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Summary

Introduction

Dorsal inlay graft urethroplasty (DIGU) has been
described as an effective method for hypospadias
repair with the proposed advantage of reducing the
risk of complications. We aimed to systematically
assess whether DIGU has any additional advantages
over standard tubularized incised plate ure-
throplasty (TIPU) repair in children with primary
hypospadias.

Materials and methods

This systematic review was performed according to
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) Statement. The a
priori protocol is available at the PROSPERO data-
base (CRD42020168305). A literature search was
conducted for relevant publications from 1946 until
January 10, 2020 in seven different databases.
Randomized controlled trials (RCTs), comparative
studies (TIPU vs DIGU) and single arm case series
(>20 cases) of DIGU were eligible for inclusion.
Secondary hypospadias, two-stage repairs, disorders
of sex development, significant curvature of >30°,

Introduction

Tubularized incised plate urethroplasty (TIPU)
has become the most popular technique for
repairing distal hypospadias at many in-
stitutions over the last two decades. It can
also be applied in some cases of proximal
hypospadias with minimal chordee where the
urethral plate is not transected [1]. Although
this technique is easily applicable with good
cosmetic results, several complications,
including meatal and/or neourethral stenosis,
have been reported [1].

https://doi.org/10.1016/j.jpurol.2021.02.013
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and a mean or median follow-up of less than 12
months were excluded.

Discussion

A total of 499 articles were screened and 14 studies
(3 RCTs, 5 non-randomized studies (NRSs), and 6
case series) with a total of 1753 children (distal:
1334 (76%) and proximal: 419 (24%)) were found
eligible. Mean follow-up of the studies was between
16 and 77 months. DIGU was found superior to TIPU
in decreasing meatal/neourethral stenosis

(p = 0.02, 95% CI 0.02—0.78). All other parameters
were found comparable including overall complica-
tions, fistula and glans dehiscence rates. Success
rates were similar among the groups ranging be-
tween 48% and 96% for DIGU and 43—96% in the TIPU
group. The lack of standardization in the definition
of complications and success was the major limita-
tion of this study.

Conclusions

Using an inlay graft during primary hypospadias
repair decreases the risk of meatal/neourethral
stenosis. However, current evidence does not
demonstrate superiority of DIGU over TIPU in terms
of treatment success and overall complication rates.

Dorsal inlay graft urethroplasty (DIGU),
using an inner preputial free graft in the dorsal
incision of the standard TIPU technique, has
been described as an effective method for
hypospadias repair with the proposed advan-
tage of reducing the risk of meatal/neo-
urethral stenosis [2]. DIGU is an addition to
standard TIPU technique with the aim of
improving the healing process of the incised
urethra. The authors hypothesized that leav-
ing a large denuded surface in the neourethra
that reepithelializes and scars could be
the leading factor for meatal/neourethral
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stenosis. With the insertion of a free inlay graft they aimed
to preserve the urethral plate and increase the area of the
healthy tissue. Since this modification was first reported in
2000, many other studies including randomized controlled
trials have been published [2].

In one of the randomized controlled trials (RCT’s) by
Mouravas et al. fifty consecutive patients with pathology
ranging from glanular to proximal penile hypospadias were
randomized into two groups, comparable for age and pathol-
ogy, to be operated on either with standard TIPU or with DIGU
procedure [3]. DIGU procedure had a significantly smaller
number of unsatisfactory results compared to TIPU procedure.
No cases of stenosis were detected after DIGU procedure.

In another non-randomized comparative study by Smi-
takahara et al. 100 primary hypospadias patients were
analyzed [4]. Outcomes of 50 cases with DIGU vs 50 cases
with standard TIPU procedure were compared. The stenosis
rates were lower in DIGU group compared to TIPU proced-
ure at a mean follow up of 3.6 years.

In contrast, in another recent RCT by Helmy et al., no
difference was observed between the two techniques in
patients with primary distal hypospadias [5]. There are
many other studies published on this topic and a systematic
review/metaanalysis (SR/MA) can elucidate whether
insertion of an inlay graft is beneficial or not.

With this comprehensive systematic review and meta-
analysis we aim to evaluate whether DIGU has an advantage
over standard TIPU repair in children with primary
hypospadias.

Evidence acquisition

Search strategy

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement. The a priori protocol is
available at the PROSPERO database (CRD42020168305). A
systematic literature search was conducted for relevant
publications from 1946 until January 10, 2020 in the
following databases: Embase, MEDLINE, Cochrane SRs,
Cochrane Central, Cochrane HTA, Clinicaltrial.gov, and
World Health Organization (WHO) International Clinical
Trials Registry Platform Search Portal. We manually
searched the reference lists of included studies and
relevant review articles. The complete search strategy is
available at the PROSPERO database.

We used the string terms hypospadias AND inlay AND
pediatrics or synonyms of this. There was no limitation for
publication time and no language limitations. Three authors
(JQ, LH, NB) independently screened the titles and ab-
stracts of identified records for eligibility. Full-texts were
retrieved for all potentially eligible studies and these were
again independently reviewed by three authors (JS, LH,
NB). Any disagreement was resolved by an independent
fourth party (SS).

Types of study designs

The eligibility criteria and relevant confounders were
identified during a consensus meeting of the European

Association of Urology (EAU) Pediatric Urology guidelines
panel. RCTs, comparative studies (TIPU vs DIGU) and single
arm case series (>20 cases) of DIGU were eligible for in-
clusion. Systematic and narrative reviews were excluded,
but used for the discussion.

Types of participants

Patients had to be children (<18 years of age) with primary
hypospadias at any location, surgically corrected by DIGU or
in comparative studies by TIPU. Exclusion criteria were:
secondary hypospadias, two-stage repairs, disorders of sex
development, significant curvature of >30°, mean or me-
dian follow-up of less than 12 months.

Types of interventions

Experimental intervention was primary hypospadias repair
with inlay graft (DIGU). The type of inlay grafts included
were: preputial skin, lingual and buccal mucosa. This
intervention was compared to control a group of primary
hypospadias repair without inlay graft (TIPU).

Types of outcome measures

The primary outcomes for this study were: success rate (as
defined by trialists) of DIGU (benefit) and meatal/neo-
urethral stenosis of DIGU (harm). The secondary outcomes
of interest were cosmetics, fistula, glans dehiscence, re-
operation rate, other complications including persistent
curvature, total breakdown, skin necrosis etc., also
compared to TIPU. Two relevant confounders were identi-
fied: type of inlay graft (buccal, lingual, preputial) and
severity of hypospadias (distal or proximal).

Assessment of risk of bias

Two authors (LH and NB) independently assessed the risk of
bias for each included study. For the RCTs the recom-
mended tools in the Cochrane Handbook for Systematic
Reviews of Interventions were used [6]. The following was
assessed: random sequence generation; allocation
concealment; blinding of participants and personnel;
blinding of outcome assessment; incomplete outcome data;
selective reporting; and other sources of bias. For the
comparative studies and case series three issues were
considered: the presence of an a priori protocol, was the
total eligible population included and recruited consecu-
tively, were the primary harm and benefit outcomes
appropriately measured. Finally, for each of the identified
confounders we evaluated whether they were considered
and if so, if they were controlled for.

Data analysis

The study characteristics are described for continuous data
as mean + SD and median (range) and for categorical data
as counts. The numbers and percentages of treatment
success rate and meatal/neourethral stenosis as well as all
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secondary outcomes were extracted from the included
studies.

A meta-analysis was performed for the following out-
comes of the three included RCTs: success rate, meatal/
neourethral stenosis, fistula, re-operation rate and glans
dehiscence.

A narrative synthesis of the data was performed for the
non-RCTs with odds ratios (ORs) for categorical outcomes
and mean difference with 95% confidence intervals to
report continuous outcomes. The number of total compli-
cations was represented in a forest plot without meta-
analysis to show a visual result in comparison to the results
of the RCTs.

Meta-analysis was intended for the total complication
rates. However, due to the lack of this evidence in the
RCT’s, some of the additional data from Non randomized
studies (NRS) have been represented in Forest plots without
meta-analysis (due to methodological heterogeneity and
the high risk of bias).

Evidence synthesis
Quantity of evidence identified

The PRISMA flow diagram demonstrates our search and se-
lection process (Fig. 1). We screened a total of 499

abstracts and titles, and retrieved 28 articles for full-text
screening. We found 14 eligible studies with a total of
1753 children (RCTs: 167, non-randomized studies (NRSs):
908, case series: 678). This included 3 RCTs, 5 NRSs, and 6
case series.

Characteristics of the included studies

The baseline characteristics of all included studies are
presented in Table 1. Of the 1753 patients who underwent a
primary hypospadias repair, 1334 (76%) were distal and 419
(24%) were proximal. In the intervention group (DIGU), the
type of graft was preputial in 12 studies, only one single
arm study reported the use of a lingual graft [7] and one
NRS study reported a subgroup with buccal mucosal graft

[8].

Characteristics of RCT’s
There were 3 included RCTs, their comparison parameters
are listed in Table 1 [3,5,9]. All three studies used preputial
grafts in the intervention group. Two of the studies only
included distal hypospadias and one study [3] included 12
patients with proximal hypospadias (one stage repair) that
were randomized in equal numbers in the intervention and
control groups.

Two studies clearly defined the primary outcome or
success [5,9] while one did not report this explicitly and
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Table 1

Baseline characteristics of all included studies.

Study characteristics Intervention  Study criteria Primary Primary hypospadias  Followup period Age
type hypospadias type  type -Control TIPU mean (range)
-DIGU months
Study ID and Design DIGU inlay Inclusion criteria Exclusion criteria Distal Proximal Distal Proximal Intervention Control
year graft type (n) (n) (n) (n)
Ahmed 2015 Prospective Preputial Consecutive patients, NR 225 5 0 0 17.5 (5—36) mean 3.2 (11 month
single arm underwent combined —10 yrs)
inner preputial inlay
graft with TIPU
Asanuma 2007 Retrospective Preputial Primary hypospadias Deep groove and no severe 19 9 0 0 22 (13-31) 21 months (14 months
single arm repair curvature —4.6 yrs)
Eldeeb 2020 Prospective Preputial Children age 4—24 Proximal and midpenile 30 0 30 0 16 (2—24) 13 (5—24) months 12 (6—24)
RCT months, distal penile hypospadia, glandular months
hypospadias, urethral hypospadia, curvature of
plate <8 mm, glans >30° after penile
width >14 mm before ~ degloving, shallow
incision, primary non- urethral plate, history of
cireurmcEe Testosterone
supplementation
Elsayed 2015  Retrospective Lingual Distal hypospadia, witha NR 23 0 0 0 25.4 (18—36) mean 2.3 + 0.5 (range
single arm urethral plate of less 1-3 yrs)
than 8 m, 3 had previous
hypospadia surgery
Gupta 2016 Prospective Preputial Primary hypospadias, NR 257 6 0 0 Median 15 (11—72) months
single arm minimal FU of 3 months 17 (6—22)
Helmy 2018 Prospective Preputial Age <5 yrs, distal Recurrent, circumcised, 30 0 30 0 40 + 15 41.9 + 16 months 39.1 +£ 15
RCT hypospadia (subcoronal severe chordee, narrow months
and distal shaft), urethral plate (<8 mm)
primary, uncircumcised,
no or mild chordee
(<30°)
Kolon 2007 Retrospective Preputial Not specifically reported NR 11 21 0 0 21 (3-37) mean 10
single arm (6 months10 yrs)
Mouravas 2014 Prospective Preputial Glanular to proximal Failure to re-examination 18 6 17 6 76.8 (24—60) 3.5 years 3.4 years
RCT primary hypospadia, protocol (10 months9.4 yrs) (9 months-
having their preputial 9.6 yrs)
hood intact, no
dermatological
pathology of the
genitalia
Pippi Salle Retrospective Preputial all patients with One-stage island flap 0 23 0 117 29.6 (6—127) mean 15.3 months mean 17.6
2016 non proximal primary repairs months
randomised hypospadias
comparative
Rober 1990 Retrospective Preputial Al primary hypospadia  NR 37 44 min 12 (max 240) 10 months - 11 yrs

non
randomised
comparative

repairs performed
between 1981 and 1988
using a free graft
technique

Total 34 proximal
and 47 distal

Total 34 proximal and
47 distal

90¢

e 19 Aejis ‘S'W
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mean 1.08 + 0.365 yrs

28.2 (6-53)

23

81

Non preservable plate (ie
significant chordee),

All consecutive children

with distal penile

Preputial

Prospective

non

Seleim 2019

circumcised cases, redo

cases

hypospadias in the

randomised

presence of a narrow

comparative

urethral plate (defined
as <8 mm pre-incision

subcoronal plate width)

Primary distal

1.2 yrs (émonths -

18 (6—24)
3yrs)

61 120 78

89

NR

Retrospective Preputial

non

Shuzhu 2016

hypospadia, who had

mild or no chordee and

good penile

randomised

59

101

102

development

Buccal

comparative

mean 7.26 (1—17) yrs

29.56 + 12.30

Proximal hypospadia,
severe chordee,
micropenis and

Primary distal

Retrospective Preputial

single arm

Silay 2012

hypospadia, who had

mild or no chordee and

good penile

circumcised penis

development

3 2-11)
yrs

25 50 Min 9 3 (2—12) yrs

Those with chordee,

Primary distal
hypospadia

Retrospective Preputial

non

Singh-

proximal hypospadia,

Pavithran
2004

previous urethroplasty

randomised

comparative

success was defined as lack of complications [3]. One study
reported all the secondary outcomes [3] while two studies
did not report reoperation rates [5,9]. One of the RCTs [5]
reported on maximum flow rate on postoperative uroflow
(Qmax). The baseline characteristics of the RCTs are sum-
marized in Table 1.

Characteristics of NRS’s

A total of 5 NRSs (1 prospective [10] and 4 retrospective
studies [8,10—13]) including 908 patients met the inclu-
sion criteria. Two of the studies included distal hypospa-
dias only [10,11], one study included proximal
hypospadias [12] only and two included both distal and
proximal hypospadias [8,13]. All the NRS studies used
preputial grafts with the exception of one study with two
intervention groups, one of which included a buccal graft
[8]. Four studies did not report a specific definition for
success, while one study defined success as lack of com-
plications [8]. All secondary outcomes were reported by 3
NRS while 1 NRS did not report reoperation rate and glans
dehiscence [11] and one did not report on re-operation
rates [8]. Two studies reported on other complications
such as superficial necrosis [11], complete dehiscence and
recurrence of ventral curvature [12]. The definitions of
success an complications were variable in all studies as
well as the inclusion and exclusion criteria that are re-
ported in Tables 1 and 2.

Characteristics of case series

A total of 6 case series (2 prospective [14,15] and 4 retro-
spective [2,7,16,17]) including 678 patients met the inclu-
sion criteria. All the studies except one included preputial
grafts, lingual grafts were used in this study [7]. Four
studies included proximal and distal hypospadias [2,14—16]
while remaining two studies only included distal hypospa-
dias [7,17]. Three studies did not report a definition for
success [2,16,17], one study reported this as cure with no
complications as success [7], one reported excellent
cosmetic and functional results as success [14] and one
study reported this as a HOSE (hypospadias objective
scoring evaluation) score of >14 [15]. Four studies reported
on all secondary outcomes [2,7,16,17], one study did not
report the cosmetic outcome [14] and one did not report
the glans dehiscence rates. Other secondary complications
such as ventral shaft skin breakdown [2] and complete graft
loss and repair disruption after infection [7] were reported
by one study each.

Risk of bias summary for the included studies

Fig. 2 demonstrates the risk of bias summary and con-
founding assessments for the 14 included studies. A low risk
of selection bias was present for the three included RCTs,
whereas a high risk was present for the remaining studies. A
low risk of performance bias and a high risk of detection
bias were present for two of the included RCTs. Attrition
bias and reporting bias were at low risk in half the studies
and unclear risk in the remainder. There was a low risk for
confounders overall, with five studies reporting high risk of
bias for confounder severity of hypospadias (distal,
proximal).



M.S. Silay et al.

308

("18 |enful) '|eaang 'lenndald) yeld Aejul jo adi]

(lewixold '|ejsip) seipedsodAy Jo JuUsass

(seiq Buipodal) Buipodal aaljaa|as

(Selq uonuye) elep awoano a)a|duioau)

spainseaws Algjeudoldde sawoano Jisuag pue uuey Aewild auyl aiap
&AIBAINIBSU0I pajnIdal pue papnjaul uonendod a1qifia [£)0} Y} SEAL
&1090j04d Loude ue a18y] SEAA

(Selg uoNjaalap) JUaLISsasse awono Jo Buipung

(seiq asueunouad) |auuosiad pue sjuediaiped jo Buipung

{SeIq U0IJI3|as) JUBLIEBIUDI UOREIO|Y

(selq uonaa|as) uonelaual asuanhas wopuey

1

?

?

1f

?

?

?

?

2002 @

1/

2 (@2

2 (@2

2 | ® |2

ahmed 2015 | @ | @ | @ | @
asanuma 2007 | @) | @ | @ | @ | @

Eideet 2020 | @ (@ | 0| 9|0 0| 0|9 O (OO

Eisayed 2015 | @) | @ | @ | @ | @

cupta2016 | @ | @ | @ | @ | ® | @
Helmy 2018 . . . . . ?

kolon2007 | @) | @ | @ | @ @ |2 @] 2
Mouravas 2014 | @ | @ | @ | O ©  © | © O © (S S

Pippisalle 2016 | @) | @ | @ | @ | ® |2 | O O O | S S

Rober1930 | @ | @ | @ | @ | @ |2 | ®| 2
seleim2019 | @ | @ | @ | @ |2 O O O O O | S

shzhu2016 | @) | 9 |0 |0 |9 9|9 O © O O

siy2012| @) | @ | O | OO O O O O SO

singh-Pavithran 2004 | @) | @ | @ | @ | @ | 2 | ® | 2

Risk of bias (RoB) summary for 14 included studies.

Fig. 2



Inlay graft in the treatment of primary hypospadias 309
DIGU TIPU 0dds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eldeeh 2020 0 30 130 156%  0.32(0.01,8.24]
Helmy 2018 0 30 130 156%  0.32[0.01,8.24]
Mouravas 2014 0 24 6 23 688% 005(000,1.04 +—W—
Total (95% Cl) 84 83 100.0%  0.14[0.02,0.78] o BE—
Total events 0 8
Heterogeneity: Chi*= 0.90, df= 2 (P = 0.64); F= 0% '0 0 051 150 1005

Test for overall effect: Z= 2.25 (P=0.02)

Fig. 3

Outcomes of included studies

The outcome results of 14 studies are summarized and
demonstrated in Table 2.

Favours [DIGU] Favours [TIPU]

Forest plot demonstrating meatal/neourethral stenosis.

Treatment success

The definition of success in 14 of the included studies was
variable and included lack of complications, excellent
functional and cosmetic outcome, slit shaped meatus and
HOSE score>14. Success rates were between 48% and 96% in

DIGU TIPU 0Odds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eldeeb 2020 1 30 1 30 331% 1.00(0.06,16.76)
Helmy 2018 0 30 0 30 Not estimahle
Mouravas 2014 1 24 2 23 66.9%  0.46[0.04,5.41) —a—
Total (95% CI) 84 83 100.0%  0.64[0.10,3.97] ——co i —
Total events 2 3
Heterogeneity: Chi*= 0.17, df=1 (P = 0.68); F= 0% I + t {
Testfor overall effect: Z = 0.48 (P = 0.63) W ety 1M
Fig. 4 Forest plot demonstrating fistula.
DIGU TIPU 0Odds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eldeeb 2020 0 30 1 30 506% 0.32(0.01,8.24) L
Helmy 2018 2 30 0 30 158% 5.35(0.25,116.31) 4
Mouravas 2014 1 24 1 23 336% 0.96(0.06,16.25)
Total (95% CI) 84 83 100.0% 1.33[0.29, 6.07] = F I RRe—
Total events 3 2
Heterogeneity: Chi*=1.57, df= 2 (P = 0.46); = 0% I + t {
Test for overall effect: Z= 0.37 (P=0.71) L U:t DIGU TIPU 10 L
Fig. 5 Forest plot demonstrating glans dehiscence.
DIGU TIPU Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eldeeb 2020 2 30 2 30 20.0% 1.00[0.13,7.60] e
Helmy 2018 2 30 1 30 100% 2.07[0.18,24.19) I
Mouravas 2014 2 24 723 701%  0.21[0.04,1.14) —a—
Total (95% Cl) 84 83 100.0%  0.55[0.19, 1.59] e
Total events 6 10
Heterogeneity: Chi*= 2.71, df= 2 (P = 0.26); IF= 26% k + + {
Test for overall effect Z=1.10 (P =0.27) 0.0% Fg;/‘lours DIGU Favours TI1P0U LU
Fig. 6 Forest plot demonstrating overall complications of RCTs.
DIGU TIPU 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eldeeh 2020 2 30 2 30 1.00[0.13,7.60] —_— T
Helmy 2018 2 30 1 30 2.07[0.18,24.15) S B E—
Mouravas 2014 2 24 723 0.21[0.04,1.14) —t—
Pippi Salle 2016 4 23 10 117 2.25[0.64, 7.93] i L
Rober 1990 2 37 5 44 0.45[0.08, 2.45) I
Seleim 2019 4 81 10 23 0.07[0.02,0.29) —t
Shuzhu 2016 11 310 6 198 1.18[0.43,3.24) -t
Singh-Pavithran 2004 0 25 0 50 Not estimable
0.01 0.1 10 100

Fig. 7

favours DIGU favours TIPU

Forest plot demonstrating overall complications of RCT’s and NRS’s.



Table 2 Summary of Findings table including all studies.

Study ID Primary Outcomes Secondary outcomes Authors
clndl yize Success rate N (%) Meatal/ Cosmetics Fistula N (%) Glans Re-operation Other complications salrdlzen
neourethral unfavourable dehiscence N (%) including persistent
stenosis N (%) N (%) N (%) curvature, total
breakdown,
bleeding, skin
necrosis etc.
Definition Inter- Control Inter- Control Inter- Controlinter- Control Inter- Controlinter- Control Inter- Control
for cure or  vention vention vention vention vention vention vention
success
Ahmed 2015 Excellent 221/230 N/A 0 N/A NR N/A 9/230 N/A 0 N/A  8/230 (3.5%) N/A NR N/A Combined inner preputial
cosmetic and (96.09%) (3.9%) graft with TIP urethroplasty
functional secures the optimal glanular
results position of a wide slit-like
neomeatus
Asanuma 2007 NR 27 pts had no N/A 0 N/A 0 N/A  1/28 N/A 0 N/A  1/28 (3.6%) N/A 0 N/A DIGU is an effective method
complications (3.6%) for hypospadias repair and
(96.4%) leads to good cosmetic
outcome with low risk of
complications
Eldeeb 2020 No compli- 28 pts had no 28 pts had no 0 1/30  2/30 2/30 1/30 1/30 1/30 0 NR NR 0 0 Snodgraft is not considered
cations complication complication (3.33%) (6.7%)  (6.7%) (3.33%) (3.33%) (3.33%) to be superior to Snodgrass
(93.3%) (93.3%) regarding the success and
occurrence of
complications.
Elsayed 2015 Cured with ~ 20/23 (87%) N/A 0 N/A 0 N/A 3/20 N/A 0 N/A  3/20 (13%) N/A Complete  N/A One-stage lingual graft
no compli- (13%) graft loss: urethroplasty offers
cations 1 = 4.3%, promising outcomes for the
Repair repair of distal penile
disruption hypospadias with a narrow
following urethral plate.
infection:
1 =4.3%
Gupta 2016 ~ HOSE score  252/263 N/A 1/ N/A 11/263 N/A  10/263 N/A NR N/A  9/263 (3.4%) N/A NR N/A The G-TIP repair is a
of >14 (96%) 263 = 0.04% (4%) (3.7%) straightforward and feasible
technique facilitating
reconstruction of an apical
neomeatus with an optimum
outcome based on HOSE
scoring.
Helmy 2018  As slit 28/30 29/30 0 1/30 3/30 0 0 0 2/30 0 NR NR Qmax Qmax Snodgrass and GTIP
shaped (93.3%) (96.7%) (3.33%) (10%) (6.7%) 11.6 £3 11.2+5 techniques for primary
meatus at the distal hypospadias repair
tip of the have similar outcome.
glans with no
stenosis,
fistula or
diverticulum
Kolon 2007 NR 30/32 pts had N/A 0 N/A 0 N/A 0 N/A 1/32 N/A  2/32 (6.2%) N/A 1/32 (3.1%) N/A
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Mouravas 2014 NR

Pippi Salle
2016

Rober 1990

Seleim 2019

Shuzhu 2016

Silay 2012

Singh-
Pavithran
2004

NR

NR

NR

Presence of
complications
(a whole list)
and loss of a
stent

NR: lack of
complications

NR

no
complications
during follow-

up (94%)

22/24 pts had 16/23 pts had 0 6/23 0

no no (26%)

complications complications

(92.67%) (70%)

11/23 pts had TIP: 22/57 pts 4/23 (17.3%)TIP: 9/ 0

no had no 57

complications complications (15.7%);

(47.90%) = 38.6%; SR: SR: 1/60
37/ (1.6%)

60 pts had no
complications
(61.7%)

18/37 pts had 19/44 pts had 2/37 (5.4%) 5/44 0
no no (11.4%)
complications complications

(48.6%) (43.2%)

73/81 pts had 3/23 pts had 4/81 (4.9%) 10/23 0
no no (43.5%)
complications complications

(90%) (13%)
Buccal: 141/ 186/ Buccal: 4/ 6/198
150 (94%); 198 = 93.9% 150 (2.7%); (3%)
Prepuce: 148/ Prepuce: 7/
160 (92.5%) 160 (4.4%)
92/102 N/A 0 N/A 0
(90.2%)
NR NR 0 TIP: 25/ NR
25
(100%);

HOSE
Score:
Buccal:
14.28;
Prepuce:
14.25

1/24
(4.1%)

3/23
(13%)

17/37
(45.9%)

2/81
(2.5%)

Buccal:
5/150
(3.3%);

Prepuce:

5/160
(3.1%)

10/102
(9.8%)

4/25

(16%)

2/23
(8.7%)

TIP: 18/
57
(31.5%);
SR: 7/60
(11.6%)

20/44
(45.5%)

3/23

(13%)

6/198
(3.0%)

N/A

TIP: 5/
25
(20%);

(3.1%)

1/24

1/23

(4.1%) (4.3%)

0

0

0

NR

TIP: 3/
57
(5.2);
SR: 7/
60
(11.6%)

N/A

NR

ventral shaft
skin
breakdown

1/24 (41.7%)3/23 0

12/23
(52.10%)

14/37 (38%)

4/81 (5%)

(13%)

TIP: 30/ Complete

57 dehiscence

(52.6%); 4/23

SR: 19/ (17.3%);

60 Recurrence

(31.6%) of ventral
curvature 4/
23 (17.3%)

21/44 0

(47.7%)

10/23 0
(43.4%)

NR, based onNR based0

all fistulas

on

and stenosis: fistulas

Buccal: 9/
150 (6%);

and
stenosis:

Prepuce: 12/12/198

160 (7.5%)
10/102
(9.8%)

(6.1%)
N/A 0

TIP: 1/25Superficial
(4%); necrosis:
TIP2: 1/ 4/25 (16%)

TIP: Complete
dehiscence
4/57 (7%)
Recurrence
of VC 8/57
(14%),
Diverticulum
1/57 (1.7%),
SR:

Complete
dehiscence 3/
60 (5%),
Recurrence of
VC 3/60 (5%),
Diverticulum
1/60 (1.6%)

0

N/A

The G-TIP procedure results
in lower complication rates
and this outweighs the extra
operative time.
Urethro-cutaneous fistulae
occur more commonly after
TIP repair. TIP and DIG
repairs had more meatal and
urethral stenosis.
(especially after urethral
mobilization). Recurrence of
ventral curvature after TIP
and DIG seems to be a
significant complication.
Staged repairs resulted in
overall better outcomes.

Long term results with 1-
stage repair have been
excellent. The end results
are a nearly normal
functioning and appearing
penis.

4 mm width is the border
line of clinical relevance
that defines poor urethral
plate.

As the inner foreskin
Snodgraft does not appear
to be worse than the buccal
mucose graft, it is a good
method for hypospadias
repair, and this method is
not inferior to TIP

No meatal/neourethral
stenosis was observed in any
patient undergoing the
snodgrass procedure.

TIP: superficial The high incidence of

necrosis: 5/25
(20%), scrotal

meatal stenosis in TIP group
was partly due to technical
(continued on next page)
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the intervention group and ranged from 43 to 96% in the

= (4]
E g 5 3 E control group. It was not reported in eight of the included
f E w9 g 2 studies and lack of complications was taken as definition for
2 58 § _E 2 success [2,3,10—13,16,17]. The difference in this primary
g § s 28 % £ outcome was not significant between DIGU and TIPU based
& _5% % g E = on this. However, due to the variability of definition used
.2 28388 . e and the imprecision in the included studies, the GRADE of
2= cE2s e8| this outcome is very low (Appendix 1).
s c o c Yo oOw 0| ©
<3 535 5RETR|E
g Meatal/neourethral stenosis
g ® % & Assessment of meatal stenosis in the 14 studies was variable
L 3 g ¢ § = E and included either assessment using calibration of neo-
s 9 E ESR&8¢5QA meatus using a blunt tip 6F bougie [11], feeding tube
G .2 s o O == 2 O ~ 0o ' ! 1 ,
288 .5y © cs-FPeex % insertion [17] or 8-10F tiemann catheter [3]. Others used
g o 95' % 5 3 uroflow assessment with Qmax <10 ml/min [12] or visual
5852 % 8| . § < assessment of stream [10,11,15], use of voiding cystour-
gE % 2Lo E g e ethrography (VCUG) or retrograde urethrogram to assess for
= _ ﬁ stricture [8,16] or simply need for urethral dilatations [7].
= g g Five studies did not record a definition for meatal stenosis
o Te) . .
S < o or stricture [2,5,9,13,14]. Rate of meatal stenosis ranged
.§ % from 0 to 18% in the intervention group and 3—100% in
;’i 5 = control group. The forest plot in Fig. 3 demonstrates this
3 S oy g E) difference was statistically significant in favour of the DIGU
== =k = intervention group (p = 0.02). When only the distal cases
" = 3 are analyzed and the proximal cases are excluded, the
& S _ = outcome is still the same and the stenosis rate is signifi-
g E S < é 2 cantly higher for TIPU when compared to DIGU (p = 0.04).
58z ¢ E
s a8 = Fistula
s £ = _ﬁ The fistula assessment was undertaken visually in all
= © C - g studies, one study only included patients requiring further
o . S - intervention only [8], while others included all fistula pa-
S| 25 =] tients including those with spontaneous fistula resolution.
=™ £ >
S g % The fistula rates in the intervention group varied from 0 to
3 2 § (O] 46% and in the control group varied from 0 to 45%. The
- g £ c 3 Forest plot using the three RCTs is displayed in Fig. 4, the
§ g %Qa é-g £ difference between the DIGU and TIPU groups was not
g|l8EZ 29 a significant. The GRADE recommendation for this outcome
s = ] was very low due to high risk of bias in the studies and level
g 8 3 of imprecision.
3’7\5 (9] = o .
w > - < .
£z B E Glans dehiscence
Soq . S % S Two studies did not record glans dehiscence rates [11,15].
= 3 5 =
g8 é 28 2 s The rate varied from 0 to 7% in the DIGU group and 0—5% in
£ ) the TIPU group. The forest plot for the RCTs shows no sig-
g 5 nificant difference between the two groups (Fig. 5). The
3 ™ 3 GRADE recommendation for this outcome was very low.
2 @ g
(] = 5
O g Cosmetic outcome
(7]
% g The cosmetic outcome was recorded in 12 studies [except
s =@ 11, 14], it was objectively recorded using the HOSE score in
als §g 3 g two studies [8,15]. In other studies the evaluation was
ElZ £¢ § § subjective by the parents and the clinician usually on the
= g _ %2 basis of a straight penis, external urethral meatus shape
‘; = s ; " =T (slit/round) and location (apical/glanular) [3,5,9,10]. Some
T|E g E 3¢ gg studies specifically defined a good cosmetic outcome as
2l&la 8832 gl straight penis without dorsal plication of the corpora cav-
§ § = ernosa and a slit-like appearance of the neomeatus with an
=1 x &D; acceptable cosmetic appearance of the penis [16,17]. In
M 2 some studies this was not defined clearly [2,7,12,13]. The
E § g % g rate of unfavourable cosmetic outcome after DIGU repair

ranged from 0 to 10% and in the TIPU group ranged from 0 to
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7%. On metaanalysis of the RCTs this difference was not
statistically significant on the forest plot. The GRADE
recommendation for this outcome was very low due to
similar reasons as above outcome.

Re-operation rates

The reoperation rate varied from 0 to 52% in the DIGU group
and from 4 to 48% in the TIPU group. Three studies did not
record the reoperation rate [5,8,9]. Reoperations included
repair of fistula using primary closure, staged repair or
flaps; correction of stenosis or stricture using urethral
dilatation, internal urethrotomy or staged urethroplasty
and correction of glans dehiscence. The forest plot on the
RCTs (Fig. 7) shows the difference was not significant be-
tween the DIGU and TIPU groups, the GRADE of the
recommendation was very low.

Other reported complications

Eleven studies [2,3,7—13,16,17] reported other complica-
tions including superficial necrosis, scrotal haematoma,
complete dehiscence, recurrence of ventral curvature,
diverticulum, complete graft loss and repair disruption
after infection. The pooled rate of other complications
varied from 0 to 17% in DIGU group and 0—20% in the TIPU
group. One study reported the Qmax in both groups as no
significant difference between the DIGU and TIPU groups
[5]. It was not possible to meta-analyse this outcome as it
was not reported by any of the other RCTs.

The overall complications were demonstrated as forest
plot figures. The forest plot created using the metaanalysis
of RCTs is in Fig. 6 while a forest plot including all RCTs and
NRS comparative studies is in Fig. 7 for comparison.

Discussion

Principal findings

Our SR and MA elucidated many unanswered questions
regarding the use of inlay graft during primary hypospadias
repair.

First, the proposed advantage of DIGU for decreasing the
risk of meatal/neourethral stenosis has been confirmed and
statistically proven.

Second, the treatment success for both of the groups
were found comparable in 3 available RCT’s. When NRSs
were added to the RCT’s, DIGU demonstrated more
favourable outcomes as shown in Fig. 7. However due to
heterogeneity of the data we did not provide a statistical p
value in order to avoid bias.

Third, the other complications including fistula and glans
dehiscence were also found comparable for both of the
groups.

A SR and MA on this same topic has been published
recently [18]. However there are major differences be-
tween our article both in the methods and the outcomes as
well. Alshafei et al. included 6 articles (2 RCT, 4 NRS)
whereas we included 14 articles (3 RCT, 5NRS, 6 case se-
ries). In their study, pooled analysis was performed to
analyse the postoperative outcomes related to low numbers
of included studies. However in our article, we have
created forest plots and assessed the odds ratios in order to

achieve more powerful statistical outcomes. Therefore
although Alshafei et al. could not find any statistical dif-
ference for any of the parameters, we have clearly
demonstrated that meatal/neourethral stenosis is lower for
DIGU.

Implications for clinical practice

With this SR and MA, DIGU was found beneficial in terms of
decreasing the risk of meatal/neourethral stenosis. How-
ever, at this stage DIGU was not found superior than TIPU
procedure in the treatment of primary hypospadias repair.
Treatment success and complication rates were found
comparable.

Further research

The first aim of the upcoming researches should be the
standardization of the terminology about reporting the
outcomes. Needless to say that more high quality random-
ized controlled trials are required to compare the long term
outcomes of using inlay graft and without inlay graft. A
recent article has shown that contemporary hypospadias
literature are below the suboptimal standards [19].
Although articles published after 2006 and with larger than
100 patients have higher quality, they are still below the
standards according to the CONSORT (Consolidated stan-
dards of reporting trials) statement checklist. This low
standard is also visible in articles published about inlay
graft placement.

The type of the inlay graft, measurements of the ure-
thral width, the depth of the incision plate, exact definition
of urethral stenosis are some of the important points that
require further research.

Limitations and strengths

There are many limitations and strengths of this SR and MA
that needs to be taken into account. The major limitation
was the heterogeneity of the definitions in included
studies. This has led to an increase in the risk of bias (ROB)
assessment as seen in Fig. 2.

The second most important limitation is the low numbers
of RCT’s included in the metaanalysis. Only 3 articles were
included and this may lead to potential risk of bias in
interpretation of the outcomes. It was not statistically
possible to compare the type of the grafts (lingual, buccal,
preputial) since the vast majority of the eligible studies
included preputial grafts. Moreover it was not possible to
perform a subgroup analysis for the position of the meatus
(distal vs proximal).

The surgeon experience which is one of the most
important predictors of success was not reported and could
not be assessed. One might say that the depth of the inci-
sion, the width of the urethral plate, the dartos coverage of
the tubularized urethra and many other surgical details
may vary between the studies which can effect the out-
comes directly.

The definition of the meatal/neourethral stenosis is not
uniform in the eligible studies. In majority of the studies,
the cosmetic outcomes were not reported with validated
assessments such as HOSE or HOPE (hypospadias objective
penile evaluation) scores.
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On the other hand, our study has many strengths which
enables the reflection of the best available evidence in the
literature. Unlike the previously reported SR, we have
included 3 RCT’s where the forest plots were prepared
from. In addition, we did not use pooled analysis which may
lead to misinterpretation of the outcomes. Finally, our
study has a priori protocol which was registered to PROS-
PERO database and the outcomes can guide the future
research in this specific field.

Another strength was that, this SR and MA was per-
formed by a group of experts including clinicians and
methodologists (EAU Pediatric Urology Guideline Panel)
according to PRISMA guidelines, and the results will be
incorporated into the 2021 practice guidelines.

Conclusions

According to the contemporary evidence, which is robustly
supported by the systematic assessment and meta-analysis,
using an inlay graft during primary hypospadias repair de-
creases the risk of meatal/neourethral stenosis. However,
current evidence does not demonstrate superiority of DIGU
over TIPU in terms of treatment success and overall
complication rates. There is a lack of well designed studies
to recommend one technique over the other and therefore
until future robust trials are available the choice of grafting
is as per surgeon preference.
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Appendix 1  Dorsal inlay graft urethroplasty (DIGU) compared to Tubularized incised plate urethroplasty (TIPU) in Primary
hypospadias: Summary of Findings.

Dorsal inlay graft urethroplasty (DIGU) compared to Tubularized incised plate urethroplasty (TIPU) in Primary hypospadias

Patient or population: Primary hypospadias

Setting:

Intervention: Dorsal inlay graft urethroplasty (DIGU)
Comparison: Tubularized incised plate urethroplasty (TIPU)

Outcomes Anticipated absolute effects” (95% Cl) Relative effect Ne of participants (studies) Certainty of the
Risk with Risk with Dorsal inlay el srienes (Ehelly
Tubularized graft urethroplasty

incised plate (DIGU)
urethroplasty

(TIPU)
Success Study population RR 0.68 (0.53—0.86) 1750 [SESXSXS]

245 per 1000 166 per 1000 (130—210) (3 RCTs, 5 comparative studies) VERY LOW ' 2
Fistula Study population RR 0.91 (0.64—1.30) 1750 o686

126 per 1000 115 per 1000 (81—164) (3 RCTs, 5 comparative studies) VERY LOW ' 3
Meatal Stenosis Study population OR 0.34 (0.21-0.57) 1750 [SRCXSNS]

124 per 1000 46 per 1000 (29-75) (3 RCTs, 5 comparative studies) Low '3
Cosmetics unfavourable  Study population OR 2.30 (0.50—10.64) 1750 [SESXCXS]

4 per 1000 9 per 1000 (2—40) (3 RCTs, 5 comparative studies) ~ VERY LOW ' *°
Glans dehiscence Study population OR 0.72 (0.21—2.44) 1750 @000

23 per 1000 17 per 1000 (5-55) (3 RCTs, 5 comparative studies) ~ VERY LOW ' *°
Reoperation rate Study population OR 0.71 (0.47—1.08) 1750 @000

188 per 1000 141 per 1000 (98—200) (13 RCTs, 5 comparative studies) ~ VERY LOW ' *°
Other complications Low OR 1.71 (0.80—3.64) 270 [CXSESES]

pooled 0 per 1000 0 per 1000 (0—0) (2 observational studies, VERY LOW ' °

2 comparative studies)

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio.
GRADE Working Group grades of evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect.
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect.

" The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% Cl).

! Most studies have high risk bias.

2 definition of success was ver inconsistent.

3 very large confidence intervals.

“4 stenosis not reported in all, inconsistently reported.

5 not reported in all, inconsistent.



