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Abstract
Purpose of Review To define the evidence on the move to con-
servative treatment in four areas of pediatric urology: laparoscop-
ic ureteric clipping in non-functioning duplex kidney, manage-
ment of multicystic dysplastic kidney (MCDK), intravesical bot-
ulinum toxin injection in detrusor over activity, and risk stratifi-
cation of gonadal tumors in disorders of sexual development.
Recent Findings Laparoscopic ureteric clipping has been val-
idated in one preliminary study. Lesser investigation and non-
operative management of MCDK has been validated. An in-
creasing body of evidence showing botulinum toxin injection
can effectively treat detrusor over activity and reduce the need
for bladder augmentation. New data on testicular biopsy can
now identify patients at risk of germ cell tumor and reduce
need for gonadectomy.
Summary Pediatric urology is shifting to less invasive man-
agement in a number of common conditions.

Keywords Minimally invasive surgery . Ureteric clipping .

Multicystic dysplastic kidney . Botulinum toxin . Testicular
biopsy . Disorders of sexual development

Introduction

Recently, there has been an increasing shift to seek out less
invasive solutions to conditions previously treated by open

surgery. Pediatric urology is no different and this is demon-
strated by the pendulum swing in the last 20 years to conser-
vative management in patients with vesicoureteric reflux,
many of whom would previously have undergone open ure-
teric reimplantation. In addition, more recently, there are a
number of other areas of pediatric urology where conditions
previously treated with open surgery have newer, less invasive
treatment options. The following review will focus on four
areas which typify this change in thinking in the last 5 years.

Laparoscopic Ureteral Ligation for Non-Functioning
Upper Pole Moiety

Traditionally, non-functioning upper pole moieties of a duplex
system have been treated by open surgery in the form of upper
pole heminephrectomy. With the advent of laparoscopic and
retroperitoneoscopic methods, there has been improved post-
operative pain and cosmetic satisfaction. Nevertheless, upper
pole heminephrectomy is not without complication such as
urinoma or the rare but catastrophic loss of the lower moiety
in up to 5% [1]. Additionally, there is an increasing pool of
evidence from the adult renal transplant literature where large
numbers of patients have undergone ureteric ligation of their
native kidney ureter during transplantation with a very low
complication rate over a long follow-up period [2].
Therefore, a novel technique of laparoscopic ureteric ligation
in nine girls with non-functioning upper pole moieties with
ureteric ectopia who presented with incontinence has been
recently described. This procedure rendered all patients dry
with no significant complication [3••]. The technique involved
initial cystoscopic catheterisation of the lower moiety ureter
for future identification during laparoscopy. At laparoscopy
the ectopic ureter was dissected free and clipped (2 clips) at
the level of crossing of the iliac vessels. Potential concern
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regarding leaving an obstructed system in situ did not lead to
any complications during the 27-month follow-up in this
small group. While the evidence is currently limited, laparo-
scopic ureteric ligation for non-functioning upper pole moiety
of a duplex system shows promise as a simple, effective, min-
imally invasive technique which avoids the possible compli-
cations seen with existing techniques of heminephrectomy.

Management of Multicystic Dysplastic Kidney

Multicystic dysplastic kidney (MCDK) is one of the most
commonly identified congenital urinary tract malformations
with an incidence of around 1/4000 live births [4]. It is char-
acterized by multiple non-communicating renal cysts separat-
ed by dysplastic parenchyma. Bilateral MCDK can lead to
fetal loss secondary to oligohydramnios and end-stage renal
failure postnatally [5]. The outcome for unilateral disease is
excellent as renal function is maintained by the contralateral
normal kidney. Nevertheless, MCDK is associated with other
structural and functional renal tract abnormalities at a rate of
5–43% and is a common finding in some major genetic con-
ditions [5]. There has been a longstanding controversy regard-
ing the treatment of unilateral asymptomatic MCDK and in
the last 5–10 years there has been a change in both the
diagnosis/investigation and the management of these lesions.

Diagnosis and Investigation

Traditionally, infants with suspected MCDK on antenatal im-
aging underwent postnatal renal ultrasound scan and confir-
matory nuclear medicine scanning to confirm the diagnosis.
The nuclear medicine scan was used to eliminate the possibil-
ity of a potential treatable obstructive uropathy (such as a
severe pelviureteric junction obstruction with preserved renal
function) masquerading as an MCDK. A recent study has
questioned the need for this nuclear medicine study with its
associated time, cost, and radiation exposure given the pro-
gression of modern high resolution ultrasound [6••]. They
reviewed 84 patients who underwent renal ultrasound scan-
ning and were diagnosed with a MCDK and compared this to
the nuclear medicine that these patients underwent, noting a
100% corroboration. They concluded that a confirmatory nu-
clear medicine study is now no longer mandatory to confirm
the diagnosis of MCDK if the ultrasound findings are typical.
In the past a micturating cystourethrogram (MCUG) was also
used routinely to evaluate for contralateral vesicoureteric re-
flux (VUR) patients withMCDK. Recently however this prac-
tice has been challenged given the VUR in these patients has
been shown to be of low grade, with a high rate of spontane-
ous resolution and that asymptomatic VUR does not need
active medical or surgical treatment. One study evaluated 61
infants with unilateral MCDK who had a normal contralateral

urinary tract on two successive neonatal renal ultrasound
scans [7]. Among them, only 4 of 61 (7%) infants had low-
grade VUR on MCUG that resolved spontaneously before
2 years of age. They concluded that the practice of routine
MCUG can be abandoned and reserved for patients with struc-
tural renal tract abnormality or symptomatic patients (febrile
urinary tract infection).

Management

In the past asymptomatic MCDK were routine removed sur-
gically by either an open, laparoscopic or retroperitoneoscopic
technique with relatively low morbidity. However increasing-
ly, a nonoperative approach has gained popularity for asymp-
tomatic MCDK avoiding the surgical and anesthetic risks of
the procedure with no increase in associated complications
related to the MCDK. Historically, asymptomatic MCDK
were removed for two main justifications: the potential com-
plication of hypertension and the suspected risk of malignancy
[8]. However, large studies have shown a very low risk of
hypertension with a systematic review showing only 6/1115
patients with MCDK developing hypertension, a rate compa-
rable to the baseline population rate [9]. Similarly the risk of
Wilms tumor, which was based on anecdotal case reports of
Wilms tumor associated with MCDK, has more recently been
quantified in the National Wilms Tumor Study Pathology
Center at only approximately 1:2000 [10]. In addition, no
Wilms tumors were found in a study of 1041 children with
unilateral MCDK treated conservatively [11]. In fact, one re-
cent study has affirmed the known high involution rate of
MCDK (50% at 10 years of age) and advocated for a very
limited follow-up of these lesions. This cost effective regimen
they propose consists of a renal tract ultrasound at 1 year (and
no further imaging if decreasing in size) followed by primary
care monitoring of blood pressure annually [12••].

Use of Intravesical Botulinum Toxin

Detrusor over activity is a common presentation in both neu-
rogenic and non-neurogenic patients attending pediatric urol-
ogy outpatient departments and is notoriously difficult to treat.
While the majority of non-neurogenic cases can be treated
initially with bladder rehabilitation and antimuscarinic thera-
py, treatment side effects or failure occurs in a significant
proportion of patients. Botulinum toxin is a two-chain poly-
peptide neurotoxin protein produced by the bacteria
Clostridium botulinum. There are eight subtypes of botulinum
neurotoxins with subtype A and B used clinically for a range
of indications such as spastic muscular disorders and cosmetic
use [13]. Botulinum toxin blocks muscular contractions by
inhibiting the presynaptic release of acetylcholine at neuro-
muscular junctions.
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Use in Neurogenic Bladder

The use of injected (cystoscopic) intravesical botulinum toxin
Awas first described in the year 2000 in a cohort of paraplegic
adult patients with neurogenic bladder. This group, with se-
vere detrusor over activity and who were performing clean
intermittent catheterization achieved major improvements in
urinary incontinence and urodynamic parameters following
the treatment [14]. The landmark pediatric study from 2002
described 17 patients with neurogenic bladder who underwent
injection of 85–300 U of botulinum toxin A. Following treat-
ment they found increased maximal bladder capacity by
56.5%, from 137.53 to 215.25 mL (p < 0.005) and decreased
maximal detrusor pressure by 32.6% (p < 0.005) [15]. This
effect lasted up to 6months. An additional benefit of the use of
botulinum toxin A injection in patients with neurogenic blad-
der is that the treatment has a modest beneficial effect on
bladder compliance and other urodynamic parameters. One
study of 17 patients with neurogenic bladder who underwent
injection of botulinum toxin A showed bladder volume
changed from 380 ± 148 ml to 453 ± 147 (p = 0.078) and
maximal detrusor pressure decreased from 45 ± 31 to
32 ± 21 cmH2O (p = 0.030) postinjection [16]. Therefore,
the treatment may be used in patients with moderately unsafe
bladders who have failed conservative treatment with
antimuscarinic treatment. In some patients with a moderately
hypocompliant bladder, treatment with botulinum toxin may
be sufficient to ensure a safe system. For many children with
hypocompliant bladders it would be a temporizing procedure
prior to bladder augmentation. While the need for augmenta-
tion may not be eliminated permanently, the potential long
term complications of stone formation, metabolic disturbances
and malignancy risk can be delayed. One study stated that 14/
17 children with neurogenic bladder who were candidates for
bladder augmentation and underwent a program of injections,
avoided surgical reconstruction by way of improved bladder
capacity and compliance over the 4 year study period. [17••].

Use in Non-Neurogenic Bladder

The treatment also has a major benefit in non-neurogenic
detrusor over activity with one study noting a significant im-
provement in both clinical and urodynamic parameters in 8
children who underwent a single injection with a mean of 7.75
daytime urinary incontinence episodes per week before the
injections versus 3 after the procedure (p = 0.04). The effect
was also long lasting (1 year) with no report of urinary reten-
tion or allergic reaction [18•]. The long-term benefit of the
treatment has been verified in a further study which followed
53 children over a 10-year period who had multiple injections
(up to 11) with a significant and persistent improvement in
symptoms seen [19•].

Dosing and Side Effects

There remains outstanding questions in relation to the opti-
mum dosing in pediatric patients with their being no standard-
ized dosing or injection frequency with a suggested dosing
regimen of 10 U per kg with studies using anywhere from
50 to 500 U [20]. Generally for non-neurogenic bladder a
dosing of between 100 and 200 U is considered appropriate
and for neurogenic bladder patients 200–300 U with some
studies showing an increasing benefit with these increased
doses [17••]. Side effects of the treatment are minimal and
occur rarely. The most frequent include urinary retention and
procedure related urinary tract infection (7–20%) with no re-
ports of major local or systemic adverse reactions [21]. In
addition, there are the practical, legal and ethical implications
of using a medication which is not yet licensed widely for this
indication in children.

Prophylactic Gonadectomy for Germ Cell Tumors

A number of conditions are associated with increased risk for
germ cell tumors in children, namely, cryptorchidism and in
association with disorders of sexual development (DSD).
Traditionally a liberal policy of gonadectomy was undertaken
for at risk patients given the consequence of a missed diagno-
sis, the lack of evidence and guidelines for gonadectomy in
these. Increasingly however, through advances in these tech-
niques, these patients can be accurately risk stratified thus
significantly reducing the number of gonadectomies in these
patients.

Disorders of Sexual Development

Disorders of sexual development result due to defects of fetal
sexual differentiation. These havemajor physical and psycholog-
ical implications for the child and for the pediatric urologist a
major consideration is the management of the gonads in the
children at risk of gonadal tumor development. Type 2 germ cell
tumors result from fetal germ cells and can be further subdivided
into two groups: seminoma/dysgerminoma and non-seminoma
(embryonal carcinoma, yolk sac tumor, choriocarcinoma, and
teratoma) [22]. In general, conditions with gonadal dysgenesis
(i.e., conditions with defective testicularization) have a higher
risk of tumorigenesis compared to conditions with abnormal an-
drogen synthesis or action [23].

Cryptorchidism

Undescended testes are the most common congenital abnor-
mality of the male genitalia with an incidence of 1–2% at
1 year of age [24]. Ideally, orchidopexy will be performed
between the ages of 6 to 18 months in order to prevent
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deterioration in germ cells that occurs with delayed
orchidopexy. Delayed orchidopexy for UDT is associated
with an increased risk of testicular cancer. One large cohort
study of 16,983 orchidopexies showed a relative risk of tes-
ticular cancer versus the general population of 5.40 vs 2.23 in
patients who underwent orchidopexy at age 13 or above com-
pared with those who underwent surgery before 13 years [25].

Even recent papers have recommended a policy of orchidec-
tomy for patients with post-pubertal cryptorchidism [26].
Now, testicular biopsy as described below can allow accurate
risk stratification of these patients allowing preservation of the
gonads in many cases.

Testicular Biopsy

The risk of germ cell tumor is directly correlated to a specific
region of the Y chromosome named the gonadoblastoma lo-
cus [22]. The TSPY gene located in this region encodes testis-
specific Y-encoded protein (TSPY) which has been reported
to promote germ cell tumor development in gonadal dysgen-
esis. Carcinoma in situ (CIS) and gonadoblastoma are both
precursors of type II germ cell tumors and their development
depends on the level of testicularisation of the gonad [27••].
CIS tends to occur when the testes are differentiated (SOX 9
mediated) and gonadoblastoma arises in undifferentiated go-
nadal tissue (cells expressing FOXL2) in the phenotypically
female. Untreated CIS progress to germ cell tumors in nearly
all cases after puberty and gonadoblastoma undergoes malig-
nant transformation in a significant proportion of patients. CIS
and gonadoblastoma can be diagnosed histologically and
immunohistochemically as they express Octamer-binding
transcription factor 3/4 (OCT-3/4). OCT-3/4 and TSPY are

Table 1 Risk of germ cell tumor by condition (adapted from [23])

Risk DSD subtype Tumor
risk %

High Gonadal dysgenesis (intraabdominal) 15–35

Denys-Drash syndrome 40

Partial androgen insensitivity syndrome
(inguinal/abdominal)

50

Intermediate Turner Syndrome (+Y) 12

PAIS (scrotal gonad) Unknown

Gonadal dysgenesis (scrotal) Unknown

17 beta-hydroxysteroid 28

Low Complete androgen insensitivity syndrome 0.8–2

Ovotesticular DSD 2.6–3

Turner (−Y) 1

Nil 5 alpha reductase deficiency 0
Leydig cell hypoplasia

Abdominal or inguinal gonad Scrotal gonad

Gonadal biopsy at �me of orchidopexy (OCT-3/4, 
TSPY, Kit Ligand, ALPP)

Before puberty:
Yearly clinical 

examina�on and 
ultrasound

A�er puberty: 
Repeat biopsy

Gonadectomy at 
clinician’s discre�on

Gonadectomy / Low 
dose radia�on

Yearly clinical 
examina�on from 

puberty

Post pubertal biopsy at 
clinician’s discre�on

Yearly clinical 
examina�on from 

puberty

Follow-up

Biopsy + Biopsy -

Biopsy + Biopsy -

Fig. 1 Gonadal management
algorithm for prepubertal boys
(male phenotype) with 46 XY
disorders of sexual development
(DSD) (adapted from [28••])
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the two best diagnostic markers of premalignant germ cell
tumor lesions [28••]. Due to overlap in positive OCT-3/4
staining in both true neoplastic germ cells and germ cells with
delayed maturation in the infant age group, only after the age
of 2 years is a positive OCT-3/4 staining highly suspicious of
CIS. Other specific factors that can be used are alkaline phos-
phatase placental type (ALPP) and stem cell factor (SCF)/kit
ligand which are detected in preinvasive testicular tumors and
neoplastic germ cells, respectively [28••].

Development of Gonadal Tumor and Timing
of Gonadectomy

The priority inmanagement of these patients is preservation of
endocrine function where possible and early prediction and
management of tumor risk. The two key risk factors for tu-
morigenesis in these patients are the presence of Y chromo-
somal material and abnormal location of the gonad (abdomi-
nal or inguinal). The age of tumor development depends on
the etiology of the DSD. The risk is highest in patients with
46,XY gonadal dysgenesis (15–60%) while it is lowest in
patients with complete androgen insensitivity, five alpha re-
ductase deficiency and ovotesticular DSD (<5%) [23]. This is
described in Table 1.

An algorithm for the use of testicular biopsy in patients
with 46, XY DSD and a male phenotype at risk of gonadal
malignancy is detailed in Fig. 1 [28••]. It is clear that the
scrotal gonad is at low risk of tumor and therefore a single
gonadal biopsy after puberty would be sufficient to define
risk. In general, there is limited utility of gonadal biopsy to
assess the risk of tumorigenesis in patients with female or
ambiguous phenotypes as the risk of malignancy is generally
high and therefore the threshold for gonadectomy is much
lower.

Conclusion

This review has used four examples of conditions seen in
pediatric urology where there is a move to novel or less inva-
sivemanagement policies. The advent and increased uptake of
minimally invasive surgery has revolutionized many areas of
surgery. Laparoscopic ureteric ligation, its most minimally
invasive form, has the potential to redefine the treatment of
nonfunctioning upper moieties in duplex kidneys. The move
toward nonoperative management of asymptomatic MCDK
has strengthenedwith further evidence demonstrating that pre-
vious invasive investigative modalities can be abandoned and
unnecessary follow-up reduced. In the use of intravesical in-
jection of botulinum toxin A, the novel use of an existing
medication has meant the avoidance of many significant and
long-term complications of radical surgery in neurogenic
bladder patients, and a convenient, effective solution in the

common problem of non-neurogenic detrusor over activity.
And finally the development of newer and accurate molecular
biologic techniques predictive of future malignancy has
allowed better risk stratification in patients at risk of germ cell
tumors allowing preservation of gonads in patients who pre-
viously would have undergone gonadectomy.

It is likely that as a result of the increased uptake of these
varied strategies and also with patients and families increasing
demand for less invasive procedures, that this move to
conservativism to address these and other common disorders
seen in pediatric urology will only get stronger.
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