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Abstract

Background: Due to their simplicity and excellent outcomes, the tubularized incised
plate urethroplasty (TIPU) and the dorsal inlay graft urethroplasty (DIGU) are two of
the most commonly used techniques for hypospadias repair in children. However,
there is a lack of consensus on which technique offers more favourable results and less
added morbidity to the patient.
Aims: This study aimed to systematically compare the reported outcomes of the TIPU
and DIGU techniques in an effort to determine the procedure of choice in children
undergoing primary hypospadias repair.
Design: A systematic review and meta-analysis of randomized and observational
studies.
Methods: An electronic database search was conducted up to May 2018. Sources
included Medline, Embase, Cochrane library, CINAHL, Web of science, and Google
Scholar as well as trial registries and grey literature sources. Studies were selected if
they compared the operative complications of TIPU and DIGU in children. Secondary
outcomes included standardized cosmetic scores and urinary flow studies. A metaanalysis of reported complications was performed using a random-effects model.
Results: Two randomized, two prospective, and two retrospective studies met the
inclusion criteria. TIPU and DIGU were performed in 350 and 267 patients respectively.
Pooled analysis did not demonstrate a significant difference regarding post-operative
urethrocutaneous fistula, meatal/urethral stenosis, wound dehiscence, or total
complications. Subgroup analysis according to hypospadias severity did not alter initial
findings. Sensitivity analysis with exclusion of retrospective studies demonstrated a
significant increase in post-operative meatal/urethral stenosis and total complications
after TIPU. Statistical analysis of secondary outcomes was not feasible due to
insufficient data. Most studies were of low methodological quality with a high risk of
bias.
Conclusions: There is no strong evidence to suggest that either technique offers more
favourable outcomes. Until more robust randomized trials exist, decisions regarding
the appropriate repair should be based on the surgeon’s experience and outcomes.
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1. Introduction and background
The subject of this thesis is the complex topic of hypospadias, with emphasis on the
burden of disease in children. This chapter will discuss the classification and
presentation of hypospadias, as well as current practices in surgical management,
highlighting gaps in knowledge with a view to systematically addressing evidence
relating to these gaps.

1.1 Hypospadias: Definition and classification
Hypospadias is a term derived from the Greek words “hypo”, meaning ‘under’ and
“spadon”, a ‘fissure’ or ‘tear’.(1) In medical practice, it is a term used to describe the
most common genetic defect involving a male newborn’s penis.(1, 2) Hypospadias is
characterized by an abnormal urethral meatus that lies on the underside of the penis
instead of its tip, or glans.(1) In addition to an ectopic urethral opening, the penis
commonly has an incomplete prepuce, or foreskin, and a ‘chordee’, or bend.(1) The
foreskin has a hooded appearance that becomes deficient as it approaches the ventral
aspect, or under surface of the penis. Chordee refers to a downward curve of the
penis, which is often noticeable during an erection and tends to vary according to the
severity of hypospadias.(3) The key anatomical features of hypospadias are illustrated
in Figure 1.1.

During fetal development, the penile urethra is usually formed by the end of the first
trimester.(4, 5) The development of the urethra and its surrounding structures
typically proceeds from proximal (base of the penis) to distal (glans).(2) Thus, arrested
development may leave the meatus anywhere along the ventral surface of the
penis.(2)
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Glans (Head)
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2
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Penile shaft
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Figure 1.1: Key anatomical features of hypospadias(1)
1. Hooded foreskin; 2. Urethral plate; 3. Abnormal position of urethral meatus; 4. Urethra

Several classification systems have been proposed to describe the degree of
hypospadias, most of which focus on the location of the meatus.(1) However, most
paediatric urologists prefer the classification system suggested by Barcat in 1973 and
popularized by Duckett in 1996.(2, 6) This system considers the associated chordee,
which once released, may alter the position of the urethral meatus. After correction of
chordee, the three principal meatal locations in order of frequency are anterior (50%),
middle (30%), and posterior (20%).(1) Anterior hypospadias refers to a distal meatal
opening at the glans, corona, just below the corona (sub-coronal). In middle
hypospadias the opening is at the distal shaft, mid-shaft, or proximal shaft. Posterior
hypospadias is the most severe form and refers to an opening at the peno-scrotal
junction, scrotum, or perineum. Figure 1.2 outlines the evolution of hypospadias
classification systems.
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Figure 1.2: Evolution of Hypospadias classification systems(1)

1.2 Epidemiology
Hypospadias is the most common congenital malformation of the penis with a
significant burden on healthcare socio-economic resources.(7) As a result, extensive
epidemiological data exists regarding the prevalence and potential risk factors.

1.2.1 Incidence
In Europe, Hypospadias has been estimated to occur in approximately 18.6 per 10,000
births.(8) Wide geographical variance exists with the highest prevalence in North
America and the lowest in Asia.(9) This wide variation is likely attributed to insufficient
methodological reporting, although genetic and environmental influences also play a
role.(10) Whether or not the incidence of hypospadias is rising or stable is debatable,
as many population-based studies have shown contradictory results.(9)

1.2.2 Aetiology and risk factors
Male sex hormones, or androgens, play a pivotal role in the embryological
development of primary male sex organs.(2, 10) As such, a defect in androgen
stimulation in the fetal period has been widely believed to be the primary cause of
15

incomplete urethral formation. Both genetic and environmental factors have been
implicated in the disruption of androgen stimulation, suggesting that the cause is likely
multifactorial.(2, 11)

A familial predisposition is seen with 7% of patients having a first, second, or third
degree relative with hypospadias.(6) Hypospadias has also been shown to occur in a
sibling of an affected boy in 9-17% of cases.(6) Several gene mutations that affect
androgen stimulation have been identified, such as the HOXA4 and DGKK genes.(12)
Moreover, over 200 genetic syndromes are associated with hypospadias, including
Denys-Drash and WAGR syndrome (Table 1.1).(12) However, hypospadias occurs in
isolation in the majority of cases and a clear genetic component is only identified in
30%.(6)

Table 1.1: Hypospadias syndromic associations(13)
a. Congenital scarring of the kidney resulting in kidney failure; b. A kidney tumour commonly seen in
children; c. Complete or partial absence of the colored part of the eye

Denys-Drash syndrome
-

WAGR syndrome
-

Hypospadias
Ambiguous genitalia
Nephropathya
Wilms tumourb

Hypospadias
Undescended testis
Wilms tumourb
Aniridiac
Intellectual disability

Several environmental influences have also been identified. Many animal models have
shed light on potential exogenous compounds that can induce hypospadias.(10, 14)
One such compound is diethylstilboestrol (DES); a synthetic oestrogen known to
reduce androgen production and induce hypospadias in prenatally treated mice.(14,
15) This association has also been consistently reported in human studies and one
study showed a 21-fold increased risk of hypospadias in sons of mothers exposed to
DES in-utero.(16) Low birth weight, maternal hypertension, and placental insufficiency
have also shown a consistent association.(11) Other factors frequently investigated but
with inconsistent results include maternal iron supplementation, vegetarian diet, and
16

maternal and paternal exposure to pesticides.(11) Environmental factors investigated
as possible aetiological factors for hypospadias are summarized in Table 1.2.

Table 1.2: Environmental factors implicated in hypospadias disease(11)

Environmental factors
Consistent associations
Inconsistent associations
-

Low birth weight
Placental insufficiency
Maternal hypertension
Maternal intra-uterine DES
exposure
Maternal obesity
Maternal use of anti-seizure
medications

-

Premature delivery
Maternal iron supplementation
Maternal age
Maternal vegetarian diet
Maternal or paternal exposure to
pesticides

1.3 The burden of disease
Hypospadias can have a detrimental impact on both urinary and sexual function.(2, 17)
The abnormal urethral opening results in a splayed and deflected stream and patients
find it difficult to void standing up.(2) The downward curvature of the penis, especially
when severe, results in painful erections.(18)

Even after surgical correction, patients may present with complications requiring
further intervention and life-long follow-up. Lower urinary tract symptoms, such as
hesitancy and spraying, are more common in adults who have undergone hypospadias
surgery compared to controls.(17) In addition, up to 30% of patients were dissatisfied
with the cosmetic appearance when followed into adulthood, which increased to 50%
for proximal and complex forms of hypospadias.(17) Although sexual function later in
life seems to be satisfactory in the majority of adults, they often display inhibited
sexual behavior due to poor genital perception and fear of ridicule.(6, 19) One study
also showed a higher rate of anxiety and depression in men after hypospadias
repair.(20)
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Surgical repair is therefore recommended early in life taking into consideration the
functional and cosmetic expectations and their impact on a child’s psychosexual
development.

1.4 Surgical management
Today, over 400 techniques for hypospadias repair are described in the literature.(21)
This study, however, will focus on a comparison between two of today’s most
commonly employed repairs, namely the tubularized incised plate urethroplasty
(TIPU), and the dorsal inlay graft urethroplasty (DIGU).

1.4.1 A historical perspective
The first description of hypospadias repair can be dated back to the 1 st century AD by
two Alexandrian physicians named Helidorus and Antyllus.(21) However, it wasn’t until
the late 19th century that the fundamentals of current surgical techniques were
created.(1) In 1880, Duplay described the concept of tubularization in hypospadias,
where the outer edges of penile skin are sutured over a tube thereby constructing a
new urethra with an opening at the glans.(1) Duplay acknowledged the work of
Thiersch, who used a similar technique for a condition called epispadias, where the
meatal opening is located at the upper side of the penis.(1) This technique, known as
the Thiersch-Duplay method, laid the basic foundation for most surgical techniques
today (Figure 1.3).(1)
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Figure 1.3: The Thiersch-Duplay principle with tubularization of the urethra over a tube to the tip of the
penis(1)

In 1994, Snodgrass described the TIPU technique, a further modification to the
Theirsch-Duplay method.(22) In this technique, a vertical midline incision is made
along the urethral plate to the tip of glans prior to tubularization. This relaxing incision
allows the reconstruction of a new urethra of adequate caliber. Due to it simplicity,
versatility, and favourable cosmesis the Snodgrass technique would go on to become
one of the most commonly utilized repairs in the modern era.(23)

The technique of transferring tissue from one site to another has long been used in the
various fields of reconstructive surgery and it’s certainly not a new concept in
hypospadias repair.(21) Due to its abundance and rich blood supply, the foreskin
makes an excellent donor site in hypospadias surgery.(1) In 1897, Nove-Josserand was
the first to describe the use of a free skin graft to reconstruct the urethra in two
stages.(1) This technique was later popularized by Bracka in 1995 and is still commonly
used today with great success in severe hypospadias.(24, 25) The foreskin can also be
used to cover the ventral skin defect, which occurs after correction of chordee,
popularized by Byars in 1955.(26)

The use of foreskin grafts (separated blood supply) and flaps (intact blood supply) has
therefore greatly advanced hypospadias repair. In 2000, Kolon and Gonzales applied
this concept as an extension to the popular TIPU.(27) In this repair, a graft is harvested
19

from the foreskin and sutured onto the incision made at the urethral plate prior to
tubularization. The technique would be known as the dorsal inlay graft urethroplasty
(DIGU), also commonly referred to as the “Snodgraft” technique.(28)

1.4.2 Operative details
Although countless surgical techniques and variations exist, the basic principles of
repair remain the same and include the following:(2)
• Straightening the penis
• Positioning a slit-like meatus at the tip of the glans
• Forming a normally shaped glans
• Constructing a new urethra with adequate caliber (urethroplasty)
• Achieving satisfactory penile skin coverage

The degree and severity of hypospadias, along with the availability of surrounding
tissues, ultimately decide the appropriate surgical technique. However, other factors
include surgeon preference and training experience, which significantly impact the
final outcome.(29) Table 1.3 outlines other commonly employed surgical techniques
according to the severity of the defect and schematic drawings are further illustrated
in Appendices.

Table 1.3: Commonly employed surgical techniques according to meatal location(30)
TIPU: Tubularized incised plate urethroplasty, DIGU: Dorsal inlay graft urethroplasty, MAGPI: Meatal
advancement and glanuloplasty technique

Anterior (distal)

Middle (penile shaft)

-

TIPU

-

DIGU

-

Thiersch-Duplay

-

Thiersch-Duplay

-

TIPU

-

MAGPI (Appendix 1)

-

DIGU

-

Mathieu (Appendix

-

Mathieu

Posterior (peno-scrotal,
perineal)
-

2)
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Two-stage Bracka
repair (Appendix 3)

-

Transverse island flap
(Appendix 4)

-

TIPU (less common)

-

DIGU (less common)

Tubularized incised plate urethroplasty (TIPU)

Today, TIPU is the most commonly performed repair for distal and moderate types of
hypospadias.(23) It is a versatile procedure with few complications and satisfactory
cosmetic outcomes.(31) It is also increasingly being performed for proximal
hypospadias, albeit with less favourable results.(32)

In the more distal types, the foreskin can be reconstructed or the child can be
circumcised according to the family’s wishes.(33) In more proximal forms, foreskin
tissue is often used to reinforce the urethra and cover the ventral skin defect.(33)
Otherwise, operative steps are reproducible in the majority of cases as follows (see
also Figure 1.4):(33)

1. A suture is placed into the glans for traction and later anchoring of the urethral
stent.
2. Longitudinal incisions are made just beside the urethral plate starting at its
junction with the glans and extending proximally beside the urethral plate,
meeting in the midline approximately 2mm below the meatus.
3. The penile skin is ‘degloved’ to near the peno-scrotal junction
4. A midline incision of the urethral plate is made extending from within the
meatus to the tip of urethral plate.
5. A urethral stent is inserted and the urethral plate is tubularized with a running
sub-epithelial suture.
6. Surrounding tissues, such as foreskin or spongiosum tissue, are used to
reinforce the new urethra and create a watertight seal.
7. The glans wings are closed in the midline (Glanuloplasty) and skin closure
follows.
8. The urethral stent is secured in place period of time according to surgeon
preference. A mild compressive dressing is used depending on the surgeon’s
preference.
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a

b

c

e

d

f

Figure 1.4: The tubularized incised plate urethroplasty (TIPU) technique(33)
a. Incision sites are marked beside the urethral plate meeting just below the urethral meatus, b. Incisions
are made and the penis is degloved; c-d. A relaxing vertical incision of the urethral plate is made; e. A
stent is inserted and the urethra is tubularized forming a new canal; f. Surrounding tissue is used to
reinforce the urethra creating a watertight seal

Dorsal inlay graft urethroplasty (DIGU)

DIGU incorporates all of the main steps of TIPU with one major modification. After
incising the urethral plate in the midline, a graft is retrieved from the foreskin and
sutured onto the now raw surface of the urethral plate (Figure 1.5).(27) Tubularization
is then carried out as per the TIPU technique.
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Figure 1.5: Principle of the dorsal inlay graft urethroplasty (DIGU) with grafting of the incised plate(34)

!

1.4.3 Outcomes of repair

Success of repair is often measured according to the rate of operative complications,
cosmetic appearance, and functional outcomes.

Operative complications

The rate of post-operative complications often depends on the degree of hypospadias,
technique of repair, and surgeon expertise.(35) The major complications following
hypospadias repair are described next, with other reported complications listed in
Table 1.4.(2, 35)

Bleeding

As the penis is a very vascular organ, bleeding can often be troublesome at the time of
surgery.(2) Care must therefore be taken to control bleeding using electro-cautery.
Some surgeons elect to use a mild compressive bandage at the end of the procedure
to control post-operative bleeding.(33)
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Wound infection and dehiscence

Wound infections rarely occur after surgery. As with any operation, strict aseptic
measures are necessary. Although there is no clear consensus regarding their benefit,
antibiotics are often prescribed particularly if a catheter is left to drain in the
diaper.(36) Infections may lead to wound dehiscence, or breakdown, necessitating a
re-do operation.(35) Other causes of wound dehiscence include excessive wound
tension, inappropriate suture material, and diminished graft or flap blood supply.(1)

Urethrocutaneous fistula (UCF)

A fistula is defined as a tract connecting two epithelial surfaces.(1) Fistula formation
between the newly constructed urethra and ventral penile skin is the most common
complication following hypospadias repair, regardless of the technique.(1) UCF can
occur anywhere along the urethral line and can range in size from pinpoint to large
openings.(2) Spontaneous closure of small fistulas can occur in up to 30% of
patients.(35) Surgical closure of persistent UCF is recommended after at least 6
months, when tissue healing is complete. Concomitant meatal or urethral stenosis,
often also the cause of the fistula, should also be addressed at the time of closure.(2)
Other contributing factors include infection, poor tissue handling, use of poorly
vascularized tissues or flaps in repair, and suturing technique.(1)

Meatal and urethral stenosis

Narrowing of the newly constructed urethra can occur anywhere along its course, but
commonly occurs at the distal end or meatus.(2) Patients will often present with
voiding difficulties, a narrow stream, spraying, and occasionally obstructed urinary
flow parameters.(6, 37) Stenosis can usually be treated with simple dilatation, with
more extensive reconstruction reserved for severe and refractory cases.(2)
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Table 1.4: Complications of hypospadias repair(2, 35)
a. Loss of blood supply resulting in tissue death; b. Dilatation of the urethra usually as a result of distal
stenosis(2)

Early complications
-

Late complications
-

Bleeding
Wound Infection
Wound dehiscence
Skin/graft/flap necrosisa
Early Urethrocutaneous fistula
Penile rotation
Stent related problems: pain,
blockage, dislodgement
Urinary retention

Late urethrocutaneous fistula
Meatal/Urethral stenosis
Urethral diverticulumb
Persistent chordee
Psychosexual sequelae

Cosmetic and functional outcomes

Despite extensive research on hypospadias disease origins and corrective techniques,
there is a lack of consensus regarding the optimal method of documenting surgical
results.(38) Surgeons traditionally recorded cosmetic outcomes based on their own
perceptions or by simply asking patients or parents if they’re satisfied. This approach
produces subjective and biased results and makes comparative assessment difficult
and inaccurate.(17)

In 2001, Holland et al. introduced the Hypospadias Objective Scoring Evaluation (HOSE)
tool.(38) In this tool, cosmesis is measured by meatal location and shape while
function is measured by the quality of the urinary stream, degree of curvature, and the
presence or absence of fistulas.(38) The HOSE tool also allows outcome assessment by
physicians, parents, and children where appropriate.(38) The 5 components of the
HOSE score are depicted in Figure 1.6, with a total score of 14 or more considered an
acceptable outcome.(38) Other tools frequently used include the Paediatric Penile
Perception Score (PPPS) (Appendix 5) and the Hypospadias Objective Penile Evaluation
Score (HOPE) (Appendix 6).(39, 40) Whether one tool is more reliable than the other is
yet to be determined.(39)
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Figure 1.6: Hypospadias Objective Scoring Evaluation (HOSE) assessment form(38)

Urinary flow measurements, or uroflow studies, can also be used to assess the
functional success of urethroplasties in toilet-trained boys. A non-obstructed flow will
demonstrate a smooth bell-shaped curve, while an obstructed flow will often show an
intermittent or plateau curve (Figure 1.7).(37) Patients with normal pre-operative
curves but abnormal post-operative curves indicate an impending or symptomatic
stenosis that requires intervention.(37)
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A)

B)

Figure 1.7: Urinary flow curves(41)
A. Normal bell-shaped curve pattern; B. Plateau curve pattern indicating obstruction

1.4.4 Current evidence
TIPU has become an essential part of any paediatric urologist’s repertoire. TIPU
method was originally described as a single stage urethropasty for only distal and
moderate types of hypospadias and its excellent outcomes have been reproduced
across centers and surgeons.(22) In a cohort of 400 patients with distal hypospadias
that underwent TIPU, as few as 2% fistulas, 2% wound dehiscence, and no meatal or
urethral stenosis were encountered.(42)

After showing promising results in patients with distal hypospadias, its application has
been extended to more proximal and severe forms, but unfortunately with less
favourable outcomes. A recent meta-analysis including 4675 patients that underwent
TIPU showed higher mean rates of fistula formation (10.3% vs 5.7%), meatal stenosis
(4.4% vs 3.6%), urethral stenosis (2% vs 1.3%), and re-operative rates (12.2% vs 4.5%)
in primary proximal repairs compared to distal repairs.(32)

Over the last 2 decades, surgeons have developed a better understanding of the
healing process that occurs after incising the urethral plate. In a porcine model, Lopes
et al. reported that the raw urethral plate incision regenerated with normal urethral
lining, a process known as re-epithelialization, as early as the 2nd post-operative
day.(43) By 3 weeks, the incision had healed with minimal scar tissue formation.(43)
These findings have also been confirmed by Genc et al. in a rabbit model.(44)
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The argument for suturing a graft onto the incised plate arose due to several reasons.
First, the scar tissue formation at the raw incised plate as proven by the
aforementioned animal studies could potentially narrow the meatus and urethra.
Second, increased urinary flow resistance has been objectively documented following
TIPU.(37) Third, incising and constructing longer urethras in cases of proximal
hypospadias has been shown to be associated with more complications such as fistulas
and stenosis.(32) Finally, free grafts have already been tried and tested with great
success in two-stage repairs for severe hypospadias and in salvage repairs
incorporating buccal mucosa grafts.(45, 46) Therefore, the proponents of DIGU argue
that grafting the incision offers the potential of improving the quality and caliber of the
urethral plate.(47, 48)

Since its first description, several studies have reported on the efficacy and safety of
the DIGU technique. In their early description, Kolon and Gonzales reported excellent
outcomes in a series of 32 patients with varying degrees of hypospadias, where none
developed any post-operative complications.(27) DIGU was performed in another large
series of 263 patients with only one patient developing a stricture and a 3.7% fistula
rate.(48)

Although case series incorporating the DIGU technique have been encouraging,
whether this technique is superior is still largely unknown. Experimental animal models
don’t seem to favour one technique over the other in terms of urinary flow or urethral
compliance.(49, 50) In a randomized trial by Mouravas et al., DIGU was associated with
a significant reduction in the rate of urethral stenosis and overall complications.(47) In
a more robust trial by Helmy et al., both techniques had similar outcomes, with a
significantly shorter operative time in the TIPU method.(51) Pippi Salle et al. studied
the comparison in proximal hypospadias only and also showed similar outcomes,
although he noted that DIGU was employed in more severe cases of hypospadias.(52)

One criticism often directed at the TIPU method is the inability to extend the midline
incision to the tip of the glans beyond the urethral plate, owing to the risk of scarring
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and resultant meatal stenosis.(47) However, if the incision does not reach the glans,
the location and appearance of the new meatus will be suboptimal. Advocates of the
DIGU method propose that grafting the distal incised glans and urethral plate allows
better positioning of the meatus with a reduced risk of stenosis.(48)

Satisfactory cosmetic and functional outcomes have been reported following both
TIPU and DIGU techniques.(42, 48) However, the vast majority has relied on subjective
assessments based on surgeons’ perceptions or non-validated questionnaires.(6)
Standardized scoring tools, such as HOSE and PPPS, have offered the potential of more
reliable reporting and comparability. Utilizing the HOSE score, Al-Adl et al. reported
acceptable cosmetic results in 98% of boys after TIPU.(53) Using the same scoring
system, Gupta et al. achieved similar results following DIGU.(48) In another study,
Shuzhu et al. compared HOSE scores between TIPU and DIGU and showed no
significant difference.(54) Not surprisingly, the worse outcomes tend to occur in
patients treated for more proximal forms of hypospadias.

Urinary flow measurements are increasingly being employed to objectively assess
urethral function following hypospadias repair. Poor flow rates after TIPU are well
documented in the literature, with an incidence of 7-67%.(55) On the other hand, data
regarding flow rates post DIGU are relatively scarce. Kim et al. reported abnormal flow
rates following DIGU in 91.2% at 4-6 years of age, which improved to 32.4% at 11-13
years of age.(56) Recently, Helmy et al. went on to compare flow rates after each
technique and found no significant difference at 1-year follow-up.(51) The long-term
significance of such measures is still uncertain, since the majority will remain
asymptomatic and flow rates have been shown to improve with time.(37) Moreover,
data suggests that up to 50% of patients will have abnormal flows prior to repair, likely
due to the loss of normal ventral tissue properties, making post-operative
measurements difficult to interpret.(37)

As shown by the current evidence, both techniques have proven their worth in the
modern era of hypospadias surgery. The relatively recent DIGU technique has been
recognized to be at minimum equivalent to the original TIPU in terms of operative
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complications, cosmesis, and functional outcomes. The superior technique, however,
is yet to be determined as comparative studies seem to be inconclusive and largerscale trials are yet to be undertaken.

1.5 Summary of the problem
Hypospadiologists will often agree that the main determinant of surgical outcomes is
the surgeon’s expertise. In this regard, the TIPU method is undoubtedly more
established in terms of surgeon familiarity, experience, and outcome reporting. In a
survey including 377 surgeons from 68 countries, up to 74% performed the TIPU
technique for distal hypospadias repairs.(57) However, many authors have challenged
this practice by reporting improved outcomes with DIGU. They suggest that this
modification not only results in fewer complications, particularly meatal and urethral
stenosis, but also allows more cosmetic meatal positioning. Nevertheless, while
reports of this technique are certainly encouraging, a change in practice necessitates a
careful and thorough examination of all available literature, especially when it involves
the best interests of the patient.

1.6 Study aim and objectives
1.6.1 Study aim
This study aims to systematically compare the reported outcomes of TIPU and DIGU in
an effort to determine the procedure of choice in children undergoing primary
hypospadias repair.

1.6.2 Study objectives
1. To examine the outcomes of TIPU versus DIGU in primary hypospdias repair in
children by conducting a systematic review of the literature. Outcomes to be
examined will include the following:
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a) Operative complication rates
b) Cosmetic results as measured by objective scoring tools
c) Urinary flow measurements

2. To conduct a meta-analysis, where feasible, comparing the operative outcomes
associated with each technique.

1.6.3 PICO, research question, and hypothesis
The study’s research question was developed using the PICO concept as follows:

Patient: Children (paediatric age <18 years) undergoing primary hypospadias repair
Intervention: Tubularized incised plate urethroplasty (TIPU)
Comparison: Dorsal inlay graft urethroplasty (DIGU)
Outcome: Post-operative outcomes (primary outcome: operative complications,
secondary outcomes: cosmetic and functional results)

Research question:

Is dorsal inlay graft urethroplasty (DIGU) associated with improved surgical outcomes
compared to tubularized incised plate urethroplasty (TIPU) in children undergoing
primary hypospadias repair?

Hypothesis:

The DIGU repair is associated with fewer post-operative complications and improved
cosmesis and function compared to the TIPU repair.
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2. Methodology
This chapter describes the methodological steps undertaken to conduct this systematic
review and meta-analysis in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.(58) A protocol was
developed locally and approved by all involved investigators.

2.1 Eligibility criteria
The eligibility criteria were pre-defined in the protocol and determined using the PICOS
approach (patient, intervention, comparison, outcomes, study design), as follows:

2.1.1 Types of patients
Studies were deemed eligible if they included patients younger than 18 years that have
undergone primary hypospadias repair. Primary repair was defined as a first and single
stage operation to repair anterior, middle, and posterior hypospadias. Studies
reporting on secondary, re-operative, or salvage repairs were excluded. Studies
including both paediatric and adult patients, where outcomes of paediatric patients
are not reported separately were also excluded.

2.1.2 Types of intervention/comparison
Only studies comparing the TIPU and DIGU techniques were included. Studies
reporting outcomes of only one surgical technique were excluded. The DIGU method
only included grafts harvested from the foreskin. Other donor sites, such as buccal
grafts, were excluded.
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The surgical techniques were defined as follows:
•

Tubularized incised plate urethroplasty (TIPU): As described by Snodgrass et
al.(22), where the key step is a deep longitudinal incision of the urethral plate
with subsequent tubularization, also known as the Snodgrass repair.

•

Dorsal inlay graft urethroplasty (DIGU): A technical addition to the Snodgrass
repair described by Kolon et al.(27), where a free preputial graft is harvested
and sutured onto the incised urethral plate, also known as the Snodgraft repair.

2.1.3 Types of outcome measures
Primary outcome

The primary outcome of interest is the occurence of post-operative complications.
Studies were considered eligible if they reported the occurrence or not of at least one
of the surgical complications listed and defined below. The total number of
complications associated with each technique was also recorded.
•

Meatal/urethral stenosis: Narrowing of the meatus or any part of the urethra
with a diagnosis made on the basis of patient symptoms (voiding diffculties),
an appearance of a pin-hole meatus, a thin stream, failure of calibration with a
size 8 French (Fr) catheter(47), or obstructed urinary flow studies.

•

Urethrocutaneous fistula (UCF): A tract connecting the newly constructed
urethra and the overlying skin. All reported fistulas will be included whether
they heal spontaneously or require surgical intervention.

•

Wound dehiscence: Failure of appropriate wound healing as evident by
separation and breakdown of the wound.
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•

Urethral diverticulum: Cystic protrusion of the urethra which may be
suspected by a lump along the urethra and urethral discharge on
palpation.(59)

•

Skin necrosis: Loss of blood supply resulting in tissue death.

•

Pesistent chordee: Inadequate correction of penile curvature that persists
post-operatively.

•

Penile rotation: Clockwise or anti-clockwise rotation of the penis that persists
after correction.

•

Wound infection: A surgical site infection requiring treatment with antibiotics.

•

Bleeding and haematoma: Excessive bleeding that persists after surgery and
requires surgical re-intervention to control bleeding or to evacuate a
haematoma (blood clot).

Secondary outcomes

Cosmetic outcomes

Only standardized cosmetic tools, such as the HOSE, PPPS, and HOPE scores were
considered for analysis. Subjective assessments made by surgeons or parents were not
considered valid measures of outcome, although they were addressed in a narrative
review. Only one study reported objective assessments using the HOSE criteria which
defines acceptable cosmesis as a score more than 14.(38)

Functional outcomes

Only objective measures of urethral function and calibre were considered for analysis.
Urinary flow outcomes were considered “normal” or “abnormal/obstructed” based on
either of the following pre-defined parameters:
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•

Type of flow curve: A smooth bell-shaped curve indicates normal flow pattern
while an intermittent or plateau curve indicates an obstructed flow
pattern.(37)

•

Maximum flow rate (QMAX): The maximum measured flow rate in milliliters
per second. QMAX was compared to the Toguri nomogram and expressed as a
percentile (normal flow >25th percentile, equivocally obstructed 5-25th
percentile, obstructed <5th percentile)(37)

2.1.4 Types of studies
Due to the anticipated paucity of evidence on this topic, both randomized and
observational studies were selected for this review. Case reports, editorial reviews,
and commentaries were excluded. Abstracts and ongoing trials were excluded if
manuscripts were not available.

2.2 Information sources and search strategy
Search strategies were developed in consultation with a medical librarian. An
electronic literature search was conducted independently by two reviewers (AA and
SC) using the following databases. Examples of the Medline and Embase search
strategies are shown in Appendix 7.
-

Medline (1966-May 2018)

-

Embase (1980-May 2018)

-

CINAHL (1982-May 2018)

-

Cochrane library (May 2018)

-

Web of science (1945-May 2018)

-

Google Scholar (2004-May 2018)

A further search was conducted up to May 2018 in ongoing trials databases, grey
literature sources, thesis databases, and conference proceedings as shown below. In
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this search, the following search terms were used solely or in combination:
“Hypospadias”, “Hypospadia”, “Snodgrass”, “urethroplasty”, “TIP”, “Snodgraft”, and
“Dorsal inlay graft”.
•

Trials databases
o Meta Register of Controlled Trials (www.controlled-trials.com)
o US National Institutes of Health Clinical Trials Register
(www.clinicaltrials.gov).
o International clinical trials registry platform (http://www.who.int/ictrp)

•

Grey literature sources
o Grey Matters: a practical tool for searching health-related grey
literature (https://www.cadth.ca/resources/finding-evidence/greymatters)
o Grey Literature Report (http://www.greylit.org)
o Directory of Open Access Repositories
(http://www.opendoar.org/index.html)
o Open grey (Opengrey.eu)

•

Published thesis databases:
o Royal College of Surgeons in Ireland electronic publications
(epubs.rcsi.ie)
o British library electronic theses (ethos.bl.uk)

•

Conference proceedings (last 5 years):
o European Society for Paediatric Urology (ESPU)
o Pacific Association of Paediatric Surgeons (PAPS)
o World Federation of Associations of Paediatric Surgeons (WOFAPS)

Search filters such as age, publication language and date were not applied in order to
yield maximum results. A thorough hand-search was conducted of the reference lists
of selected studies. Research published by authors of selected studies and other
known experts in the field was searched for any relevant studies.
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2.3 Data collection and analysis
2.3.1 Study selection
Titles and abstracts yielded from the search were independently screened by two
reviewers (AA and SC) and full texts were retrieved for relevant articles. As per the
inclusion criteria, studies comparing the TIPU and DIGU techniques in the paediatric
population (0-18 years) and reporting at least one primary outcome were selected.
Authors of abstracts and incomplete trials were contacted to seek information about
unpublished or incomplete studies, and were excluded if essential data was not made
available. Any discrepancies were resolved by discussion, and if necessary, by
consultation with the clinical supervisor (FQ). Authors and institutions of published
articles were not blinded. A record was kept of excluded studies with reasons for
exclusion.

2.3.2 Data extraction
A data collection sheet was created to retrieve relevant information from selected
studies (Appendix 8). Data extraction was performed by one reviewer (AA) and verified
by a second reviewer (SC). Any discrepancies were resolved by consensus or discussion
with a clinical supervisor (FQ). Data extracted from each article included author
information, study year, study design, population size, intervention, comparison, and
reported outcomes. Authors of selected studies were contacted to retrieve any
missing data.

2.3.3 Risk of bias assessment
Two reviewers (AA and SC) independently assessed the risk of bias in selected studies.
For randomized trials, the Cochrane collaboration’s tool for assessing risk of bias was
used which included the following domains: Sequence generation, allocation
concealment, blinding, incomplete outcome data, selective reporting, and other
sources of bias.(60) For observational studies, bias due to confounding, selection of
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participants, classification of interventions, deviations from intended interventions,
missing data, outcome measurements, and selection of the reported result was
assessed using the ROBINS-I tool.(61) Disagreements were resolved by discussion and
consensus.

2.3.4 Data synthesis and statistical analysis
Relative risks (RR) and 95% confidence intervals (CI) were estimated using randomeffects meta-analysis for post-operative complications (primary outcome).
Complications consistently reported across studies included meatal/urethral stenosis,
urethrocutaneous fistula, and wound dehiscence. Meta-analysis for cosmetic scores
and urinary flows (secondary outcomes) could not be conducted due to an insufficient
number of papers reporting them and therefore, a narrative analysis is presented.

For operative complications, a random-effects model was used to pool the data
together, using the method of DerSimonian and Laird. Pooled RRs as well as 95% CI
and p-values are reported.

Heterogeneity between studies was assessed through visual examination of forest
plots and the Chi-squared and I2 statistic, which determines if inconsistencies are due
to heterogeneity rather than by chance. Heterogeneity was deemed substantial when
I2 was over 50%. When I2 was greater than 50%, potential causes for heterogeneity
were explored by performing pre-planned subgroup and sensitivity analyses, detailed
below. All analyses were performed using STATA (version 14.2).

2.3.5 Subgroup and sensitivity analysis
Sub-group analysis was pre-planned in a review protocol to explore the effect of
meatal position, as per Duckett’s classification (Anterior, Middle, Posterior), on the
overall results.(6) However, due to inconsistencies in classification methods across
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selected studies, meatal position was instead classified as outlined below. Analysis was
carried out when sub-group outcomes were reported by at least 2 studies.
•

Anterior hypospadias: Meatus located at the glans, corona, or just under the
corona (sub-coronal) as per Duckett’s classification(6)

•

Non-anterior hypospadias: Meatus located at the distal shaft, mid-shaft,
proximal shaft, peno-scrotal junction, and perineum.

Sensitivity analysis was performed based on the risk of bias assessments. Studies at
high risk of bias were excluded and the results were compared to overall findings.

2.3.6 Publication and reporting bias
Due to the small number of selected studies (<10), the use of funnel plots to explore
publication bias was not feasible. Selective reporting bias was assessed by examining
the methods sections of included studies and determining if all outcomes were
reported in the results. Protocols were not available for any of the selected studies.
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3. Results

3.1 Results of the search
The initial literature search yielded a total of 4335 records. After removal of duplicates,
2448 records remained for title and abstract screening. After title and abstract review,
21 studies were retrieved for a detailed evaluation of the full text. Of those, 15 were
further excluded due to lack of a comparison group (5 studies), unavailability of the full
texts of published abstracts (5 studies), alternative repair techniques (3 studies), an
incomplete randomized clinical trial (1 study), and an ineligible research design (1
study). Of the published abstracts, 1 author responded to confirm that the full text was
not available, while 4 authors did not respond. The author of the incomplete
randomized trial responded and confirmed that the trial is still ongoing and data was
not yet available. Six articles, including 2 randomized studies and 4 observational
studies (2 prospective, 2 retrospective), were selected for analysis. The PRISMA flow
diagram is shown in Figure 3.1.
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Figure 3.1: PRISMA flow diagram(58)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For$more$information,$visit$www.prisma2statement.org.
3.2 Study characteristics

The characteristics of included studies are outlined in Table 3.1. Six studies met the
inclusion criteria for this systematic review, including 617 children that underwent
primary hypospadias repair using either the TIPU or DIGU technique.(37, 47, 51, 52, 54,
62) All studies were written in English. Two studies were described as randomized
trials(47, 51), two studies were prospective but non-randomized(37, 62), and two
studies were retrospective(52, 54). The studies were conducted in single institutions in
Egypt(51), Greece(47), India(37, 62), China(54), and Canada(52). The study periods
ranged from 2003 to 2013. The number of patients in each study ranged from 22 to
358 children and the mean age at surgery ranged from 9 months to 12 years. The
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severity of hypospadias was anterior, middle, and posterior in one study(37), anterior
and middle in three studies(47, 54, 62), distal penile (middle) in one study(51), and
proximal penile (middle) and posterior in one study(52). The follow-up period ranged
from 9 months to 10 years.

TIPU and DIGU were performed in 350 and 267 patients respectively. The technical
details of repair were described in all studies, incorporating the basic steps of urethral
plate incision with or without grafting. Paediatric surgeons or urologists performed all
procedures and fine absorbable sutures were used in all repairs. The size of the
urethral stent ranged from 6-10 Fr according to the age of the patient and left for a
duration of 7-15 days. In the trial by Mouravas et al.(47), 10 Fr supra-pubic bladder
catheters were inserted for urinary diversion in addition to the urethral stents. Other
minor variations according to surgeon preference included the use of post-operative
dressings, antibiotics ointments, and the type of suture material used.

Operative complications consistently reported included meatal/urethral stenosis, UCF,
and wound dehiscence. Skin necrosis was reported by two studies(52, 62). Urethral
diverticulum and persistent chordee were reported by one study(52). Haematoma
formation and penile rotation were reported by Singh et al.(62) and Piplani et al.(37)
respectively. No study reported the occurrence of wound infection.

Only one study(54) used a standardized scoring tool, the HOSE score, to compare
cosmetic outcomes. Three studies(37, 51, 52) reported the use urinary flow
parameters to assess urethral function, but statistical analysis was not feasible due to
insufficient and incomplete data.
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Table 3.1: Characteristics of included studies
R: Randomized, O-P: Observational-Prospective, O-R: Observational-Retrospective TIPU: Tubularized incised plate urethroplasty, DIGU: Dorsal inlay graft urethroplasty,
HOSE: Hypospadias objective scoring evaluation
Studies

Setting

Study
period

Design

Patients
n

Mean age
(months)

Severity

Intervention
n

Follow-up period
(months)

Reported outcomes

Operative complications
Helmy
2018(51)

Egypt

Mouravas
2016(47)

Greece

Piplani
2018(37)

India

Shuzhu
2016(54)

China

Pippi Salle
2016(52)

Canada

Singh
2004(62)

India

Nov. 2012
- Nov.
2013

TIPU: 39.1 ± 15
R

Mar.
2008 Feb. 2010

R

Mar.
2012 Feb. 2013

O-P

Jan. 2009
- Dec.
2013

O-R

2003 2013

O-R

-

O-P

60

47

22

358

80

50

Distal
penile
(middle)

DIGU: 41.9 ± 16

TIPU: 40.8
DIGU: 42

Anterior,
Middle
Anterior,
Middle,
Posterior

75.6 ± 31.3

Anterior,
Middle

19.2 (median)

TIPU: 17.8
DIGU: 15.3

Proximal
penile
(middle),
Posterior

TIPU: 36
DIGU: 36

Anterior,
Middle
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TIPU = 30
12

Meatus shape and
location (subjective)

DIGU = 30
Maximum flow rate and
voiding time
Operative complications

TIPU = 23
24- 60
DIGU = 24

Operative time
Operative complications

TIPU = 17
3-9
DIGU = 5
TIPU = 198

Urinary flow rates an
curves
Operative complications

6-24
DIGU = 160
TIPU = 57
DIGU = 23

HOSE scores
TIPU: 6-123
DIGU: 8-91

Operative complications
Maximum flow rates

TIPU = 25
9
DIGU = 25

Operative complications

3.3 Risk of bias within studies
The Cochrane’s collaboration tool and ROBINS-I tool were used to assess the risk of
bias in randomized and non-randomized trials respectively.(60, 61) The risk of bias
assessment of included studies is summarized in Table 3.2 (randomized) and Table 3.3
(non-randomized).

3.3.1 Randomized studies
The trial by Helmy et al.(51) was the superior study in terms of methodological quality
with low risk of bias across all domains. Random sequence generation and allocation
concealment was achieved with the use of sealed envelopes, which were opened after
urethral plate incision.(51) Although participants and outcome assessors were not
blinded, this was judged as low risk and unlikely to influence the occurrence of postoperative complications. There was no evidence of missing or incomplete outcome
data to suggest attrition bias. Furthermore, outcomes were pre-defined in the
methods section and reported accordingly.

On the other hand, although the study by Mouravas et al.(47) was described as being
randomized, it was considered to be at high risk of bias for random sequence
generation and allocation concealment. The randomization process described by the
authors involved alternating patients with similar degrees of hypospadias to each
intervention, to achieve homogenous groups.(47) While this may be more practical, it
introduces selection bias due to inadequate randomization. Participants and outcome
assessors were not blinded, but this was deemed unlikely to affect the outcome. The
authors reported that three patients were excluded because they “failed the reexamination protocol”, but did not provide any further details such as the assigned
intervention groups.(47) Therefore, attrition bias could not be assessed due to
insufficient information. Moreover, reporting bias was unclear since the expected
complications were not clearly defined in the methods section and a study protocol
was not available.
44

Table 3.2: Risk of bias in randomized studies for the primary outcome using the Cochrane collaboration
tool

Domain
Random sequence
generation (selection
bias)
Allocation concealment
(selection bias)
Blinding of participants
and personnel
Blinding of outcome
assessors
Dealing with incomplete
outcome data (attrition
bias)
Selective reporting
(reporting bias)
Other sources of bias

Helmy 2018(51)

Mouravas 2014(47)

Low

High

Low

High

Low

Low

Low

Low

Low

Unclear

Low

Unclear

Low

Low

3.3.2 Non-randomized studies
Using the ROBINS-I tool, all four observational studies(37, 52, 54, 62) presented an
overall serious risk of bias, mainly attributed to confounding. The confounding effect
of hypospadias severity was not accounted for by any study. Three studies(37, 52, 54)
reported serious bias in selection of participants, where the selection criteria for DIGU
repair included poor quality of urethral plates. Singh et al.(62) was considered as low
risk of bias for selection of participants as each intervention was performed in 25
patients consecutively, and patients were prospectively followed. Bias was generally
low to moderate risk in all four studies regarding measurement of interventions,
deviation from intended intervention, measurement of outcomes, missing data, and
selective reporting. Piplani et al.(37) did not provide adequate operative details to
allow assessment for bias due to deviation from intended interventions.
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Table 3.3: Risk of bias in non-randomized studies for the primary outcome using the ROBINS-I tool

Domain
Bias due to
confounding
Bias in
selection of
participants
Bias in
measurement
of
interventions
Bias due to
deviation from
intended
interventions
Bias due to
missing data
Bias in
measurement
of outcome
Bias in
selection of
reported
results

Piplani
2018(37)

Pippi Salle
2016(52)

Shuzhu
2016(54)

Singh 2004(62)

Serious

Serious

Serious

Serious

Serious

Serious

Serious

Low

Low

Moderate

Low

Low

No information

Low

Low

Low

Low

Low

Low

Low

Moderate

Moderate

Moderate

Moderate

Low

Low

Low

Low

3.4 Results of individual studies
3.4.1 Primary outcome
The primary outcome measure in this study was the occurrence of post-operative
complications. This included post-operative UCF, meatal or urethral stenosis, wound
dehiscence, urethral diverticula, skin necrosis, penile chordee, penile rotation, wound
infection, bleeding or haematoma, and total incidents. Prior to meta-analysis, findings
from each study along with effect estimates are summarized in Table 3.4 and Table
3.5.
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Table 3.4: Summary of primary outcome data in included studies
R: Randomized, O-P: Observational-Prospective, O-R: Observational-Retrospective UCF: Urethrocutaneous fistula, UD: Urethral diverticulum, PC: Penile chordee, PR: Penile
rotation

Study

Total
n

UCF
n (%)

Meatal/
urethral
stenosis
n (%)

Dehiscence
n (%)

UD
n (%)

Necrosis
n (%)

PC
n (%)

PR
n (%)

Infection
n (%)

Haematoma
n (%)

30

0

1 (3.3)

0

0

0

0

0

0

0

1 (3.3)

30

0

0

2 (6.7)

0

0

0

0

0

0

2 (6.7)

23

2 (8.7)

6 (26.1)

1 (4.3)

0

0

0

0

0

0

9 (3.9)*

DIGU
TIPU

24

1 (4.2)

0

1 (4.2)

0

0

0

0

0

2 (8.3)

17

2 (11.8)

6 (35.3)

2 (11.8)

0

3 (17.6)

0

0
1
(5.9)

0

0

14 (82.4)

DIGU

5

0

0

0

0

0

0

0

0

0

0
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18
(31.6)

9 (15.8)

7 (12.3)

1

0

8

0

0

0

43 (75.4)

23

3 (13.0)

4 (17.4)

4 (17.4)

0

0

4

0

0

0

15 (65.2)

198

6 (3.0)

6 (3.0)

0

0

0

0

0

0

0

12 (6.1)

160

5 (3.1)

7 (4.4)

0

0

0

0

0

0

0

12 (7.5)

25

5 (20.0)

25 (100.0)

0

0

5 (20.0)

0

0

0

1 (4.0)

30 (100)**

4 (16.0)

0

0

0

0

8 (32)

Technique
TIPU

Helmy 2018
(R)(51)
Mouravas
2014 (R)(47)

Piplani 2018
(O-P)(37)

DIGU
TIPU

TIPU
Pippi Salle
2016 (OR)(52)

DIGU
TIPU

Shuzhu 2016
(O-R)(54)
Singh 2004
(O-P)(62)

DIGU
TIPU

DIGU
25
4 (16.0)
0 (0)
0
0
*2 patients developed a fistula with stenosis, **5 patients developed a fistula with stenosis
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Total
incidents
n (%)

Table 3.5: Estimates of effects for primary outcome data in each study
RR: Relative risk, CI: Confidence interval, UCF: Urethrocutaneous fistula, UD: Urethral diverticulum, PC: Penile chordee, PR: Penile rotation

Helmy 2018(51)

Mouravas 2014(47)

Piplani 2018(37)

Pippi Salle 2016(52)

Shuzhu 2016(54)

Singh 2004(62)

RR (95% CI)

RR (95% CI)

RR (95% CI)

RR (95% CI)

RR (95% CI)

RR (95% CI)

-

2.1 (0.2 – 21.5)

1.7 (0.1 – 30.1)

2.4 (0.8 – 7.4)

1.0 (0.3 – 3.1)

1.3 (0.4 – 4.1)

3.0 (0.1 – 70.8)

13.5 (0.8 – 227.5)

4.3 (0.3 – 66.0)

0.9 (0.3 – 2.7)

0.7 (0.2 – 2.0)

51.0 (3.3 – 794.2)

0.2 (0.01 – 4.0)

1.0 (0.1 – 15.7)

1.7 (0.1 – 30.1)

0.7 (0.2 – 2.2)

-

-

-

-

-

1.2 (0.1 – 29.4)

-

-

-

-

2.3 (0.1 – 39.0)

-

-

1.3 (0.4 – 4.1)

PC

-

-

-

0.8 (0.3 – 2.4)

-

-

PR

-

-

1.0 (0.05 – 21.4)

-

-

-

Haematoma

-

-

-

-

-

3.0 (0.1 – 70.3)

Any incident

0.5 (0.05 – 5.2)

4.7 (1.1 – 19.5)

9.7 (0.7 – 138.7)

1.2 (0.8 – 1.6)

0.8 (0.4 – 1.8)

3.0 (1.7 – 5.2)

Outcome
UCF
Meatal/
urethral
stenosis
Dehiscence
UD
Necrosis
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3.4.2 Secondary outcomes
Cosmesis

Only one study(54) assessed cosmetic outcomes post hypospadias repair using a
standardized scoring tool. The HOSE score was used with mean scores of 14.34 and
14.25 after TIPU and DIGU respectively.(54) The mean follow-up period was 17 months
after TIPU and 18.5 months after DIGU.(54) No significant difference was found
between the two groups with respect to cosmetic scores (p= 0.47) or follow-up periods
(p= 0.23).(54)

Functional outcomes

Three studies compared urinary flow parameters after TIPU and DIGU. Helmy et al.
reported mean maximum flow rates (QMAX) after 12 months and found no significant
difference between the two interventions.(51) Mean flow rates were above the 25th
Toguri centile in both groups, indicating normal flow.(51) However, only patients with
distal penile hypospadias were included in this study, and so findings cannot be
applied to more severe forms.

Piplani et al. also reported QMAX values at 3, 6, and 9 months.(37) However, data for
all included patients was only available at 3 months follow-up. The mean QMAX after
TIPU (n=17) was 7.1 ml/s (<5th percentile, obstructed flow).(37) The mean QMAX after
DIGU (n=5) was 16.7 ml/s (>25th percentile, normal flow).(37) Authors concluded that
DIGU offers improved post-operative flow rates even when urethral plate quality is
poor.(37) However, these results must be interpreted with caution due to the small
study population.

Pippi Salle et al. examined patients with proximal hypospadias, and reported that more
obstructed flow rates occurred after TIPU, but the difference was not significant.(52)
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However, authors did not provide exact flow rate measurements, making further
interpretations difficult.

3.5 Results of data synthesis and analysis
Meta-analyses for consistently reported post-operative complications as well as the
total number of complications were performed using a random-effects model.
Summary data of each meta-analysis is outlined in Table 3.6.
Table 3.6: Meta-analyses of post-operative complications when all studies are considered
RR: Relative risk, CI: Confidence interval

Primary
outcome

Number of
studies

UCF

5

Meatal/urethral
stenosis

6

Wound
dehiscence

4

Total
complications

6

Pooled analysis
RR: 1.5
95% CI: 0.8 – 2.8
p-value: 0.20
RR: 2.7
95% CI: 0.8 – 9.3
p-value: 0.12
RR: 0.7
95% CI: 0.3 – 1.8
p-value: 0.48
RR: 1.7
95% CI: 0.9 – 3.3
p-value: 0.10

Heterogeneity
I2: 0%
p-value: 0.84
I2: 59.2%
p-value: 0.03
I2: 0%
p-value: 0.78
I2: 68.6%
p-value: 0.007

3.5.1 Urethrocutaneous fistula (UCF)
All studies provided data for UCF after TIPU and DIGU. UCF occurred in 9.4% (33 out of
350) of TIPU repairs and 4.9% (13 out of 267) of DIGU repairs. One study(51) did not
encounter any event in either group and so did not contribute to the pooled analysis.
Pooled analysis (Figure 3.2) showed no significant difference in the occurrence of UCF
(RR 1.5, 95% CI 0.8 – 2.8; p= 0.20). There was no significant heterogeneity observed
between the studies (I2 0%, p= 0.84).

50

Figure 3.2: Forest plot of studies comparing post-operative urethrocutaneous fistula
RR: Relative risk, CI: Confidence interval

3.5.2 Meatal/urethral stenosis
Meatal and urethral stenosis was reported by all studies, occurring in 53/250 (21.2%)
TIPU repairs and 11/267 (4.1%) DIGU repairs. Pooled analysis (Figure 3.3) did not show
a significant difference between the two groups (RR 2.7, 95% CI 0.8 – 9.3; p= 0.12).
However, there was substantial heterogeneity between studies (I2 59.2%, p= 0.03),
which was explored in sub-group analysis below.
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Figure 3.3: Forest plot of studies comparing post-operative meatal/urethral stenosis
RR: Relative risk, CI: Confidence interval

3.5.3 Wound dehiscence
Data regarding wound dehiscence was provided by all studies except one(62).
Dehiscence occurred in 10/325 (3.1%) patients following TIPU and 7/242 (2.1%)
patients following DIGU. Shuzhu et al.(54) did not contribute to the pooled analysis, as
wound dehiscence did not occur in either group. Meta-analysis of the four remaining
studies (Figure 3.4) showed no significant difference regarding post-operative wound
dehiscence (pooled RR 0.7, 95% CI 0.3 – 1.8; p= 0.48), with minimal heterogeneity
between studies (I2 0%, p= 0.78).
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Figure 3.4: Forest plot of studies comparing post-operative wound dehiscence
RR: Relative risk, CI: Confidence interval

3.5.4 Total complications
The total sum of pre-defined complications associated with each technique was
recorded. A total of 109 complications (31.3%) occurred following 350 TIPU repairs,
and 39 complications (14.6%) occurred after 267 DIGU repairs. Pooled analysis (Figure
3.5) showed no significant difference regarding total complications (Pooled RR 1.7,
95% CI 0.9 – 3.3; p= 0.10). However, there was substantial heterogeneity between
studies (I2 68.6%, p= 0.007).
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Figure 3.5: Forest plot of studies comparing the total number of post-operative complications
RR: Relative risk, CI: Confidence interval

3.5.5 Other complications
Other post-operative complications including urethral diverticula, skin necrosis, penile
chordee, penile rotation, and haematoma formation occurred more frequently
following TIPU, but the number of events was too small to allow meta-analysis. Only
one patient developed a urethral diverticulum after TIPU.(52) Skin necrosis was
reported by two studies(37, 62) and occurred in 8 patients following TIPU and 4
patients following DIGU. Penile chordee was reported by one study(52) and occurred
in 8 patients after TIPU and 4 patients after DIGU. One study(37) reported penile
rotation and another study(62) reported haematoma formation occurring in 1 patient
each after TIPU. Outcome measures and effect estimates are summarized in Table 3.4
and Table 3.5 respectively.
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3.6 Subgroup analysis
Subgroup analysis was performed to assess if severity of hypospadias affected
outcomes. Anterior hypospadias was defined as per Duckett’s classification, which
includes glanular, coronal, and sub-coronal meatal positions.(6) All other meatal
positions were classified as non-anterior.

Only two studies(37, 47) provided adequate outcome data for patients with anterior
hypospadias. No significant difference was observed between interventions regarding
meatal or urethral stenosis (Pooled RR 3.6, 95% CI 0.5 – 27.2; p= 0.22) and total
complications (Pooled RR 3.3, 95% CI 0.9 – 11.8; p= 0.06). Pooled analysis was not
feasible for UCF and wound dehiscence as no events occurred in the study by Piplani et
al.(37)

Three studies(37, 47, 52) provided adequate data regarding post-operative
complications in patients with non-anterior hypospadias. Pooled analysis showed no
significant difference in the rates of UCF (Pooled RR 2.4, 95% CI 0.9 – 6.3; p= 0.09),
meatal/urethral stenosis (Pooled RR 1.3, 95% CI 0.5 – 3.3; p= 0.58), wound dehiscence
(Pooled RR 0.8, 95% CI 0.3 – 2.3; p= 0.67) or total complications (Pooled RR 2.3, 95% CI
0.6 – 9.0; p= 0.23).

3.7 Sensitivity analysis
Sensitivity analysis was first performed by only including the studies described as being
randomized.(47, 51) This was performed bearing in mind that the trial by Mouravas et
al.(47) showed high risk of bias for random sequence generation and allocation
concealment. Moreover, it was considered to have less bias due to confounding
compared to the 4 observational studies. Pooled analysis of randomized studies
showed no significant difference with regards to post-operative meatal/urethral
stenosis, wound dehiscence, and total complications (Table 3.7). UCF could not be
assessed since no events occurred in the trial by Helmy et al.(51)
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Table 3.7 Meta-analysis of randomized studies
RR: Relative risk, CI: Confidence interval

Primary
outcome
Meatal/urethral
stenosis
Wound
dehiscence
Total
complications

Number of
studies

Pooled analysis

Heterogeneity

2

RR: 6.9
95% CI: 0.8 – 57.0
p-value: 0.07

I2: 0%
p-value: 0.47

2

RR: 0.5
95% CI: 0.1 – 3.7
p-value: 0.49

I2: 0%
p-value: 0.42

2

RR: 1.9
95% CI: 0.2 – 16.2
p-value: 0.57

I2: 60.9%
p-value: 0.11

Meta-analysis was then repeated to include all randomized and prospective
studies(37, 47, 51, 62), as these study designs are associated with fewer inherent
biases (Table 3.8). In this analysis, a significant increase of meatal/urethral stenosis
was observed following TIPU (Pooled RR 10.4, 95% CI 2.5 – 43.4; p= 0.001), with
minimal heterogeneity between studies (I2 0%, p= 0.51). A significant increase of total
post-operative complications was also observed post TIPU (Pooled RR 3.1, 95% CI 1.6 –
5.7; p= 0.001), with minimal heterogeneity (I2 10.7%, p= 0.34). No significant difference
was noted with regards to UCF and wound dehiscence.
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Table 3.8 Meta-analysis of randomized and prospective studies
RR: Relative risk, CI: confidence interval

Primary
outcome
UCF

Meatal/urethral
stenosis*
Wound
dehiscence
Total
complications*

Number of
studies

Pooled analysis

Heterogeneity

3

RR: 1.4
95% CI: 0.5 – 3.8
p-value: 0.49

I2: 0%
p-value: 0.92

4

RR: 10.4
95% CI: 2.5 – 43.4
p-value: 0.001

I2: 0%
p-value: 0.51

3

RR: 0.7
95% CI: 0.1 – 3.8
p-value: 0.72

I2: 0%
p-value: 0.58

4

RR: 3.1
95% CI: 1.6 – 5.7
p-value: 0.001

I2: 10.7%
p-value: 0.34

*Significant difference

In the study by Singh et al.(62), all 25 patients that underwent TIPU repair developed
meatal stenosis. This is an unusually high occurrence that may be attributed to
inadequate technique or over-reporting. Excluding this study from the pooled analysis
did not alter the initial findings with regards to meatal/urethral stenosis (Pooled RR
1.3, 95% CI 0.5 – 3.1; p= 0.55). However, heterogeneity between remaining studies
was no longer significant (I2 23.7%, p= 0.26).
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4. Discussion
4.1 Summary of the results
The aim of this study was to systematically compare the reported operative outcomes
of primary TIPU and DIGU in children with hypospadias. Outcomes of interest included
post-operative complications (primary outcome) and cosmetic and functional
outcomes following repair. Only six studies, involving 617 children, met the inclusion
criteria and were selected for analysis.

When these studies are considered, pooled analysis suggests that there is a general
increase in post-operative UCF, meatal/urethral stenosis, wound dehiscence, and
overall complications following TIPU repair, although this increase did not reach
statistical significance. To explore the substantial heterogeneity between studies
reporting meatal or urethral stenosis, sensitivity analysis was first performed with
inclusion of only randomized trials(47, 51) and then with inclusion of randomized and
prospective studies(37, 47, 51, 62). A statistically significant increase of
meatal/urethral stenosis and total incidents occurred following TIPU when randomized
and prospective studies are considered. Other complications, such as urethral
diverticula, skin necrosis, penile chordee, penile rotation, and bleeding were reported
by only a small number of studies, and pooled analysis was not feasible.

There was insufficient comparative evidence to permit pooled analysis of cosmetic and
functional outcomes. While subjective descriptions of penile appearance were
reported in most studies, only one study(54) used a standardized cosmetic scoring
tool. Using the HOSE score, no significant difference was noted at 17-18.5 months
follow-up.(54) Evidence regarding functional outcomes was contradictory. One study
was strongly in favour of the DIGU technique, but was limited by their small number of
participants (n=22).(37) Another study reported more obstructed flow rates following
TIPU, but differences did not reach statistical significance and exact measures were not
provided.(52) A third study reported acceptable flow rates following both repairs and
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did not favour one procedure over the other.(51) Due to the paucity of evidence,
robust conclusions regarding secondary outcomes were not possible.

4.2 Quality of the evidence
This systematic review confirms that the quality of available evidence comparing TIPU
and DIGU in children is generally poor. For this reason, results of the meta-analysis of
surgical complications must be interpreted with caution. A small number of studies are
included overall, with only two being randomized. Of the randomized trials, only one
study was judged to be at low risk of bias with adequate randomization of
participants.(51) The second randomized trial was considered to be at high risk of
selection bias, as they described a method of alternation rather than
randomization.(47) The overall serious risk of bias in the remaining four studies was
mainly due to confounding, related to the inherent limitations of study design.
Moreover, confidence intervals of analyzed outcomes were wide and included
potential benefit and harm, leading to further uncertainty regarding the treatment
effects.

4.3 The study in context
This is the first systematic review to compare the outcomes of TIPU and DIGU in
children undergoing primary hypospadias repair. As such, although the overall
methodological quality of included studies has obvious limitations, this review perhaps
still represents the most up-to-date evidence.

Proponents of the DIGU technique often argue that grafting the incised plate improves
healing of the reconstructed urethra resulting in a wider caliber lumen and better
urinary flow parameters.(47) They also argue that this would allow better positioning
of the meatus at the tip of the glans, a site often vulnerable to stenosis, with improved
cosmesis.(47, 48) However, these reports are mainly based on anecdotal evidence
based on surgeons’ experience rather than by reliable comparative evidence. Although
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evidence from this review suggests an overall tendency of increased complications
following TIPU, the lack of statistical significance when all studies are included and
overall low quality of studies precludes firm conclusions regarding the true effect.
Furthermore, exclusion of the larger retrospective studies meant that precision is
significantly impaired due to the remaining small sample sizes, and conclusions
regarding stenosis rates in sensitivity analysis cannot be trusted. Overall, pooled
analysis suggests that operative complications are at best comparable, which is in
keeping with the randomized trial by Helmy et al.(51)

4.4 Limitations and strengths
There are several limitations in this review. The main limitation is the lack of an
adequate number of randomized trials with low risk of bias. This is a frequent
encounter when assessing surgical techniques in the paediatric population and was
anticipated in a pilot search of the literature. As a result, it was deemed necessary to
include observational studies, which perhaps added some value by providing a more
realistic depiction of current clinical practices. The small number of studies also
precluded the use of funnel plots to assess for publication bias.

The main strength of this review was the comprehensive database search, which
included relevant conference proceedings, ongoing trials databases and grey literature
sources. Sensitivity analysis was also performed in order to minimize the potential
biases associated with methodological designs. Finally, subgroup analysis was
performed according to the severity of hypospadias, which did not seem to alter the
overall results.
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4.5 Conclusions and implications for clinical practice
That there is a myriad of descriptions of many different hypospadias repairs and their
variations is testament to the fact that there is no perfect hypospadias repair.
Although many authors claim that one technique may be superior to the other, there
are no robust randomized controlled trials taking into account the severity of
hypospadias. Until such trials exist, decisions regarding the appropriate repair will
continue to be based on the surgeon’s preference and experience.
However, surgeons should be aware of the small potential for increased complications
following TIPU, as suggested by the increased trends seen in this review.
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6. Appendices
Appendix 1. Meatal advancement and glanuloplasty technique (MAGPI)(1)
a. Bridge of tissue between meatus and glans tip is excised; b-c. Transverse sutures
placed to advance meatus; d-e. Closure of glans and skin edges

a

b

c

d

e
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Appendix 2. Mathieu repair(1)
a. U-shaped incision, b. A U-shaped flap is elevated, c. The flap is sutured over a tube to
construct a new urethra, d. Glans and skin closure

a

b

c

d
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Appendix 3. Two-stage Bracka repair for severe hypospadias(1)
First stage: a. Excision of the urethral plate and correction of chordee; b. Defect
covered with a skin graft and allowed to heal.
Second stage: c. U-shaped incision around graft margins; d. Urethroplasty completed
to the tip of the glans

a

b

c

d
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Appendix 4. Transverse island flap for severe hypospadias(1)
a. After degloving the penis to correct chordee, a foreskin graft is harvested. b. The flap
is rolled and sutured around a tube. c. The tubularized graft is brought ventrally and
the lower end is sutured to the proximal urethral opening. d. The glans and skin edges
are closed in the midline.

a

b

c

d
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Appendix 5. Paediatric Penile Perception Score (PPPS)(40)
(A third questionnaire addressing each item is also completed by an uninvolved
surgeon)
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Appendix 6. Hypospadias objective penile evaluation (HOPE)(39)
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Appendix 7. Medline and Embase search strategies

Electronic

Search strategy

database

(((((hypospadias[MeSH Terms]) OR hypospadia[MeSH Terms]) OR
Medline
Total results: 475

hypospadias)) AND (((((((snodgrass) OR "TIP") OR urethroplast*) OR
tubularize*) OR tubularise*) OR incise*) OR incised-plate)) AND
((((((((((snodgraft) OR GTIP) OR G-TIP) OR foreskin) OR prepuce) OR
preputial) OR dorsal inlay) OR dorsal-inlay) OR DIG) OR graft*)

#1 'hypospadias surgery'/exp OR 'hypospadias repair'/exp
OR 'hypospadias'/exp OR hypospadias OR hypospadia

#2 'snodgrass technique'/exp OR 'tubularized incised plate
Embase

urethroplasty'/exp OR 'tubularized incised plate'/exp

Total results: 855

OR 'tubularized incised plate repair'/exp
OR tip OR tubularize* OR tubularise* OR urethroplast* OR incise* O
R 'incised plate'

#3 snodgraft OR gtip OR 'g tip' OR prepuce OR foreskin OR DIG
OR preputial OR graft* OR (dorsal AND inlay) OR 'dorsal inlay'

Final search: #1 AND #2 AND #3
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Appendix 8. Data collection sheet
TIPU: Tubularized incised plate urethroplasty, DIGU: Dorsal inlay graft urethroplasty,
HOSE: Hypospadias Objective Scoring Evaluation
Baseline characteristics
Title of the study
Year of publication
Corresponding author and
contact details
Institution
Publication type

e.g. Full manuscript or abstract

Methods
Study aim
Details of study design
Pre-defined outcome measures

e.g. Randomized or observational (prospective,
retrospective)
Description of complications and methods to assess
cosmesis and function

Exclusion/inclusion criteria
Follow-up period

Participants
Total number of participants
Age (mean or median)
Co-morbidities if any
Number excluded with reasons
Severity of hypospadias

Age of total population and each intervention
group if specified

e.g. Anterior, middle, posterior

Intervention (TIPU)
Number allocated to group
Description of operative
technique
Experience of surgeon
Post-operative care

e.g. Trainee, consultant
e.g. Description of post-operative dressings, size
and time of removal of urethral stents

Comparison (DIGU)
Number allocated to group
Description of operative
technique
Experience of surgeon
Post-operative care

e.g. Trainee, consultant
e.g. Description of post-operative dressings, size
and time of removal of urethral stents

Primary outcome
Outcome assessor
Statistical methods used if any
Post-operative complications
Urethrocutaneous fistula
Meatal/urethral stenosis
Wound dehiscence

TIPU (n)

76

DIGU (n)

Post-operative complications
Urethral diverticulum
Skin necrosis
Penile chordee
Penile rotation
Wound infection
Haematoma/bleeding
Total complications

TIPU (n)

DIGU (n)

Secondary outcome - Cosmesis
Use of a validated scoring tool?
Outcome assessor
Cosmetic scores

e.g. HOSE score
e.g. blinded, unblinded, surgeon, parent, patient
TIPU
DIGU

Statistical methods used if any

Secondary outcome - Functional results
Outcome assessor
Statistical methods used if any
Urinary flow curves

Maximum flow rates (QMAX)

e.g. blinded, unblinded
TIPU
(n)
DIGU
(n)
TIPU
(n)

DIGU
(n)

Normal bell curve
Obstructed curve
Normal bell curve
Obstructed curve
>25th centile (normal)
5-25th centile
(equivocal)
<5th centile
(obstructed)
>25th centile (normal)
5-25th centile
(equivocal)
<5th centile
(obstructed)
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