral reconstruction.
b
Meatal Advancement with Glansplasty Incorporated (MAGPI).
c
Additional risk for every additional year of experience.
a
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By inserting the type of hypospadias and the relevant treatment information in the
logistic regression model with the coefficients from Table 4, probability estimates can
be calculated for the individual patient’s postoperative complication risk. The model
demonstrated good discrimination (C statistic = 0.76; bias-corrected C statistic = 0.70)
and calibration, as no substantial deviation from the 45° line of perfect fit was observed
(Hosmer-Lemeshow test χ2 = 5.9; p = 0.66) (Figure 2).
1.0

0.8

OBSERVED RISK

0.6

5

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

PREDICTED RISK
FIGURE 2

Calibration plot.

Discussion
This is the first study to develop and internally validate a prediction model for the risk
of postoperative complications after hypospadias surgery. Hypospadias phenotype,
surgical technique, chordectomy, and surgeon’s experience were found to be prognostic
factors and the model had a good discriminative ability and calibration. The model
may improve preoperative parental counselling by giving parents an estimate of the
postoperative complication risk.
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Strengths and limitations
The strengths of this study are the extensive data collection and the availability of a
relatively large number of patients who had hypospadias surgery in one clinic. Therefore,
we had the possibility to include many variables in the initial prediction model, including
various patient-related factors, and assess their effects on postoperative complications.
A limitation of the study is the retrospective nature of the data. Although medical
records were individually reviewed to gather information on treatment-related factors
and complications, these variables were not all reported in a standardized manner and
were based on the clinical opinion of the evaluating physician or nurse practitioner. As
observed in previous studies, the registration of complications in the medical records
may be incomplete [Unpublished work by EMJ Dokter, EEC Goosen, LFM van der Zanden,
BBM Kortmann, RPE de Gier, N Roeleveld, WFJ Feitz, IALM van Rooij] [31, 32], which could
have reduced the accuracy of the model.
Most patient-related factors were collected using self-reported questionnaires that
were sometimes completed a long time after the time period of interest. This may have
introduced some misclassification. Except for smoking, however, these variables (i.e.
birth weight, mode of delivery, and breast feeding) were clearly defined and easy to
recall, especially since the birth of a child is a major life event. Due to non-response or
incomplete parental questionnaires, some patient-related variables also contained a
large number of missing values. This was remedied by multiple imputation, assuming that
the missingness was completely at random, although the non-response analysis showed
some differences between the responders (66%) and non-responders (34%) in birth
weight and prepuce surgery. As these factors were not included in the final prediction
model, we expect these differences not to have had any large consequences. In order to
have a suitable number of events per variable for the development of the multivariable
prediction model, the number of potential prognostic factors was reduced by excluding
factors that have little variation in the present-day standard of care [33-35].

Our findings in light of existing literature
Many studies have tried to identify factors that influence the postoperative complication
risk after hypospadias surgery, mostly focusing on treatment-related factors

[7, 13-20].

Although we expected patient-related factors to contribute to this risk as well, our
analyses showed no clear effects on postoperative complications and these factors were
dropped from the model. The results from our study showed that treatment-related factors
(hypospadias phenotype, surgical technique, chordectomy, and surgeon’s experience)
indeed play an important role in the risk of complications. The model presented in this
study is the first to combine these treatment-related factors to predict the individual risk
of postoperative complications. The middle hypospadias phenotype and the need for a
chordectomy resulted in higher complication risks which correspond with findings in
previous studies, as are the results that certain types of surgery have a lower risk than
others

[7, 13, 14, 16, 20].

However, whereas other studies show improved results with more

years of surgical experience [7, 15, 36], more experience seems to have the opposite effect
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in our prediction model. This is most likely due to the fact that the more experienced
surgeons performed surgery on the more complicated cases in our hospital. Therefore,
years of surgical experience should be considered as a proxy variable for one or more
underlying treatment-related factors. Although we took many variables into account in
development of the model, several other variables may still play a role in decision making
around hypospadias surgery, which leaves room for improvement of our model.

Clinical implications
Ideally, we would have developed a prediction model that could help optimize surgical
circumstances, for example determining the type or timing of surgery with the lowest risk
of complications. However, this was not possible with the observational data available for
development of the model [37]. This model was based on primary one-stage hypospadias
corrections for anterior or middle hypospadias performed in a university hospital. For
posterior hypospadias, multi-stage corrections are mostly used, which have a higher
complication rate [38, 39]. Since reoperations have different complication rates as well [10,
40, 41], this prediction model should not be used to predict complications after multi-stage

corrections or repeat surgery.
Patients in our hospital are usually discharged after one overnight stay with a urethral
dripping catheter in place. A nurse practitioner contacts the parents a few days later to

5

ask for complications, and the patient comes to the out-patient clinic one week after
surgery to remove the postoperative dressing and the urethral catheter. Medical care
applied and postoperative follow-up may vary between medical institutions, potentially
resulting in different reported complications rates. Therefore, external validation is
advised before introducing this model in another hospital setting.
Because hypospadias correction is not required in all patients, it is important to provide
parents with an objective perspective of the expected postoperative outcome and
the complication risk during preoperative consultation, so that they can make a wellinformed decision. Our prediction model can inform and prepare parents regarding the
development of complications, which will hopefully reduce the number of decisional
regrets afterwards.

Conclusion
To our knowledge, this study is the first to develop and internally validate a prediction
model for postoperative complication risk after one-stage surgery for anterior and middle
hypospadias. The final model included the factors hypospadias phenotype, surgical
technique, chordectomy, and surgeon’s experience and showed a good discriminative
ability and calibration. We found patient-related factors not to predict postoperative
complication risk. Although external validation is still needed, this model is a first step
towards an effective individualized risk prediction of postoperative complications after
hypospadias surgery and may improve preoperative parental counselling.
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Supplemental Table
SUPPLEMENTAL TABLE 1 Characteristics of the participants and non-responders to the online
parental questionnaire.

Participants

Non-responders

(n = 235)a

(n = 121)a

n (%)

n (%)

180 (76.6)

94 (77.7)

55 (23.4)

27 (22.3)

No urethroplastyb

35 (14.9)

18 (14.9)

TIP / Tubularisationc

62 (26.4)

37 (30.6)

120 (51.1)

52 (43.0)

10 (4.3)

10 (8.3)

8 (3.4)

4 (3.3)

P-valuef

Treatment-related factors
Hypospadias phenotype
Anterior
Middle

0.82

Surgical technique

MAGPI / meatusplasty and urthral or
meatal advancementd
Prepuce flaps

e

Mathieu and other techniques

0.42

Chordectomy
Yes
No

156 (67.0)

77 (63.6)

77 (33.0)

44 (36.4)

0.53

Prepuce surgery
Prepuce reconstruction

151 (64.8)

62 (52.1)

Circumcision

70 (30.0)

50 (42.0)

No reconstruction performed

12 (5.2)

7 (5.9)

0.06

Surgeon’s experience in years, median (90% range)
9.8 (0.7 – 17.7)

10.6 (1.3 – 17.7)

0.84g

3135 (1490 – 4460)

0.02g

Patient-related factors
Birth weight in grams, median (90% range)
3400 (2274 – 4161)
Child age at time of surgery
< 18 months

182 (77.4)

91 (75.2)

≥ 18 months

53 (22.6)

30 (24.8)

0.64

Weight-for-age at time of surgery as z-score, mean (sd)
-0.13 (1.16)

-0.29 (1.26)

0.24h

Numbers do not add up to total due to missing values.
The group ‘No urethroplasty’ contained patients in which preputial reconstruction or circumcision and / or
correction of the penile curvature were performed, but no urethral reconstruction.
c
Tubularisation using the Tubularised Incised Plate urethroplasty (TIP) or another type of tubularisation plasty.
d
Meatal Advancement with Glansplasty Incorporated (MAGPI).
e
The group ‘Preputial flaps’ contained patients in which corrections, such as Onlay flap, Duckett, or Double Faced
Onlay Flap were performed.
f
Chi-square test unless otherwise indicated
g
Mann-Whitney-U test
h
Independent Student t-test
a

b
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CHAPTER 6

Abstract
Purpose
The purpose of this study was to analyze the influence of patient and treatment
characteristics on the occurrence of complications after hypospadias correction and the
impact of complications on final clinical outcome.
Methods
The study cohort consisted of 205 hypospadias patients who had surgery in the
Medical Centre Leeuwarden (1996–2011). Patient and treatment characteristics were
hypospadias severity (preoperative meatal location and chordee), number of planned
surgeries, reconstruction technique, operation year, and patient’s age at the time of
surgery. The final clinical outcome was measured with the Hypospadias Objective
Scoring Evaluation (HOSE) (maximum score = 16) and compared between patients with
and without complications.
Results
Sixty-four patients (31%) had complications, most of which were fistulas (n = 40). An
increased complication risk was seen in patients with severe hypospadias (preoperative
proximal meatus or chordee), multistage reconstruction, reconstruction techniques
other than Mathieu, and surgeries performed before 2005. Uncomplicated treatment
resulted only in a marginally higher HOSE (15.7) compared with complicated treatment
(15.4). Fistulas and multiple complications reduced clinical outcome more (15.3 and
14.9, respectively), while urinary tract infections, wound dehiscence, or prepuce related
complications did not (16.0, 16.0, and 15.8, respectively).
Conclusion
The complication risk after hypospadias correction is influenced by hypospadias severity
and type and year of reconstruction. Certain, but not all complications diminish final
clinical outcome.
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Introduction
Hypospadias is a congenital malformation, for which surgical correction is indicated in
most patients [1]. The aim of correction is normal micturition without spraying, a straight
erection, and aesthetic satisfaction [2, 3].
Complications after hypospadias surgery are frequent, ranging from postoperative
infections to complex fistulas and sexual problems [4, 5]. The long-term complication rate
may reach up to 54% [6]. Multiple studies have tried to identify prognostic factors for the
development of complications.
Although the influence of some prognostic factors, such as the severity of the
hypospadias and surgeon’s experience, is agreed upon, the influence of others, such as
child’s age during surgery or type of surgery, remains controversial [4, 6-11].
The aim of this study was to analyze which patient and treatment characteristics influence
the occurrence of complications after hypospadias correction in our study population. In
addition, the need for reoperations and impact of complications and reoperations on the
final clinical outcome was evaluated.

Materials and Methods
Between January 1996 and June 2011, 238 patients had hypospadias surgery performed
by pediatric plastic surgeons in the Medical Centre Leeuwarden, a Dutch teaching
hospital for plastic surgery. Hypospadias surgery is part of the plastic surgery curriculum

6

and has been performed by plastic surgeons in this hospital for many years with special
consultation hours together with a pediatric nurse and medical social worker. The
hospital provides care for patients from a large part of the north of the Netherlands. From
the hypospadias patients in this hospital, patients who had urethral reconstruction were
eligible for this study. There were no follow-up or age limits. Patients who had previous or
final treatment elsewhere or an incomplete hospital chart were excluded.
Patient and treatment characteristics and the occurrence of postoperative
complications and reoperations were retrospectively collected through hospital charts.
Hypospadias-related complications were described as urinary tract infections (UTIs) or
wound dehiscence developed within 1 month postoperatively, and urethrocutaneous
fistulas, prepuce-related complications (prepuce fistulas or dehiscence, phimosis or
skin surplus), or urethral stenosis developed at any time postoperatively. Psychological
problems and nonhypospadias-related complications occurring during hospitalization
were not taken into account. Reoperations were described as any unexpected
hypospadias-related surgery performed after the initial correction.
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Patient and treatment characteristics analyzed for their influence on the development
of complications were severity of hypospadias (preoperative meatal location and
existence of preoperative chordee), number of planned hypospadias surgeries
(staging), reconstructive type and year of surgery, and patient’s age at the time of
correction. The preoperative meatal location was classified as glanular (glanular and
coronal hypospadias), distal (subcoronal, distal penile, and mid-shaft hypospadias), or
proximal (proximal penile, penoscrotal, mid-scrotal, and perineal hypospadias). When
the presence of a chordee was suspected, this was evaluated by an artificial erection at
the start of surgery. Reconstruction staging could be one-stage or multistage. The year
of surgery was divided into three categories: < 2000, 2000 to 2005, and 2006 to 2011.
Patient’s age at the time of (first) urethroplasty was divided into: < 1, 1 to 4, and > 4 years.
Since our department has a preference to use the Mathieu repair for glanular and distal
hypospadias, this technique was considered the reference group which was compared
with other types of correction technique. A modified Mathieu repair is used, consisting of
the regular Mathieu plus the creation of glans wings placed over the neourethra. The shaft
is closed using a rotation advancement of the penile skin. A urethral catheter remains
in place for 7 days. After normal micturition, the patient is discharged. The Mathieu
technique is used because it is a relatively simple technique and has a low complications
rate. Moreover, results are, in general, stable over the years.
The final clinical outcome was measured with the Hypospadias Objective Scoring Evaluation
(HOSE), a validated objective scoring method to assess surgical outcome after hypospadias
corrections [12]. The HOSE consists of five aspects: meatal location (distal glanular [four],
proximal glanular [three], coronal [two], or penile shaft [one]), meatal shape (vertical
slit [two] of circular [one]), urinary stream (single stream [two] or spray [one]), erection
(straight [four], mild angulation [three], moderate angulation [two], or severe angulation
[one]), and fistulas (none [four], single subcoronal or more distal [three], single proximal
[two] or multiple or complex [one]). The minimal total HOSE score is 5, and the maximum
is 16. Between October 2011 and February 2012, all patients and their parents were invited
by mail to participate in this study. Patients who did not wish to participate were asked for
the reason why. Nonresponders were sent a reminder after a few weeks. The participants
visited the outpatient clinic for a (regular) checkup performed by an independent physician
(E.D.) not involved in previous or future treatment. Photographs of the genital appearance
were taken, as was done for all patients during previous pre- and postoperative checkups
as part of regular protocol. For patients visiting the outpatient clinic during the study (active
participants), the HOSE items meatal location and shape and existence of fistulas were
determined by physical examination. The HOSE items erection and urinary stream were not
physically evaluated, but determined by interviewing the child and his parents. For patients
not visiting the outpatient clinic during the study (passive participants), the HOSE score was
based on the most recent medical photographs combined with hospital chart information
and after possible treatment for complications. Follow-up time was defined as the time
between first surgery and last outpatient clinic visit regarding hypospadias. The latter could
be the visit for this study or the last visit mentioned in the hospital charts.
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Statistical Analyses
For the description of the study population means and standard deviations (SDs) were
used for continuous variables, and numbers and percentages for categorical variables.
The influence of the patient and treatment characteristics on the occurrence of
complications was investigated using logistic regression analyses. Crude and adjusted
odds ratios (ORs) with 95% confidence intervals are provided. The final adjusted logistic
regression model included all patient and treatment characteristics to estimate
independent ORs per item. To investigate whether complications and/or reoperations
had an impact on the final clinical outcome, a Student t-test was performed comparing
groups of different complications with or without reoperation with the group “no
complications and no reoperations” as reference. Statistical analyses were performed
using SPSS 20.0 for Windows (IBM SPSS).

Results
Study Population
A total of 205 patients were included of which 75 patients were active participants. The
HOSE score could be obtained in 159 patients (Figure 1). The median age at the time of
first surgery was 10.3 months (5–95% range: 4.5 months–11.1 years). The median followup time was 4.7 years (5–95% range: 1.0 months–13.5 years). Mean age at the time of
the last outpatient clinic visit was 7.7 years (SD 5.9), which was 4.4 years longer in active
compared with passive participants (10.5 (SD 6.5) and 6.1 (SD 4.8), respectively).

238 patients had
hypospadias surgery

6

Excluded (n=33)
• No urethra reconstruction
• Previous or final treatment elsewhere
• Incomplete hospital chart
205 invited patients
with clinical data available

75 active participants

130 passive participants

HOSE score available in 74 patients

HOSE score available in 85 patients

FIGURE 1

Flowchart of selection and exclusion of patients.
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The preoperative meatal location was glanular in 24%, distal in 71%, and proximal in
5% of the patients (Table 1). Forty percent of the patients had preoperative chordee, of
which 60% had an angulation of more than 45 degrees. Other defects seen were pinpoint
meatus (n = 36), penoscrotal web (n = 30), penile torsion (n = 4), bifid scrotum (n = 3),
buried penis (n = 2), and a split glans (n = 1). Surgery had been performed by five different
surgeons, all certified plastic surgeons. The main hypospadias surgeon had performed
the urethroplasty in 80% of the cases. A modified Mathieu technique was used in most
patients (86%), half of which was performed as a one-stage reconstruction within the first
year after birth. Other techniques were mostly used for proximal hypospadias and were,
for example, Duckett repair (7%), tubularized incised plate (TIP) urethroplasty (2%), or
meatal advancement and glanuloplasty procedure (2%). A preputioplasty was performed
in approximately 25% of the cases.

Complications
Hypospadias-related complications were seen in 64 patients (31%) (Table 2). Fiftyone patients had one complication, whereas 13 patients had multiple or recurrent
complications. Fistulas developed in 40 patients, mostly as a single complication
(n = 28), but sometimes as a recurrent complication or in combination with another
type of complication (n = 12). In 12 patients, the (first) fistula developed more than
1 year postoperatively. Mean postoperative follow-up was longer in patients with
complications compared with patients without complications (7.0 and 4.9 years,
respectively, p = 0.002).
In the univariate model, patients with a proximal meatus, chordee, or multistage
reconstruction had an increased complication risk compared with those with a glanular
meatus, no chordee, or a one-stage reconstruction (OR: 4.7, 3.0, and 2.9, respectively)
(Table 3). Patients with a correction technique other than Mathieu or a surgical correction
performed before 2005 had an increased risk as well (OR: 6.7 and > 4.0, respectively).
Patient’s age at the time of correction did not influence the occurrence of complications.
Although the increased complication risk for severe hypospadias disappeared after
adjustment for all factors, correction techniques other than Mathieu and corrections
performed before 2005 still showed an increased risk.
Comparing characteristics and results over the years, we found a reduction in hypospadias
severity. The percentage of proximal hypospadias and preoperative chordee declined
from 9.3 and 44% before 2000 to 3.6 and 20% after 2006, respectively. This decline was
in combination with a decreased number of multistage reconstructions performed over
time from 43% before 2000 to none after 2006. The number of complications dropped in
these two periods as well, from 37 to 13%.
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TABLE 1

Patient and treatment characteristics of the study population.
Study population
(n=205)
N (%)

Preoperative meatal location

a

Glanular

48 (23.5)

Distal

145 (71.1)

Proximal

11 (5.4)

Preoperative chordee

b

No

122 (60.1)

Yes

81 (39.9)

Staging of correction
One-stage

159 (77.6)

Multi-stage

46 (22.4)

Type of correction technique

c

Mathieu

176 (85.9)

Other

29 (14.1)

Year of surgery
< 2000

54 (26.4)

2000 - 2005

95 (46.3)

2006 - 2011

56 (27.3)

Age during (first) urethra reconstruction
< 1 year

6

125 (61.0)

1 - 4 year

58 (28.3)

> 4 year

22 (10.7)

Complicationsd
No

141 (68.8)

Yes

64 (31.2)

Reoperation

e

No

151 (73.7)

Yes

54 (26.3)

Preoperative meatal location was missing for 1 patient.
b
Preoperative chordee was missing for 2 patients.
c
Modified Mathieu correction was used. Other types of repair were for example Duckett
repair or tubularized incised plate (TIP) urethroplasty.
d
Complications were described as a urinary tract infection or wound dehiscence developed
within one month after surgery, or urethrocutaneous fistulas, stenosis or prepuce related
problems developed at any time during follow-up.
e
Reoperations were described as any unexpected hypospadias related surgery performed
after the initial correction.
a

99

100
16 (8)

Prepuce related complication

138 (67)

3 (1)

13 (6)

0 (0)

3 (100)

12 (92)

1 (100)

13 (81)

2 (50)

0 (0)

23 (82)

N (%)b

15.7 (0.65)

15.3 (0.58)

14.9 (1.17)

Missing

15.8 (0.39)

16.0 (0.00)

16.0 (0.00)

15.3 (0.99)

Mean HOSEc (Sd)

HOSE: Hypospadias Objective Scoring Evaluation
Sd: Standard deviation
a
Percentage of occurrence of complications in the total study population (n=205).
b
Percentage of reoperations performed in the subcategories of complications.
c
Mean HOSE for all the patients (with or without reoperation) in the subcategories.
d
Patients with more than one complication, which could be different types of complications or recurring fistulas.

No complication, no reoperation

No complication, but reoperation performed

No complications (n=141)

Multiple complicationsd

1 (1)

4 (2)

Wound dehiscence

Stenosis

2 (1)

28 (14)

Urinary tract infection

Fistula

N (%)a

Number of
reoperations
(n=54)

108

3

9

12

3

2

22

N

Ref

0.3

0.06

0.6

0.5

0.6

0.05

P-value
Student’s
T-test

The number of different types of complications and the number of reoperations and clinical outcome in those subcategories.

Complications (n=64)

TABLE 2
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Yes

58 (41)
49 (35)

2006 - 2011

35 (25)
16 (11)

1 - 4 year

> 4 year

4.1 (1.6-10.8)
4.5 (1.8-10.9)

20 (31)
37 (58)

1.0 (0.3-2.7)

6.7 (2.8-15.7)

20 (31)

6 (9)

1.0 (ref.)

44 (69)

1.7 (0.9-3.3)

2.9 (1.5-5.7)

1.0 (ref.)

1.0 (ref.)

41 (64)
23 (36)

23 (36)

3.0 (1.6-5.5)

35 (55)

1.0 (ref.)

27 (42)
37 (58)

1.0 (ref.)

1.0 (ref.)

4.7 (1.2-18.8)

7 (11)

7 (11)

1.2 (0.2-8.6)

1.2 (0.6-2.4)

1.0 (0.3-3.3)

1.5 (0.7-3.2)

1.0 (ref.)

1.0 (ref.)

6.2 (2.0-18.8)

5.5 (1.5-19.9)

8.4 (2.6-27.3)

1.0 (ref.)

1.2 (0.5-3.0)

1.0 (ref.)

1.5 (0.7-3.2)

1.3 (0.5-3.0)

1.0 (ref.)

1.0 (ref.)

ORadjusted (95%CI)b

13 (20)

ORcrude (95%CI)

44 (69)

Complicationsa
(n=64)
N (%)

OR: odds ratio, CI: confidence interval
a
Complications were described as a urinary tract infection or wound dehiscence developed within one month after surgery, or urethrocutaneous fistulas, stenosis or
prepuce related problems developed at any time during follow-up.
b
Odds ratio adjusted for all other factors.
c
Preoperative meatal location was missing for 1 patient.
d
Preoperative chordee was missing for 2 patients.
e
Modified Mathieu correction was used. Other types of repair were for example Duckett repair or tubularized incised plate (TIP) urethroplasty.

90 (64)

< 1 year

Age during (first) urethra reconstruction

34 (24)

2000 - 2005

9 (6)

< 2000

Year of surgery

Other

Mathieu

132 (94)

23 (16)

Multi-stage

Type of correction techniquee

118 (84)

One-stage

Staging of correction

95 (68)
44 (32)

No

Preoperative chordeed

4 (3)

Distal

Proximal

35 (25)
101 (72)

Glanular

Preoperative meatal locationc

No complications
(n=141)
N (%)

Influence of patient and treatment characteristics on the development of hypospadias related complications.

Patient and treatment characteristics

TABLE 3
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Reoperations
Of the 64 patients with a complication, 51 patients had a reoperation (Table 2). In three
other patients, reoperations were performed for aesthetic dissatisfaction of the patient
and/or his parent(s). In 13 patients, there was no reoperation following a complication
(Table 2). These patients had a fistula (n = 5), a UTI (n = 2), wound dehiscence (n = 2),
prepuce-related complications (n = 3), or a UTI combined with wound dehiscence (n = 1).
One reoperation was sufficient in 41 patients. Others needed two (n = 8) or three to five
(n = 5) reoperations. Recurring fistulas were the reason for multiple reoperations in 85%
of the cases.

Hypospadias Objective Scoring Evaluation
In 74 of the 75 active participants, clinical outcome was based on physical examination.
Of the 130 passive participants, the complete HOSE could not be determined in
45 patients, mostly caused by an incomplete photographs series or a missing description
of one of the HOSE aspects.
The mean HOSE was 15.6 (SD 0.75). The optimal HOSE score of 16 was seen in 119 patients
(75%). Patients without chordee had a higher clinical outcome compared with those with
chordee (15.7 and 15.4, p = 0.05, respectively) and the HOSE was better after a Mathieu
correction than after other correction types (15.7 and 15.1, p < 0.001, respectively).
Patients with an uncomplicated treatment (no complication and no reoperation) had a
marginally higher clinical outcome (15.7) than patients with a complication (15.4 with or
without reoperation, p = 0.08). The three patients who had a reoperation for dissatisfying
aesthetic results had a lower clinical outcome as well (15.3, p = 0.3) (Table 2). Patients with
a fistula or multiple complications showed a relatively low mean clinical outcome (15.3
and 14.9, respectively) compared with those with an uncomplicated treatment (p = 0.05
and p = 0.06, respectively), but clinical outcome was not decreased after UTIs, wound
dehiscence, and prepuce-related complications (16.0, 16.0, and 15.8, respectively).

Discussion
In our study, 31% of the patients developed a complication after surgical hypospadias
correction, most of which were fistulas. The development of complications was influenced
by the severity of the hypospadias, reconstruction technique, and year of surgical correction.
No effect of patient’s age at the time of surgery was observed. A lower clinical outcome was
seen after certain, but not all complications, despite of performed reoperations.
The preoperative meatal location and existence of a chordee are important variables
defining hypospadias severity and influence not only the staging but also the correction
technique [2, 9]. In our department, “other types of corrections” are more often used in
severe hypospadias and are therefore expected to give a higher number of complications
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compared with Mathieu repair. The association between complications and hypospadias
severity found in our study population disappeared after adjusting the ORs for the other
characteristics. However, because of high dependency between hypospadias severity
and reconstruction technique and staging, we cannot entirely disentangle these effects.
Patient’s age at the time of surgery has been studied previously for its influence on the
occurrence of complications after hypospadias correction. Some studies found a higher
number of complications with increased age at the time of surgery [8, 11, 13], whereas our
results correspond with findings of other studies that did not find this association [7, 10].
The age between 6 and 12 months seems a preferable period to perform the correction
when taking psychological factors into account [14]. Considering the comparable number
of complications in our three age groups, there seems to be no surgical reason not to
perform the reconstruction within this time frame.
The number of complications declined over the years, from 37% before 2000 to 13% after
2006. Although the decline in hypospadias severity may also contribute to this reduction,
the adjusted OR of > 5.5 shows that there is an independent influence of year of surgery
as well. Some studies show a reduction in complications as the surgeon’s experience
increases [15, 16]. However, it is not clear after what number of corrections this learning
curve has reached its optimum. We expect that the reduction in complications over the
years in our study is mostly due to the learning curve of the primary hypospadias surgeon,
who performed 80% of the (first) urethra reconstructions.
The low number of meatal stenosis and high number of fistulas in our group correspond
with other studies comparing Mathieu correction to TIP urethroplasty [17, 18]. Even though
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a modified Mathieu correction is used in our department, a fistula still occurred in 13%
of these patients, a high percentage compared with other studies

[17, 18].

The longer

follow-up in our study may explain this difference. Interestingly, about one-third of the
fistulas occurred more than 1 year after initial correction and in one case even 8 years
postoperatively. These findings are comparable to other studies that found that fistulas
could occur multiple years after surgery [6, 19].
Not all complications in our study population were treated with a reoperation. UTIs were
treated with antibiotics and in six patients with minimal wound or prepuce dehiscence,
no reoperation was necessary. Surgical repair is usually indicated for a fistula, but in five
patients with a fistula, no reoperation was performed for unknown reason. These patients
may have sought treatment elsewhere; however, hospital records state that four of these
patients and/or his parent(s) seemed to accept the clinical outcome. This corresponds
with findings of Dodds et al that adult patients with failed hypospadias correction may be
satisfied with their genital appearance, even when left with a mid-shaft meatus [20].
To evaluate the impact of complications on the final clinical outcome, after possible
treatment for complications, we used the HOSE, a validated and objective scoring
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method to assess five penile aspects. The HOSE was measured on average 5 years after
first surgery, through an outpatient clinic visit for this study (47%) or through reviewing
hospital charts with medical photographs (53%). These photographs were found reliable
to determine outcome after hypospadias correction

[21]

and were present for most

patients. The clinical outcome of active participants was significantly lower than that of
passive participants (15.4 (SD 0.9) and 15.9 (SD 0.5), respectively (p < 0.001)). Patients with
a lower satisfaction may be more willing to visit the hospital. Despite this, there was no
statistical significant difference in the number of complications and reoperations in the
active participants (32 and 28%, respectively) compared with the passive participants
(31 and 25%, respectively), providing evidence for a nonselective patient participation
concerning the registration of complications.
The final clinical outcome was not reduced in patients with UTI, wound dehiscence, and
prepuce-related complications. UTIs are easily treated and are not expected to influence
clinical outcome. However, the neglect of functional outcome and objective aesthetic
measurements such as scarring (which may be a result of wound dehiscence) and the
outcome of prepuce reconstruction or circumcision is a downside of the HOSE score.
The neglect of these items may result in a high HOSE score, even though clinical outcome
is not optimal. On the contrary, the finding that, despite of reoperations, patients with
fistulas and multiple complications have lower final clinical outcome compared with
patients without complications, emphasizes the importance of reaching perfect results
after initial hypospadias reconstructions.

Conclusion
The severity of hypospadias, the type of reconstruction, and experience with the repair
technique influence the occurrence of complications after correction. The final clinical
outcome is lower after fistulas and multiple complications. A relatively large number of
complications develop more than 1 year after surgery and since fistulas may occur up to 8
years postoperatively, long-term follow-up is advised.
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CHAPTER 7

Abstract
Background
Hypospadias is a congenital malformation in which surgical correction is indicated in
most cases. Postoperative patient satisfaction is important because of its influence on
the child’s psychological development.
Objective
To evaluate patient satisfaction with surgical outcome after hypospadias correction,
comparison with physician satisfaction, and the influence of patient and treatment
characteristics on satisfaction.
Design, setting, and participants
Seventy-four patients who had hypospadias surgery between 1996 and 2010 in Medical
Centre Leeuwarden participated in the study.
Measurements
Patient/parent and physician satisfaction scores were measured using a standardised
hypospadias satisfaction questionnaire (maximum score 32), and clinical outcome using
the Hypospadias Objective Scoring Evaluation (HOSE; maximum score 16). Patient and
treatment characteristics recorded were: preoperative meatal location, preoperative
chordee, number of planned surgeries, reconstructive type and timing, patient age during
the study, complications, and repeat operations.
Results and limitations
Patients (mean age 10.5 yr) had a lower overall satisfaction score (27.1) than the physicians
(30.6). Patients were least satisfied with overall genital appearance (3.1), penile length
(3.3), and scars (3.3), whereas physician satisfaction was lowest for scars (3.5). The
mean HOSE was 15.4 (standard deviation 0.9). Patients with acceptable HOSE (85%) had
higher patient and physician satisfaction compared to patients with unacceptable HOSE.
Patient satisfaction was lower among patients with a preoperative proximal meatal
location or chordee, and with correction techniques other than the Mathieu approach.
Physician satisfaction decreased with increasing patient age and was lower for patients
with preoperative chordee, postoperative complications, or repeat operations.
Conclusions
Overall patient and physician satisfaction and clinical outcome scores were relatively
high. Patient satisfaction was lower and based on different factors compared to physician
satisfaction. Patient satisfaction seems more influenced by aesthetic appearance, but
both patients and physicians appear to incorporate clinical characteristics and outcome
in their opinion on satisfaction.
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Introduction
Hypospadias is a congenital malformation with an estimated prevalence in Europe
ranging between 0.5 and 3.8 per 1000 live births [1-3]. In most cases, surgical correction is
indicated [1], with the aim being to achieve normal micturition without spraying, a straight
erection, and aesthetic satisfaction [4, 5].
Postoperative patient satisfaction is important because of its influence on the child’s
psychological development [6]. Physician satisfaction with surgical outcome is expected
to correlate with that of the patient. Weber et al

[7]

found good patient-physician

agreement, with higher satisfaction scored by patients than by independent surgeons.
However, a similar study by Mureau et al [8] found opposite results.
Good postoperative clinical outcome is expected to result in high patient satisfaction.
Other factors may influence the satisfaction of the patient and his parents, such as
the meatal location, as a determinant of hypospadias severity

[4],

and the correction

technique used. Many techniques have been associated with different types of
complications and aesthetic outcomes [5, 9-11], but no ideal correction method has been
described [9, 12-14]. Age between 6 and 12 mo currently seems to be the preferred time for
performing the correction [15]. Results on the influence of the child’s age and adolescence
on patient satisfaction are inconsistent [7, 16]. For most patients, a one-stage procedure
can be performed

[4, 11].

Multistage procedures are only advised for more complicated

forms of hypospadias [11]. The rate of complications, such as urethrocutaneous fistula,
wound dehiscence, and stricture, ranges from 5% to 50% for one-stage procedures [1719].

Complications and the need for repeat operation may impact patient satisfaction.

However, not all complications need surgical repair, and some repeat operations are only
performed for dissatisfying aesthetic results [20].
Even though patient/parent satisfaction is important for the psychological well-being

7

of patients born with hypospadias, and it has been suggested that several patient and
treatment characteristics influence patient satisfaction, these factors have been
investigated in only one study. Therefore, the goal of this study was to analyse patient/
parent satisfaction with surgical outcome after hypospadias correction and to determine
the association with physician satisfaction, as well as the influence of patient and
treatment characteristics.

Patients and methods
Between 1996 and 2010, 238 patients had surgery for hypospadias performed by
paediatric plastic surgeons in the Medical Centre Leeuwarden (MCL), a teaching hospital
for plastic surgery in the Netherlands. Hypospadias surgery is part of the plastic surgery
curriculum and has been performed by plastic surgeons in this hospital with special
consultation hours, together with a paediatric nurse and medical social worker, for
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many years. The hospital provides care for patients from a large part of the north of the
Netherlands. From the hypospadias patients, those requiring urethra reconstruction
were selected. We excluded patients lost to follow-up because of emigration and those
with incomplete hospital charts or whose previous or final treatment was carried out
elsewhere. The minimum follow-up was set at 1 yr after first surgery and there were no
age limits.
Between October 2011 and February 2012, all patients and their parents were invited by
mail to participate in this study. Patients who did not wish to participate were asked for
the reason why. Nonresponders were sent a reminder after a few weeks. The study was
approved by the local ethics committee, and patients and/or their parents gave written
informed consent before inclusion. The participants visited the outpatient clinic for a
(regular) check-up, comprising an interview and physical examination performed by an
independent physician (E.D.) not involved in previous or future treatment. Photographs
of the genital appearance were taken, as is done for all hypospadias patients during
previous preoperative and postoperative check-ups as part of our regular protocol.
Satisfaction with surgical outcome was measured using a standardised questionnaire
developed in the Netherlands by Mureau et al

[8],

consisting of eight questions about

different genital aspects, ranging from meatus position to scars and penile appearance
in general. Satisfaction with each aspect was rated on a 4-point scale, where 1 denotes
very dissatisfied and 4 indicates very satisfied. The overall minimum score is 8 and the
maximum is 32. The questionnaire was filled out at home before the hospital appointment
by the patient and/or his parent(s), which means that patient satisfaction in this study
is a mixture of patient and parent satisfaction. After physical examination, the same
questionnaire was filled out by the independent physician, who was blinded to the results
reported by the patients/parents.
Clinical outcome was measured by the independent physician according to the
Hypospadias Objective Scoring Evaluation (HOSE), a validated objective scoring method
to assess surgical outcome after hypospadias corrections

[21].

HOSE consists of five

domains: meatal location, meatal shape, urinary stream, erection, and fistula. Meatal
location and shape and fistula presence were identified on physical examination. Erection
and urinary stream were not physically evaluated, but determined by interviewing
the child and his parents. The minimum total HOSE score is 5 and the maximum is 16.
Holland et al [21] suggested that an acceptable outcome should have a total score of ≥14
with at least a meatus at the proximal glans, a single urinary stream, and only moderate
angulation.

Patient and treatment characteristics
The patient and treatment characteristics analysed for their influence on satisfaction
were as follows: preoperative meatal location; presence of preoperative chordee;
number of planned surgeries to correct the hypospadias (staging); reconstructive type
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and timing of surgery; child’s age during the study; postoperative complications; and
repeat operations performed. Medical information was collected from hospital charts.
Meatal location was defined according to the preoperative location of the urethral
opening and classified as glanular (glanular and coronal hypospadias), distal (subcoronal, distal penile, and mid-shaft hypospadias), or proximal (proximal penile,
penoscrotal, midscrotal, and perineal hypospadias). Chordee was classified as moderate
(angulation ≤45°) or severe (angulation >45°), mostly evaluated for an artificial erection
at the start of surgery. Staging of the reconstruction was categorised as one-stage or
multistage. The timing of the (first) urethroplasty was categorised in three age groups:
<1 yr, 1–4 yr, and >4 yr. Using age during the study, patients were classified as <12 yr, 12–
17 yr, or ≥18 yr. Repair techniques were described as a Mathieu repair or other type. In
our hospital, the preferred technique for glanular and distal hypospadias is a modified
form of the Mathieu repair, consisting of the regular Mathieu technique plus the creation
of wings from the glans that are placed over the neourethra. The shaft is closed using
a rotation advancement of the penile skin. A urethral catheter remains in place for 7 d.
After normal micturition, the patient is discharged. The Mathieu repair is used because it
is a relatively simple technique and has a low complication rate. Moreover, results are in
general stable over time.
Complications were described as urinary tract infections or wound dehiscence
developed within 1 mo after surgery, urethrocutaneous fistulas, prepuce-related
complications (eg, phimosis or skin surplus), or other complications that developed at
any time during follow-up. Complications were classified on the basis of whether they
were corrected by repeat operation or not. Repeat operations were defined as any
unexpected hypospadias-related surgery performed after the initial correction.

Statistical analyses
To describe differences in satisfaction and clinical outcome between patients and

7

physicians, the mean and standard deviation were used for continuous variables, and
the frequency and percentage for categorical variables. For comparison between patient
and physician satisfaction, a paired t-test was used. The correlation of satisfaction
between these two groups and between satisfaction and clinical outcome was tested
using the Pearson correlation test. To investigate whether different patient and treatment
characteristics influenced patient or physician satisfaction, Student’s t-test was
performed for dichotomous variables, and analysis of variance for variables with more
than two categories.

Results
Study population
Of the 205 invited patients, 75 participated. However, for one patient, both the patient
and the physician satisfaction the analyses. Patient and treatment characteristics
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for patients who participated in the study were compared to those for the total group
of patients invited to see whether selection bias was present. No apparent differences
were found, apart from a slightly younger age and a higher percentage of corrections
performed before the age of 1 yr in the participant group (Table 1).
TABLE 1

Patient and treatment characteristics of participants and the total group of invited

patients.
Participants

Invited patients

(n=74)

(n=205)

N (%)

N (%)

Preoperative meatal locationa
Glanular

19 (25.7)

48 (23.5)

Distal

50 (67.6)

145 (71.1)

5 (6.8)

11 (5.4)

No

44 (60.3)

122 (60.1)

Yes

29 (39.7)

81 (39.9)

Proximal
Preoperative chordeeb

Severity of the chordeec
Moderate

9 (40.9)

25 (39.7)

13 (59.1)

38 (60.3)

One-stage

56 (75.7)

159 (77.6)

Multi-stage

18 (24.3)

46 (22.4)

65 (87.8)

176 (85.9)

9 (12.2)

29 (14.1)

Severe
Staging of correction

Type of correction techniqued
Mathieu
Other
Age during (first) urethra reconstruction
< 1 year

60 (81.1)

125 (61.0)

1 - 4 year

9 (12.2)

58 (28.3)

> 4 year

5 (6.8)

22 (10.7)

< 12

53 (71.6)

125 (61.0)

12 - 17

18 (24.3)

69 (33.7)

3 (4.1)

11 (5.4)

No

51 (68.9)

141 (68.8)

Yes

23 (31.1)

64 (31.2)

No

54 (73.0)

151 (73.7)

Yes

20 (27.0)

54 (26.3)

Age at time of the study

≥ 18
Complicationse

Reoperationf

Preoperative meatal location was missing for 1 invited patient.
Preoperative chordee was missing for 1 participant and 2 invited patients.
c
Severity of the chordee could not be determined in 7 participants and in 18 invited patients.
d
Modified Mathieu correction was used. Other types of repair were for example Duckett repair or tubularized
incised plate urethroplasty.
e
Complications were described as a urinary tract infection or wound dehiscence developed within one
month after surgery, or urethrocutaneous fistulas, prepuce related complications or other complications
developed at any time during follow-up.
f
Reoperations were described as any unexpected hypospadias related surgery performed after the initial
correction.
a

b
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The mean age of the participants at time of the study was 10.5 yr (standard deviation (SD)
6.5). The original meatal location was glanular in 26%, distal in 68%, and proximal in 7% of
the patients. Chordee was present in 29 patients (40%). Other defects seen were pinpoint
meatus (n = 11), penoscrotal web (n = 11), penile rotation (n = 2), bifid scrotum (n = 1), and
a split glans (n = 1). Surgery was performed by five different surgeons, all of whom were
certified plastic surgeons. One surgeon performed the urethroplasty in 77% of the cases.
A modified Mathieu correction was performed as a one-stage procedure in 51 patients,
and as a multistage procedure in 14 patients. In the latter group, the Mathieu correction
was preceded by meatotomy and/or chordectomy. Other techniques used were Duckett
repair (n = 4), tubularised incised plate urethroplasty (n = 2), Cecil-Culp repair (n = 2) and
onlay island flap (n = 1), varying for the different phenotypes. A prepuce reconstruction
was performed in 22% of the patients. Complications were seen in 23 patients, of whom
three had more than one complication. Urinary tract infections were seen in two patients,
wound dehiscence in four, fistulas in 15, and prepuce-related complications in five. No
other complications were observed.

Satisfaction
Satisfaction questionnaires were filled out by 65 patients or parents, although six were
incomplete. Twenty were completed by the patient himself, 17 by parents, 19 by the
patient and (one of) the parent(s), and for three patients it was unknown who filled out
the questionnaire. The physician satisfaction could be determined for 73 patients. One
patient did not allow a physical examination. The clinical outcome for this patient was
assessed from medical photographs.
Patients/parents and the physician gave a maximum overall satisfaction score of 32
for 16 (27%) and 36 (49%) patients, respectively. A satisfaction score ≥24, covering a
satisfaction range from slightly satisfied to very satisfied, was given by 46 patients (78%),
and for all patients when scored by the physician. Mean overall patient satisfaction (27.1,
SD 4.51) was lower than mean overall physician satisfaction (30.6, SD 1.78; p < 0.001; Table

7

2). For all items, patient satisfaction was lower than physician satisfaction. Patients had
the lowest satisfaction score for penile length, scars, and overall genital appearance,
whereas physicians had the lowest score for scars. Correlations existed between patient
and physician scores for meatal location, scars, and total satisfaction, although they
were low (ρ < 0.41).

Clinical outcome
HOSE could be determined for 73 patients (Table 3). The mean HOSE was 15.4 (SD 0.94).
In total, 44 patients (60%) had the maximum HOSE score of 16. Overall, differences in
patient satisfaction were observed for all HOSE items, including the total score. Lower
satisfaction scores were observed for a circular meatal shape, angulation in erection,
and a fistula, but were not statistically significant. Differences in physician satisfaction
for the HOSE items were less pronounced, but were all statistically significant except for
meatal shape. Clinical outcome had a lower correlation with patient satisfaction (ρ = 0.36)
than with physician satisfaction (ρ = 0.51; p < 0.01).
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3.63 (0.63)
3.14 (0.96)
27.1 (4.51)

Scrotum

Overall genital appearance

Total

Sd: standard deviation

3.41 (0.87)

3.56 (0.56)

Glanular size
3.32 (0.88)

3.45 (0.69)

Glanular shape

Location of the meatus

3.47 (0.78)

Scars

3.82 (0.46)

3.32 (0.86)

Penile length

Penile thickness

30.6 (1.78)

3.77 (0.50)

3.98 (0.13)

3.51 (0.76)

3.67 (0.71)

3.98 (0.13)

3.94 (0.31)

3.92 (0.28)

(n=73)
Mean (sd)

Mean (sd)

Physician satisfaction

(n=59)

Patient satisfaction

< 0.001

< 0.001

< 0.001

0.10

0.02

< 0.001

< 0.001

< 0.001

< 0.001

Paired T-Test

P-value

0.29

0.14

-0.08

0.41

0.37

-0.10

-0.02

0.10

0.23

Pearson Correlation
Coefficient

0.03

0.28

0.56

0.001

0.002

0.43

0.91

0.43

0.08

P-value
Pearson Correlation

Satisfaction with different genital aspects measured with Mureau’s questionnaire and the correlation between patient and

physician satisfaction.
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TABLE 3

Influence of postoperative clinical outcome, measured with the HOSE, on the total

patient and physician satisfaction.
Total patient satisfaction
(n=59)
Mean (sd)

Total physician satisfaction
(n=73)

N P-value

Mean (sd)

N P-value

Meatal location
Distal glanular

27.2 (4.52)

Proximal glanular

26.8 (4.82)

54
5 0.86

30.9 (1.41)
27.5 (2.35)

67
6 < 0.001

Meatal shape
Vertical slit

27.4 (4.30)

Circular

23.0 (7.21)

56
3 0.10

30.5 (1.78)
31.8 (0.45)

68
5 0.12

Urinary stream
Single stream

27.4 (4.39)

Spray

25.8 (5.29)

51
8 0.35

30.8 (1.54)

63

29.4 (2.50)

10 0.02
65

Erectiona
Straight

27.7 (4.18)

51

30.8 (1.56)

Mild angulation

25.3 (6.11)

3

28.3 (4.04)

3

Moderate angulation

24.5 (5.07)

4 0.28

29.5 (1.73)

4 0.03

Fistula
None

27.6 (4.52)

49

30.9 (1.65)

Single - subcoronal or more distal

25.8 (3.43)

6

29.0 (1.63)

62
7

Single - proximal

23.0 (3.92)

4 0.11

29.8 (2.22)

4 0.02

Acceptable outcomeb,c
Yes

27.6 (4.22)

No

26.0 (5.00)

49
9 0.33

30.9 (1.28)

61

29.2 (2.48)

11 0.05

Curvature of the erection could not be described by the patient or his parents in 1 case.
Acceptable outcome was defined as a total HOSE score of ≥14 with at least a proximal meatus, a single urinary stream
and only moderate angulation.
c
The total HOSE score could not be determined in 1 patient.
HOSE: Hypospadias Objective Scoring Evaluation
Sd: standard deviation
a

b

7

Influence of patient and treatment characteristics on satisfaction
Patient satisfaction was lower among patients with preoperative proximal hypospadias
or chordee, and for those who underwent a correction technique other than Mathieu
repair (Table 4). Multistage operations, patient age ≥18 yr during the study, and the
occurrence of complications, especially those for which there was no repeat operation,
had lower satisfaction scores, although these were not statistically significant. Physician
satisfaction was higher among patients without preoperative chordee and in the age
group < 12 yr. Physician satisfaction was lower after the occurrence of complications,
especially for those for which there was a repeat operation.
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TABLE 4 Influence of patient and treatment characteristics on the total patient and
physician satisfaction.

Total patient satisfaction
(n=59)
Mean (sd)

P-value
N T-test

Total physician satisfaction
(n=73)
Mean (sd)

P-value
N T-test

Patient and treatment characteristics
Preoperative meatal location
Glanular

26.4 (4.63)

14

30.8 (1.40)

19

Distal

27.9 (4.33)

41

30.7 (1.67)

50

Proximal

22.0 (1.83)

4 0.03

28.8 (3.40)

4 0.09

Preoperative chordee
No

28.5 (3.92)

34

31.1 (1.45)

43

Yes

25.0 (4.57)

24 0.003

29.9 (1.98)

29 0.01

One-stage

27.8 (4.41)

43

30.8 (1.63)

55

Multi-stage

25.4 (4.46)

16 0.08

30.1 (2.04)

18 0.12

Mathieu

27.7 (4.31)

53

30.8 (1.62)

64

Other

21.8 (2.14)

Staging of correction

Type of correction techniquea
6 < 0.001

29.7 (2.40)

9 0.08

Age during (first) urethra
reconstruction
< 1 year

27.4 (4.42)

49

30.7 (1.82)

1 - 4 year

26.0 (5.32)

7

30.9 (1.63)

59
9

> 4 year

26.0 (5.20)

3 0.69

29.6 (1.52)

5 0.39

Age at time of the study
< 12

27.4 (4.31)

42

31.0 (1.52)

52

12 - 17

26.9 (5.19)

15

29.9 (2.13)

18

≥ 18

23.0 (0.00)

2 0.40

28.7 (0.58)

3 0.01

Complicationsb and reoperationsc
No complication, no reoperation

27.8 (4.70)

35

31.2 (1.40)

No complication, but reoperation

32.0 (0.00)

2

31.0 (1.41)

2

Complication, no reoperation

23.2 (4.92)

5

30.2 (1.30)

5

Complication and reoperation

26.4 (3.35)

17 0.06

29.2 (2.02)

48

18 < 0.001

Modified Mathieu correction was used. Other types of repair were for example Duckett repair or tubularized incised plate
urethroplasty.
b
Complications were described as a urinary tract infection or wound dehiscence developed within one month after surgery, or urethrocutaneous fistulas, prepuce related complications, or other complications developed at any time during
follow-up.
c
Reoperations were described as any unexpected hypospadias related surgery performed after the initial correction.
Sd: standard deviation.
a
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In this study, 23 patients had complications, of whom five did not undergo a repeat
operation. Three of those had only minor dehiscence of the urethra or prepuce, which
healed spontaneously. The other two had a fistula. Even though only one of these
patients wanted a reconstruction, the satisfaction scores given by both patients was low
(scores of 23 and 24). Two patients in this study had a repeat operation in the absence
of any complication. These repeat operations were performed because of aesthetic
dissatisfaction on the part of the patient and/or his parent(s). Patient satisfaction after
repeat operation was the maximum score (32.0) for both patients.
When we excluded patients with a proximal form of hypospadias (n = 4) and patients aged
≥18 yr during study (n = 2), the differences in patient satisfaction between the categories
were less pronounced (data not shown).

Discussion
Overall patient/parent and physician satisfaction and clinical outcome scores were
relatively high, but patients were less satisfied than the physician for all parts of the
satisfaction questionnaire. Patients seemed to base their satisfaction on different
aspects compared to the physicians. Overall patient satisfaction was associated with
the preoperative meatal location, type of correction, and satisfaction with meatal shape,
penile length, and genital appearance. Physician satisfaction was more associated with
postoperative meatal location and patient age during the study. Factors influencing both
were preoperative presence of chordee, clinical outcome, postoperative complications,
and repeat operations.
Although overall patient satisfaction was lower than overall physician satisfaction, this
was not true for every patient and for every item, resulting in a low correlation between
patient and physician scores. Our results correspond with those of Mureau et al [8], but are
in contrast to findings reported by Weber et al [7]. The latter study used a panel of blinded

7

urologists to score physician satisfaction, which could be one of the explanations for
these differences. Some say that young age is associated with higher patient satisfaction
[7, 22], but the mean age of patients in our and the other studies did not differ. Weber et al [7]

differentiated patient satisfaction from that of their parents, and found that parents were
less satisfied. This differentiation was not analysed in our study because of limited power.
However, most questionnaires (64%) in our study were filled out by or with the help of
parents, which could explain the lower satisfaction.
In our study, penile length was one of the items that scored especially low on patient
satisfaction. Even though this parameter is not changed by surgery, some studies show
that in general, satisfaction with penile length influences patient satisfaction [23]. General
penile satisfaction is found not to be associated with actual length of the penis [8], but with
satisfaction about penile length [24, 25]. In contrast to Weber et al [7], satisfaction with penile
length was measured with the questionnaire used in our study and that of Mureau et al [8].
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The influence of original and postoperative meatal location on satisfaction is
controversial. In our study, patients with preoperative proximal hypospadias were less
satisfied than patients with glanular or distal hypospadias, which is supported by some
studies [25, 26] but not by all [7, 16, 27]. Some studies found that the postoperative meatal
location influenced patient satisfaction

[8, 23],

but we did not find this association,

although physician satisfaction seemed to be influenced by this.
Satisfaction was expected to be positively influenced by a good clinical outcome.
However, the correlation between (patient) satisfaction and HOSE was rather low. A
good explanation for this discrepancy is that although HOSE seems to be an adequate
instrument to measure clinical outcome, it only partly evaluates functional outcome and
does not evaluate all aesthetic aspects, such as the prepuce and scars. In our hospital, a
prepuce reconstruction is performed if the situation allows it, and we think that scoring
of this item would be a good contribution to the evaluation system.
Complications had a negative influence on patient satisfaction, despite repeat operation.
However, patient satisfaction was higher among patients with a complication when a
repeat operation was performed compared to when no repeat operation. For most of the
patients in the latter group, no repeat operation was performed because the complication
had healed spontaneously. However, patients in this group were still unsatisfied.
Conversely, two other patients without complications who underwent a repeat operation
for aesthetic reasons gave the maximum satisfaction score. These findings stress the
importance of a repeat operation in some patients, even for dissatisfying aesthetic
results.
Many techniques have been described for hypospadias surgery, with varying results. The
Mathieu repair has existed for quite some time, and our department has wide experience
with this technique, with good results. The main hypospadias surgeon performed a
one-stage Mathieu repair in approximately 66% of the cases, which makes the study
population quite homogeneous. Comparison of clinical outcome and satisfaction after
hypospadias correction has previously been reported

[7, 24],

but our study combined

patient and physician satisfaction, clinical outcome measured using HOSE, and several
patient and treatment characteristics.
With 74 of the 205 eligible patients actively participating and 59 patients with complete
information, the number of patients included in our study was rather low (36% and
29%, respectively). Reasons for not participating ranged from not wanting to recall the
intense treatment period to no interest because they had forgotten about the treatment.
Some refused participation because we combined this study with a study involving
blood sampling for DNA analyses. There was a low number of patients with proximal
hypospadias (6.8%) in our study and only three children aged ≥18 yr (4.1%); however
these percentages are comparable to those in the group of invited patients. Therefore,
there seems to be no evidence of selective patient participation.
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Conclusions
An acceptable clinical outcome does not always provide the best patient satisfaction. In
this study, total patient and physician satisfaction and clinical outcomes were relatively
high, but patients were less satisfied than physicians. Patient satisfaction seemed to be
more influenced by aesthetic appearance, but both patients and physicians appeared
to incorporate clinical characteristics and outcome in their opinion on satisfaction.
Considering these differences, patient satisfaction should be evaluated properly instead
of making assumptions based on physician satisfaction or clinical outcome only.

7
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES

The aim of this thesis was to increase the knowledge about factors influencing the
development of hypospadias and the postoperative outcome, especially complications,
after hypospadias surgery. We were the first to study the role of gene-environment
interaction between folic acid and an MTHFR polymorphism in the development of
hypospadias. In our postoperative studies, we used information from medical records as
the basis for most studies on postoperative outcome, but we embedded parent-reported
complications and satisfaction with the outcome as well. Not only did we focus on the role
of treatment-related factors in the development of postoperative complications, but we
also investigated the role of pregnancy- and patient-related factors. In addition, we were
the first to develop a prediction model for the risk of complications after hypospadias
surgery.
In this final Chapter, methodological considerations will be discussed first, before
elaborating on the main findings of the studies included in this thesis in light of the
objectives and the existing literature, and addressing the implications for clinical practice
and future perspectives.

Methodological considerations
Study design
All studies described in this thesis were of an observational and retrospective nature. The
study described in Chapter 2 had a case-control design, comparing hypospadias patients
with healthy controls. For all other studies, a retrospective cohort study design was used,
with prospective collection of outcome data in the last two studies (Chapters 6 and 7).
Observational data provide lesser amounts of evidence for causal inferences based
on the study results than experimental data, but the latter are most often not possible
for ethical reasons. Retrospective studies are efficient designs to assess associations
between exposures and outcomes when the outcomes have a relatively low prevalence,
such as hypospadias. A disadvantage of collecting information with questionnaires
about potential risk factors after the outcome has been established is that it may cause
several biases, which are discussed in the next paragraphs. A prospective study design
would improve the quality of the information obtained by questionnaires, but it would be
an inefficient way to collect data for a sufficient number of hypospadias patients within a
reasonable time-frame. This could be solved by including more hospitals into the study,

8

with the disadvantage of introducing larger variation into the treatment-related variables.

Study populations
For the findings described in this thesis, two patient populations, one control population,
and several data sources were used (Table 1).
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TABLE 1

Study populations and data sources included in the studies in this thesis by

Chapter.
DATA SOURCES

AGORA1 data

DNA samples

Radboudumc4 /
MCL5 / Controls

Radboudumc /
MCL / Controls

Medical
records

Online questionnaire

Radboudumc

Radboudumc

Satisfaction
HOSE2
questionnaire

CHAPTERS
Folic acid supplements and MTHFR3
Agreement between
medical records and
parents’ reports
Preoperative illnesses

Radboudumc

Radboudumc

Prediction model for
postoperative complications

Radboudumc

Radboudumc

Complications after
hypospadias correction

MCL

Patient satisfaction
with surgical outcome

MCL

Radboudumc

MCL
MCL

MCL

AGORA = Aetiologic research into Genetic and Occupational/ environmental Risk factors for Anomalies in children
HOSE = Hypospadias Objective Scoring Evaluation
3
MTHFR = methylenetetrahydrofolate reductase
4
Radboudumc = Radboud university medical center
1

2

5

MCL = Medical Centre Leeuwarden

The majority of the patients were treated for hypospadias in the Radboud university
medical center (Radboudumc) and were included in the AGORA (Aetiologic research into
Genetic and Occupational/ environmental Risk factors for Anomalies in children) dataand biobank. Another patient group was derived from the Medical Center Leeuwarden
(MCL). In the Radboudumc, the recruitment of hypospadias patients for AGORA is an
ongoing, routine procedure, which is mostly performed by two nurse practitioners
specialized in paediatric urology. The patients are surgically treated by paediatric
urologists at the department of Urology. To keep the burden for the children low, blood
sampling for DNA analyses is most often performed during surgery. Blood of the parents
is drawn while they are at the hospital for the treatment of their child. In the MCL, patient
recruitment for the AGORA data- and biobank was temporarily performed for the duration
of one year. The patients were surgically treated by plastic surgeons at the department
of Plastic Surgery. Whereas new patients were approached for participation at first
admittance, patients in follow-up after surgery were asked to come in for a regular checkup, which would have been performed in one of the following years otherwise. As most of
the patients in this cohort had already had hypospadias correction, blood sampling could
often not be performed during surgery.
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Although the exact response rate cannot be calculated for the Radboudumc study
population, the participation rate among new patients is relatively high, due to the
structured procedure [1]. Therefore, we assume that selection of hypospadias patients
in the study population from AGORA is limited. For the MCL study population, the
participation rate was lower. In total, 37% of the invited patients participated actively.
Although participation in the satisfaction and postoperative outcome studies was
separated from participation in AGORA, the burden of blood sampling was one of the
reasons for patients or parents to refuse participation. Other reasons for not participating
ranged from not wanting to recall the intense treatment period to not having interest in
the study because they had forgotten about the treatment. The treatment characteristics
of these patients, however, were similar to the characteristics of the remainder of the
cohort, suggesting no substantial selection.
Other differences between the two patient groups are treatment-related differences,
such as the types of surgical technique and suture materials used, and the duration the
urethral catheter was left in place postoperatively. These differences reflect variations
found in the literature regarding hypospadias treatment

[2-4].

We do not expect these

variations in treatment to have influenced our results in the only study in which we
combined the two cohorts (Chapter 2). The focus of that study was the use of folic
acid supplements and its role in the aetiology of hypospadias, and the patient-related
characteristics were similar in both study populations. The results of the studies in which
either of the groups were used may have been slightly different if they would have been
performed in both groups. For example, the number and types of complications could
be different depending on type of surgery, but we do not expect different responses in
patient satisfaction on complications, once it occurred.
The population-based controls (Chapter 2) were randomly sampled from municipalities
in the geographical areas from which the patients originated (Radboudumc and MCL) and
were of similar age after exclusion of patients born before 1990. Although participation
rates differed between patients and controls, based on the characteristics of the study
population, both groups seemed to be representative for the base population. More
specifically, among control mothers, 69% were classified as folic acid users, which is
comparable to recent Dutch studies on folic acid use [5, 6].

8

The proportions of the different hypospadias phenotypes described in this thesis
were similar to the proportions reported in earlier Dutch studies that used the same
classification

[7-9].

However, throughout the literature, multiple different classifications

of hypospadias phenotypes are used

[10].

Due to local preferences, the definitions of

hypospadias phenotypes also varied between the study populations described in
this thesis. Whereas in the Radboudumc the phenotypes were classified into anterior
(hypospadias sine hypospadias, glanular, and (sub)coronal forms), middle (distal
penile, midshaft, or proximal penile), or posterior (penoscrotal, scrotal or perineal), the
phenotypes in the MCL were divided into glanular (glanular and coronal hypospadias),
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distal (subcoronal, distal penile and mid-shaft hypospadias), or proximal (proximal
penile, penoscrotal, midscrotal and perineal hypospadias). For the study in Chapter 2, in
which both study populations were combined, the classification from the Radboudumc
was used.
For practical reasons, the inclusion of hypospadias phenotypes in our studies varied
throughout this thesis. Whereas in Chapters 2, 3, 6, and 7, patients were included
regardless of hypospadias phenotype, only patients with anterior and middle
hypospadias were included in Chapters 4 and 5. In these chapters, we studied several
variables concerning primary hypospadias surgery and postoperative outcome after this
initial surgery. Approximately half of the patients with posterior hypospadias had a multistage operation, which made it difficult to define the pre- and postoperative conditions of
interest correctly. Therefore, patients with multi-stage procedures (n=43) were excluded,
as well as the other patients with posterior hypospadias (n=54) to increase homogeneity
of the study population. As a result, the findings of the studies described in Chapters 4
and 5 pertain to patients with anterior and middle hypospadias only.

Data collection
Medical records
Detailed information on diagnosis, treatment-related variables, and postoperative
complications was retrieved from the medical records by a medical doctor supported
by medically trained research assistants using structured data forms. Due to the
retrospective nature of the data, some variables were not reported in a standardized
manner or were based on the clinical opinion of the evaluating physician or nurse
practitioner. Although prospective assessment of complications may be more reliable
than retrospective assessment [11], we expected not to have missed many complications
due to a structured postoperative follow-up protocol. In this follow-up protocol, patients
are invited to visit the outpatient clinic at one week, six weeks, and six and twelve months
after surgery. The start of two nurse practitioners specialized in paediatric urology in
2003 improved postoperative follow-up as well as preoperative screening. The nurse
practitioners are easily available for patients or parents in case of any questions. Because
of this low threshold in combination with the structured follow-up protocol, we expected
the medical records to be reliable and to contain detailed information.
To determine if our medical records were truly reliable in their description of
complications, we performed an analysis of the agreement on complications between
parents and the medical records (Chapter 3). The medical records were individually
reviewed for complications instead of using a complication registry, because the latter
tend to be incomplete, especially for less severe complications

[12].

Our complication

rates of 19-31% within one year after surgery based on the medical records are in line
with recent literature showing short-term complication rates based on medical records
between 12% and 24%

[13-17].

However, we found that some hypospadias-related

complications, especially curvature and micturition-related problems, were less often
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registered in the medical records than described by the parents. This inconsistency may
have been caused by poor registration or by treatment of patients in primary care or in
another medical institution and it suggests that the complication rates in our studies (and
in others) are underestimations of the total number of complications.
Questionnaires
The AGORA questionnaires were the main source of information for pregnancy- and
patient-related factors in the studies described in Chapters 2, 4, and 5. The AGORA
questionnaires provided us with information about demographics, family history, health
and lifestyle before and during pregnancy, pregnancy outcome, and occurrence of
hypospadias in first degree relatives. The online follow-up questionnaire was used for the
studies described in Chapters 3 and 5 and contained questions regarding the neonatal
period, patient health in the first two years of life, and treatment outcome according
to the parents. These detailed questionnaires made it possible to include the factors
mentioned above in our analyses as risk factors, possible confounders, or prognostic
factors. Although the retrospective and self-reported nature of data collection by means
of questionnaires may lead to bias, it is an efficient method for collecting large amounts
of data.
To keep the non-response to the questionnaires described in this thesis to a minimum,
we used several strategies advised by Edwards et al.

[18].

In both hospitals, parents of

new patients received the AGORA questionnaire at the out-patient clinic after a short
explanation given by the physician. They were asked to return it at time of surgery of their
child and if they forgot to fill out the questionnaire, they were given the opportunity to do it
during surgery of their child or at home and send it back to the hospital. Parents of patients
that already had surgery were invited by mail and a reminder was sent if no response was
given. If parents of patients that had surgery in the MCL declined participation, they were
specifically asked for a reason. For the online questionnaire, an introduction letter was
sent in advance followed by a mail or email reminder, if no response was received. For
both questionnaires, confidentiality was assured and a deadline for completion was
given.
For new patients, the AGORA questionnaires were completed around the time of
hypospadias correction in the child, usually before the age of two, but parents from older

8

hypospadias patients filled out the questionnaires later in the child’s life. This time lag may
have resulted in misclassification in several variables. In Chapter 2, the periconceptional
use of folic acid supplements was investigated in a case-control design using both cases
and controls from AGORA. Because information on timing of use was available from most
mothers, we were able to exclude mothers who did not know the period of supplement
use from the folic acid analyses to minimize the effects of misclassification. According
to Satia-Abouta et al., the validity of self-reported vitamin supplement use seems high
[19], and it may be even higher in the Netherlands, where a great deal of attention is given

to periconceptional folic acid use. Although small differences in misclassification may
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be present between the cases and controls, these will have relatively small effects and
therefore little influence on the association between the use of folic-acid supplements
and hypospadias. In the studies investigating postoperative outcome described in
Chapters 4 and 5, most variables from the AGORA questionnaire, such as birth weight and
duration of pregnancy, were clearly defined and easy to recall. Moreover, as pregnancy
is a major life event, we expect that the participating parents adequately recalled the
majority of the pregnancy-related information.
The online parental questionnaire was sent out between April and August 2015. For part
of the patients, this was quite some time after their hypospadias treatment. Because
parents may have forgotten certain information, the data may not be complete. If recall
was differential between patients with and without complications, information bias may
have influenced the results of the studies in which data from this questionnaire were
used. The time around the hypospadias surgery may have been more intense for parents
of a child that had complications and therefore, they may have a better recollection
of information concerning that period in comparison to parents of a child that had
uncomplicated surgery. For that reason, the medical records were used for most of the
clinical information. Another problem we encountered because of the time lapse was that
not all home or email addresses were up-to-date. To reduce the ensuing non-response,
parents were given the possibility to start the online questionnaire when either the postal
or the email invitation was received. The total response rate of the online questionnaires
was high with 66%. The patients in the participating group had a slightly higher number
of prepuce reconstructions than non-responders and their sons were born with a higher
birth weight. Both variables were found not to influence the postoperative outcome and
therefore, these differences have little influence on the results of our studies.
In the study in Chapter 6, the final clinical outcome was measured with the Hypospadias
Objective Scoring Evaluation (HOSE), a validated objective scoring method to assess
surgical outcome after hypospadias reconstructions

[20].

The HOSE consists of five

aspects: meatal location, meatal shape, urinary stream, erection, and fistulas, which are
each rated on a 2 or 4 point scale. We preferred to base the HOSE on physical examination
during a visit to the outpatient clinic, but the number of active participants was low.
Therefore, the HOSE for the remainder of the cohort was based on the most recent
medical information in combination with routinely made medical photographs. Sufficient
information to determine the HOSE was available for 65% of these patients. Although
determination of the HOSE based on the medical records in combination with medical
photographs was not ideal, Baskin et al. found medical photographs to be a reliable
source for evaluation of the postoperative outcome [21].
Although the HOSE is a validated and objective scoring method to assess several penile
aspects, the omission of scores for functional and objective aesthetic outcomes and for
the outcome of prepuce reconstruction or circumcision is a downside of the HOSE. This
may lead to a high HOSE score, although the clinical outcome is not optimal. Therefore,
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Van der Toorn et al. updated the HOSE to the Hypospadias Objective Penile Evaluation
(HOPE) by adding evaluation of the glans, skin, and torsion, and deleting the questions
about urinary stream and postoperative fistulas

[22].

Standardized photographs and

reference pictures were added to increase objectivity of the HOPE score. Unfortunately,
this scoring method was not yet available at the time of the study described in Chapter 6.
In our study described in Chapter 7, patient satisfaction with postoperative outcome
was determined using a standardised questionnaire developed by Mureau et al.

[23].

This questionnaire was chosen because it had been used in a Dutch hypospadias
population before. The questionnaire developed by Weber et al. uses similar questions
about penile perception and may have been suitable well [24], but in our opinion Mureau’s
questionnaire was more elaborate. The satisfaction about eight specific genital aspects,
ranging from position of meatus to scars and penile appearance in general, was rated
on a 4 point scale, ranging from 1 ‘very dissatisfied’ to 4 ‘very satisfied’, for each aspect.
It was up to the patient and his parent(s) to decide who would fill out the questionnaire.
Because of the young mean age of the patients at time of study (10.5 years), the majority
of questionnaires (64%) were filled out by or with help of the parent(s). Although we
considered making a clear distinction between satisfaction scored by patients and
parents, as was done by Weber et al. [24], the low numbers prevented us from doing so. As
the combined satisfaction score may give a less reliable assessment of the actual patient
satisfaction, future research should strive towards clear distinction between patient and
parent satisfaction.

Main findings in light of the objectives and existing literature
With the studies described in this thesis, we aimed to answer the following research
questions:
1 What is the role of maternal periconceptional use of folic acid supplements and the
C677T MTHFR polymorphism in the risk of hypospadias?
2 Which treatment-, patient- or pregnancy-related factors influence the occurrence of
postoperative complications and postoperative outcome after hypospadias repair?
3 Can the risk of postoperative complications or unsatisfactory outcome after
hypospadias repair be predicted?

8

Aetiology
The role of maternal periconceptional folic acid supplement use and the C677T
polymorphism in the methylenetetrahydrofolate reductase (MTHFR) gene in the aetiology
of hypospadias was investigated in the study in Chapter 2. Our results were in line with
several studies that did not find an independent association between hypospadias and
folic acid use

[25-29].

In addition, no independent associations or interaction effects

were found for the C677T MTHFR polymorphism and the risk of hypospadias in general.
Subgroup analyses for the different phenotypes of hypospadias showed that not using
folic acid supplements seemed to increase the risk of middle hypospadias, especially
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in infants carrying the MTHFR C677T polymorphism. This is a biologically plausible geneenvironment interaction, as folate levels are not only influenced by folic acid intake, but
also by the C677T polymorphism. The same interaction was found to play a role in other
birth defects as well

[30, 31].

In addition, infants carrying the CT/TT genotype seemed

to have an increased risk of posterior hypospadias, regardless of their mothers’ folic
acid use. Both findings underline the importance of heterogeneity in the aetiology of
hypospadias.
Hereby, the first research question can be answered. Our results do not suggest major roles for
folic acid use or the MTHFR C677T polymorphism in the aetiology of hypospadias in general, but
mothers not using folic acid supplements and/or infants having the MTHFR C677T polymorphism
may have an increased risk of middle and posterior hypospadias.

Postoperative complications
The agreement between parent-reported complications and complications according
to the medical records studied in Chapter 3 was moderate. Complications reported
by parents but missing from the medical records may be due to poor registration by
clinicians or treatment of complications elsewhere

[11, 12].

In addition, parents’ high

expectations of postoperative outcome, misinterpretation of the clinical situation, or
misunderstanding of the questionnaires may play a role [32-34]. Complications registered
in medical records but not mentioned by the parents may be the result of parents
forgetting that a complication happened. The latter was supported by our finding that
agreement was higher for patients that had surgery less than five years before filling out
the questionnaire. Higher agreement was also observed for complications needing a
reoperation in comparison to complications that did not require reoperation. In addition
to better recollection by the parents due to the intensity of extra surgery, we expect these
more severe complications and their treatment to be more extensively registered in the
medical records.
Despite the results above, we used the complications recorded in the medical records for
the studies on postoperative complications, because they provided the most extensive
information. Moreover, including parent-reported complications would have reduced
the number of cases available for analyses due to non-response. On the other hand,
excluding complications reported by parents probably resulted in underestimation of the
number of complications, especially the less severe complications [12].
Our studies described in Chapters 4, 5, and 6 point towards hypospadias phenotype,
penile curvature, and type of surgery having an effect on postoperative outcome, as
described in previous studies [14, 16, 35-38]. Whereas having a middle hypospadias and the
need for a chordectomy were associated with increased risks of complications, certain
types of surgery would lead to decreased risks in comparison to other techniques. Age at
time of surgery did not seem to influence the risk of postoperative complications, which
was also in line with some studies [13, 39, 40], but not with other studies in which surgery at
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higher age showed a higher risk of complications [14, 37, 41]. However, due to the current
protocol to perform hypospadias correction around the age of one for psychological and
perioperative management related reasons [39, 42], the variation in age at time of surgery
was limited in our study population. Therefore, it was not optimal for determining the
influence of age on postoperative complications.
The study in Chapter 5 also showed that more years of surgical experience were
associated with an increased risk of complications. As other studies observed improved
results with more years of experience [35, 37, 43], our findings are most likely due to the fact
that the more experienced surgeons treated the more complicated cases in our hospital.
Therefore, years of surgical experience should be considered as a proxy variable for
one or more underlying treatment-related factors. Although we took many variables
into account in development of the model, several other variables may still play a role in
decision making around hypospadias surgery, which leaves room for improvement of our
model.
Because the treatment-related factors mentioned above only partially explained the risk
of complications in previous studies, we also focused on patient-related factors that
may have an effect on the complication risk. Pregnancy-related factors, such as mode
of delivery, and health-related factors, such as common preoperative illnesses, are
known to have effects on general health or immune status of the child and may thereby
influence the risk of postoperative complications

[44-47].

The preoperative illnesses

investigated in Chapter 4 seemed to decrease the number of short-term postoperative
complications after hypospadias correction with the strongest effect for postoperative
infections. Although the underlying pathophysiology is still unclear, the results of this
study suggest that there is no reason to intensify preoperative screening or to be stricter
about postponing planned procedures to prevent postoperative complications among
hypospadias patients.
In Chapter 5, the patient-related factors birth weight, mode of delivery, breast feeding,
weight-for-age at time of surgery, and exposure to smoking during the first 2 years of
life were combined with the treatment-related factors (hypospadias phenotype, type of
surgery, surgeon’s experience, chordectomy, type of prepuce reconstruction, and age
at time of surgery) to develop the first prediction model to estimate the postoperative

8

complication risk after one-stage surgery for anterior and middle hypospadias. The
model developed showed good calibration and discriminative ability and contained the
treatment-related factors hypospadias phenotype, surgical technique, chordectomy,
and surgeon’s experience, in accordance with the findings in Chapters 4 and 6. None
of the patient- and pregnancy-related factors contributed to the model. Because we
aimed to develop a model that could assist during preoperative parental counselling a
few weeks to months before surgical correction, only variables available at the time of
consultation were included. Therefore, preoperative illnesses – found to be associated
with postoperative complications in Chapter 4 – could not be included in the prediction
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model, as these are only assessed shortly before surgery. Including preoperative
illnesses may have increased the performance of the model, but then the use of the
model would be limited to last minute preoperative consultation on the day of surgery.
The studies in Chapters 3 and 6 show that approximately 30% to 40% of the complications
developed more than one year postoperatively. Although Snodgrass et al. found that 80%
of all complications occurred within one year postoperatively [48], our results are more in
line with studies by Schneuer et al. and Nuininga et al. who found that approximately half
of the complications occurred after one year and 17% of all complications after 5 years,
respectively [39, 49].
These results provide the answer to the second research question: most pregnancy- and patientrelated factors do not seem to have an effect on the complication rate, with the exception
of preoperative illnesses. The treatment-related factors hypospadias phenotype, surgical
technique, surgeon’s experience, and chordectomy influence the occurrence of postoperative
complications after hypospadias correction. The prediction model developed from a combination
of these factors provides an estimation of the risk of postoperative complications, which answers
the first part of the last research question of this thesis, given that this model will be validated
externally.

Postoperative outcome
To answer the second part of the last research question, we analysed the impact of
complications after hypospadias correction on final clinical outcome, measured with
HOSE, in the study described in Chapter 6. A lower outcome score was measured in
patients that developed a fistula or multiple complications, despite the performance
of reoperations, but other complications did not reduce the clinical outcome score.
Postoperative complications, despite the performance of reoperations, were also
found to be one of the factors reducing patient satisfaction in Chapter 7. This stresses
the importance of reducing the number of complications and thereby the need for
reoperation.
Further results from the study in Chapter 7 show that overall patient/parent and
physician satisfaction and clinical outcome scores were relatively high, but patients
were less satisfied than the physician for all parts of the satisfaction questionnaire,
and satisfaction seemed to be based on different aspects. Although both patients
and physicians appeared to incorporate clinical characteristics and outcome in their
opinion of satisfaction, patient satisfaction seemed to be more influenced by aesthetic
appearance. Considering these differences, patient satisfaction, just as the patientreported complications in Chapter 3, should be evaluated properly instead of making
assumptions based on physician satisfaction or clinical outcome only.
In conclusion: several factors predict postoperative complications, and postoperative
complications themselves play an important role in the determination of clinical outcome.
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However, the inconsistencies between the opinion of the patient/parent and the physician
about both postoperative complications and clinical outcome point out the importance of clear
communication between clinicians and patients and/or their parents.

Clinical implications and future perspectives
Although the results in Chapter 2 suggest only a limited role for folic acid supplements
or the MTHFR C677T polymorphism in the aetiology of hypospadias in general, some
pregnancies at risk for having a child with hypospadias may benefit from folic acid use.
Moreover, folic acid supplementation has a protective effect for several other congenital
malformations, such as neural tube defects and cleft lip and cleft palate [31, 50-54], whereas
reports of adverse effects are scarce. Therefore, the already existing recommendations
to use folic acid supplements during the periconceptional period should be continued or
reinforced. In the Netherlands, a great deal of attention is given to periconceptional folic
acid use resulting in use among approximately 70% of pregnant women according to our
results as well as those found by others [5, 6].
Currently, no clear preventive measures exist that can be taken to prevent hypospadias.
In order to find these preventive measures, we stress the importance of studying the
combination of genetic and environmental factors in the aetiology of hypospadias.
Furthermore, multiple studies found that different hypospadias phenotypes seemed
to have different risk factor patterns

[7, 55, 56],

as was found in our study in Chapter 2.

Therefore, we recommend stratification by phenotype in research into the development
of hypospadias as well as in studies on postoperative outcomes. Hypospadias
phenotype is a relevant predictive factor for the difficulty of the surgical correction and
the type of surgical technique used and it should be carefully described to enable correct
comparison of postoperative results among different studies.
In the chapters concerning postoperative complications, we assumed the complications
recorded in medical records to be reliable and complete. However, our results in
Chapter 3 showed some discrepancies with the complications reported in the parental
questionnaire, which indicate that improvements can and need to be made. To reduce
the number of missed complications, clinicians need to carefully inquire about past and
present patient/parent-reported complications, including those for which treatment

8

was sought elsewhere. Furthermore, it is important to improve pre- and postoperative
parental counselling about expected postoperative outcome and complications. This
will prevent parents from defining normal physiological postoperative responses as
complications and will help them understand when to contact the hospital in case of
complications. In a similar fashion as described for postoperative complications, preand postoperative parental counselling can help manage parent’s expectations, bringing
parent/patient satisfaction and physician satisfaction closer together. As we found in
Chapter 7 that patient satisfaction is particularly influenced by aesthetic appearance
and is not only based on clinical outcome, it is important to inquire meticulously about
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parent/patient satisfaction, instead of making assumptions based on satisfaction of
the clinician. Higher agreement on both postoperative complications and postoperative
satisfaction with clinical outcome will give physicians and parents a more reliable view
on the expected outcome after hypospadias surgery. This is important for both research
purposes and preoperative counselling of parents, hopefully resulting in improvement of
medical care.
In order to improve parental counselling and reduce the threshold to contact the
physician or nurse practitioners, modern methods of communication, such as emailing
and video calling, can be used. Easier ways to communicate with clinicians may also
reduce the number of patients lost to follow-up. The current follow-up protocol in the
Radboudumc involves several visits in the first year postoperatively, but also after
5, 10, and 15 years. The large proportion (30-40%) of the complications described in
Chapters 3 and 6 developing more than one year postoperatively suggest that the limited
postoperative follow-up of only one year as used in many studies is insufficient. As long as
patients grow up, functional, psychological, and sexual problems may develop even after
seemingly successful reconstructive surgery. Therefore, long-term follow-up until after
puberty is advised for both clinical and research purposes.
In the study in Chapter 4, we found no adverse effects and even protective effects of
preoperative illnesses on the occurrence of short-term postoperative complications.
In patients with a severe cold with green mucus or a fever above 38° C on the day of
surgery, the scheduled surgery is postponed mostly because of respiratory concerns
after anaesthesia

[45].

For patients with less severe preoperative illnesses, however,

there is no reason to intensify or alter preoperative screening and increase the number
of postponed surgeries as a preventive measure for hypospadias-related complications.
Although it has no medical consequences, postponing surgery last-minute is an extra
burden for the patients and their family, who often adjusted their schedules and made
preparations concerning the surgery and now have to reschedule. For the hospital, it is
hard to replace a last-minute cancellation by another similar surgery, which means that
an entire surgical team as well as an operating room will not be used adequately for
the planned duration of the surgery. We expect that reducing the number of postponed
hypospadias corrections will lead to better psychological welfare of the patients and
their family and to cost reduction for the medical institution.
Because the underlying pathophysiology of the effects of preoperative illnesses on
postoperative complications is unclear and our study had a retrospective design, it
would be worthwhile to perform one or more prospective studies for independent
replication of the results from Chapter 4. Possible study designs could include taking
preoperative nasal swabs of all children that have hypospadias reconstruction
or other types of elective surgery, such as orchidopexy, inguinal hernia repair, or
tonsillectomy, to discover preoperatively present pathogens that may be associated
with a decrease in postoperative complication. For better assessment of the latter,
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structured postoperative follow-up strategies should be employed including cultures of
infected wound areas, if needed. Since preoperative illnesses may also have effects on
anaesthesiologic complications, these should be considered as outcome measures as
well.
The prediction model described in Chapter 5 was developed to give parents an objective
perspective on the postoperative outcome and the complication risks involved in
hypospadias correction, to manage their expectations and help them decide about
surgery that may be seen as elective for milder hypospadias cases. This model is the first
step towards individualized risk prediction of postoperative complications, which can
assist in the decision making for both parents and clinicians and help reduce decisional
regret. However, independent replication and validation of our results are necessary
before the model can be put to use during preoperative counselling of parents.
In an ideal prediction model, it would be possible to insert the fixed variables, such as
hypospadias phenotype and penile curvature, and the model would determine the
optimal surgical circumstances, such as type and timing of surgery, to minimize the risk of
postoperative complications and achieve the best clinical outcome and highest patient
satisfaction scores as studied in Chapters 6 and 7. However, this was not achievable
with the observational data that were available for the development of our model

[57].

Although we took many variables into account, other – unknown – variables may also
play a role in the decision making, which leaves room for improvement of the model. A
prospective study design would greatly improve the quality of the model, but collecting
sufficient clinical data using a prospective design is very time-consuming. Therefore,
the Radboudumc participates in the Dutch Hypospadias Study, which is a multicentre
registry for the prospective collection of surgical results of hypospadias corrections
started in 2009 [9]. Using these data in further model development may result in a more
reliable prediction model, which can be validated in different patient populations and can
eventually be used to optimize surgical circumstances. Moreover, new developments in
pre-, peri, and postoperative care should be incorporated to keep the prediction model
up-to-date.
From the various scoring methods developed to objectively measure postoperative
outcome, the HOSE score was chosen for the study described in Chapter 6. As the

8

HOSE has some flaws, however, it was updated by Van der Toorn et al. to the HOPE [22].
Because both the HOSE and HOPE scores do not take into account the appearance of the
prepuce, Esposito et al. added three prepuce-related questions to the HOPE, naming this
the modified HOPE score [58]. As this modified HOPE score was based on a small study
population and was not validated, however, we suggest to use the HOPE score developed
by Van der Toorn et al. to evaluate clinical outcome after hypospadias correction, as
long as the modified HOPE is not validated. The patient/parental opinion of the clinical
outcomes using the HOPE score is also collected in the Dutch Hypospadias Study, so
this study may help to optimize clinical outcome in the future. Using patient-reported
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outcomes for overall outcome, complications, and satisfaction can be of great help in
the communication between patients/parents and physicians. It makes the problems at
hand more visible and allows better comparison of pre- and postoperative situations.

Concluding remarks
Folic acid supplements and the MTHFR C677T polymorphism seem to have no major
effect on the development of hypospadias. For future research into hypospadias
aetiology we suggest to include gene-environment interactions. Moreover, clearly
defined stratification by hypospadias phenotype should be used, not only for research
into aetiology but also in studies concerning postoperative outcome. We found that
preoperative illnesses did not increase the risk of postoperative complications and we
hope that these results will lead to a reduced number of postponed operations. The
registration of postoperative complications in medical records should be improved
and should include patient/parent-reported complications. Patient/parent-reported
outcomes are also important for postoperative satisfaction because the agreement
between clinicians and patient/parents on both complications and satisfaction was
relatively low. A first prediction model for postoperative complications was developed
that may improve preoperative counselling and manage parents’ expectations in the
future. To expand and validate the current model, additional – preferably prospective
– research is required. As a large number of complications may develop several years
postoperatively, long-term follow-up is advised for clinical as well as research purposes.
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SUMMARY

Summary
Hypospadias is a congenital malformation in boys consisting of a displaced urethral
meatus along the ventral side of the penis, penile curvature and/or a dorsal hooded
prepuce. The underlying cause of hypospadias is unknown in the majority of patients
and is most likely multifactorial, including both genetic and environmental factors. The
treatment of hypospadias consists of surgical correction usually performed within the
first or second year of life. Postoperatively, a wide variety of complications is seen and
the long-term complication rate may reach 50%.
The aim of this thesis was to develop additional knowledge concerning the aetiology of
hypospadias and the prognosis of clinical and patient-related outcomes after surgical
repair.
In Chapter 1, a general introduction to the topic is given and the overall aims and
objectives as well as the study design and the outline of this thesis are described.
The role of maternal periconceptional folic acid supplements in the aetiology of
hypospadias is described in Chapter 2. Although folic acid seems to play a role in several
other congenital malformations, such as neural tube defects and orofacial clefts, our
study did not suggest a major role for folic acid supplements in the development of
hypospadias. As the C677T polymorphism in the methylenetetrahydrofolate reductase
(MTHFR) gene may influence folate levels, we also studied the independent role of this
polymorphism and the gene-environment interaction between this polymorphism and
folic acid supplements. No independent associations or interaction effects were found
for the risk of hypospadias in general. However, not using folic acid supplements in
combination with the MTHFR C677T polymorphism in the child may increase the risk of
middle and posterior hypospadias.
Most

studies

investigating

complications

after

hypospadias

correction

use

retrospectively collected data from medical records based on information reported by
clinicians, but the accuracy of this information is questionable. Therefore, we studied
the agreement on complications between medical records and parents’ reports in
Chapter 3, which was found to be moderate. Complications mentioned by parents
missing from the medical records may be due to misclassification or misinterpretation
of the clinical situation or the parental questionnaire by the parents, poor medical
registration, or treatment of complications elsewhere. On the other hand, complications
described in the medical records not mentioned by the parents may be the result of

9

reduced recollection of complications, especially those that occurred less recently
or did not require reoperation. Improvement of registration of complications and preand postoperative parental counselling may increase agreement and thereby improve
medical care for hypospadias patients.
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Factors influencing the occurrence of postoperative complications and postoperative
outcome were investigated in the studies described in Chapters 4, 5 and 6. In Chapter
4, we studied the effects of preoperative illnesses on the complication risk after
hypospadias correction. We found mild preoperative illnesses, such as the common
cold and fever in the weeks just before surgery to reduce the number of postoperative
complications, especially postoperative infections. The results of this study suggest that
there is no reason to be stricter about preoperative screening and postponing planned
procedures to prevent postoperative complications among hypospadias patients that
have mild preoperative illnesses in the weeks before surgery.
Many studies have tried to identify prognostic factors for the development of
complications after hypospadias surgery, mostly focusing on treatment-related
factors. In the studies in Chapters 5 and 6, we found that the treatment-related factors
hypospadias phenotype, surgical technique, chordectomy, and surgeon’s experience
have an effect on the surgical outcome, which corresponds for the most part with
previous studies. Since treatment-related factors do not explain the risk of complications
entirely, we also included patient-related factors in the development of the prediction
model described in Chapter 5. However, none of the patient-related factors analysed
seemed to influence the complication risk. The prediction model developed includes
only treatment-related variables that are available several weeks preoperatively. After
external validation, this model may be used to give parents an objective view of the
postoperative complication risk during preoperative counselling.
In Chapter 6 we used the Hypospadias Objective Scoring Evaluation (HOSE) to assess
postoperative clinical outcome. The overall scores were high, but having fistulas or
multiple complications reduced the clinical outcome, despite the performance of
reoperations. Both in this Chapter and in Chapter 3, we found that a large number of
postoperative complications can still develop many years after surgery. Therefore, longterm follow-up is advised for both clinical and research purposes.
Patient satisfaction with clinical outcome was analysed in Chapter 7. Overall patient/
parent and physician satisfaction and clinical outcome scores were relatively high,
but patients were less satisfied than the physician for all parts of the satisfaction
questionnaire. Although both patients and physicians appear to incorporate clinical
characteristics, such as reoperations and presence of chordee, as well as outcome
in their opinion on satisfaction, patients seemed to base their satisfaction more on
aesthetic appearance. Therefore, satisfaction should be investigated and described in
the medical records more clearly during out-patient clinic visits.
In the general discussion in Chapter 8, we discuss methodological issues concerning
the study design, the study populations, and the methods of data collection. All studies
described in this thesis had a retrospective nature, which has some disadvantages.
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However, collecting information for potential risk factors in a prospective study is less
efficient, because of the relatively low prevalence of hypospadias.
Next, we describe the main findings and discuss these in light of the existing literature,
and we conclude this chapter with clinical implications and future perspectives. We
suggest studying gene-environment interaction in the aetiology of hypospadias and the
use of clearly defined stratification of hypospadias phenotypes for research into both
aetiology and postoperative outcomes. As preoperative illnesses were not found to
increase postoperative complications, we hope that the number of postponed operations
can be reduced. The accuracy of complication registrations should be improved and
should include patient/parent-reported outcomes. We expect that improvement of
parental counselling will increase the agreement on postoperative complications and
satisfaction. A prediction model can help during preoperative parental counselling, but
independent replication of our results in a prospective study remains necessary. Finally,
as many complications may develop several years postoperatively, long-term follow-up
is advised for clinical care as well as research purposes.
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Samenvatting
Hypospadie is een aangeboren afwijking bij jongens waarbij de meatus van de urethra
aan de ventrale zijde van de penis gelegen is met een kromstand van de penis en/of een
afwijkend preputium. Bij de meeste patiënten is de oorzaak van hypospadie onbekend en
waarschijnlijk multifactorieel van aard, waarbij zowel genetische als omgevingsfactoren
een rol spelen. De behandeling van hypospadie bestaat uit een chirurgische correctie,
die meestal wordt uitgevoerd in het eerste of tweede levensjaar. Postoperatief kunnen er
veel verschillende complicaties ontstaan. Het percentage patiënten met een complicatie
op lange termijn kan oplopen tot 50%.
Het doel van dit proefschrift was om aanvullende kennis op te doen over de etiologie
van hypospadie en de prognose van klinische en patiëntgerelateerde uitkomsten na
operatieve reconstructie.
In Hoofdstuk 1 wordt een algemene introductie over het onderwerp gegeven en worden
de doelstellingen, het onderzoeksontwerp en de grote lijnen van het proefschrift
beschreven.
De rol van periconceptioneel gebruik van foliumzuursupplementen door de moeder
in de etiologie van hypospadie is beschreven in Hoofdstuk 2. Hoewel foliumzuur
een rol lijkt te spelen bij enkele andere aangeboren afwijkingen, zoals neurale buis
defecten en orofaciale schisis, toont onze studie geen grote rol voor foliumzuur
aan in de ontwikkeling van hypospadie. Aangezien het C677T polymorfisme van het
methyleentetrahydrofolaat reductase (MTHFR) gen de foliumspiegels kan beïnvloeden,
hebben we ook de onafhankelijke rol van dit polymorfisme en de gen-omgevingsinteractie tussen dit polymorfisme en foliumzuursuppletie onderzocht. Er werden geen
onafhankelijke associaties of interactie-effecten gevonden voor het risico op hypospadie
in het algemeen. Het niet gebruiken van foliumzuursupplementen door de moeder in de
periconceptionele periode in combinatie met het MTHFR C677T polymorfisme bij het
kind zou echter het risico op hypospadie gelokaliseerd in de schacht van de penis of
posterieur kunnen verhogen.
De meeste onderzoeken naar complicaties na hypospadiecorrectie maken gebruik
van retrospectief verkregen data uit medische statussen gebaseerd op informatie
gerapporteerd door clinici. Omdat de nauwkeurigheid van deze informatie in twijfel
getrokken kan worden, hebben we onderzoek gedaan naar de overeenkomst tussen
complicaties zoals vermeld in de medische status en zoals aangegeven door de ouders.
De overeenkomst, zoals beschreven in Hoofdstuk 3, is matig. Complicaties beschreven
door de ouders die niet vermeld werden in de medische status, zijn mogelijk het gevolg
van misclassificatie of misinterpretatie door de ouders van de klinische situatie of de
vragen in de vragenlijst, maar ook van slechte medische registratie of behandeling van
complicaties elders. Aan de andere kant werden er ook complicaties in de medische
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status beschreven, die niet vermeld werden door de ouders. Dit kan komen doordat
ouders complicaties zijn vergeten, vooral de minder recente complicaties en de
complicaties waarvoor geen heroperatie noodzakelijk was. Verbeterde registratie van
complicaties en pre- en postoperatieve uitleg aan de ouders zou de overeenstemming
kunnen vergroten, wat ten goede zal komen aan de medische zorg voor hypospadie
patiënten.
In de Hoofdstukken 4, 5 en 6 worden de studies beschreven waarin we factoren
onderzocht hebben die het ontstaan van postoperatieve complicaties en uitkomsten
beïnvloeden. In Hoofdstuk 4 onderzoeken we het effect van preoperatieve ziektes op
het complicatierisico na hypospadiecorrectie. De resultaten toonden aan dat milde
preoperatieve ziektes zoals verkoudheid en koorts in de weken voor de operatie het aantal
postoperatieve complicaties verminderden, vooral het aantal postoperatieve infecties.
Het resultaat van deze studie suggereert dat er geen reden is om de preoperatieve
screening aan te scherpen en geplande ingrepen uit te stellen om postoperatieve
complicaties te voorkomen bij hypospadie patiënten die milde preoperatieve ziektes
hebben gehad in de weken voor de operatie.
Veel studies hebben getracht prognostische factoren voor het ontstaan van
complicaties na hypospadieoperaties te identificeren, waarbij de meeste nadruk lag
op behandelingsgerelateerde factoren. In de studies in Hoofdstuk 5 en 6 hebben we
gevonden dat het hypospadie fenotype, de operatietechniek, chordectomie en de
ervaring van de chirurg effect hadden op de chirurgische uitkomst, wat grotendeels
overeenkomt met eerdere studies. Aangezien behandelingsgerelateerde factoren
niet het volledige complicatierisico verklaren, hebben we ook patiëntgerelateerde
factoren meegenomen voor de ontwikkeling van het predictiemodel zoals beschreven
in Hoofdstuk 5. De geanalyseerde patiëntgerelateerde factoren hadden echter geen
van allen invloed op het complicatierisico. Het predictiemodel maakt alleen gebruik
van behandelingsgerelateerde factoren die enkele weken voor de operatie beschikbaar
zijn. Hierdoor zou het model, na externe validatie, gebruikt kunnen worden om ouders
tijdens de preoperatieve voorlichting een objectief beeld te geven van het risico op
postoperatieve complicaties.
In Hoofdstuk 6 werd de Hypospadias Objective Scoring Evaluation (HOSE) gebruikt om
de postoperatieve klinische uitkomst te meten. De algemene scores waren hoog, maar
fistels en het voorkomen van meerdere complicaties gaven een verminderde klinische
uitkomst, ongeacht of er een heroperatie verricht was of niet. Zowel in dit hoofdstuk als
in Hoofdstuk 3 vonden we dat een groot aantal postoperatieve complicaties vele jaren
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na de operatie nog kan ontstaan. Daarom wordt langdurige follow-up geadviseerd voor
zowel klinische als onderzoeksdoeleinden.
Tevredenheid van de patiënt over de klinische uitkomst werd geanalyseerd in Hoofdstuk
7. De scores voor algemene patiënt/ouder tevredenheid, tevredenheid van de arts
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en klinische uitkomst waren over het algemeen hoog, maar patiënten waren op alle
onderdelen van de tevredenheid-vragenlijst minder tevreden dan de arts. Hoewel
zowel patiënten als de arts naast klinische karakteristieken, zoals heroperaties en
de aanwezigheid van een chorda, ook klinische uitkomst belangrijk vonden voor hun
tevredenheid, leken patiënten de tevredenheid meer te baseren op het esthetische
voorkomen dan de artsen. Daarom is het van belang om tijdens de poliklinische bezoeken
de tevredenheid van de patiënt en/of zijn ouders goed uit te vragen en te beschrijven in
het medisch dossier.
In de algemene discussie in Hoofdstuk 8 bediscussiëren we de methodologie van het
onderzoeks-ontwerp, de studiepopulaties en de methoden van dataverzameling. Alle
studies beschreven in dit proefschrift waren van retrospectieve aard, wat enkele nadelen
heeft. Daarentegen zou het verzamelen van informatie van potentiële risicofactoren
in een prospectieve studie minder efficiënt zijn, door de relatief lage prevalentie van
hypospadie.
Vervolgens beschrijven we de belangrijkste bevindingen van het proefschrift en plaatsen
deze in het licht van de bestaande literatuur. We sluiten dit hoofdstuk af met de klinische
implicaties en toekomstperspectieven. We adviseren om aandacht te besteden aan genomgevingsfactoren bij onderzoek naar de etiologie van hypospadie. Het gebruiken van
goed gedefinieerde stratificatie van hypospadie fenotype is van belang voor onderzoek
naar zowel de etiologie als postoperatieve uitkomsten. Aangezien we geen negatieve
invloed vinden van milde preoperatieve ziektes op het postoperatieve complicatierisico,
hopen we dat het aantal uitgestelde operaties verlaagd kan worden. De nauwkeurigheid
van de complicatieregistraties zou verbeterd moeten worden en zou tevens uitkomsten
gerapporteerd door patiënten/ouders moeten bevatten. We verwachten dat verbetering
van preoperatieve voorlichting aan de ouders een verbetering geeft van de overeenkomst
van postoperatieve complicaties en tevredenheid tussen de arts en patiënt/ouders.
Een predictiemodel kan helpen bij de preoperatieve voorlichting aan de ouders,
maar onafhankelijke replicatie van onze resultaten in een prospectieve studie is nog
noodzakelijk. Aangezien veel complicaties pas meerdere jaren na de operatie ontstaan,
adviseren we langdurige follow-up voor zowel klinische zorg als onderzoeksdoeleinden.
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c) Symposia & congresses
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Radboud Research Round: Reconstructive & Regenerative Medicine - Radboudumc, Nijmegen - Presentation: ‘Genetics, questionnaires and clinical data and
outcome prediction’

2015

0.1

Scientific meeting of the Dutch Society for Urology (NVU), Den Bosch - Presentation:
‘Interaction between MTHFR 677C>T and periconceptional folic acid supplementation in the risk of hypospadias’ - (Selected as one of the five best abstracts)

2015

0.25

European Section of Urological Research and the Society for Basic Urologic
Research (ESUR-SBUR) congress, Nijmegen - Poster: ‘Genetic associations for
hypospadias: replication and review of current knowledge’

2015

0.25

Dutch Epidemiology Conference (WEON), Maastricht - Poster: Interaction between
MTHFR 677C>T and periconceptional folic acid supplementation in the risk of
hypospadias

2015

0.5

Scientific meeting of the Dutch Society for Plastic Surgery (NVPC), Amsterdam
- Presentation: ‘Prognostic factors for complications after primary hypospadias
correction’

2015

0.25

European Society for Paediatric Urology (ESPU) congress, Prague, Czech Republic
- Poster: ‘Interaction between MTHFR 677C>T and periconceptional folic acid
supplementation in the risk of hypospadias’

2015

1

European Association of Urology (EAU) congress, Munich, Germany - Poster:
‘Prognostic factors for complications following primary hypospadias repair’

2016

1

Weekly epidemiology journal club - Department for Health Evidence, Radboudumc,
Nijmegen

20132015

5.0

Monthly scientific meeting of the Aetiologic research into Genetic and
Occupational / Environmental Risk Factors for Anomalies in Children (AGORA)
project group - Radboudumc, Nijmegen

20132015

1.0

Individual sessions with a biostatistician - Department for Health Evidence,
Radboudumc, Nijmegen

20162017

1.0

Supervision of 3 research assistants

20142015

1.5

Supervision of 3 medical students during their scientific internship resulting in
3 draft papers:

20142016

3.0

d) Other

TEACHING ACTIVITIES
e) Lecturing
NA
f) Supervision of internships / other

Prognostic factors for short term complications following primary hypospadias
correction
Level of agreement of complications after hypospadias correction between
medical records and parents’ reports
Do common preoperative comorbidities in children increase the risk of wound
healing related complications after hypospadias repair?
TOTAL
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41.8

DANKWOORD

Dankwoord
“Als mensen tijdens je promotietraject vragen: ‘Hoe gaat het met je onderzoek?’ bedoelen
ze dat meestal goed.” zei een wijs arts-assistent eens tegen mij. Velen hebben mij deze
vraag de afgelopen jaren gesteld en ondanks dat mijn antwoord niet altijd even vrolijk zal
zijn geweest, wil ik iedereen bedanken voor zijn/haar belangstelling en interesse in de
vorderingen van mijn onderzoek! Daarnaast wil ik natuurlijk iedereen bedanken die op
welke manier dan ook heeft bijgedragen aan het tot stand komen van dit proefschrift. Een
aantal mensen wil ik hier persoonlijk noemen.
Prof. dr. Feitz – Beste Wout – Tussen alle epidemiologen was jij degene met de klinische
input en je had altijd een zeer nuchtere kijk op de zaak, wat mij enorm aansprak. Je
uitspraak “Je proefschrift kan allang af zijn, het is slechts een kwestie van typen, typen, typen…”
geeft wel aan dat het bij een promotieonderzoek niet alleen maar draait om uitgebreide
en moeilijke analyses, maar dat het soms ook een kwestie is van de juiste zinnen op
papier zetten. Als er een klus geklaard of vragen beantwoord moesten worden, wist
jij altijd welke persoon in jouw uitgebreide netwerk daarvoor benaderd kon worden.
Bedankt voor al je hulp en kennis omtrent de meer praktische en medisch-inhoudelijke
kant van het onderzoek.
Dr. ir. Roeleveld – Beste Nel – Hoewel je het altijd verschrikkelijk druk hebt, vond je
gelukkig (meestal) de tijd om mee te denken over de studieopzet en uitvoering van
mijn onderzoek en de revisies van mijn artikelen. Ik was altijd weer blij verrast als er
hele lappen tekst verdwenen, terwijl de inhoud er alleen maar beter op werd. Ik ben je
erg dankbaar voor je bijdrage aan de enorme verbetering van mijn kennis omtrent het
verrichten van medisch wetenschappelijk onderzoek en de (reproductie)epidemiologie.
Ondanks je overvolle agenda heb jij ook nog aandacht voor de persoonlijke kant van de
onderzoeker en altijd tijd voor een goed gesprek.
Dr. van Rooij – Beste Iris – Vanaf het begin af aan heb je me het vertrouwen gegeven dat ik
in staat was om mijn promotie met succes te volbrengen. Bedankt voor al je aanwijzingen
en tips en de verbeteringen van alle teksten die ik geschreven heb. Hoewel het me
regelmatig frustreerde om te horen “misschien moeten we dat ook nog even analyseren”, zijn
de artikelen daar natuurlijk een stuk beter van geworden. En als ik in al mijn enthousiasme
weer eens de draad was kwijt geraakt, wist jij me weer de goede kant op te sturen.
Dr. van der Zanden – Beste Loes – Bij het lezen van de artikelen had jij vaak een
heel andere kijk op de materie dan ik, waardoor ik gedwongen werd alles extra

9

duidelijk te verwoorden. Daarnaast heeft jouw oog voor de kleinste details geregeld
tegenstrijdigheden uit teksten en tabellen weten te halen. Bedankt voor alles wat ik heb
geleerd van jouw inbreng en manier van werken.
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Dr. van der Biezen – Beste Biez – Al tijdens één van onze eerste gesprekken begon je
over onderzoek en promoveren, wat ik een doodeng idee vond. Je had echter grootse
plannen en al snel werd er contact gelegd met het Radboudumc om een samenwerking
op te zetten. Zodoende heb jij eigenlijk de aanzet gegeven voor mijn promotietraject. Tot
mijn grote spijt heb je het uiteindelijke resultaat niet meer mogen meemaken.
Dr. Mouës – Beste Chantal – Naast het enthousiasme van dr. van der Biezen heeft jouw
praktische input veel verbetering gebracht in mijn eerste artikelen. Bedankt voor de
hulp bij het aanbrengen van een goede structuur, waardoor er een duidelijke lijn in de
stukken is gekomen en de boodschap beter uitgedragen kon worden. Ik hoop dat we in de
toekomst in de kliniek nog veel mogen samenwerken.
Dr. de Gier en Dr. Kortmann – Beste Robert en Barbara – Bij jullie kon ik altijd terecht voor
medisch-inhoudelijke vragen en feedback. Ik ben jullie dankbaar voor de razendsnelle
antwoorden en de leerzame dagen waarop ik met jullie mocht mee kijken op de poli en de OK.
Dr. Vart, Dr. Rahamat-Langendoen, Dr. Henriet, Dr. Groothuismink – Beste Priya,
Janette, Stefanie en Johanne – Jullie uiteenlopende kennis over het ontwikkelen van een
predictiemodel, infectie-ziekten en genetische analyses heeft enorm geholpen bij het
schrijven van de verschillende artikelen. Deze kennis was voor mij onmisbaar en ik heb er
dankbaar gebruik van gemaakt.
Leden van de manuscriptcommissie – Geachte Prof. dr. de Blaauw, Prof. dr. Nijman,
dr. Blanker – Hartelijk dank voor de tijd die jullie hebben genomen om mijn manuscript
door te nemen en te beoordelen en de bereidheid met mij in discussie te gaan bij de
promotieplechtigheid.
Beste Karen en Jacqueline – Hartelijk dank voor de goede kijk die jullie mij hebben
gegeven in jullie werk als verpleegkundig specialisten midden in de patiëntenzorg.
Jullie zorgen voor een goede patiëntenparticipatie en zijn onmisbaar voor de praktische
uitvoerbaarheid van het onderzoek binnen AGORA.
Beste Susanne, Eef en Karin – De vele kritische vragen die jullie hebben gesteld tijdens
jullie wetenschappelijk stages hebben me vaak aan het denken gezet. Ook het voorwerk
dat jullie hebben verricht voor de verschillende artikelen heeft me erg geholpen.
Beste Renée, Marjolein en Daan – Bedankt voor jullie inzet als student-assistent voor
mijn onderzoek. Jullie hulp met het nazoeken van medische gegevens en het maken van
de online vragenlijst heeft me veel werk uit handen genomen.
Deelnemende patiënten en hun ouders – Bedankt voor jullie tijd en inzet voor deelname
aan AGORA en specifiek aan mijn onderzoek. Zonder jullie inbreng was dit onderzoek niet
mogelijk geweest.

158

DANKWOORD

De Repro-groep – Beste Marleen, Lotte, Richelle, Romy, Hussein en Sander – Hoewel
jullie niet inhoudelijk betrokken waren bij mijn onderzoek, hebben jullie gezorgd voor de
nodige ondersteuning die ik bij dit project kon gebruiken. Bedankt dat ik altijd bij jullie
terecht kon met vragen over geschikte literatuur, leerzame cursussen, dataverzameling
en -analyse en andere praktische zaken.
Beste oud-kamergenoten – Aangezien promoveren hard werken is en bij vlagen zeer
frustrerend, is het fijn om gezellige kamergenoten te hebben bij wie je je hart kan luchten.
Het grootste deel van mijn promotietraject was dat Ellen, maar omdat ik de laatste tijd
geen vaste werkplek meer had, wil ik daarnaast ook Tamara, Rene, Romy, Anouck, Rana,
Liesbeth, Michael en Scott noemen. Bedankt dat ik altijd welkom was als ik weer eens
op zoek was naar een plekje voor die dag. Hopelijk heb ik jullie niet te veel van het werk
gehouden.
Overige collega’s van de afdeling Health Evidence – Als één van de weinige artsen op de
afdeling was ik natuurlijk een beetje een ‘vreemde eend in de bijt’, maar ik voelde me heel
welkom en heb ontzettend veel van jullie geleerd. Daarnaast wil ik jullie hartelijk danken
voor de gezelligheid tijdens meetings, etentjes en koffiepauzes met cake-van-de-week.
Lieve vrienden, familie en schoonfamilie – Ondanks dat het soms lastig is om uit te
leggen wat een promotieonderzoek nou eigenlijk inhoudt, zijn jullie altijd geïnteresseerd
in mijn bezigheden. Door velen van jullie ben ik al bestookt met moeilijke vragen, wat
natuurlijk een goede voorbereiding is op de verdediging van mijn proefschrift.
Lieve Lauren en Lisanne – Goed voorbeeld doet goed volgen. Het aanhoren van de
verdedigingen van jullie proefschrift was voor mij erg motiverend. Tijdens de afronding
van mijn manuscript heb ik herhaaldelijk jullie boekjes als voorbeeld erbij gepakt om
eens te kijken hoe jullie dat gedaan hebben.
Lieve triatleten van NSTV Trion en in het bijzonder de Tweede Divisie dames – Jullie
hebben de afgelopen jaren gezorgd voor voldoende (en soms misschien te veel) afleiding,
met als resultaat dat mijn triatlonniveau een stuk verbeterd is. Na een lange dag achter de
computer is er vaak niets fijner dan een zware training en met jullie is dat extra genieten!
Lieve meiden van JC Daiquiri – Als één van de weinigen woon ik niet in de buurt van
Amsterdam en daardoor zie ik jullie helaas niet zo vaak als ik zou willen. Als we bij elkaar
zijn, is daar gelukkig nooit iets van te merken en met jullie is het altijd feest! Daiquiri hoog!
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Lieve Bertus en Anneke – Als oppasouders hebben jullie vanaf mijn geboorte op mij
gepast en hebben jullie de basis gelegd voor mijn vele hobby’s en interesses. Ik heb altijd
genoten van de oppasmiddagen bij jullie thuis, waarbij er niets te gek was en er nooit stil
gezeten werd. Terwijl Anneke een poging deed om ons te leren breien en borduren en
mijn interesse aanwakkerde voor vreemde talen, mocht ik met Bertus aan de slag met
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(tafel)biljarten en het maken van Japanse en Chinese schaakspellen. Bedankt voor deze
geweldige tijd!
Lieve Renske en Iris – Helaas wonen we de afgelopen jaren niet echt bij elkaar in de buurt
en door onze drukke banen zien we elkaar nooit genoeg. Toch kunnen jullie altijd feilloos
aanvoelen hoe het met me gaat en mij met een half woord aan het lachen of het huilen
maken. Ik vind het fantastisch dat jullie me bij het afronden van mijn promotie hebben
willen bijstaan.
Lieve Wietske – Als grote zus was jij altijd mijn voorbeeld en wilde ik altijd kunnen wat jij
kon (en het liefst beter). Bedankt voor al je goede adviezen op zowel professioneel als
persoonlijk gebied. Met jouw zorgzaamheid ben je altijd een beetje een tweede mama
voor me geweest, maar mijn plaats is nu (gelukkig) ingenomen door Nynke en Femke.
Lieve pap en mam – Bedankt voor alle steun die ik van jullie krijg en het vertrouwen
dat jullie altijd in mij hebben. Pap, ik lijk veel te veel op jou en dat zorgt af en toe voor
een botsing. Gelukkig heb ik naast jouw eigenwijsheid, ook je sportiviteit en je manier
van aanpakken en doorzetten gekregen. Mam, jij wilt altijd veel te veel voor mij doen en
kopen. Ik ben blij dat je mij naast jouw zorgzaamheid, ook je geïnteresseerde en positieve
houding hebt weten mee te geven.
Lieve Rutger – In elke storm weet jij je hoofd koel te houden en dankzij jou ben ik mijn
promotie zonder al te veel averij doorgekomen. Jij bent mijn favoriete schipper!
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