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v

 In Europe, Pediatric Urology is a subspecialty to either urology or pediatric 
surgery, and has developed quickly over the last decades. The need for a sepa-
rate specialty to handle congenital anomalies and diseases in the urogenital 
tract in children is a natural consequence of the big differences in physiology, 
anatomy and disease panorama presentation between children and adults. 
The development of our specialty has been parallel to the progress in neona-
tology, antenatal diagnostics and radiology. New imaging techniques, molec-
ular biology, genetics, and minimal invasive surgery have contributed to 
earlier diagnosis, better and safer approaches to the treatment and surgery of 
congenital urogenital malformations. Pediatric Urology is basically recon-
structive urology of congenital malformations, but also deals with functional 
disturbances in the urogenital tract, tumors, stones etc. Many of our patients 
carry “their problems” into adulthood and need continuous and sometimes 
life-long follow-up with doctors that have good knowledge of the primary 
anomalies and their treatment. 

 The European Society for Pediatric Urology (ESPU) was founded for 
these reasons as a scientifi c society in 1990. One of the most important activi-
ties has been to arrange educational courses for the young urologists/sur-
geons and also to encourage and support other institutions to arrange courses 
and training in pediatric urology. 

 This book is based on the state-of-the-art lectures presented at the  Menarini 
Symposium  on Pediatric Urology in Bologna, June 2013. The Editors have 
managed to assemble some of the leading international experts in pediatric 
urology, and this book is based on current knowledge and the clinical experi-
ence of the authors. For ESPU it is very important that we can encourage 
organizers of courses to publish and spread the current state of the art in 
Pediatric Urology, and this book may serve as a reference source for pediatric 
urologists as well as urologists, pediatricians and surgeons dealing with 
patients with congenital abnormalities in the urogenital tract.  

     Göran     Läckgren                       

   Foreword   
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 Pediatric Urology is defi ned as the subspecialty of both Urology and Pediatric 
Surgery concerned with clinical recognition, prevention, treatment (surgical 
and non-surgical) and the rehabilitation of congenital and acquired diseases, 
malformations and functional problems of the genitor-urinary system in chil-
dren and adolescents. 

 Over the years Pediatric Urology has unoffi cially developed, expanded, 
matured and established its diverse body of knowledge and profi ciency. Some 
procedures performed today are so demanding that they should only be per-
formed in centres where this sub-specialist knowledge and skill has been 
accumulated and well developed. 

 Last year, a very successful symposium held in Bologna on “Innovative 
Strategies in Pediatric Urology” represented the starting point for this new 
book. The subsequent idea to be able to incorporate into a dynamic and mod-
ern way the opinions of some of the best world’s leading experts in this fi eld 
has become a reality! The  European Society for Paediatric Urology (ESPU)  
acknowledged the extraordinary opportunity to include this course as a 2013 
ESPU event, and we are indeed honoured of the further privilege of a very 
prestigious Foreword from its President, Prof. Goran Lackgren. 

 As Editors, we are extremely pleased and thankful to all the Authors for 
their outstanding contribution, and we hope that all the potential readers will 
thoroughly enjoy this book as we did.  

       Mario     Lima       
      Gianantonio     Manzoni        

  Pref ace   
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   General Aspects        



3M. Lima, G. Manzoni (eds.), Pediatric Urology: Contemporary Strategies from Fetal Life to Adolescence,
DOI 10.1007/978-88-470-5693-0_1, © Springer-Verlag Italia 2015

        Anomalies of the genitourinary tract are among 
the most common malformations, with an overall 
prevalence in the range of 2–6 cases per 1,000 
births. Most likely, this fi gure is an underestima-
tion of the true incidence because in many cases 
the diagnosis of a urological problem is only 
made after the fi rst months or years of life. 

 In Europe ultrasound examinations are per-
formed in virtually all pregnancies. Patients 
with an increased risk of a fetal anomaly, usu-
ally because of a familial history, are referred 
to tertiary care centers for detailed sonograms. 
But even patients without specifi c risk factors 
undergo screening ultrasound examinations, 
usually between 11 and 13 weeks’ gestation and 
20 weeks’ gestation. A direct consequence of this 
policy is the detection of abnormal fetal urinary 
tract fi ndings in a tangible number of cases. Some 
of these fi ndings are clear cut and allow the diag-
nosis of a specifi c malformation. In other cases, 
they only arise the suspicion of an abnormality. 
The sensitivity and specifi city of universal ultra-
sound screening for fetal anomalies in pregnancy 
has been investigated in many large surveys, with 
variable results [ 1 – 4 ]. It is clear that both false 
negatives and positives are frequent. Indeed, 

the value of universal screening for anatomic 
 malformations is debated [ 2 – 4 ]. 

 After the identifi cation of abnormal or  suspicious 
fetal sonographic fi ndings, pediatric specialists are 
frequently consulted to discuss the management 
strategy in the perinatal period and the prognosis. 
Such consultations have a particular relevance when 
the diagnosis is made in early gestation and the 
couples are considering the option of a pregnancy 
termination. It seems important to stress that cau-
tion is necessary when discussing the implications 
of antenatal diagnosis. The accuracy of sonography 
is limited, and anomalies identifi ed in utero tend to 
have a different outcome than those that are identi-
fi ed after birth. Ancillary methods are now available 
for prenatal diagnosis in selected cases, including 
genetic testing and magnetic resonance, and multi-
disciplinary discussion is certainly indicated [ 5 ,  6 ]. 

 In the following pages, we will briefl y review 
the state of the art of prenatal diagnosis of urinary 
tract anomalies, focusing upon the information 
that seem relevant for the pediatric urologist and 
nephrologist who work in close contact with 
obstetric departments. 

1.1     Standard Sonographic 
Examination of the Fetal 
Urinary Tract 

 In most countries, ultrasound examination is per-
formed at 11–13 weeks’ gestation with the aim 
to recognize multiple pregnancies, assess fetal 

        G.   Pilu       
  Department of Medicine and Surgery, 
Chair of Obstetrics and Gynecology , 
 University of Bologna ,   Via Massarenti 13 , 
 Bologna   40138 ,  Italy   
 e-mail: gianluigi.pilu@unibo.it  

  1      Prenatal Diagnosis or Urological 
Abnormalities 
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mailto:gianluigi.pilu@unibo.it


4

 viability, and screen for aneuploidies. At this 
time in gestation, the fetus is too small to allow a 
detailed examination of fetal anatomy. However, 
the bladder can be seen frequently, and gross dila-
tation (megacystis), due to urethral obstruction or 
more complex anomalies, can be identifi ed [ 7 – 9 ]. 
Most efforts to diagnose anomalies are however 
made at around 20 weeks’ gestation. At this time, 
there is a general consensus that the kidneys and 
bladder should always be identifi ed (Fig.  1.1 ) [ 4 ]. 
An important clue of the integrity of the urinary 
tract is also the presence of a normal amount of 
amniotic fl uid. Starting from about 16 weeks’ 
gestation, the amniotic fl uid is almost exclusively 
formed by fetal urine. Oliguria results in oligohy-
dramnios and alerts to the possible presence of a 
urinary abnormality.

1.2        Renal Agenesis 

 Bilateral renal agenesis is found in 1 per 5,000 
births; unilateral agenesis is found in 1 per 2,000 
births. Renal agenesis is usually an isolated spo-
radic abnormality, but in a few cases, it may be 
secondary to a chromosomal abnormality or part 
of a genetic syndrome (such as Fraser syndrome) 
or a developmental defect (such as VACTERL 
association). 

 Bilateral renal agenesis is rarely missed at 
20 weeks’ gestation. The predominant fi ndings 

at this time include severe oligohydramnios and 
failure to visualize the fetal bladder. However, 
severe oligohydramnios may be encountered 
also with premature rupture of the membranes 
or severe uteroplacental insuffi ciency. A spe-
cifi c diagnosis requires the demonstration of the 
absence of the kidneys, and this may be diffi cult 
at times. Examination of the renal areas is often 
hampered by the absence of amniotic fl uid and 
the “crumpled” position adopted by these fetuses. 
Vaginal sonography with high-frequency high- 
resolution probes is useful in these cases. Useful 
clues in these cases is the almost constant pres-
ence of hypertrophic cardiomyopathy as well as 
the abnormal position of the adrenal glands that 
extend inferiorly to the renal fossae (“lying down” 
adrenals) (Fig.  1.2 ) [ 10 ]. Bilateral renal agenesis 
is a lethal condition. The presence of amniotic 
fl uid is necessary for the normal development of 
the lungs up to 22–24 weeks. Early severe oligo-
hydramnios results in a disruptive sequence com-
monly referred to as Potter syndrome, featured 
by pulmonary hypoplasia and limb mechanical 
deformations. Infants usually die in the neonatal 
period of respiratory insuffi ciency [ 11 ,  12 ].

   Prenatal diagnosis of unilateral renal agenesis 
is generally diffi cult because in these cases the 
sonographic fi ndings are subtle (Fig.  1.2 ) [ 13 ]. 
Amniotic fl uid and bladder volume are normal. At 
midgestation the renal capsule is thin and the renal 
parenchyma diffi cult to differentiate from the 

  Fig. 1.1    Normal appearance of the fetal urinary tract at 20 weeks’ gestation       
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 surrounding abdominal organs, and being positive 
about the absence of one kidney may be hard. The 
possibility of renal ectopia should also be consid-
ered in these cases. Progressive intrauterine devel-
opment is also possible. At least in some cases, 
absence or severe hypoplasia of one kidney may 
not be a failure of embryogenesis but rather a dis-
ruption secondary to vascular of infectious causes. 
In such cases, the kidneys may have an unremark-
able appearance at midgestation. The prognosis of 
unilateral agenesis is usually good, but signifi cant 
associated anomalies occur in 30 % of cases. In 
particular, contralateral vesico-urinary refl ux is 
present in about 20 % of cases [ 14 ].  

1.3     Cystic Dysplastic Kidneys 

 Cystic dysplastic kidneys are a heterogeneous 
group of conditions with variable etiology, pathol-
ogy, and clinical course. Sonographically, kidneys 

may present with either recognizable cystic col-
lections or present increased echogenicity due 
to intraparenchymal disseminated microcysts 
(Fig.  1.3 ) [ 5 ,  6 ,  15 – 17 ]. Usually, early diagnosis 
of the specifi c type is impossible but for three 
different conditions: multicystic kidney, Meckel-
Gruber syndrome, and renal dysplasia associated 
with early and severe obstructive uropathy.

    Multicystic kidneys  are usually unilateral and 
appear as a cluster of multiple irregular cysts of 
variable size with little intervening hyperecho-
genic stroma [ 6 ,  17 ,  18 ]. In the majority of cases, 
this is a sporadic abnormality but chromosomal 
abnormalities (mainly trisomy 18), genetic syn-
dromes, and other defects (mainly cardiac) are 
present in about 50 % of the cases. The affected 
kidney may be large or small, and variations of 
the size can be encountered throughout gestation, 
either as the consequence of progressive atrophy 
or enlargement of the cysts. Large kidneys have 
been reported to cause polyhydramnios, but this 

  Fig. 1.2    Unilateral renal 
agenesis in fetus at 
midgestation; while the left 
kidney is well demonstrated, 
the right renal fossa appears 
empty; the diagnosis is 
supported by the observa-
tion of a vertical direction of 
the adrenal gland and by the 
failure to demonstrate the 
right renal artery with color 
Doppler ultrasound       

a b  Fig. 1.3    Variable  sonographic 
appearance of fetal bilateral 
renal dysplasia; ( a ) the kidneys 
are enlarged and contain 
multiple microcysts that are 
not individually demonstrated 
by sonography but result in 
increased echogenicity of the 
renal parenchyma; ( b ) the 
kidneys are enlarged and 
contain multiple macroscopic 
cysts       
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is rare. In most cases vaginal delivery at term is 
possible. Isolated multicystic kidneys have a 
good prognosis, but the main factor infl uencing 
the outcome is a high prevalence of abnormalities 
(up to 40 % of cases) of the contralateral kidney, 
including vesicoureteral refl ux, renal agenesis, 
and ureteral obstruction, that frequently require 
surgery and may result in progressive deteriora-
tion of renal function [ 18 ]. 

  Meckel - Gruber  syndrome is featured by the 
combination of cystic dysplasia, polydactyly, 
and cerebral malformations including cephalo-
cele, posterior fossa cystic abnormalities, and 
anencephaly. It is a lethal condition transmitted 
as an autosomal recessive trait. A confi dent diag-
nosis can be made when the typical combination 
of digital, renal, and cerebral fi nding is encoun-
tered. The condition should also be suspected 
when there is bilateral macrocystic dysplasia of 
the kidneys prior to midgestation [ 9 ]. 

 Early and persistent obstruction of the lower 
urinary tract is associated with  secondary cystic 
dysplasia  of the kidneys that appear hyperecho-
genic, increased in size, and small cysts spread 
in the parenchyma. In these cases the diagnosis 
is favored by the simultaneous demonstration 
of obstructive uropathy (distended bladder and 
 ureters, pyelectasia, oligohydramnios). The prog-
nosis is poor, and renal insuffi ciency is virtually 
always observed [ 6 ,  19 ]. 

  Autosomal recessive cystic kidneys  (also 
referred to as infantile polycystic kidneys) are 
characterized by markedly enlarged kidneys with 
cystic dilatation of the renal tubules, often with 
associated hepatic fi brosis. Sonographically, the 
kidneys appear enlarged on both sides and hyper-
echogenic. These sonographic appearances may 
however be manifest only in late gestation. The 
prognosis is variable. Cases appearing early in 
gestation are associated with oligohydramnios 
since the second trimester and are usually lethal 
due to a combination of renal failure and pulmo-
nary hypoplasia. In most cases however the onset 
of the disease occurs later on in gestation or after 
birth, and there is a variable progression towards 
renal failure [ 5 ,  6 ,  16 ,  20 ]. 

  Autosomal dominant cystic kidneys , one of 
the most common genetic diseases, is usually 

 asymptomatic until the third or fourth decade 
of life. Sonography will not demonstrate abnor-
malities prior to the second or third decade. In 
a handful of cases, however, affected fetuses 
have demonstrated fi ndings similar to the auto-
somal recessive variety: enlarged and echogenic 
kidneys. The experience with prenatal diagnosis 
is limited. It would not seem however that intra-
uterine presentation is not necessarily associated 
with a poor prognosis [ 6 ,  15 ,  16 ]. 

 Cystic kidney is also found with many other 
genetic and nongenetic disorders such as tuber-
ous sclerosis, Jeune syndrome, Sturge-Weber 
syndrome, Zellweger syndrome, and Laurence-
Moon- Biedl syndrome [ 5 ,  6 ]. 

 One major problem is differentiating early 
manifestation of autosomal recessive cystic kid-
neys from other types of dysplasias, such as auto-
somal dominant cystic kidney that has a much 
more favorable prognosis. Particularly in early 
gestation, when large echogenic kidneys are 
found with signs of normal renal function (nor-
mal amniotic fl uid and bladder volume), a precise 
diagnosis may be impossible [ 16 ].  

1.4     Enlargement 
of the Urinary Tract  

 Enlargement of the urinary tract is one of the 
most common abnormal fi ndings that are identi-
fi ed with antenatal ultrasound. 

  Mild hydronephrosis  or pyelectasia is by far 
the entity most frequently encountered. Although 
this is not universally agreed, this is defi ned by an 
anteroposterior diameter of the pelvis of >4 mm 
at midgestation weeks and >10 mm in the third 
trimester [ 21 – 25 ]. Most infants with a prenatal 
diagnosis of mild hydronephrosis will be found to 
have no urinary tract abnormality at birth. It has 
been suggested that distention of the renal pelves 
may be due to relaxation of smooth muscle of 
the urinary tract by the high levels of circulating 
maternal hormones or maternal-fetal overhydra-
tion. When the pelvis measured in the anteropos-
terior diameter is less than 10 mm and there is no 
calyceal dilatation, over 90 % of neonates will be 
normal. When the measurement is 10–15 mm and 
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there is no obvious calyceal dilatation, roughly 
40 % of infants will require medical or surgical 
intervention. When the measurements are more 
than 15 mm and/or there is calyceal enlarge-
ment, most fetuses will require surgery (Fig.  1.4 ) 
[ 21 – 26 ]. Sonographically, it may be diffi cult at 
times to distinguish severe hydronephrosis with 
signifi cant calyceal enlargement from multicystic 
kidney [ 17 ]. Hydronephrosis is usually the con-
sequence of either ureteropelvic junction obstruc-
tion or vesicoureteric refl ux. These are sporadic 
conditions, and although in some cases there is 
an anatomic cause, in most instances, the under-
lying cause is thought to be functional. In 80 % 
of cases, the condition is unilateral. Very rarely 
associated anomalies are found, albeit a slightly 
increased risk of chromosomal aberrations has 
been suggested for infants with mild dilatation. 
Independently from the degree or progression of 
hydronephrosis, the prognosis is generally good. 
The presence of a normal amount of amniotic 
fl uid is reassuring with regard to renal function, 
and no modifi cation of standard obstetric care is 
required. Vaginal delivery can occur at term.

    Hydroureteronephrosis  in the presence of a 
normal bladder may result from either ureterovesi-
cal refl ux or ureterovesical junction obstruction 
(Fig.  1.4 ). Under normal condition, the small ure-
ter cannot be visualized with antenatal ultrasound. 
The dilated ureter appears as a tortuous fl uid-fi lled 
tubular structure interposed between the renal pel-
vis, which is variably dilated, and the bladder. Very 
rarely, a primary megaureter will be present, with a 
normal renal pelvis [ 20 – 22 ,  24 – 26 ]. The outcome 

and management principles are similar to the ones 
outlined for hydronephrosis. 

  Renal duplication  can be associated with 
hydronephrosis and megaureter. A specifi c diag-
nosis is possible when two distinct renal pelves 
can be seen within one kidney (Fig.  1.5 ). 
Typically, there is some degree of dilatation of 
the upper renal pole [ 27 ,  28 ].

    Megacystis  is defi ned as a gross enlargement 
of the urinary bladder and is most frequently the 
consequence of urethral obstruction (Fig.  1.6 ). 
Typically, it is seen in the early midtrimester and 
has been visualized as early as 11 weeks’ ges-
tation [ 7 ,  8 ,  11 ,  12 ,  21 ]. The bladder is usually 
greatly enlarged, occupying most of the abdo-
men and distending it. Urethral obstruction can 
be caused by urethral agenesis, persistence of 
the cloaca, urethral stricture, or posterior ure-
thral valves. Posterior urethral valves occur only 
in males and are the commonest cause of blad-
der outlet obstruction. The condition is sporadic 
and is found in about 1 in 3,000 male fetuses. 
With posterior urethral valves, there is usually 
incomplete or intermittent obstruction of the ure-
thra, resulting in an enlarged and hypertrophied 
bladder with varying degrees of hydroureters, 
hydronephrosis, a spectrum of renal hypoplasia 
and dysplasia, oligohydramnios, and pulmonary 
hypoplasia. In some cases, there is associated uri-
nary ascites from rupture of the bladder or transu-
dation of urine into the peritoneal cavity.

   When megacystis is found in association with 
either normal or increased amount of amniotic fl uid, 
the possibility of megacystis- microcolon- intestinal 

a b c

  Fig. 1.4    Upper urinary tract enlargement: ( a ,  b ) hydronephrosis; ( c ) megaureter       
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a b
  Fig. 1.6    Fetal megacystis 
demonstrated by antenatal 
sonography ( a ) and postnatal 
urography ( b )       

a b
  Fig. 1.5    Renal duplication 
( arrows ) demonstrated by 
prenatal sonography ( a ) 
and postnatal urography ( b )       

hypoperistalsis syndrome (MMIHS) should be con-
sidered [ 29 ]. This is a sporadic abnormality charac-
terized by a massively dilated bladder and 
hydronephrosis in the presence of normal or 
increased amniotic fl uid; the fetuses are usually 
female. There is associated shortening and dilata-
tion of the proximal small bowel and microcolon 
with absent or ineffective peristalsis. The condition 
is usually lethal due to bowel and renal dysfunction 
(Fig.  1.7 ).

   The outcome of urethral obstruction depends 
upon how severe and early this occurs. Complete 
persistent obstruction occurring in the early 
midtrimester (e.g., urethral atresia, early poste-
rior urethral valves) results in massive distension 
of the bladder and abdominal wall (prune-belly 
abdomen), severe oligohydramnios, dysplastic 
kidneys, and pulmonary hypoplasia. Obstruction 
occurring in late gestation may be associated 
with oligohydramnios and hydronephrosis, but 

 

 

G. Pilu



9

a b c

  Fig. 1.7    Hydrometrocolpos; ( a ,  b ) the presence of an 
incomplete median septum ( arrow ) within a large midline 
abdominal cyst in a fetus with concomitant bilateral 
hydronephrosis suggests the presence of a uterus septus; a 

urogenital tract malformation was identifi ed at birth; ( c ) in 
a fetus with ascites, ultrasound demonstrates a midline 
cystic structure suggestive of uterus didelphys; common 
cloaca was demonstrated after birth       

does not result in pulmonary hypoplasia and dys-
plastic kidneys. Management of early-appearing 
megacystis is debated. Shunting the fetal bladder 
is feasible, although there is no conclusive evi-
dence that such intervention improves renal or 
pulmonary function beyond what can be achieved 
by postnatal surgery [ 20 ,  30 ]. Antenatal evalua-
tion renal function relies on a combination of 
ultrasonographic fi ndings and analysis of fetal 
urine obtained by puncture of the bladder or renal 
pelvis. An attempt to assess the severity of renal 
compromise should however be done before 
embarking fetal therapy. Poor prognostic signs 
are (a) the presence of bilateral multicystic or 
severely hydronephrotic kidneys with echogenic 
kidneys, suggestive of renal dysplasia; (b) anhy-
dramnios implying complete urethral  obstruction; 
and (c) high urinary sodium, calcium, and 
ß2-microglobulin levels. In these cases, there are 
little chances of the infant surviving [ 20 ].  

1.5     Bladder Exstrophy 
and Cloacal Exstrophy 

 Exstrophic anomalies are a group of disorders 
derived by a maldevelopment of the caudal fold 
of the anterior abdominal wall. In bladder exstro-
phy there is defect in the lower abdominal wall 
and the bladder is exposed and everted. Cloacal 

exstrophy is a more radical anomaly involving a 
large defect of the lower abdomen and perineum, 
separation of the pelvic bones, and eversion of 
the bladder and colon. Associated anomalies are 
rarely seen with bladder exstrophy but are found 
in most cloacal exstrophies and include neural 
tube defects, renal malformations, omphalocele, 
and congenital heart disease. 

 Exstrophy of the bladder is diffi cult to recog-
nize antenatally, and the main fi nding is the persis-
tent failure to visualize the bladder in the presence 
of a normal amount of amniotic fl uid and normal 
kidneys [ 31 ]. The index of suspicion is increased 
by the presence of an irregularity in the lower 
abdominal wall caudad to the umbilical cord inser-
tion. Exstrophy of the cloaca results in the pres-
ence of a complex mass arising from the lower 
abdomen, with no evidence of a urinary bladder.  

1.6     Hydrometrocolpos 

 Hydrometrocolpos is a distention of the uterus and 
vagina caused by an obstruction to the drainage 
of genital secretions. This may arise from imper-
forate hymen, an abnormal transverse membrane, 
or agenesis of vagina or cervix. In most cases the 
condition is only manifest in adolescence. Rarely, 
gross distension resulting in a pelvic mass has 
been seen antenatally, usually in association with 
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urogenital sinus or cloacal malformations. The 
 sonographic appearance is a cystic pelvic mass, 
often with low-level echoes or a debris level, 
posterior to the bladder and extending into the 
abdomen [ 32 ]. A specifi c diagnosis from other 
intra-abdominal masses may be impossible, but for 
cases presenting with a septate or didelphys uterus 
that result in a very typical image on sonography.  

    Conclusion 

 Although the exact sensitivity and specifi c-
ity of the prediction of fetal malformations 
by ultrasound examinations remains unclear, 
these examinations will frequently reveal 
abnormal fi ndings indicating the presence of a 
urinary tract anomaly. This will trigger a mul-
tidisciplinary discussion on the relevance of 
the fi nding. Mild enlargement of the urinary 
tract, the most common entity, is a normal 
variant in many cases. The probability of an 
anomaly depends upon the degree of enlarge-
ment, but the outcome remains diffi cult to pre-
dict. Although in general a specifi c diagnosis 
of fetal renal anomalies is diffi cult, some enti-
ties have a clear-cut appearance in early gesta-
tion. Such list includes mostly bilateral renal 
agenesis, severe urethral obstruction, Meckel 
syndrome, multicystic kidney, and bladder 
and cloacal exstrophy.     
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2.1            Introduction 

 Maternal US was introduced in the 1970s and 
it has increased in frequency and popularity, 
until the 1980s when it became a routine prac-
tice. Nowadays all pregnancies have a detailed 
US anomaly scan. The urinary tract anomalies 
(UTAs) are the commonest anomalies found in 
utero, not only for their high incidence but also 
because these abnormalities result in alterations 
easily recognizable on ultrasound as hydro-
nephrosis or variations of parenchymal echo-
genicity [ 1 ]. The sensitivity and specifi city of US 
are operator dependent [ 2 ,  3 ]. These abnormali-
ties are detected at 16–20 weeks of gestation, with 
an incident of 1 in 50–100 pregnancies, depend-
ing on the US criteria. Most of these fi ndings will 
resolve spontaneously before birth [ 2 ,  4 ]. About 
70 % of UTAs are diagnosed by 20 weeks of ges-
tation, while the other 30 % are found either on a 
third trimester scan or more commonly as a con-
sequence of an obstetric complication. 

 It is fundamental to have a pre- and postnatal 
collaboration with obstetrics and other colleagues in 
order to produce the best data, statistics, and coun-
seling [ 1 ,  4 ]. In fact the prenatal diagnosis of UTA 

may cause a huge amount of anxiety for the family 
that may be related to a poor counseling, misunder-
standing, and insuffi cient collaboration. The diffi -
cult interaction between specialists may be related 
to the lack of standardized parameters used for pre- 
and postnatal US measurements [ 5 ,  6 ]. 

 The goal of the prenatal diagnosis is not only 
to obtain a differential diagnosis but also to 
achieve a defi nition of the prognosis, foreseeing 
the natural history of these anomalies. The big-
gest challenge in the prenatal assessment is to 
identify the population at risk in which an early 
diagnosis and treatment can prevent urinary tract 
or systemic complications. In fact, only a small 
part (<5 %) of neonates with a prenatal diagnosis 
of UTA develops a renal insuffi ciency or requires 
renal transplantation, whereas the remaining part 
of them leads a normal life. 

 For this reason we should consider different 
parameters to discriminate the fetuses that require 
follow-up and intervention from those who do 
not [ 7 – 9 ]. 

 The elements identifi ed during prenatal eval-
uation are specifi c or nonspecifi c. Specifi c 
abnormalities represent 20 % of prenatal US 
fi ndings, and they include duplex kidney with or 
without ureterocele and multicystic kidney for 
which there is a well-accepted treatment. The 
main problem with prenatal diagnoses is that 
more than 80 % of US fi ndings are nonspecifi c 
(variations of renal echogenicity, cystic disease, 
variations of renal dimensions, oligohydram-
nios, hydronephrosis, etc.). All these fi ndings 
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end up with a huge variety of possible diagno-
ses. In these cases explaining the differential 
diagnoses to parents could be impossible for the 
obstetrician. 

 The most frequent abnormalities suspected with 
pregnancy scans are ureteropelvic junction obstruc-
tion (44–65 %), vesicoureteral refl ux (15 %), mul-
ticystic kidney (10 %), ureteroceles (10 %), 
megaureter (9 %), and posterior urethral valves 
(4 %) [ 4 ]. The aim of prenatal investigation and 
postnatal evaluation is to detect asymptomatic 
patients that will develop symptoms or severe renal 
function alterations, in other words, to identify 
patients at risk. The key to do that is to know the 
natural history of prenatal abnormalities. It is also 
fundamental to use a limited number and types of 
postnatal investigations selecting only those that 
are likely to infl uence the clinical outcome. 

 Patients’ evaluation always starts with prenatal 
history that should include detailed parameters 
(detailed measures and not unspecifi c terminol-
ogy). Prenatal history permits to decide if the 
prenatal abnormality is the end result of a utero 
event (e.g., multicystic kidney, transient urethral 
obstruction) and if it is clinically signifi cant or 
not [ 1 ,  9 ].  

2.2     Hydronephrosis 

 Hydronephrosis is the most common (and unfor-
tunately nonspecifi c) fi nding during prenatal 
ultrasounds [ 4 ]. It consists of a dilated renal pel-
vis and calices with or without ureter and bladder 
dilatation. Its interpretation is not always easy 
and requires a thorough process of differential 
diagnosis. In fact, the causes of prenatal hydro-
nephrosis can vary from self-limiting conditions 
to others associated with a high risk of renal fail-
ure in the postnatal period. The most common 
pathologies presenting with prenatal hydrone-
phrosis are summarized in Table  2.1  [ 4 ,  9 ,  10 ].

   The parameter used to defi ne hydronephro-
sis is the anteroposterior diameter (ADP) of 
the pelvis in the transverse plane of the kidney 
at the hilum [ 4 ,  9 ,  10 ]. On these bases, hydro-
nephrosis is commonly evaluated as follows 
(Fig.  2.1 ) [ 11 ]:
    Grade 1 – pelvic APD of 1 cm and no caliectasis  

  Grade 2 – pelvic APD of 1–1.5 cm and no 
caliectasis  

  Grade 3 – pelvic APD is greater than 1.5 cm and 
slight caliectasis  

  Grade 4 – pelvic APD is greater than 1.5 cm and 
moderate caliectasis  

  Grade 5 – pelvic APD is greater than 1.5 cm and 
severe caliectasis and cortical atrophy (cortex 
<2 mm thick)    
 Hydronephrosis may be defi ned as mild 

(<15 mm), moderate (15–20 mm), and severe 
(>20 mm), on the base of prenatal renal pelvis 
dilatation at third trimester US. In each case the 
presence or absence of calyceal dilatation should 
be evaluated [ 12 ]. 

 Anyway prenatal ultrasounds should give a lot 
of other information such as longitudinal diameter 
of the kidney (which include up and low pole cali-
ces), transverse diameter (which include the mid 
pole), parenchymal echogenicity, ureteral dilata-
tion, thickness of the bladder wall, bladder content 
(Fig.  2.2 ), and amniotic fl uid volume [ 1 ,  4 ].

   Recently the Society for Fetal Urology has 
proposed a grading system for postnatal hydrone-
phrosis on US [ 13 ,  14 ]:
   Grade 0: intact central renal complex + normal 

parenchyma  
  Grade 1: slight central renal complex splitting + 

normal parenchyma  
  Grade 2: central renal complex splitting confi ned 

within renal border + normal parenchyma  
  Grade 3: wide splitting of central renal complex 

+ pelvis dilated outside renal border + calices 
dilated with normal parenchyma  

   Table 2.1    Causes of prenatal hydronephrosis   

 Ureteropelvic junction obstruction 
 Vesicoureteral refl ux 
 Primary nonrefl uxing megaureter 
 Ureterocele 
 Ureterovesical junction obstruction 
 Ureteral ectopia 
 Posterior urethral valves 
 Megacystic megaureter 
 Physiologic dilatation 
 Multicystic dysplastic kidney 
 Autosomal recessive polycystic kidney disease 
 Exstrophy 
 Prune belly syndrome 
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  Grade 4: large dilated calices + further dilation of 
renal pelvis + thinning of parenchyma (less 
than half that of the contralateral of <4 mm if 
bilateral)    
 All these data, combined with the fetal well- 

being, the age of detection of the anomaly, and the 
unilaterality versus the bilaterality, should be con-
sidered for a correct management. The problem is 
still the lack of accurate prognostic factors and the 
fact that prenatal hydronephrosis may be caused by 
various etiologies (obstructive and nonobstructive). 
Different prenatal prognostic elements have been 
investigated [ 15 – 17 ]. The presence of oligohydram-
nios and increased renal echogenicity seem to be 
related to obstruction, thus identifying patients that 
may require fetal intervention (e.g., vesicoamniotic 
shunt) [ 9 ,  16 ]. Isotonic urine is thought to be related 

to poor outcome, whereas selective reabsorption of 
sodium and chloride by normal kidneys makes the 
urine hypotonic. In particular biochemical parame-
ters identifi ed as predictors of poor functional out-
come include: fetal urinary sodium of >100 mEq/L, 
elevated urinary calcium (>1.2 mmol/L), and 
increased β2 microglobulin [ 17 ]. Predictors of good 
function seem to be normal moderately decreased 
amniotic fl uid, normal sonographic appearance, and 
urine outcome >2 mL/min [ 15 – 17 ]. 

 Unfortunately the postnatal management of 
these children remains controversial (in terms of 
timing and types of interventions). Investigations 
performed immediately after birth may be altered 
by perinatal dehydration and lower glomerular fi l-
tration. We recommend to wait at least 3–7 days (for 
unilateral dilatations with normal contralateral kid-
ney also 10–14 days) to perform a sonogram once 
oligohydramnios, urethral obstruction, multicystic 
renal dysplasia, and bilateral severe hydronephrosis 
have been excluded. In fact prompt postnatal US in 
the fi rst day of life is essential for fetuses with sus-
pected lower urinary tract obstruction or patholo-
gies that put at risk the kidneys [ 4 ,  18 ]. 

 The role of the micturating cystourethrogram 
(MCU) has not been completely established, 
especially in children with prenatal hydronephro-
sis and normal postnatal US. MCU is used in case 
of abnormal bladder (suspicion of outfl ow 
obstruction), bilateral upper tract dilatation, ure-
ter dilatation, and duplex kidneys to detect 
 vesicoureteral refl ux, ectopic ureteroceles, and 
posterior urethral valves [ 1 ,  4 ,  9 ]. 

a b c

  Fig. 2.1    Prenatal hydronephrosis on US: grade I with 
renal pelvis dilatation ( green arrow  in  a ), grade II with 
renal pelvis and calyceal dilatation ( green arrow  in  b ), 

and grade III with severe dilatation of both pelvis and 
calyces ( green arrow  in  c ) and cortical atrophy ( c )        

  Fig. 2.2    US evaluation, at 20 weeks of gestational age, is 
completed with examination of the lower urinary tract. 
The abdominopelvic transversal scan shows the presence 
of a distended bladder       
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  Vesicoureteral refl ux  ( VUR ) causes nonspe-
cifi c prenatal hydronephrosis. VUR cannot be 
diagnosed prenatally except for bilateral cases. 
Bilateral hydronephrosis, bilateral VUR, and 
distended bladder represent megacystis and 
megaureter. Postnatal surgery (Defl ux or uretero-
neocystostomy) is required on the base of lateral-
ity and grade [ 4 ,  10 ,  19 ]. 

 An  ureterocele  is a cystic dilatation of the dis-
tal ureter in a solitary or duplicated collecting 
system (usually the upper pole). It causes obstruc-
tion and subsequent dilatation of the upper uri-
nary tract. After birth, it is managed by endoscopic 
decompression (with or without heminephrec-
tomy) when intravesical. Extravesical forms 
should be treated conservatively [ 4 ,  10 ]. 

 A dilated ureter (Fig.  2.3 ) and renal pelvis 
with MCU negative for VUR may indicate the 
presence of aperistalsis in the distal ureter ( non-
refl uxing megaureter ). This condition tends to 
reduce spontaneously [ 4 ,  10 ].

   Babies with prenatal unilateral mild hydrone-
phrosis (prenatally pelvic dilatation <15 mm, sta-
ble in the fi rst 6 months of life) and normal 
echogenicity and without ureteric-calyceal dilata-
tion should be managed by pediatricians with 
US. The population described is the one with no 
clinical signifi cance. They do not need either 
VCUG or antibiotic prophylaxis (Table  2.2  resumes 
the need for antibiotics in newborns with prenatally 
detected uropathies) [ 1 ].

   US evaluation should be completed with 
MAG3 renogram when ureteral dilatation has 
been ruled out and an  ureteropelvic junction  
( UPJ )  obstruction  is suspected [ 4 ]. 

 UPJ obstruction is the most common cause of 
severe hydronephrosis without dilatation of ure-
ter and bladder. The cause of obstruction may be 
intrinsic or extrinsic (e.g., accessory vessels). 

 Obstruction makes the half-life ( t ½) on MAG3 
greater than 20 min (normal is between 0 and 
10 min) [ 4 ,  20 ]. 

 The postnatal treatment of patients with 
hydronephrosis is still debated [ 1 ,  10 ]. In fact the 
majority of patients with a dilatation <20 mm 
have a good renal function and do not require any 
intervention. Among them there are two popula-
tions at risk that include patients with intrarenal 
hydronephrosis and patients with increasing dila-
tation. Intrarenal hydronephrosis might be a sign 
of UPJ obstruction. The obstruction is responsi-
ble for massive calyceal dilatation that represents 
a threat for the renal parenchyma. At MAG3 the 
parenchyma appears stretched and thinned. Many 
intrarenal hydronephroses are detected prenatally 
as multicystic kidneys because all those calices 
look like cysts. However, the renal function is 
still present, differently from the multicystic kid-
neys, and the US shows a central cystic structure 
with multiple dilated and uniform-sized lateral 
calyces communicating with the central cystic 
structure. It is important to differentiate severe 
hydronephrosis and multicystic kidneys because 
intrarenal hydronephrosis requires prompt surgi-
cal correction. 

 The second group at risk is the one with 
increasing dilatation that seems to be related 
to 15–20 mm dilatation (moderate) with caly-
ceal involvement. If a moderate dilatation with 
calyceal involvement is identifi ed, it is useful 

  Fig. 2.3    US abdominopelvic coronal scan showing 
severe dilated ureter       

   Table 2.2    Antibiotic prophylaxis   

 No 
   Mild isolated renal dilatation <15 mm and normal 

calyces 
  Multicystic kidney with normal contralateral kidney 
  Ectopic kidney without dilatation 
 Yes: all other cases 
 Trimethoprim 2 mg/kg/day, single dose 
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to  perform a baseline MAG3 and to start a US 
follow-up. Surgery is required in case of changes 
at US follow-up. 

 Prompt evaluation with diuretic renogram is 
necessary in case of grade 3 or 4 hydronephrosis 
(severe dilatation >20 mm) and suspected bilat-
eral ureteropelvic obstruction, to assess renal 
function. 

 Among patients with severe hydronephro-
sis, there are some that will benefi t a prophy-
lactic pyeloplasty. A dilatation of 30 mm seems 
associated with deterioration in all cases and it 
represents a clinical signifi cant population that 
requires surgery. In all other cases, surgery is 
required when the dilatation increases, the func-
tion drops under 40 %, and symptoms (urinary 
tract infections, pain, etc.) occur [ 1 ,  4 ,  10 ,  18 ]. 

 Prenatal US hydronephrosis with oligohy-
dramnios may indicate the presence of  posterior 
urethral valves  ( PUV ). PUVs are mucosal fl aps 
that cause bladder outlet obstruction. US fi ndings 
also include dilated urinary bladder and posterior 
urethra (keyhole sign) and subcortical renal cyst 
formation (Fig.  2.4 ) [ 4 ,  10 ,  21 ].

   Increased postnatal mortality is predicted by 
severe bilateral upper tract dilatation (renal AP 
diam. >10 mm), renal parenchymal changes, 
and severe oligohydramnios or anhydramnios. 
After birth patients are evaluated with US and 
MCU. The bladder should be voided with a 
small feeding tube and surgery performed early 
(transurethral valve ablation with Bugbee, cuta-
neous pyelostomy/ureterostomy/vesicostomy). 
Positive prognostic factors are serum creatinine 
level <0.8–1.0 mg/dL 1 month after surgery and 

the presence of a pop-off valve mechanism that 
protects high systems. 

 Urethral obstruction might also be transient. 
 Transient urethral obstruction  is the end result of an 
in utero event. In these cases prenatal US shows a 
distended bladder, bilateral hydronephrosis, dilated 
ureters, and normal/reduced amniotic fl uid. The 
condition is transient and by 25 weeks there is a 
spontaneous resolution with the bladder emptying, 
the fl uid restored, and the hydronephrosis improved. 
The cause is often a syringocele that derives from 
the Cowper’s duct and it is in the anterior urethra. 
MCU shows a pattern similar to those of resected 
PUV. MCU should be performed via suprapubic 
in order to leave the urethra virgin. In fact, syrin-
goceles are very fl imsy and easy to rupture. These 
children usually have an abnormal bladder, dilated 
posterior urethra, and prominent bladder neck [ 4 , 
 22 ]. Another rare form of functional lower tract 
obstruction is the  congenital megalourethra . It is 
caused by abnormal development or hypoplasia of 
the penile erectile tissue, secondary to distal ure-
thral obstruction. When the amniotic fl uid volume 
is normal, survival is possible. However, all live-
born infants have voiding, renal, and sexual dys-
function. Megalourethra should be considered in all 
male fetuses with megacystis and elongated and/or 
distended phallic structure (Fig.  2.5 ) [ 23 ].

2.3        Cystic Renal Disease 

 Cystic renal disease is another good example of 
the end result of an in utero event. The  multicystic 
dysplastic kidney  ( MCDK ) appears on  prenatal 

  Fig. 2.4    Dilated bladder with 
keyhole sign that indicates a 
low urinary tract obstruction       
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US as a group of multiple, variable-sized, non-
communicating cysts and minimal parenchyma 
(specifi c diagnoses) (Fig.  2.6 ).

   Before the advent of prenatal US, MCDK were 
almost always diagnosed as a mass in the abdo-
men. Nowadays 80 % of patients with MCDK are 
asymptomatic. The MCDK may involute (45 % 
prenatally and 25 % within 14 months, 50 % by 
5 years of age) or may represent a threat because 
of its mass effect over surrounding structures. 
Dimensions are used as a parameter for involu-
tion. In particular kidneys >7 cm do not involute. 
The smaller they are, the more and the sooner 
they shrink away. Small kidneys can be followed 
conservatively with routine US to monitor renal 

involution, malignancy  development, and blood 
pressure measurements (risk of hypertension). 
The diagnosis is confi rmed by renal scan that 
does not demonstrate function. MCU is useful to 
exclude VUR. It is a described associated anom-
aly of the contralateral kidney that is the clini-
cally signifi cant kidney (the one that we have to 
follow). In case of VUR patients are followed 
conservatively since resolution occurs in 68 % 
of cases. 

 Cystic diseases can also involve just segments 
of the kidney ( segmental cystic dysplasia ). In 
these cases the DMSA scan shows a function 
reduction that is related to cystic involution and 
not to an ongoing parenchymal damage. 

 A lethal cystic renal disease is the  autosomal 
recessive polycystic disease  ( ARPKD ). Kidneys 
are large, uniform, and echogenic, with no visible 
cysts. The condition is associated with pulmo-
nary failure and Potter’s syndrome [ 24 ,  25 ].  

2.4     Prenatal Management 
and Fetal Intervention 

 The outcome of prenatally detected severe 
obstructive pathologies is infl uenced by active 
intervention during pregnancy. Active interven-
tion has been proposed to treat conditions with 
high probability of intrauterine death or early 
postnatal demise (e.g., bilateral renal agenesis, 
bilateral multicystic kidneys). In case of PUV, 
preterm delivery has been suggested as an alter-
native but it is not universally accepted. 

 Fetal intervention includes: diagnostic proce-
dure (karyotype to evaluate chromosomal abnor-
malities), termination of pregnancy (often chosen 
in case of cloacal and classic bladder exstrophy), 
and therapeutic intervention, usually vesicoamni-
otic shunting. 

 Fetal intervention is indicated in case of oli-
gohydramnios with bladder outlet obstruction, 
normal karyotype, and singleton pregnancy. 
Vesicoamniotic shunt provides for the insertion of 
a double pigtail shunt into the fetal bladder under 
US surveillance in order to obtain decompres-
sion of the upper urinary tract. Unfortunately the 
results have been disappointing (high mortality 

  Fig. 2.5    Megacystis and distended phallic structure on 
prenatal 20-week US scan       

  Fig. 2.6    Monolateral multicystic kidney: many 
 non- communicating cysts appear in the renal parenchyma       
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rate, premature labor, renal insuffi ciency). These 
data might be infl uenced by the fact that patients 
selected for shunting procedures are at the severer 
end of the obstructed spectrum [ 2 ,  26 ].     
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        The    radiologic studies for the evaluation of the uri-
nary tract in children are those most frequently per-
formed in daily practice; the number of children 
studied was also signifi cantly increased in recent 
years, in proportion to the spread on the territory 
and the practice of routine prenatal ultrasound. 

 Many diagnostic techniques are available, 
such as ultrasound further which was refi ned in 
the last decade, while others have become obso-
lete in the different diagnostic algorithms, 
replaced by new techniques that are recently 
introduced, and in either case, knowledge of 
these advances is essential for a modern diagnos-
tic approach in terms of accuracy, effi ciency, and 
radiation protection [ 1 ]. 

3.1    Ultrasonography (US) 

 US is defi nitely the most widely used imaging 
technique for the study of the urinary tract in 
children. Already identifi ed in the past as a tech-
nique of approach and guidance for the evalua-
tion of the urinary tract, it is now universally 
recognized as the investigation of choice, allow-
ing accurate diagnosis of many pathological con-

ditions, signifi cantly reducing the need for further 
radiological examinations. 

 The ultrasound examination remains real-time 
operator dependent and requires, particularly in 
light of the new applications, skilled and experi-
enced operators in whose hands often becomes 
the only exam required for diagnosis to be able to 
direct the next diagnostic algorithm [ 2 – 5 ]. 

 Ultrasound examinations for the study of the 
urinary tract in children require high-resolution 
multi-frequency transducers, convex or linear 
(3–18 MHz). 

 The use of these probes allows a thorough 
examination, which must include the meticulous 
study of the kidneys including its location, size, 
and parenchymal structure and a detailed assess-
ment of the bladder, perivesical space, as well as 
ureteral and pelvicalyceal dilatation. 

 It requires, when possible, a well-hydrated 
child with adequate bladder fi lling and post-void 
assessment. 

 It is essential that the examiner is familiar with 
the age-dependent US changes of the pediatric 
urogenital tract. Knowledge of these variations is 
critical to capture all the possible renal parenchy-
mal changes, which may orient quickly to the 
presence of specifi c diseases. 

 In the neonatal period the kidneys retain the 
characteristic fetal lobulation presenting typical 
notches and wave profi le (Fig.  3.1 ). The renal cor-
tex is initially hyperechoic relative to the liver, 
especially in premature infants small for gestational 
age with the exaltation of the normal corticomedul-
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lary  differentiation. After the neonatal period, corti-
cal echogenicity progressively decreased to become 
similar to that of the liver between the fourth and 
sixth months of life. The medullary pyramids are 
hypoechoic compared to the cortex, so less and less 
evident with increasing age. The excretory cavity, 
only visible when extended, is anechoic (Fig.  3.2 ). 
The renal sinus is not represented by the absence or 
scarcity of fat. The bladder should be considered 
including its morphology and size and wall thick-
ness and any endoluminal formation should be 
evaluated and identifi ed.

    In addition to the usual applications, there are 
other recently introduced applications which 
have great importance in the study of the urinary 
tract in children [ 5 – 7 ].

•     Motion-mode  (M-mode) helps evaluate the 
movement and, therefore, is able to provide a 
semiquantitative evaluation and  documentation 
of the ureteral peristalsis.  

•    Harmonic imaging (HI)  is a new US technique 
based not on the refl ection of the fundamental 
frequency of the ultrasound beam but on the 
harmonic response generated by the tissue or, 
when used, by the contrast medium. It provides 
a better defi nition of the profi les, particularly 
of the fl uid structure systems, such as dilated 
collectors; reduces artifacts; and improves the 
representation of the contrast medium.  

•    Panoramic US  uses consecutive US images 
acquired during a steady shift of the trans-
ducer; these are added after shift vector analy-
sis to reconstruct a larger fi eld of view. The 
technique is extremely useful to demonstrate 
large pathologies or for measuring very large 
structures, too large for the normal range of 
conventional transducers.  

•   Transperineal US with high-frequency linear 
probes allows optimal visualization of the ure-
thra, vagina, and surrounding structures.  

•   Three-dimensional US (3D US) is a relatively 
new technique that provides a multiaxial dem-
onstration of the entire kidney and bladder. It 
is applicable to neonates and children even at 
the bedside. It improves renal parenchymal 
volume calculation, particularly in irregularly 
shaped kidneys or in hydronephrosis, as the 
dilated collecting system can be deducted 

  Fig. 3.1    US study: neonatal kidney with the typical fetal 
lobulation and clear corticomedullary differentiation       

a b

  Fig. 3.2    ( a ,  b ) US study: left hydroureteronephrosis       

 

 

F. Carfagnini and G. Tani



23

from the overall kidney volume. The potential 
of creating rendered views can serve as an 
excellent tool for comprehensive demonstra-
tion of complex pathology [ 8 ].     

3.2    Doppler Sonography 

 Various  Doppler  techniques are routinely used in 
ultrasound studies of the urinary tract in children. 

  Color Doppler sonography  (CDS) allows a 
quick and comprehensive overview of the vas-
cular anatomy as well as an assessment of the 
velocity and direction of fl ow in the renal vessels. 
For this reason, CDS is also a fundamental exam-
ination for the follow-up of transplanted kidneys. 

 The twinkling sign, probably caused by crystal 
oscillations when hit by the US beam, has improved 
US potential in the depiction of stones in the uri-
nary tract and renal or medullary calcifi cations and 
deposits (Fig.  3.3 ). A similar appearance is caused 
by high or turbulent fl ow inducing aliasing that 
improves CDS depiction of vascular pathologies 
such as renal arteriovenous fi stula, renal artery ste-
nosis, or renal venous vasculopathy [ 9 ].

   CDS also improves detection and assessment 
of ureteral jet. 

 Duplex Doppler sonography (DDS) provides 
detailed information of fl ow profi les with a physi-
ologically lower fl ow velocity, a higher resistive 
index (RI), and relatively lower diastolic fl ow 
velocity in infants and neonates. DDS is especially 

valuable in evaluating indirect signs of perfusion 
disturbance, e.g., in renal vein thrombosis with 
consecutively elevated arterial RI in the affected 
renal segment, or for depicting renal artery steno-
sis as well as fl ow changes in renal failure. 

 Power Doppler is based on the totally inte-
grated Doppler spectrum. This technology dem-
onstrates blood fl ow volume rather than blood 
fl ow velocity. The increased sensitivity for blood 
fl ow allows depiction of peripheral renal vascula-
ture and diagnosis of focal perfusion defects 
(e.g., infarction, segmental acute pyelonephritis) 
or diffusely impaired cortical perfusion. High 
level equipment is essential and an experienced 
operator is needed to apply the correct power 
Doppler setting (Fig.  3.4 ) [ 1 – 5 ,  10 ,  11 ].

3.3       Voiding 
Urosonography (VUS)  

  VUS  involves the administration of US contrast 
agent into the bladder for the diagnosis of vesico-
ureteral refl ux. US contrast agents are not always 
available, and their use in children has been 
approved only in a limited number of countries, 
especially for their administration in the bladder. 
Despite these considerations, VUS is currently a 
viable alternative to other diagnostic tests such 
as voiding cystourethrography (VCUG) and 
radionuclide cystography. The study has become 
possible with the commercial introduction of 

a b

  Fig. 3.3    ( a ,  b ) Color Doppler sonography: twinkling sign in stone renal disease       
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second-generation contrast agents, consisting 
in stabilized sulfur hexafl uoride phospholipid 
microbubbles (SonoVue, Bracco, Italy) [ 12 – 16 ]. 
These agents produce a high enhancement and a 
strong harmonic response, but above all they have 
greater resistance to the mechanical impact of the 
ultrasound beam, allowing longer investigation 
times, adequate for the detection of VUR. VUS 
consists of four main steps:
    1.    Pre-contrastographic standard US study of the 

urinary tract.   
   2.    Administration of normal saline and US con-

trast agent after bladder catheterization.   
   3.    Post-contrastographic US study of the urinary 

system.   
   4.    Post-contrast examination of the renal pelvis 

and the terminal ureters during and after 

 voiding. Transperineal US urethral examina-
tion can be considered in males.    
  Refl ux is diagnosed when echogenic micro-

bubbles are displayed in the ureters and into the 
pelvicalyceal system (Fig.  3.5 ). The severity of 
refl ux is graded in a similar manner as the inter-
national refl ux grading system for VCUG.

3.4       Voiding Cystourethrography 
(VCUG) 

  VCUG  is the classic examination for the study 
of the bladder and urethra, particularly in 
males. It is able to highlight valves or urethral 
strictures, bladder diverticula, ureterocele, and 
 vesicoureteral refl ux [ 1 – 5 ]. 

a b

  Fig. 3.5    Voiding urosonography: pre-contrastographic US study ( a ) and post-contrastographic US study ( b ) with 
 optimal RVU visualization       

a b

  Fig. 3.4    Power Doppler sonography ( a ) and Duplex Doppler sonography ( b ) in a transplanted kidney       
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 The examination is conducted prior to bladder 
catheterization performed under sterile condi-
tions and preceded and followed by antibiotic 
prophylaxis. The catheters used are of the type 
Nelaton, devoid of balloon, and provided with 
side holes that are suffi ciently large. 

 After placement of a bladder catheter, a solu-
ble radiopaque contrast with high concentration is 
introduced into the bladder to reach a good blad-
der fi lling, which is essential, particularly in new-
borns and infants, because micturition occurs. 

 The radiogram of the VCUG must include all 
the urinary tract, from the kidney to the anterior 
urethra; lateral projections are essential for the 
study of the male urethra. 

 In the presence of refl ux, the contrast medium 
rises along the ureter until the renal pelvis and 
calyces, which are more or less dilated; refl ux may 
occur in the fi lling phase (passive refl ux) or it may 
occur during voiding (active refl ux); in most seri-

ous cases it can be intrarenal, an element that has 
always been considered important for the appear-
ance of parenchymal scars. In the fi nal phase of the 
survey, drainage dynamic contrast medium refl ux 
must be assessed, from the cavity to the bladder 
(Fig.  3.6 ).

   The severity of refl ux is established on a scale 
defi ned by the International Refl ux Study 
Committee. VCUG has became a standard pro-
cedure during which the bladder is fi lled in order 
to detect a greater amount of refl uxes. 

 It is important to remember that the examina-
tion still involves a considerable radiation dose, 
especially for the inability to shield the gonads; 
this is especially true in cases with severe pathol-
ogies that require prolonged times of fl uoroscopy 
and the acquisition of a greater number of images. 

 The recent introduction of pulsed fl uoroscopy 
and the use of technology to capture the last 
image (last-image-hold technique) limit the 

a b
  Fig. 3.6    VCUG shows a 
passive right RVU in the 
fi lling phase ( a ), increasing 
during voiding ( b )       
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 number of spot fi lms, resulting in a signifi cant 
reduction in the dose of exposure. 

 Currently CVUG, performed according to the 
standard procedure, should be conducted only with 
technical fl uoroscopy, pulsed fl uoroscopy ideally 
with the lowest pulse setting, using solely or mainly 
the technique of capturing the last image [ 17 ]. 

 However, it is important to consider that the 
indication for the cystography studies, whether it 
is performed in a standard way or more appropri-
ately with fl uoroscopy technique, has been drasti-
cally reduced over recent years; it is therefore 
necessary to carefully select the cases in which to 
perform the examination, in particular when there 
are equally suitable and reliable diagnostic alter-
natives, such as contrast-enhanced voiding uro-
sonography (VUS).  

3.5    Plain Film and Intravenous 
Urography 

  Plain fi lm  and  intravenous urography  are investi-
gations that virtually disappeared from pediatric 
radiology. Urography in particular is no longer 
used in the neonatal period and very rarely during 
childhood, because similar and more detailed 
anatomical and functional information can be 
provided by ultrasonography, nuclear medicine 
examinations, and MR urography (MRU), stud-
ies less or not radiant. 

 Rare    indications are represented by pre- or 
postsurgical studies and certain conditions when 
you can not perform in the territory MRU and 
scintigraphic studies. In    such cases the IVU must 
be closely targeted to the clinical question so as 
to reduce the radiation dose to the lowest possible 
value. 

 The use of kidney-ureter-bladder plain radio-
graphs may still have some role before lithotripsy 
interventions [ 1 – 5 ,  18 ].  

3.6    Computed Tomography (CT) 

  Computed tomography  has become the investi-
gation of choice in the study of adult urology, 
both with the use of contrast medium ( Uro-CT ) 

and without injection of contrast medium for 
the detection of stones (stone-CT) [ 1 ,  3 – 5 , 
 18 – 20 ]. 

 However, the examination is highly radiant, 
and its diagnostic potential cannot be transferred 
blindly to children, who for more than adults 
have a higher  radiosensitivity . In addition, chil-
dren have lesser representation of adipose tissue, 
smaller structures, different diseases (e.g., fewer 
neoplasms, stones very rare and smaller), and dif-
ferent tissue composition (e.g., stones less calci-
fi ed and more diffi cult to depict). 

 For this reason, pediatric CT does not achieve 
the same importance in pediatric uroradiology. 

 CT is currently considered particularly valu-
able for:
•    Severe trauma of abdomen and pelvis  
•   Atypical or chronic infl ammatory diseases, 

such as tuberculosis or xanthogranulomatous 
pyelonephritis  

•   Renal stone disease where US studies are not 
exhaustive  

•   Suspected or proven renal or pelvic malignan-
cies (especially Wilms’ tumor), particularly 
when MR is not available  

•   Congenital urogenital abnormalities, particu-
larly for the study of anatomy bone in bladder 
exstrophy  

•   CT angiography studies, especially in certain 
conditions such as arterial complications after 
renal transplantation    
 Indisputable advantages of CT are:

•    Perfect anatomical detail with spatial resolu-
tion of the order of 1 mm and the possibility of 
multiplanar reconstructions (MPR) and 3D  

•   High    contrast resolution, useful in particular 
for the detection of stones unrecognized by 
ultrasound study  

•   Faster acquisition times with the overall reduc-
tion in the number of sedation or sedation time  

•   Wide availability  
•   Ability to use multiple windows tissue in the 

same study  
•   Simultaneous and easy evaluation of lung in 

malignant disease  
•   Good image quality in obese patients, 

although in most cases this is not a problem 
in children    

F. Carfagnini and G. Tani



27

 The main disadvantage of CT is the radiation 
dose; a signifi cant gonadal dose is  unavoidable. Its 
iodinated contrast is also potentially nephrotoxic. 

 Compliance with the indications in the CT 
study is essential and of great importance. Never 
just “try a CT”: when conducting a CT in a child, 
one should always ensure that the examination 
may provide therapeutically relevant information 
at the lowest radiation dose possible, in accor-
dance with the ALARA principle. The CT scan 
should always be preceded by a thorough US 
ultrasound evaluation, which may obviate the CT 
study or, if it is necessary, allows you to perform 
the CT study with the most correct technique. 

 When CT is indicated, one must use pediatric 
protocols adapted to the weight and age of the 
patient, either as exposure parameters, generally 
available on the modern equipment, or as contrast 
medium. The scan area should be limited in relation 
to the clinical question, avoiding multiphasic scans. 

  Unenhanced CT  is used almost exclusively 
when it is necessary or important to identify renal 
calcifi cations. In other cases its diagnostic contri-
bution is minimal so that the unenhanced scan is 
omitted to reduce the radiation dose (Fig.  3.7 ).

    Contrast-enhanced CT  is realized after the 
fast injection of the contrast medium with the aim 
of obtaining optimal enhancement of the vessels 
(Fig.  3.8 ). The standard dose of contrast medium 
is 2 ml/kg of nonionic iodinated contrast.

   With regard to the diagnostic question, CT 
scans are performed after a time between 20 
and 60 s after injection of contrast medium. 
Urographic acquisition phase, after about 10 min 
after injection of contrast medium, may be neces-
sary in cases of major traumatic events, in which 
a renal, ureteral, or bladder injury with contrast 
extravasation is suspected. 

 In some selected cases of nonsedated coopera-
tive children, you can use an oral contrast, which 

a b
  Fig. 3.7    Unenhanced CT: 
coronal MIP ( a ) and 3D VR 
( b ) showing right kidney 
stone disease       

  Fig. 3.8    Severe right hydronephrosis secondary to anom-
alousl vessels (inferior polar renal artery). Note the pres-
ence of three right renal arteries       
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is drunk gradually during the 45–60 min before 
to the examination. 

3.6.1    MR Urography (MRU) 

  MRU  has been introduced in the study of the uri-
nary tract in children not more than 15 years ago, 
and although still a few centers routinely use it, 
its use is increasing [ 21 – 27 ]. 

 It is currently the only test that provides superb 
anatomical information and functional imaging 
without the use of ionizing radiation. It allows an 
overall assessment of the excretory cavity, renal 
parenchyma, and surrounding tissue, as well as 
the main vessels. Although the dynamic contrast 
enhancement is similar to renal scintigraphy, 
MRU defi nitely ensures a higher contrast spatial 
and temporal resolution. 

 A meticulous attention to the preparation of 
the patient and an accurate scanning technique 
are fundamental in order to obtain really high- 
quality images. 

 It should be noted that MRU, especially in its 
functional part, is not yet standardized in various 
centers of pediatric radiology, resulting in various 
techniques and procedures related to each other. 

3.6.1.1    Preparation of the Patient 
 To optimize the MRU, administration of fl uid and 
furosemide is essential. 

 The basic information that must be necessar-
ily known is the nonlinear relationship between 
the concentration of gadolinium and the signal 
intensity when T1-weighted gradient echo 
sequences that represent the basis for MRU are 
used. At low concentrations of gadolinium, T1 
effects predominate, leaving the relationship rel-
atively linear, whereas at high concentrations of 
the contrast agent, T2* effects predominate, 
resulting in a signal loss. For this reason, hydra-
tion and furosemide injection, diluting the con-
trast medium in excretory cavity, are the key 
elements to maintain a low and uniform concen-
tration of gadolinium. 

 The standard dose of furosemide is 1 mg/kg 
up to a maximum of 20 mg/kg, administered 
15 min before injection of the contrast medium, 

and this involves an additional benefi t  represented 
by the distension of the excretory cavities and by 
shortening the time of the study. 

 In some cases it may be appropriate to place a 
catheter to reduce discomfort resulting from 
overdistension of the bladder; further benefi ts 
include easier assessment of complex malforma-
tion and the elimination of potential RVU, which 
could confound interpretation of the image. 

 It is obvious that for specifi c questions the cath-
eter can be clamped and images of the distended 
urinary bladder obtained. Children younger than 
6–7 years of age need to be sedated; in older chil-
dren able to cooperate, images are obtained either 
through quiet breathing or during breath-holding.  

3.6.1.2    Pre-contrast Imaging (Static 
Fluid MRU or Water MRU) 

  Pre-contrast imaging  is the most important phase 
for the anatomical evaluation of the urinary tract. 

 It is performed with coronal T2-weighted 
turbo spin-echo sequences (TSE T2 weighted) 
and 3D T2-weighted sequences; these last 
sequences are used to generate MIP (maximum 
intensity projection) and VR (volume-rendered) 
images, which allow the best visualization of the 
pelvicalyceal system and ureters. 

 The resulting images are very useful for the 
evaluation of obstructed collecting systems, 
duplex systems, and complex anatomical variants; 
its use is also fundamental in poorly functioning 
systems, up to the functionally excluded kidneys, 
which obviously have little or nothing displayed in 
contrastographic phase, similarly to what occurs 
with the  scintigraphic studies  (Fig.  3.9 ).

   Axial T2-weighted turbo spin-echo sequences 
(TSE T2 weighted) are also acquired, from the 
kidneys to the pelvis, particularly useful for 
assessment of the renal parenchyma and for iden-
tifi cation of bladder abnormalities, including ure-
teroceles and ectopic ureteral insertion.  

3.6.1.3    Excretory MRU 
 It is the phase which allows the dynamic evalua-
tion of the urinary tract. 

 In fact contrast-enhanced sequences are used 
to study the functions of concentration and 
 excretion of the kidneys. 
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 The knowledge of the relationship between 
the administration of paramagnetic contrast agent 
and nephrogenic systemic fi brosis requires great 
caution in its use in pediatric age and full compli-
ance with all precautionary measures [ 28 ]. 

 The contrast medium used was the gadolinium 
chelate, bound to the diethylenetriaminepentaace-
tic acid macromolecule (DTPA). The biodistribu-
tion of the contrast agent is determined solely by 
the macromolecule of DTPA, so that the gadolin-
ium is fi ltered by the glomerulus, without signifi -
cant tubular secretion or reabsorption. The 
standard dose used (0.1 mmol/kg) provides an 
excellent enhancement of the kidneys, allowing 
the evaluation of RM nephrogram by differentiat-
ing enhancing parenchyma from the background. 

 The signal intensity of the aorta is used as the 
arterial input function for calculating the curve of 
Patlak (index of the single kidney GFR). 
Therefore, to maintain the intensity of the aortic 
signal in a linear range, the contrast medium is 
injected very slowly, by means of power injector, 
at a standard speed of 0.1 ml/s without ever 
exceeding the speed of 0.25 ml/s. 

 The fundamental sequence for excretory 
phase is the 3D gradient echo, performed in a 
coronal oblique plane; fat suppression is recom-
mended to enhance the visibility of the ureters. 
The acquisition time is approximately 8 s for 
each volume. Typically after the contrast admin-
istration, continuous dynamic images are 
acquired for about 10 min until the complete 
enhancement of the excretory system; such time 
may be extended up to 20 min in case of delayed 
visualization of the ureters. MIP (maximum 
intensity projection) images are automatically 
generated from each dynamic series. The high- 
resolution images obtained are excellent for 3D 
VR (volume rendering) reconstructions with the 
optimal visualization of the renal cortex, the 
medulla, the pelvicalyceal system, and the ure-
teral course into the bladder (Fig.  3.10 ).

3.6.1.4       Post Processing 
 It is the stage that allows measurements of vari-
ous parameters of renal function and particularly 
the renal transit time, the calyceal transit time, 
the time-intensity curves, the differential renal 

a b

  Fig. 3.9    Coronal T2-weighted MRU visualization of a left ureteropelvic junction obstruction ( a ). Post-contrast coronal 
3D GE shows very poor urinary excretion by a potentially excluded kidney ( b )       
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function, and the glomerular fi ltration rate (GFR) 
[ 27 ,  29 – 31 ]. 

 For these functional analyses, we cite two 
software freely available online, the application 
of which requires an estimated time of about 
10–15 min in dedicated independent console. 

 The fi rst one is from the CHU Hôpitaux de 
Rouen, Rouen, France (  www.univ-rouen.fr/med/
MRurography/accueil.htm    ) and the second from 
the Children’s Hospital of Philadelphia (CHOP), 
Philadelphia, PA, USA (  www.chop-fmru.com    ). 

   Renal Transit Time (RTT) 
 The renal transit time is defi ned as the time taken 
by the contrast medium to pass from the renal 
cortical to the proximal ureters. The calculated 
time is used to distinguish systems that are not 
obstructed (RTT <245 s), systems obstructed 
(RTT > 490 s), or doubtful (RTT between 245 
and 490 s). These values, though indicative, are 
signifi cantly infl uenced by the urinary stasis, so 
that systems apparently obstructed drain easily 
when the patient is placed in the prone position 
with reduction of the calculated values.  

   Calyceal Transit Time (CTT) 
 It is similar to the previous and refl ects the time 
taken by the contrast medium to pass from the 

renal cortex to the calyces. It is an expression of 
altered parenchymal phase in the dynamic contrast 
enhancement and has diagnostic value in unilat-
eral diseases, simply categorized as rapid, sym-
metrical, or delayed compared to the healthy side.  

   Time-Intensity Curves 
 They represent the variations of the signal inten-
sity of the various regions of the kidneys with 
respect to time, from the pre-contrast phase to the 
contrast phase up to washout of the parenchyma. 
Although the dynamic contrast enhancement can 
be directly displayed on imaging, it may be use-
ful to reconstruct these changes graphically, in 
the form of time-intensity curves.  

   Differential Renal Function (DRF) 
and Glomerular Filtration Rate (GFR) 
 These are very important parameters, similar to 
those used in scintigraphic studies. 

 The differential renal function (DRF) can be 
calculated in two ways: the volumetric DRF 
(vDRF) and the Patlak DRF (pDRF).
•    The  vDRF  is simply the volume of enhanc-

ing renal parenchyma above a threshold 
value defi ned by the user and is considered 
an expression of functional renal mass. The 
time point where it realizes the maximum 
parenchymal enhancement in each kidney is 
selected, which is the one immediately preced-
ing the appearance of the contrast agent in the 
calyces. The point of maximum enhancement, 
used for the calculation of vDRF, can occur 
at different times in each kidney. Because you 
are using a threshold value, the calculated 
volume tends to be underestimated in poorly 
functioning kidneys.  

•   The  Patlak plot  represents an index of glomer-
ular fi ltration rate (GFR). The Patlak number 
can be used to generate a pDRF. The Patlak 
number increases with the age and the size 
of the kidneys and can be followed sequen-
tially as well as after surgical and medical 
intervention. The absolute Patlak number 
can be corrected according to body surface 
area using a simple weight-based correction 
factor. Although there has been validation of 
the Patlak technique in adults, the absolute 

  Fig. 3.10    Post-contrast MRU MIP reconstruction shows 
right obstructive hydroureteronephrosis       

 

F. Carfagnini and G. Tani

http://www.univ-rouen.fr/med/MRurography/accueil.htm
http://www.univ-rouen.fr/med/MRurography/accueil.htm
http://www.chop-fmru.com/


31

Patlak number has not yet been validated in 
children. The pDRF is most useful, especially 
if the contralateral kidney is normal. The 
pDRF changes with acute alterations in GFR, 
whereas the vDRF appears to be relatively 
stable. Since the same renal segmentation is 
used in the Patlak analysis, similarly to the 
previous, pDRF underestimates the function 
of very poorly functioning kidneys.    
 In view of its vast potential, the  MRU  has vir-

tually replaced the IVU in pediatric urology and 
has also become a fi rst-line investigation in the 
evaluation of cystic kidney disease, when ultra-
sound is not exhaustive and does not settle ques-
tions clinically relevant. Additionally the MRU is 
increasingly used in the complications of urinary 
tract infections, in the diagnosis of equivocal 
renal lesions, in the assessment of post-traumatic 
complications, and in the evaluation of neoplas-
tic diseases. Some recent works indicate a role in 
complicated stone disease.     

3.7    Indications and Timing 
of Imaging 

3.7.1    Hydronephrosis Diagnosed 
Antenatally 

 The postnatal imaging of hydronephrosis diagnosed 
antenatally is programmed according to the severity 
of prenatal fi ndings [ 1 ,  2 ,  5 ,  11 – 17 ,  24 – 31 ]. 

  In infants with prenatal diagnosis of severe 
bilateral hydronephrosis , sonography is required 
on the fi rst day of life, especially in cases of hydro-
ureteronephrosis and/or suspected abnormalities of 
the bladder or the urethra. In male children, stan-
dard US may be associated with a complementary 
assessment of the urethra with the perineal scan 
and voiding cystourethrography (VCUG) for sus-
pected posterior urethral valves and to search for 
VUR (Fig.  3.11 ). In girls the spinal US study may 
be indicated in suspected neurogenic bladder, 

a c

b

  Fig. 3.11    Bilateral hydronephrosis in newborn, US study ( a ,  b ) and VCUG ( c ), that demonstrates severe bilateral 
refl ux       
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 possibly followed by contrast- enhanced voiding 
urosonography (VUS) for VUR detection.

   When an obstructive condition is diagnosed, 
further investigations are usually deferred until 
prior to surgery or after the sixth to eighth week 
of life, when the urinary tract is fully matured and 
MAG3 scintigraphy or MRU can provide reliable 
results. 

  In neonates with prenatal diagnosis of moder-
ate hydronephrosis  and/or unilateral with or 
without ureteral dilatation, US can be postponed 
to the fi fth to seventh day of life due to the imma-
turity of the urinary tract and the risk of underes-
timating the pathological fi ndings. 

 If the fi rst US is normal, US study is repeated 
at the age of 1 or 2 months, but there is no required 
further diagnostic investigation. 

 If you found a signifi cant hydronephrosis, as 
in UPJO, follow-up US is required at 3–6 weeks 
of age and a continuation of diagnostic work with 
MAG3 scintigraphy or MRU, to be performed at 
6–8 weeks of age. 

 When there is a megaureter or other indirect 
signs of RVUs, for example, a thickened pelvic 
wall, it is indicated to perform a voiding  cystoure-
thrography (VCUG)  in male or a contrast-enhanced 
voiding urosonography (VUS) in girls. 

 In complex urogenital anomalies, MRU is 
indicated.  

3.7.2    Acute Neonatal Conditions 

 Pathological conditions in the newborn are con-
sidered including acute posterior urethral valves, 
pyonephrosis or urosepsis, acute renal failure, 
disorders of renal perfusion (e.g., renal vein 
thrombosis), and rare congenital renal tumors. 

 Acute renal failure can be prerenal (from 
systemic causes, e.g., asphyxia, cardiac arrest, 
hypotension), postrenal (e.g., severe obstructive 
conditions), or intrinsic. Among the causes of 
intrinsic acute renal failure should be considered: 
perfusion disorders such as hemolytic-uremic 
syndrome, or renal vein thrombosis; renal dam-
age by toxic, metabolic, or systemic diseases 
(e.g., hyperoxaluria); neonatal glomerulonephri-
tis; acute tubular necrosis and cortical and/or 

medullary necrosis; as well as preexisting con-
ditions such as hypodysplasia or infantile poly-
cystic kidney disease. All of these conditions 
can coexist and can be associated with various 
degrees of acute renal failure. 

 In    all cases, an urgent US study should be per-
formed, which often allows a precise diagnosis 
between different diseases. Usually sequential US 
is suffi cient and does not need further investigation. 
It should be noted that in these studies US Doppler 
evaluation of renal perfusion is essential and that in 
neonates with oligoanuria conditions absence of 
hydronephrosis does not exclude an obstructive 
condition, so that a study of ultrasound after fi lling 
the bladder with perineal approach or a voiding 
cystourethrography is mandatory as well as follow-
up US [ 2 – 5 ,  10 ,  11 ]. 

 After the episodes of acute renal failure or in 
chronic renal failure, DMSA scintigraphic study 
is indicated, or increasingly MRU, to assess renal 
function and the presence of defects or scars and 
consequently determine the prognosis [ 21 – 31 ].  

3.7.3    Urinary Tract Infections 
(UTI) and Vesicoureteral 
Refl ux (VUR)  

 In children with acute urinary tract infection, fever, 
and signs of septicemia, urgent US should be per-
formed to rule out obstructive conditions and fi nd 
signs of a possible kidney involvement such as the 
increase in size of the kidney, abnormal echo-
genicity, “mucosal thickening,” urolithiasis, or 
focal perfusion defects in power Doppler study. 

 If there is no evidence of dilatation or renal 
involvement and there is a good response to treat-
ment, further investigation may be postponed 
[ 1 – 4 ]. 

 All children with renal involvement are 
required to be submitted to VCUG or voiding 
cysto-sonography (VUS), once the infection is 
resolved [ 2 ,  5 ,  12 – 17 ]. 

 Usually a DMSA scintigraphy is performed 
after 6–9 months for the evaluation of the paren-
chyma; in equivocal cases, renal scintigraphy 
or MRU is indicated since the discovery of 
renal involvement is the key aspect for planning 
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 subsequent monitoring and establishing a pro-
phylactic antibiotic, although the latter concept is 
currently very controversial [ 22 ,  23 ]. 

 In addition to the ultrasound study, imaging 
of complications of UTI requires ce-CT or, 
 better, ce-MRU. 

 VUR has lost much of its importance, espe-
cially middle grade and not associated with uri-
nary tract infection. The diagnostic algorithm 
refl ects this new approach recognizing the high 
number of cases, mild-to-moderate, that sponta-
neously resolve without long-term sequelae or 
therapeutic consequences. 

 A meticulous search of VUR by voiding  cys-
tourethrography  or  cistosonography  is still indi-
cated [ 2 – 5 ,  12 – 17 ]:
•    In children with signifi cant hydronephrosis in 

the neonatal period, to differentiate obstruc-
tive from refl ux disease and for the evaluation 
of the urethra  

•   In children with congenital dysplasia (poten-
tially indicating congenital “refl ux nephropa-
thy”), with complex congenital malformations 
or syndromic disorders (e.g., duplex kidney 
with renal dysplasia or hydronephrosis, neuro-
genic bladder with myelomeningocele)  

•   In children with upper UTI, where VUR is a 
risk factor for renal scarring with all its 
implications     

3.7.4    Obstructive Uropathy 

 Once diagnosed with  obstructive uropathy , usu-
ally after a diagnosis of prenatal hydronephrosis 
and a neonatal ultrasound evaluation, the impor-
tant task is to preserve bladder and kidney func-
tion [ 3 ,  5 – 11 ]. 

 In posterior urethral valves, immediate blad-
der catheterization and an early surgical treat-
ment are indicated. 

 In megaureter and dysplasia, the joint goal of 
imaging is to identify kidneys that are at risk, 
those intended for deterioration in growth and 
functionality. 

 Currently there is no imaging study that can 
reliably predict this negative trend, and therefore, 
periodic and regular controls are required that 

enable to capture early worsening of the 
 obstructive condition  and renal function, although 
it may be diffi cult to correctly distinguish the 
cases that may benefi t surgical treatment from 
those that can be treated conservatively. 

 Usually we try to achieve this by performing 
repeated US studies and intermittent MAG3 scin-
tigraphic studies, particularly if the ultrasound 
shows, as potential indicators of impairment, an 
increase in the thickness dilatation with paren-
chymal thinning and loss of corticomedullary dif-
ferentiation, compensatory hypertrophy of the 
contralateral kidney, and an asymmetric impaired 
parenchymal perfusion. 

 In many centers MRU is increasingly replac-
ing the  MAG3 scintigraphy  [ 1 ,  4 ,  5 ,  21 ,  23 – 26 ].  

3.7.5    Other Malformations 
and Conditions Complex 

 The hypodysplasia is a congenital condition, dif-
ferent from acquired renal scarring resulting, for 
example, from hypoxia and infection [ 22 ]. US 
shows small kidneys with reduced or absent corti-
comedullary differentiation, with or without cysts, 
and often without hydronephrosis. Perfusion may 
be compromised with reduced vascularity at 
power Doppler and low fl ow velocity and altered 
RI (resistive index) on Doppler study [ 10 ,  11 ]. 

 If hypodysplasia is unilateral, renal function 
remains in the global normal and even small kid-
neys can maintain a minimum residual function. 
Dysplasia is often found in the upper pole system 
of a duplex kidney that drains through a megaure-
ter, eventually with ectopic insertion and some-
times with distal ureterocele. The lower pole 
system of duplex kidney tends to refl ux; for this 
reason, children with these conditions undergo 
VCUG o VUS, especially when symptomatic 
(Fig.  3.12 ). Additionally, an MRU can be per-
formed as it is becoming the complementary 
investigation of choice, as well as for the func-
tional evaluation of kidneys, for the study of the 
ectopic kidneys, and/or for suspected ureteral 
ectopic insertions [ 4 ,  5 ].

   It should be noted that renal abnormali-
ties may be associated with abnormal genital 
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 complex, and therefore, it is advisable to carry 
out  meticulous investigations that enable early 
identifi cation of such abnormalities, especially in 
girls; useful studies are US and magnetic reso-
nance imaging.  

3.7.6    Cystic Disease 

 There are various  cystic diseases  in children [ 2 ,  4 ,  5 ]. 
 The most common condition is the nonfunc-

tioning multicystic kidney (MCKD), character-
ized by the presence of numerous cysts of varying 
size, not communicating with the excretory cav-
ity, possibly interspersed with small amounts of 
dysplastic parenchyma (Fig.  3.13 ). The differen-
tial diagnosis with extremely severe cases of 
UPJO can be diffi cult because MCKD may also 
represent the end point of obstructive conditions 
decompensated in the prenatal period. The multi-
cystic kidney is unilateral; bilateral MCKD is 
incompatible with life.

   If there are cysts of various sizes in both kid-
neys, in an otherwise normal renal parenchyma, 
in the absence of alteration of creatinine, the most 

likely diagnosis is that of autosomal dominant 
polycystic kidney disease (ADPKD), especially 
when cystic formations are also present in other 
organs. This congenital condition may manifest 
initially with one single cyst, so the fi nding of a 

a b

  Fig. 3.12    US study ( a ) and VCUG ( b ) in left duplex kidney with distal ureterocele of upper pole system and refl ux in 
the lower pole system       

  Fig. 3.13    Coronal T2 MRU: multicystic left kidney       
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renal cyst in childhood should prompt a thorough 
clinical evaluation and family assessment. 

 The fi nding of large kidneys with diffuse and 
inhomogeneous increase of the echogenicity 
(“salt and pepper”) may indicate infantile auto-
somal recessive polycystic kidney disease 
(ARPKD) (Fig.  3.14 ). Initially, the microcysts 
are so small as not to be identifi able to the US 
study. When the ARPKD is suspected, it is 
essential to carry out a study of the entire abdo-
men and particularly additional ultrasound of 
the liver, to assess the presence of liver fi brosis 
(Fig.  3.15 ).

    Other diseases include rare simple renal cysts 
and postinfl ammatory and post-traumatic cysts, 
which must be differentiated from calyceal 
diverticula, from urinoma, as well as from renal 
tumors such as cystic nephroma, cystic Wilms’ 
tumor, necrotic renal carcinoma, renal teratoma, 
or posthemorrhagic renal angiomyolipoma. All 
of these conditions require a study of the second 
level, CT, or preferably MR with contrast 
medium; delayed scan in MRU or delayed 
abdominal radiograph after CT is advisable to 
capture the late contrast medium accumulation 
in calyceal diverticulum.  

3.7.7    Hematuria 

 Contrary to what occurs in the adult, rarely  pedi-
atric hematuria  is an expression of malignant 

disease of the kidneys or bladder, conditions eas-
ily detectable at US study. 

 Microhematuria may be secondary to many 
pathological conditions, such as familial hema-
turia, glomerulonephritis, other kidney disease, 
UTI, urolithiasis, and hypercalciuria; even the 
VUR and obstructive uropathy may occur with 
hematuria. Therefore, the diagnostic algorithm 
varies in different conditions; sonography is 
generally suffi cient, combined with a meticu-
lous clinical/laboratory evaluation and a 
detailed family history. The result of all of 
these assessments will direct any further inves-
tigation [ 3 – 5 ].  

3.7.8    Urolithiasis 

 It is a very rare condition in children than in 
adults, and because children have a higher radio-
sensitivity that prevents the free use of CT, the 
diagnostic protocols of the adult cannot be 
blindly transferred to the child. 

 In addition, children have smaller and less 
 calcifi ed kidney and ureter of small caliber, diffi -
cult to separate from the surrounding tissue due 
to the poor representation of fat; these aspects 
greatly reduce the diagnostic capability of the 
low-dose CT without contrast, routinely used in 
adults for the search of urinary stones. In chil-
dren, US is the ideal technique able to detect 
stones localized in the pelvicalyceal system or 

  Fig. 3.14    US study: typical “salt and pepper” aspect and 
very large kidney in a 4-year-old male with ARPKD         Fig. 3.15    US study: liver fi brosis in ARPKD       
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proximal or distal ureter (Fig.  3.16 ). The study is 
preferably carried out in conditions of good 
hydration and adequate bladder fi lling. In some 
cases, an abdominal radiographs may be helpful 
(e.g., before a  lithotripsy ).

   If for some reason IVU is still required, it will 
be conducted with the acquisition of as few 
images as possible; however, the examination is 
obsolete and almost disappeared from the centers 
of pediatric radiology. 

 The    Uro-CT is used with much reluctance in 
children because it is highly radiant, and cur-
rently its use is restricted to cases in which the 
ultrasound study is nondiagnostic and unrelated 
to the clinic, in cases where there are indirect 
signs of the presence of the calculation that is not 
detected by US, in the complications of stone dis-
ease, as well as for presurgical imaging in the 
cases of percutaneous lithotripsy [ 1 ,  3 ,  5 ,  20 ].  

3.7.9    Trauma 

 The  minor trauma  is rare in childhood. In these 
cases US is generally performed and always 
included with color Doppler study, possibly sup-
plemented with CT or MRU for the evaluation of 
complex pictures. Ultrasound is also the investi-
gation of choice in the follow-up. 

 Urethrography and cystography are used 
respectively for the evaluation of lesions of the 

urethra and bladder, which can lead to the suspi-
cion of child abuse. 

 The major trauma is primarily evaluated with 
ce-CT study    [ 20 ].  

3.7.10    Urogenital Tumors 

 Although all benign and malignant neoplasms are 
primarily studied by ultrasound and echo- color 
Doppler, MR and CT are generally required in the 
subsequent investigation protocol, both for the 
evaluation of cancer themselves and for search of 
metastases, particularly lung metastases. 

 In any case for the defi nitive diagnosis, biopsy 
must be performed, even when imaging capabilities 
to orient a benign form; generally all bladder and 
kidney cancers are easily accessible for ultrasound- 
guided biopsy study [ 1 ,  4 ,  5 ,  20 ,  26 ,  28 ]. 

 The cancers most often investigated in 
 children are:
•   Benign Tumors 
•    Angiomyolipoma , very rare in children but 

common in those with tuberous sclerosis 
(80 % of cases).  

•   Mesoblastic nephroma, the most common 
tumor in the neonatal period.  

•   Multilocular cystic nephroma,  characteristically 
observed in male children aged <4 years.  

•    Nephroblastomatosis , defi ned by the presence 
of nephrogenic rests, associated with the risk 

a b

  Fig. 3.16    Two different US studies showing a pelvic stone with hydronephrosis ( a ) and a distal ureteral stone ( b )       
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of Wilms’ tumor. It can be in the form diffuse, 
focal, or multifocal in both kidneys, located in 
an intralobar or in a peripheral position. It is 
found in association with Wilms’ tumor (pres-
ent in 25 % of cases of Wilms’ unilateral and 
in 100 % of cases of Wilms’ bilateral), with 
the aniridia and the Beckwith-Wiedemann 
syndrome.   

•   Malignant Tumors    Wilms’ tumor , the most 
common abdominal malignancy in children 
aged <9 years with a peak between 2 and 
3 years, typically large (diameter >12 cm), 
with at least a portion of the intrarenal compo-
nent, usually sparing the collecting system; 
the neoplasia appears solid, often with a 
pseudo-capsule and well-defi ned areas of 
hemorrhage and necrosis. Less frequent are 
the calcifi cations (<15 %), while the renal 
vein thrombosis is reported in 5–10 % of cases 
(Fig.  3.17 ).

•      Clear cell sarcoma occurs at 3–5 years of life, 
virtually indistinguishable from Wilms’ 
tumor, metastatic to the bone (Fig.  3.18 ).

  Fig. 3.17    Coronal CT scan: Wilms’ tumor of the right 
kidney       

a b

  Fig. 3.18    Coronal ( a ) and 
sagittal ( b ) CT scans showing 
a massive clear cell sarcoma 
of the right kidney       
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•      Malignant rhabdoid tumor, heterogeneous 
intrarenal mass with thick capsule and a 
peripheral crescenting fl uid collection in the 
subcapsular or perinephric space (median age 
13 months). There is an association with 
tumors of the posterior cranial fossa.  

•   Renal cell carcinoma represents less than 1 % 
of renal tumors in children, indistinguishable 
from Wilms’ tumor.  

•   Lymphoma/leukemia: different patterns of 
involvement, from diffuse forms character-
ized by symmetrical and massive enlargement 
of the kidneys with loss of corticomedullary 
differentiation (especially leukemia) to nod-
ular forms most often seen in lymphomas, 
followed by direct invasion from adjacent 
adenopathy or lymphomatous retroperitoneal 
masses (Fig.  3.19 ).

•      Rhabdomyosarcoma, the most common malig-
nancy of the pelvis in children, frequently orig-
inates from the bladder wall at trigone, from 
the prostate or in paratesticular locations in 
male children. MRI is preferable to CT in the 
staging of pelvic lesions while US is essential 

for the assessment of the paratesticular masses. 
CT study is recommended for the evaluation of 
lung metastases, which are present in 10 % of 
cases at onset of disease.         
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4.1            Introduction 

    Urologic anesthesia is not a subspecialty but 
some aspects are typical to this type of surgery. 

 The majority of surgical urological patholo-
gies, in pediatric age, are congenital. 

 Urologic surgery comprises different patholo-
gies concerning the kidney and the upper intra- 
abdominal urinary tract but also malformations 
of the urethra and of the genitalia. Regarding the 
age in which the pathologies may be corrected, it 
is necessary to consider the potential neurotoxic-
ity of anesthetic drugs. 

 Experimental studies showed apoptotic neu-
rodegenerations and incomplete synaptogenesis 
with possible long-term cognitive defi ciencies in 
young animals exposed to anesthetics. The mech-
anism of anesthetic drugs involves synaptic trans-
mission of gamma-aminobutyric acid (GABA) or 
 N -methyl-D-aspartate (NMDA) receptors. The 
toxicity is related to the dose and time of exposi-
tion to anesthetic drugs [ 1 ,  2 ]. There are many 
differences between the brain development in 
animals and humans, but it is important, while 

awaiting clinical evidences, to keep these studies 
in mind, in particular in the presence of minor 
urological pathologies that may be deferred.  

4.2     Preoperative Evaluation 

 Clinical history and objective conditions are the 
only guide in choosing the investigation tests [ 3 ]. 
Children with urological conditions may suffer 
from renal insuffi ciency; furthermore, these 
pathologies can be associated with severe comor-
bidities such as congenital heart disease and cra-
niofacial defects, and cardiologic visit with 
echocardiography test is considered appropriate. 

 Children with a neurogenic bladder, complex 
genitourinary anomalies, and multiple surgical 
procedures are at high risk for latex allergy, and 
allergic tests may be considered. In conditions of 
a high incidence of associated spinal abnormali-
ties, for example, cloacal exstrophy, imaging 
should be evaluated before planning central neur-
axial block for analgesia. When central blocks 
are indicated, coagulation tests are useful [ 4 ]. 
The preoperative evaluation must consider the 
anxiety and emotional problems that surgical 
treatments induce, in particular if associated with 
repeated procedures and due to the embarrassing 
nature of the genitourinary pathology. 

 Risk Evaluation and Informed Consent: The 
American Society of Anesthesiologists devel-
oped and modifi ed later the ASA classifi cation of 
physical status to defi ne a correlation of  clinical 
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condition and tolerance to surgery [ 5 ,  6 ]. The 
correct information about all possible anesthesia 
techniques (a pamphlet should be given before 
anesthesiological visit) and in particular of the 
benefi t/risk of the purpose-tailored procedures 
must be provided before acquiring written con-
sent for anesthesia. A specifi c risk such as dif-
fi cult airway management or cardiac, respiratory, 
neurologic, and metabolic conditions should be 
annotated on the anesthesiological chart and on 
the operatory list.  

4.3     Premedication 
and Preoperative Fasting 

 At the end of the global evaluation (history, 
objective clinical condition, laboratory tests if 
indicated, imaging, cardiologic tests), a pharma-
cological medication is considered. Parents are 
allowed to be present at induction of anesthesia. 
The sedative premedication is not always neces-
sary, but when useful, midazolam 500 mcg/kg 
orally is currently the most frequently drug used. 
Midazolam can also be administered by nasal 
route (200 mcg/kg). Atropine in clinical prac-
tice is administered after vein placement only on 
demand. A local anesthetic emulsion (lidocaine 
25 mg + prilocaine 25 mg) or medicated plaster 
(lidocaine 70 mg/tetracaine 70 mg, for children 
over 3 years) is applied on a detectable peripheral 
   vein. Preoperative fasting is indicated for elec-
tive surgery and healthy patients, to avoid inha-
lation syndrome at anesthesia induction. Recent 
guidelines also consider the correct preoperative 
administration of drugs to decrease the risk for 
pulmonary aspiration in selected patients [ 7 ].  

4.4     Specifi c Aspects 

4.4.1     Latex Allergy 

 Latex allergy is an immunological reaction to 
natural rubber latex processed from the  Hevea 
brasiliensis  tree. Latex is used in the manufac-
ture of many medical devices. Latex allergy has 
become a clinically important problem in recent 

years though is a not widespread phenomenon, 
but is more frequent in the risk groups. Allergy 
to latex is frequently implicated in pediatric 
intraoperative anaphylactic reactions [ 8 ]. High-
risk groups for latex allergy in children include 
history of myelodysplasia with a neurogenic 
bladder, complex genitourinary anomalies, 
multiple surgical procedures, atopy, and aller-
gies to balloons, bananas, avocados, chestnuts 
[ 9 – 11 ]. In children the signs and symptoms of 
the allergic reactions to latex vary from local-
ized pruritus, rhinoconjunctivitis, and con-
tact urticaria- angioedema to wheezing, severe 
bronchial asthma, cardiovascular collapse, and 
anaphylactic shock. Serious reactions are more 
likely to occur with parenteral or mucous mem-
brane contact. The main problem of latex allergy 
is the development of anaphylaxis during sur-
gical procedures or interventions. In pediatric 
urology an important issue concerns prevent-
ing patients from developing sensitization dur-
ing repeated surgery, as well as the inhibition 
of symptomatic allergy development in already 
sensitized patients. Therefore, the preoperative 
identifi cation of patients at risk is essential in 
the prevention of such allergy, reducing the pos-
sibility of sensitization and clinical reactions. 
Perioperative preventive measures have been 
suggested to reduce the risk. Many authors have 
outlined a preoperative, intraoperative, and post-
operative checklist for latex-allergic patients, 
with the help of several specialists (anaesthe-
siologists, surgeons, allergologists, laboratory 
experts, and pharmacists) [ 12 – 14 ]. Perioperative 
management involves the recognition of the chil-
dren at risk, appropriate allergological tests for 
these patients, chemoprophylaxis with H 1  and 
H 2  blockers and steroids graded according to the 
severity of symptoms. The perioperative mini-
mizing of latex exposure especially in the oper-
ating room equipment, and educational training 
is necessary. The fundamental standard of latex-
safe perioperative management is the continuity 
of treatment, always present in the consulting 
room, emergency room, wards, operating room, 
and pediatric intensive care: the patient must be 
accompanied by a medical card and is treated 
with latex-free equipment and items.  
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4.4.2     Fluid-Electrolyte Balance 

 Two aspects are important in designing a fl uid ther-
apy—fl uid and volume replacement. Fluid replace-
ment is necessary to maintain the hydroelectrolytic 
homeostasis and acid-base balance. Fluid distribu-
tion is regulated by osmotic pressure: hypothalamic 
nucleus is sensitive and responds to very low varia-
tions and this condition causes a hormonal response 
involving the secretion of ADH aldosterone. The 
dehydrated patient produces more ADH to preserve 
H 2 O. It should be taken into account that during the 
preoperative period, ADH secretions may increase 
due to factors other than the osmotic ones (pain, 
stress, drugs). For a correct fl uid intraoperative plan-
ning, consideration must be given to the metabolic 
requirement, preoperatory fasting, “third space” 
sequestration, blood loss related to surgery, and par-
ticular conditions such as the use of radiant lamps 
for neonates/preterms. Fluid requirements depend 
on the metabolic expenditure, which is higher in 
neonatal age. Under normal conditions 100 ml is 
required to metabolize 100 Kcal, but during GA the 
energy expenditure is 50 % [ 15 ] and lower than that 
calculated by Holliday and Segar [ 16 ]. The seques-
tration of fl uid (extravascular, interstitial space) 
is different for each type of surgery: 1–3 ml/kg/h 
in minor surgery procedures till 10–20 ml/kg/h in 
major abdominal surgery procedures. Other mecha-
nisms of fl uid compartment regulation are needed 
to keep pH in the range 7.35–7.45 and electroneu-
trality. The amount of hydration solution required 
depends on preoperative conditions, fasting, and 
the restoration of “third space losses.” To avoid the 
high risk of cerebral edema related to hyponatremia 
[ 17 ], the use of isotonic solution is suggested: the 
near ideal solution is a polyelectrolyte solution with 
glucose 0.8–1 %. The intraoperative use of glu-
cose-free solution is not recommended in order to 
avoid hyperglycemia, which can determine osmotic 
diuresis and dehydration [ 18 ].  

4.4.3     Renal Function 

 Many children submitted to urologic surgery, in 
particular for genitourinary procedures (orchido-
pexy, hypospadia, circumcision), are healthy, but 

it is possible that urologic pathologies have dif-
ferent comorbidities that require anesthetic 
implications [ 19 ]. When urologic major surgery 
is required, renal function must be evaluated. 
High creatinine and urea levels are often associ-
ated with acidosis or hyperkalemia; renal    impair-
ment can coexist with systemic diseases such as 
hypertension, cardiac failure, and decreased 
organ perfusion. Renal failure may require peri-
toneal or hemodialysis before surgery and the 
monitoring must be dedicated to volume and 
electrolyte status.  

4.4.4     Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) 
for Rare Extensive Tumor 
Implants 

 Pediatric oncology therapy may be comprehen-
sive of a program which provides care for patients 
with extensive abdominal tumor. These tumors in 
children are quite rare and therefore a specialized 
team is necessary for an optimal care. The types 
of tumors that can require this procedure include 
Wilms’ tumor. The particularly high toxicity 
of this treatment suggests the need to maintain 
satisfactory urine output and avoid renal toxic-
ity [ 20 ,  21 ]. The multidisciplinary care involves 
the collaboration between specialized pediatric 
oncologists, surgeons, radiation therapists, anes-
thesiologists, and intensivists.   

4.5     Anesthesiological 
Management 

 The entire staff, involving different professional 
fi gures, should be trained and educated in order 
to improve safety, ensure treatment of possible 
side effects, and guarantee the management of 
emergencies. 

4.5.1     Monitoring 

 Standard intraoperative monitoring is both inva-
sive and noninvasive and is well described in 
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the guidelines for safety in the operating room. 
Cardiovascular function is monitored by ECG 
(rhythm and frequency), NI systolic blood pres-
sure (SBP), and diastolic blood pressure (DBP); 
if necessary a radial arterial catheter is cannu-
lated not only for invasive monitoring but also 
for intraoperative and postoperative blood gas 
analysis and laboratory tests. When clinical con-
ditions and the fl uid requirements are diffi cult 
to evaluate, a central venous catheter (CVC) is 
placed by a superior cava approach for invasive 
monitoring of central venous pressure (CVP). 
The respiratory function is monitored by periph-
eral arterial oxygen saturation (SpO 2 ) and end-
tidal CO 2  (ETCO 2 ). The mechanical ventilator 
permits the variation of all respiratory items 
including frequency, tidal volume (inspiratory 
and expiratory), minute volume, pressure, and 
mean airway pressure. Temperature measure-
ment is a must in pediatric urological surgery 
and in particular in neonates. The temperature is 
tested with the esophageal probe during major 
surgery. The use of pre- warmed fl uids and active 
warming systems (maîtresse, convective warm 
air blanket, radiant heater) is necessary. During 
uro-endoscopy many fl uids are employed for 
irrigation, and this can determine hypothermia. 
GA and loco regional anesthesia (LRA) interfere 
with the thermoregulatory response in all ages.  

4.5.2     Airway in Major/Minor 
Urologic Surgery 

 Comorbidity with urologic pathologies is observed 
in CHARGE   , VACTERL, and DiGeorge syn-
dromes, where craniofacial malformations suggest 
a diffi cult airway management. The evaluation of 
the diffi cult airway is recommended by the guide-
lines [ 22 ], and the Italian Health Ministry advo-
cates particular attention to airway management 
and is a checklist point for safety in the operating 
room. The presence of all instruments and devices 
and expert anesthesiologists should guarantee the 
safety of diffi cult airway management. 

 Wilms’ tumor may sometimes present inferior 
vena cava compression and diaphragmatic eleva-
tion due to the giant intra-abdominal mass: in    this 

 condition the induction to GA is at hight risk for 
inhalation, diffi cult ventilation, and circulatory col-
lapse because of the very low venous return.  

4.5.3     Vascular Access 

 Vascular access is necessary in all types of sur-
gery. Adequate peripheral access is essential 
intraoperatively and also for fl uid replacement in 
the postoperative period. One or two peripheral 
veins may be necessary. 

 If the intravenous induction to anesthesia is 
indicated, a topical anesthetic cream or plaster 
could be routinely applied on a visible vein to 
permit the cannulation without pain. 

 Clinical conditions and the type of surgery 
indicate the placement of a single- or double- 
lumen central venous catheter (CVC), appro-
priate for the size of the patient. This vascular 
access is required both for monitoring and for 
rapid and safe infusions of fl uid and blood. The 
upper vena cava vein approach is mandatory for 
the oncologic retroperitoneal tumor, particularly 
when it has been extended to or into the inferior 
cava vein (rarely till the right atrium) and surgery 
may foresee vein clamping. The use of guidance 
ultrasonography during CVC placement has been 
demonstrated the better percutaneous procedure 
for decreasing the complication rate.   

4.6     Anesthesia Techniques 

 General anesthesia is increasingly associated 
with regional anesthesia techniques, to optimize 
anesthesia and analgesia results throughout the 
perioperative period. 

4.6.1     General Anesthesia (GA) 

 Anesthesia management can be performed by inha-
lation or intravenous hypnotics, associated with 
neuromuscular blocking agents, opioids, and adju-
vant drugs if necessary. Anesthesiological manage-
ment, today, foresees combined  general- regional 
anesthesia. 
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 Balanced anesthesia is the most common GA 
applied, in which a mixture of small amounts of 
several drugs, administered by different routes 
(inhalation + intravenous), permits a correct anes-
thetic plan for the surgery. Recently total intrave-
nous anesthesia (TIVA) is chosen for pediatric 
patients, even in smaller children. In all pediatric 
ages and in particular in neonates, many drugs 
cannot be legally used. The bispectral index is 
designed to observe the anesthetic plan and drug 
consumption although results do not differ from 
those of conventional clinical practice [ 23 ]. 

4.6.1.1     Inhalation Agents 
 Sevofl urane is a halogenated general inhalation 
anesthetic drug and to date the most frequently 
drug employed in pediatric anesthesia. It is admin-
istered by vaporization vehicled by O 2 /medical air 
at different FiO 2  (>0.5) [ 24 ]. The minimum alveo-
lar concentration (MAC) in neonates (3.3 %) and 
children till 3 months (3.2 %) is similar, but older 
infants and children have a lower MAC of approx-
imately 2.5 %. During mask induction the inci-
dence of agitation is near 14 % but laryngospasm 
and bronchospasm are present in around 1 or 2 %. 
It is quite clear that the concomitant use of opi-
oids requires a lower halogenated concentration. 
Inhalation anesthesia consents a rapid recovery 
but agitation is frequently present and is consid-
ered an adverse effect. 

 Particular attention must be given to the con-
centration of compound A (reaction with CO 2  
adsorber in particular conditions) (A = alkene) 
which is suggested to be a potential cause of pos-
sible renal injuries (proteinuria, glycosuria).  

4.6.1.2     Intravenous Agents 
 Thiopentone was considered in the past years the 
most commonly used intravenous agent for anes-
thesia induction; propofol is now the most fre-
quently employed induction agent (1.5–3 mg/kg) 
in pediatric age. In Italy, the use of propofol in 
neonates is limited by a Health Ministry delibera-
tion and written consent must be acquired. The 
current and recent literature contains many 
reports of good results in particular for anesthesia 
induction in procedural deep sedation [ 25 – 27 ]. In 
preterm neonates and in the fi rst 10 days of life, 

there is a risk of propofol accumulation if given 
both for an intermittent bolus or infusion. It 
would seem sensible at present to limit its use to 
single bolus administration [ 28 – 31 ].   

4.6.2     Regional Anesthesia (RA) 

 It is generally accepted that RA provides safe and 
effective pain relief, as it provides the block of 
sensory transmissions [ 32 ,  33 ]. Regional anes-
thetic techniques also in pediatric patients provide 
safe and effective pain relief during and after sur-
gery with different techniques (Table  4.1 ) [ 34 ].

   In 2010 the ADARPEF study revealed a low 
incidence of complications related to regional 
anesthetic techniques and concludes that RA has 
a good effi cacy and safety [ 35 ]. The application of 
pediatric regional anesthesia blocks has increased 
in recent years, the neuraxial blocks are applied 
in all ages, and peripheral blocks are rapidly 
expanding especially in children aged 5 years or 
older. In pediatrics RA is performed under GA or 
deep sedation to reduce potential damages from 
a loss of behavioral control during the procedure 
and to keep hypnosis during surgery. However, 
RA reduces intraoperative anesthetic require-
ments, supporting recovery, early ambulation, 
and shortening the time to rehabilitation [ 36 ,  37 ]. 
A necessary condition to obtain the most benefi ts 
from RA is the knowledge and expertise of the 
specialist who chooses and applies the techniques 
and appropriate and adequate equipment and 
devices. Ultrasound guidance is the best clinical 
practice both for neuraxial and peripheral blocks. 
Ultrasonography could augment the success rate, 
since it allows anatomical structures and nerves 
to be visualized, permits the needle location to be 
identifi ed, and reduces the amount of local anes-
thetic administered [ 38 ]. 

4.6.2.1     Neuraxial Blocks 
 Central neuraxial bock is suggested for patients 
undergoing major abdominal surgery. In the spi-
nal approach, drugs are administered intrathe-
cally into the cerebrospinal fl uid and in epidural 
approach into the fatty tissues surrounding the 
dura [ 39 ]. Absolute contraindications are local 
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   Table 4.1    Testicular torsion x only under II (Caudal Block) and VII (Systemic Analgesia) column   

 Pathologies  Epidural 
Catheter 

 Caudal 
Block 

 Penile 
N. Block 

 Ilio- ing. 
Ileo ipog 

 Rectus 
N. Block 

 Local 
W Infi ltr. 

 Systemic 
Analgesia 

 Hypospadia  X  X a   X 
 Circumcision  X  X  X 
 Orchidopexy  X  X  X  X 
 Testicular torsion  X  X 
 Cystostomy  X  X 
 Laparoscopy for 
the upper urinary 
tract 

 l LA retroperit. 
Intercostal B 

 X 

 Pyeloplasty  X  X 
 Nephrectomy  X  X 
 Bladder exstrophy  X b   X 
 Prune belly 
syndrome 

 X b   X 

   a Only in distal hypospadia 
  b Only after Rx  

infection at injection site, hypovolemia, coagu-
lopathy, high intracranial pressure, allergy to 
local anesthetics, and parent refusal. Relative 
contraindications include sepsis, neurological 
dysfunction, and anatomical abnormalities. 
Neurological injury, infection, ischemia, sei-
zures, hypotension, and cardiac arrest are the 
risks of neuraxial anesthesia. It should be remem-
bered that there are some anatomical differences 
between adults and children in the lumbosacral 
region.  

4.6.2.2     Caudal Epidural Block 
 Epidural block by caudal route, the most popular 
technique in pediatrics, is suggested in hypospa-
dias repair, ureteral reimplantation, orchidopexy, 
and surgical bladder procedures. The caudal 
space is easy to fi nd in patients less than 7 years 
of age, when block is commonly performed. The 
sacral hiatus is found by searching for a triangle 
with the base formed by a line joining the right 
and left sacral cornea and the apex as lower IV 
sacral vertebrae. The sacral hiatus is situated 
higher in children than in adults. The dedicated 
needle passes, at a nearly 45° angle, through the 
sacrococcygeal ligament, and after loss of resis-
tance, the local anesthetic is injected. This block 
is more frequently used as a “single shot.” 
Adjuvants may be added to prolong the duration 
of analgesia. Over the past several years, caudal 

catheters were introduced upward even to tho-
racic level especially in neonates and infants, but 
this technique is no longer recommended, 
because of the risk of fecal soiling.  

4.6.2.3     Lumbar Epidural Block 
 In contrast to the caudal block, lumbar epidural 
block is rarely used as a single injection; usually 
a catheter is inserted. Catheter placement is based 
on surgical incision location corresponding to 
segmental levels to target analgesia [ 40 ]. This 
technique should be performed by experienced 
anesthesiologists. In very small infants epidural 
needles are inserted below L4, so, to achieve the 
desired segmental level, the catheters should be 
threaded for a long segment, monitoring the effi -
cacy of the pain relief. Currently the indication is 
to decrease the distance of insertion to as short as 
3–4 cm inside the epidural space [ 41 ]. Central 
blocks have a history of more than 100 years in 
adults, but in pediatrics RA was rarely applied/
described [ 42 – 44 ] and became an essential inte-
grated, safe, and effective antalgic system pro-
ducing excellent intraoperative analgesia, less 
than 20 years ago, when Anand published his 
work [ 45 ].  

4.6.2.4     Peripheral Nerve Blocks 
 Peripheral nerve blocks are a valid alternative to 
the neuraxial technique with good sensory block 
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and without the major complications of central 
block. Sympathetic block and hemodynamic 
changes are minimal as well as motor block and 
urinary retention. Use of neurostimulation and 
ultrasonography is recommended although, in 
the latter case, evidence is not strong. The length 
of block depends on the pharmacokinetics of the 
local anesthetic; long-acting anesthetics such as 
levobupivacaine or ropivacaine are preferred, 
while adjuvants as clonidine may extend the 
duration. For prolonged analgesia, catheters may 
be placed.  

4.6.2.5     Penile Nerve Block 
 Dorsal penile nerve block is used in circumci-
sion, phimosis, release of paraphimosis, and 
repair of penile lacerations. Intravenous anal-
gesia is recommended before performing the 
nerve block. Various techniques have been pro-
posed; nerves should be blocked as proximally 
to the base of penis as possible. It is necessary 
to note that the single injection at the base of 
the penis can cause injury of penis vessels as 
well as severe complications [ 46 ]. The 
approach most frequently used is described by 
Dalens as the “two- puncture procedure” [ 47 ]. 
The penile nerve block and caudal block pro-
vide similar pain scores and painless postop-
erative periods [ 48 ]. However, penile block 
may be preferable due to the  possibility of tem-
porary leg weakness after caudal block. 
Particularly interesting, a recent study reported 
that postoperative urethral fi stula formation 
was more likely in children who received cau-
dal epidural [ 49 ].  

4.6.2.6     Ilioinguinal-Iliohypogastric 
Nerve Block 

 This block may be used for surgical procedures 
in the inguinal region, orchidopexy and varico-
cele, and herniorrhaphy. Using landmark tech-
nique, the puncture site is about 1 cm medial to 
the anterior superior iliac spine, but this tradi-
tional technique is burdened with high failure 
rates. The point of injection by ultrasound is 
more lateral and the trasversus abdominis/ 
internal oblique fascial plane needs to be identi-
fi ed, where the nerves could be found [ 50 ].  

4.6.2.7     Rectus Sheath Block 
 A rectus sheath block provides effective pain 
relief and muscle relaxation for laparoscopic 
surgery and other small midline incisions. It is 
performed bilaterally, between the rectus abdom-
inis muscle and the posterior rectus sheath. The 
unpredictable depth of the posterior rectus sheath 
in children is a good argument for the use of ultra-
sound together with the advantage of allowing 
visualization of the bowel, which may decrease 
accidental puncture [ 51 ].  

4.6.2.8     Transversus Abdominis Plane 
(TAP) Block 

 TAP block is effective in laparoscopic procedures 
and open surgery. Its use is limited by the need 
for bilateral blocks when the incision crosses 
the midline. This, like the other abdominal wall 
blocks described above, is effective for somatic 
pain but not for visceral pain. TAP block may 
be useful when epidural analgesia is contraindi-
cated. Local anesthetic should be placed between 
the internal oblique and transversus abdominis 
muscles, the triangle of Petit is used as a land-
mark for injection, and a relatively large volume 
of anesthetic is required [ 52 ].  

4.6.2.9     Local Wound Infi ltration 
 Local wound infi ltration is a component of multi-
modal postoperative analgesia. The single-shot 
infi ltration of local anesthetics in laparoscopic 
working ports is more commonly performed than 
continuous wound infi ltration for fear of compli-
cations. Also intraperitoneally instillation was 
rarely performed, although a systematic review 
and meta-analysis of its effectiveness in adults 
have given promising results [ 53 ].    

4.7     Renal Transplantation 

 Children receiving a donated kidney undergo 
anesthesia and surgery while in chronic renal 
failure. Many have cardiac, hematological, 
respiratory, and metabolic problems secondary 
to their renal failure. The appropriate choice of 
anesthesia for patients undergoing renal trans-
plantation requires minimal toxicity and accurate 
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monitoring for patients at high risk for  metabolic, 
cardiovascular, and respiratory perioperative 
complications. No specifi c data are available 
on the perioperative use of epidural analgesia in 
pediatric renal transplant patients and it appears 
to remain an uncommon practice. Epidural anal-
gesia for pediatric renal transplantation remains 
controversial [ 54 ,  55 ] because of:
    1.    A theoretically increased risk of epidural 

hematoma and abscess formation   
   2.    Perceived risks of vascular instability result-

ing in reductions in graft perfusion   
   3.    Limited data on the profi le of minor adverse 

effects    

4.7.1      Induction 

 Standard anesthetic induction and monitoring 
is appropriate. If    recently dialyzed, anticipate 
blood pressure (BP) drop on induction; depend-
ing on fl uid status, patient should be treated 
with 20 ml/kg fl uid bolus. Arterial monitoring 
in the upper limb is required if the transplant is 
to be anastomosed to the IVC/aorta (usually in 
children under 20 kg). Older children undergo-
ing anastomoses to iliac vessels require arte-
rial access according to comorbidity. Adequate 
peripheral access is essential intraoperatively 
and also for fl uid replacement in the postop-
erative period. A large- bore peripheral venous 
catheter (in the upper limbs if IVC/aorta anasto-
mosis is occurring) is required. Maintenance of 
the central venous pressure (CVP) is essential 
throughout surgery and during the postoperative 
period. Ideally this should not be performed via 
a Permcath. Insertion of a triple-lumen central 
venous catheter appropriate for the size of the 
patient is required (maintenance value for CVP 
is 7.5 mmHg/10 cmH 2 O). Antibiotics should be 
given on induction, according to the protocol. 
Immunosuppression and premedication will have 
already been given in the ward. A urinary cath-
eter should be inserted prior to surgery. 

 If anastomosis is to the IVC/aorta, dopamine 
will be required as an inotrope. Prepare dopa-
mine 3 mg/kg in 50 ml 5 % dextrose (5 ml/h = 
5 mcg/kg/min).  

4.7.2     Intraoperative Management 

 Standard anesthetic maintenance is appropriate. 
 Prior to vascular unclamping, a 1–2 mg/

kg furosemide bolus may be given if requested 
by the surgeon. Dopamine may be started at 
5–10 mcg/kg/min and is indicated prior to vas-
cular unclamping where anastomosis is onto the 
IVC/aorta. Rate is titrated to maintain BP param-
eters specifi ed by the surgeon. Hyperkalemia 
may rarely be encountered intraoperatively. K +  
> 6 mmol is managed with salbutamol 4 mcg/
kg, CaCl 0.2 ml/kg, bicarbonate 1 mmol/kg, and 
furosemide 1–2 mg/kg.  

4.7.3     Intraoperative Fluid 
Management 

 Initial hypovolemia should be corrected with 
approximately 20 ml/kg of crystalloid (Ringer 
Lactate or NaCl). During vessel dissection/cross 
clamping and vascular anastomoses, the patient 
should be volume loaded with crystalloids and 
colloids (or blood if Hb <7 g/dl). With vascular 
unclamping, there is a large drop in systemic vas-
cular resistance (particularly in smaller children) 
and a potential blood loss with anastomotic leak 
[ 56 ]. High blood fl ow through the graft immedi-
ately on clamp release is associated with 
improved early renal function. Maintain fi lling 
pressure and fl ow with fl uid loading and inotro-
pes as required [ 57 ]. Once renal perfusion is 
established, it is acceptable to allow the CVP to 
drift down to approximately 10 mmHg, but not 
lower for the duration of the surgery. 

 After ureteral anastomosis, urine production 
can be monitored and urine volume replaced with 
crystalloid.  

4.7.4     Immediate Postoperative 
Management 

 Generally older patients should be extubated 
at the end of the procedure, with BP controlled 
in a range approximating to the donor’s normal 
adult blood pressure. Postoperative ventilation is 
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 generally indicated in patients where the graft is 
anastomosed to the great vessels or where oth-
erwise indicated clinically [ 58 ]. If    dopamine 
has been started, it should be continued postop-
eratively and titrated to BP but may be stopped 
if hypertension occurs. Monitoring in pediat-
ric intensive care unit should include BP, CVP, 
pulse, RR, half hourly peripheral and central 
temperature, and urine output. 

 Chest X-ray should be performed in recovery 
to check position of central venous line and renal 
graft ultrasound performed to assess blood fl ow. 

 Blood samples should be sent for full blood 
count, creatinine, urea and electrolytes, bicarbon-
ate, calcium, phosphate, magnesium, albumin, 
glucose, and osmolality (repeat creatinine, urea, 
Na, K, and osmolality 2 h for 24 h).  

4.7.5     Postoperative Analgesia 

 Morphine/fentanyl should be titrated until the 
child is comfortable and then a morphine/fen-
tanyl continuous infusion is indicated.  

4.7.6     Transfer 
from the Operating Room 

 Transfer of the patient is hazardous. Hypovolemia 
and graft thrombosis have been experienced and 
the following guidelines are suggested:
•    Full monitoring should continue for transfer 

including CVP.  
•   Colloids or crystalloid should be running to 

maintain CVP at least at 7.5 mmHg.  
•   The patient should not leave the operating 

room with a low CVP.     

4.7.7     Postoperative Fluid 
Management 

 Primary concern is the maintenance of CVP at 
10 cm 2  of water (7.5 mmHg). Anticipate hypovo-
lemia (low peripheral temperature, low CVP, 
tachycardia, BP may be low) and infuse colloids 
as rapidly as necessary to maintain a CVP at 

10 cm 2  of water. Use blood, plasma, or normal 
saline according to the hemoglobin. A high urine 
fl ow is desirable (certainly over 2 ml/kg/h). 
Replace urine output and insensible losses 
(400 ml/m 2 /24 h) initially with 0.45 % saline, vol-
ume for volume on an hourly basis. Check plasma 
and urine electrolytes 2 hourly for at least 24 h. If 
the plasma sodium is falling and the urine sodium 
is greater than 75 mmol/l, change to normal saline 
alternating with half normal saline, and continue 
to review results. Some children may become 
excessively polyuric post transplant, particularly 
after living donation. If so, consider replacing a 
proportion of the urine output rather than the full 
volume and/or weaning dopamine. Very rarely, a 
high blood pressure and vasoconstriction may 
represent raised intracranial pressure, particularly 
if associated with bradycardia. Always check the 
neurological observations in this situation. 

 If the potassium falls, knowledge of the uri-
nary potassium excretion rate is helpful in calcu-
lating replacement. Appropriate anesthesia for 
pediatric renal transplantation requires stable 
intraoperative hemodynamics, optimal perfusion 
of the newly transplanted kidney, and good anal-
gesia during recovery. Renal transplantation is 
the most effective renal replacement therapy for 
children with end-stage renal disease. 

 The contribution of anesthesia care to the suc-
cess of the program may be measured in terms of 
intraoperative physiological stability and effec-
tive postoperative pain management.      

  Confl ict of Interest      None.  
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5.1            Introduction 

 Direct visualization of urinary tract provided by 
cystourethroscopy is a useful tool for both diag-
nosis and treatment of several urinary patholo-
gies. Technological advances enabled the 
miniaturization of many instruments making 
them accessible even in the pediatric age.  

5.2     Instrumentation 

 The endoscopic instruments can be divided into 
rigid and fl exible. Flexible tools offer the advan-
tage of better inspection at any angle thanks to the 
defl ection of the tip but provide a view of lower 
quality. Rigid endoscopes allow a better view, 
thanks to their lens system and to a larger lumen 
for water fl ow, and allow the use of additional 
tools, thanks to a wide operating channel and eas-
ier manipulation and directionality. Modern cysto-
scopes are one-piece units (Fig.  5.1 ). Rigid 
cystoscopes’ calibers range from 5 Fr to adult 
sizes with a 2.5-3 Fr working channel that is wider 
in largest cystoscopes [ 1 ]. Every cystoscope has a 
connection for the camera and for the fi beroptic 
light source. Appropriate fl uid fl ow is guaranteed 

by channels for the water input and output. This 
system creates a constant laminar fl ow that allows 
the correct execution of the procedure. Any uro-
logic irrigant can be used for cystoscopy; most 
often, sterile water or saline solution is used. 
However, the latter should be avoided if electroco-
agulation is planned [ 2 ]. Several instruments are 
available for both rigid and fl exible endoscopes: 
graspers, Bugbee electrodes, hooks, biopsy for-
ceps, stents, guidewires, catheters, needles, etc.

5.3        Operative Technique 

5.3.1     Patient Preparation 

 Cystoscopy in children is performed under general 
anesthesia. The patient is at the end of the bed, to 
make possible the use of fl uoroscopy, if necessary. 
The child lays in supine lithotomy position with 
legs supported by rolled up towels or appropriate 
stirrups (Fig.  5.2 ), while in infant, the froggled 
position is the most appropriate [ 1 ,  3 ]. The sur-
geon is at the end of the bed with a monitor in front 
of him while the nurse is on his right. Alternatively, 
small babies can be positioned transversally in the 
bed to let a safer management of the airways.

5.3.2        Preliminary Inspection 

 External genitalia should be inspected 
before the procedure is performed, to identify 
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 malformations, anomalies, masses, and the pres-
ence, the absence, and the position of the orifi ces 
presents   . In the female, the urethral meatus may 
not be immediately visible. A better view can be 
obtained pulling on gently the labia majora. The 
inspection allows to evaluate the most appropri-
ate caliber considering that the urethral meatus 
should accept a 7.5–8 Fr cystoscope in a term 
infant [ 1 ]. The instrument should be thoroughly 
lubricated, taking care not to grease the front 
lens. The surgeon must check the  correct connec-
tion of the cystoscope to the  camera and the light 
source and the proper functioning of the water 
fl ow.  

5.3.3     Male Urethra 

 The penis should be straightened to form almost a 
right angle with the abdominal wall. The endo-
scope is inserted through the fossa navicularis, and 
both mucosal aspect and urethral caliber should be 
evaluated. An appropriate fl uid fl ow has to be 
guaranteed to make the urethral lumen always vis-
ible avoiding urethral damages. If the lumen is not 
clearly visible, the cystoscope must be retracted 
till the view becomes better end the position of the 
instrument clearer. The bulbar urethra is recogniz-
able by its larger diameter. When the tool    passes 
at this level, the endoscope and the penis are 

a

b

c

  Fig. 5.1    ( a ,  b ) Rigid 
cystoscope; ( c ) detail of 
the tip       
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 positioned parallel to the fl oor. This maneuver 
allows the passage of the instrument through the 
membranous urethra [ 2 ]. The external sphincter is 
identifi able by mucosal vascular striations radiat-
ing from a narrow lumen. A gentle pressure allows 
the passage in this area till the prostatic urethra. At 
this level, verumontanum appears as a hyperemic 
structure rising from the posterior wall of the ure-
thra, and prostatic utriculus can be also evaluated. 
At the bladder neck, it may be necessary to depress 
the endoscope to enter into the bladder.  

5.3.4     Female Urethra 

 The female urethra is signifi cantly shorter than 
that of the male and can be inspected by inserting 
the endoscope under direct vision into the  urethral 
meatus and by directing it straight towards the 
umbilicus till the bladder neck [ 2 ]. The  mucosal 
aspect is similar to the posterior urethra of the 
male, sharing the same vascular striations.  

5.3.5     Bladder 

 Once the endoscope is entered into the bladder, 
an exploration of the entire surface should be 

 performed. Mucosal aspect and bladder structure 
can be evaluated. The interureteric ridge can be 
identifi ed just inside the bladder neck along the 
trigone when the bladder is only slightly fi lled. 
Expert urologists can control the water fl ow to 
obtain a proper pressure allowing a correct view 
of the bladder’s structures avoiding overdisten-
sion and mucosal bleeding. 

 The ureteric orifi ces are visible at each edge of 
the interureteric ridge, and a clear effl ux of urine 
can be noted bilaterally. At the end of the inspec-
tion, the endoscope is gently removed and the 
bladder drained [ 1 ,  2 ].  

5.3.6     Vagina 

 In female, the cystoscope can be inserted through 
the hymen in the vagina. A proper distension can 
be obtained thanks to a compression of the vagi-
nal introitus. A homogeneous mucosa is nor-
mally seen, and in the distal part of the vagina, 
the cervical os appears. 

 Vaginoscopy should always be performed 
after cystoscopy to avoid bacterial contamination 
of the urinary tract with the vaginal fl ora.   

5.4     Contraindications 

 Principal contraindications include a documented 
and active infection of the urinary tract and recent 
bladder surgery. Moreover, every anesthesiologic 
contraindication must be considered.  

5.5     Indications and Findings 

5.5.1     Hematuria 

 In most of the cases, hematuria in children has a 
medical cause, and it does not require cystos-
copy. In fact, urinalysis and culture and ultra-
sounds or radiologic studies often lead to the 
diagnosis [ 3 – 5 ]. Some boys may present sporadic 
episodes of hematuria. In most of these cases, 
cystoscopy is negative and not indicated. 
Management is expectant with most children. 
Endoscopy is normally reserved for patients with 
signifi cant and protracted bleeding. Vascular 

  Fig. 5.2    Patient position       
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anomaly or polyps can be noted. A hemorrhagic 
cystitis can be present in children who undergo 
chemotherapy [ 6 ]. These children can benefi t 
from cystoscopic removal of the clots and blad-
der irrigation.  

5.5.2     Posterior Urethral Valves 

 Posterior urethral valves are two fl aps starting 
from the verumontanum and extending distally 
and laterally [ 7 ]. After bladder fi lling via the cys-

  Fig. 5.3    Case of a boy with posterior urethral valves. ( a ) Cystogram ( b ) cystoscopic view of the valves ( c ) valves’ 
ablation with Bugbee electrode ( d ) cystoscopic “second look”       
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toscope, Crede maneuver is performed to create 
an anterograde fl ow and opening the fl aps. The 
valves can be treated with coagulating Bugbee 
electrode or resectoscope hooks or cold knife 
(Fig.  5.3 ) [ 1 ,  3 ,  8 ]. Incision is considered less 
aggressive than fulguration, but in expert hands 
both techniques are feasible.

   In small preterm infants with severe obstruc-
tive pathology, the urethra may be too small to 
accept an endoscope. This problem can be solved 
performing an anterograde ablation via percuta-
neous cystotomy.  

5.5.3     Anterior Urethral Valves 

 Anterior urethral valves are visible as a fenes-
trated diaphragm or a mucosal cusp arising from 
the ventral wall of the penile urethra (30 %), 

penoscrotal junction (30 %), and bulbar urethra 
(40 %) (Fig.  5.4 ) and associated to a urethral 
diverticulum [ 1 ,  3 ].

5.5.4        Trabeculation 

 Trabeculation appears as hypertrophic muscular 
bands under the vesical mucosa (Fig.  5.5 ). In 
these cases, obstructive pathologies, neurogenic 
causes, or voiding disorders must be searched.

5.5.5        Strictures 

 Urethral strictures in children may be congenital, 
but more often are acquired or iatrogenic. The 
most common causes are catheterization, trauma, 
hypospadias repair, and fulguration of posterior 

a b

  Fig. 5.4    Anterior urethral valves. ( a ) Cystogram showing urethral dilatation proximally to the valves ( b ) cystoscopic 
view of the valves       
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urethral valves (Fig.  5.6 ). Endoscopic treatment 
consists of incision using a cold or hot knife, but 
recurrences are frequent especially in long stric-
tures so open repair is often necessary.

5.5.6        Masses 

 Malignancies of the lower urinary tract are not 
frequent in children. The most frequent malig-
nant tumor noted at this level is the rhabdomyo-
sarcoma of the bladder. Cystoscopy can be used 
to evaluate the extension of the tumor and to 
obtain biopsies to confi rm diagnosis. 

 Urethral polyps can also be noted in children. 
They often arise from the posterior wall of the 
urethra and are more frequent in males. Urethral 
polyps are universally benign, and endoscopic 
resection is curative [ 3 ].  

5.5.7     Calculi 

 Bladder calculi are rare in children and often 
related to congenital malformation, neurologic 
bladder, or bladder reconstruction with pouches 
made of bowel. Once a stone is identifi ed, it 
can be seized or broken and then removed with 

the aid of forceps. Catheters and/or baskets 
can be used to remove the ureteral stones 
(Fig.  5.7 ). Electrohydraulic lithotripsy or ultra-
sonic probes can also be performed to obtain 
stone fragmentation.

5.5.8        Ureterocele, Urinary Tract 
Duplication, and Ureteral 
Ectopia 

 Ureterocele is more frequently noted in a dupli-
cated urinary system, but can also be present in a 

  Fig. 5.5    Trabeculation. Hypertrophic muscular bands are 
visible under the mucosa       

  Fig. 5.6    Case of a boy with urethral stenosis after proxi-
mal hypospadia repair       

  Fig. 5.7    Calculi       
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single urinary system. Cystoscopy can differenti-
ate intravesical (orthotopic) ureterocele from the 
extravesical (ectopic) one. Ureterocele appears as 
a bulging structure, more visible with bladder 
slightly fi lled; in fact when the intravesical pres-
sure grows, the ureterocele is compressed and 
became less visible. In the intravesical uretero-
cele, the meatus is often diffi cult to detect because 
it appears as a thin slit, while in the extravesical 
one, the meatus is larger and therefore more 
visible. 

 Incision is now considered the fi rst approach in 
the treatment of the ureterocele. The incision or 

puncture should be performed as low as possible 
within the bladder neck (Fig.  5.8 ) [ 3 ,  9 ,  10 ]. In ecto-
pic ureterocele, the urethral portion must be incised 
longitudinally to prevent urethral obstruction [ 11 ].

   Puncture of the intravesical ureterocele is 
 associated with high success rates, with minimal 
need for further procedures or surgery. In ectopic 
ureterocele, endoscopic treatment is less effective 
with a greater need for later curative surgery. 

 Ureteral ectopia must be searched carefully 
during urethral examination. Once identifi ed 
ectopic meatus, its catheterization is considered 
useful for further reconstruction.  

a

c

b

  Fig. 5.8    Ureterocele can be seen with bladder slightly fi lled and can be opened with Bugbee electrode. ( a ) Cystogram 
showing the ureterocele as a fi lling defect; ( b ) cystoscopic view; ( c ) opened ureterocele       
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5.5.9     Vesicoureteral Refl ux 

 Cystoscopy allows the direct view of ureterovesi-
cal junction (UVJ). Ureteral meatus can be identi-
fi ed at lateral edges of the trigone. Endoscopic 
data consist of the evaluation of meatal position 
and shape and of the length of the submucosal ure-
ter. For several years, Lyon    and colleagues’ clas-
sifi cation [ 12 ] regarding meatal shape (classifi ed 
as normal or cone shaped, stadium shaped, horse-
shoe shaped, or golf hole shaped) has been consid-
ered a predicting factor for the refl ux degree. 
Despite these assessments, a certain correlation 
between the anatomical aspect and the degree of 
malformation or prognosis does not exist [ 13 ]. On 
the contrary, meatal position (distinguished in nor-

mal, lateral, or ectopic) seems to be much more 
useful in the evaluation of refl ux. In fact if a ure-
thral meatus is located in ectopic position, proba-
bly the UVJ will be altered, the submucosal 
ureteral length will be shorter, and more easily the 
ureter will be refl uxing. Submucosal ureteral 
length can be defi ned with the aid of a catheter. 
The limit of these classifi cations is the subjective 
evaluation even if comparison with the contralat-
eral meatus can reduce subjectivity. Cystoscopy 
remains valid immediately before surgery to eval-
uate the UVJ and to rule out other diseases [ 3 ,  14 ]. 

 Endoscopic approach can constitute a thera-
peutic option. The injection of biocompatible 
materials has been shown to be effective in the 
correction of refl ux (Fig.  5.9 ). Tefl on has been 

  Fig. 5.9    ( a ) Refl uxing    meatus ( b ) submeatal injection of dextranomer ( c ) urethral meatus after injection       
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used for many years, but further studies revealed a 
long-term migration potential, so other materials 
have been proved. Bovine cross-linked collagen 
has been used, thanks to a greater compatibility, 
but its absorption often requires several proce-
dures for a complete correction of the refl ux. In 
the last years, dextranomer hyaluronidase has 
been approved for the management of VUR, and 
many institutes reported a high rate of success.

5.5.10        Ambiguous Genitalia 

 Endoscopic evaluation of ambiguous genitalia 
can guide the reconstruction planning. In females 
affected by congenital adrenal hyperplasia, 
 cystoscopy is used to measure the length of the 
urogenital sinus. Vaginal orifi ce is not easily 
identifi able, but the water fl ow helps in vagi-
nal distension making it visible. Vaginal catheter-
ization is useful to guide the reconstructive 
procedures. 

 In proximal hypospadias, cystoscopy may 
visualize a Müllerian residue (Fig.  5.10 ).

5.6         Complications 

 Complications after cystoscopy are rare and 
include hemorrhage, dysuria, urethral trauma, 
and perforation. In particular the last complica-
tion is possible after complex reconstruction 
because of reduced compliance of the bladder.     
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6.1           Introduction 

 Minimally invasive surgery (MIS) in pediatric 
urology has gained a great interest in the past few 
years. Early uses of laparoscopy had diagnostic 
purposes and were related to the management of 
non-palpable testes (1970s). MIS is now used for 
more complex and challenging procedures, and it 
accounts for 10–15 % of all pediatric laparo-
scopic surgeries performed by urologists [ 1 – 6 ]. 
The evolution of pediatric MIS is the result of 
recent advances in camera technology and instru-
mentation and of the recognition of its safety. 
The benefi ts of laparoscopic surgery include 
reduced postoperative pain and hospital stay, 
quicker recovery, reduced complication rate, and 
excellent cosmetic results. MIS achieves good 
outcomes and high acceptance between parents 
despite the fact that there are still controversies 
[ 1 – 6 ]. 

 Pediatric MIS is infl uenced by the unique fea-
tures of pediatric patients. The relatively smaller 
size can be an advantage as it permits the access 
to both the upper and the lower urinary tract. 
However it makes the use of standard instrumen-
tation and movements diffi cult. Technical prob-
lems of working in a relatively small space and 

high complication rate were common fi ndings 
when laparoscopy was fi rst introduced [ 7 ,  8 ]. It 
was immediately clear that techniques used in 
adults were not always applicable to small chil-
dren. For instance, the use of a Veress needle to 
establish pneumoperitoneum (blind insertion of a 
Veress needle in the abdomen) may lead to extra-
peritoenal insuffl ation, surgical emphysema, and 
iatrogenic injuries. The open Hasson technique 
was introduced in children to limit organ damage, 
and it is the preferred method to access the abdo-
men and to obtain the pneumoperitoneum. To 
perform an open access, the skin is carved at the 
level of the umbilicus (supraumbilical, subum-
bilical, or tranumbilical incision), and the subcu-
taneous tissue is opened using electrocauterization. 
The underling linea alba is smashed with a blunt 
grasper that reaches the peritoneal cavity. The 
Hasson cannula is inserted after obtaining enough 
space. The cannula is then secured to the skin, or, 
in case of pneumathic anchorage trocars, the bal-
loon is infl ated to secure the trocar to the abdomi-
nal wall. The pneumoperitoneum is then created, 
and the trocars are inserted. All the instruments 
are placed under direct vision reducing the risk of 
damage. Gas infl ation is performed with 0.5 L/
min of fl ow in infants. It is completed in 30–60 s 
in small children (2–4 years) with 300 mL of gas. 
A 12–14-year-old boy requires 5 L to obtain full 
abdominal distension. 

 The other peculiar element of pediatric urol-
ogy is that there is a wide spectrum of diseases 
and ages (from neonatal age to adolescence), and 
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the urologist should be ready to adapt to different 
situations. 

 The main indications for MIS in children are 
shown in (   Table  6.1 ).

   Contraindications include the presence of coag-
ulophaties, severe organ impairment (cardiological 
or respiratory disorders), and sepsis. The use of MIS 
for malignant diseases is still a matter of debate. 
Nephrectomy for Wilms’ tumor requires open sur-
gery (that allows the inspection of the entire abdo-
men and contralateral kidney, facilitates lymphnode 
sampling, and reduces the risk of spillage), while 
adrenal tumors may be approached laparoscopi-
cally. An exception is represented by patients with 
shrank Wilms’ tumor after chemotherapy (<10 % of 
the patients’ height). Investigations into the applica-
bility of laparoscopy for malignancies have begun 
but require expansion in the future. 

 Once MIS has been identifi ed as the technique 
of choice, the main problem is the choice of the 
most comfortable way to reach the affected uri-
nary tract. 

 The  laparoscopic transperitoneal approach  is 
easier for surgeons who are at the beginning of 
their experience. It permits to approach the upper 
(the kidney is reached after the detachment of the 
colic angle and the opening of the Todd’s fascia) 
and the lower urinary tract, as well as the testis 
and the spermatic vessels. 

 The alternative is the  retroperitoneoscopy  that 
permits the access to the retroperitoneal space 
without opening the peritoneum. One main prob-
lem is that the access to the bladder or the 

 ureterovescical junction may be diffi cult in older 
children. The patient lies on the healthy fl ank 
(lateral decubitus position), and the incision 
(15 mm skin incision) is performed on the poste-
rior axillary line at half distance between the last 
rib and the upper anterior iliac spine. Two impor-
tant marker points are the superior part of the 
psoas and the lower renal pole that move with 
respiratory acts. The dissection should be per-
formed near the psoas muscle in order to avoid 
peritoneal perforations and the passage of CO 2  in 
the abdomen. A 10 mm trocar for the 0° lens is 
inserted when the renal lower pole appears. 
Insuffl ation starts with 8–15 mmHg of pressure. 
The working chamber is obtained with the tip of 
the lens or with an endoscopic peanut. Two oper-
ative trocars are usually suffi cient to complete the 
procedure. The trocars (5 or 3 mm) are inserted 
under direct vision when the posterior face of the 
kidney is freed. One is placed in the costo-spinal 
angle; the other one is placed just over the iliac 
crest. The third trocar is inserted if necessary 
only when there is adequate space. This is useful 
to retract the kidney up. 

 In recent years  robot-assisted laparoscopic 
surgery  (RALS) has been gaining acceptance. 
The technique permits a 3-dimensional vision 
and wide range of movements (6° of freedom) 
that are more precise than those of laparoscopy 
and lack tremors. For these reasons RALS can be 
used in case of complex reconstructive proce-
dures. The problem with this new technology is 
that there is not an established set of criteria for 
adequate and standardized training, and instru-
ments are still too big for children.  

6.2    Anesthesiological 
Considerations 

 An optimal approach to the planning of anesthe-
sia for laparoscopy depends on a knowledge of 
the technical requirements and an understanding 
of the physiological alterations associated with 
the procedure. 

 Physiologic changes during laparoscopic sur-
gery are related to the changes associated with 
the increased abdominal pressure (IAP) associ-

   Table 6.1    Indications for urological MIS   

 Upper urinary 
tract procedure 

 Nephrectomy 
 Eminephrectomy 
 Pyeloplasty 
 Renal cyst excision/marsupialization 
 Ureteroureterostomy–
pyeloureterostomy 
 Adrenalectomy 

 Lower urinary 
tract procedure 

 Uretral reimplantation 
 Continent catheterizable channel 
 Bladder augmentation 
 Disorders of sex development 
 Müllerian remnants 
 Ovarian disorders 
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ated with the infl ation of the abdomen, the 
patient’s postural modifi cations (head up or head 
down), the CO 2  absorption, and its general effects 
[ 9 ]. The magnitude of the physiologic perturba-
tions associated with laparoscopy is infl uenced 
by the patient’s age, the patient’s underlying 
myocardial and respiratory function, and the 
administered anesthetic drugs. 

 The airways and cardiovascular system of a 
child have characteristics that differ from those of 
an adult: the former have less functional residual 
capacity (FRC), collapse volume is much closer 
to FRC, and both lung compliance and airway 
resistance are adversely related to lung size. 
Infants and young children have fewer alveoli 
than adults do. The number increases during 
childhood, from approximately 20 million after 
birth to 300 million by 8 years of age. Therefore, 
infants and young children have a relatively small 
area for gas exchange. The alveolus is small. 
Alveolar size increases from 150–180 to 250–
300 μm during childhood. The infant’s systemic 
vascular resistance is lower; heart rate plays a 
more important role in determining cardiac out-
put, and there is a high metabolism and O 2  con-
sumption [ 10 – 12 ]. 

 Tension pneumoperitoneum causes an  elevation 
in IAP which produces important effects on car-
diovascular, pulmonary, renal, and metabolic 
function.  

6.3    Upper Urinary Tract 
Procedures 

 They include nephrectomy, eminephrectomy, 
pyeloplasty, renal cyst excision/marsupializa-
tion, ureteroureterostomy–pyeloureterostomy, 
and adrenalectomy. Trocar position is usually 
the same for all surgeries performed at the level 
of the kidneys. In case of laparoscopic proce-
dures, the placement of the fi rst umbilical trocar 
should be performed carefully in order to avoid 
access complications that mostly occur at the 
umbilicus. The two operative trocars are sepa-
rated by almost 8–10 cm. This is particularly 
important in robotic surgery to allow instruments 
movements. 

6.3.1    Nephrectomy 

 It is the most common urological indication 
for MIS, and it was fi rst performed in 1991. 
However laparoscopic nephrectomy is not as 
spread as in adults. The procedure is indicated in 
patients affected by benign diseases such as mul-
ticystic or dysplastic kidneys (associated with 
renal hypertension or failure to involute dur-
ing follow-up), nonfunctioning kidneys (refl ux 
or obstructive urophaty), xanthogranulomato-
sis, pyelonephritis, protein-losing nephropathy, 
nephrolitiasis, and nephropathy with severe 
hypertension. Contraindications include malig-
nant tumors, previous intra-abdominal–ret-
roperitoneal surgery, obesity (high kidneys), 
coagulopathies, and cardiopulmonary diseases. 
Hamilton et al. showed that laparoscopy com-
pared to open surgery has a shorter hospital stay 
and less analgesic requirement, and it allows 
more extensive excision of the low ureteral 
stump, reducing the incidence of pyoureter and 
the need of another lower incision [ 13 ]. This is 
particularly true in case of ectopic ureters or ves-
icoureteral refl ux that require complete ureteral 
stump removal. Laparoscopy also allows a better 
view of the anatomy thanks to the magnifi cation 
of the technique, facilitating the dissection. In 
addition, the technique avoids ischemia related 
to excessive renal mobilization. Compared to the 
open nephrectomy, operative times are longer 
and related to surgeon’s experience.    According 
to Ku et colleagues, the nephrectomy can be per-
formed through a retroperitoneal approach with 
operative times similar to the open approach and 
with shorter hospital stay [ 14 ]. The main advan-
tage of retroperitoneoscopy is the easier access 
to the kidney and renal hylum (without the need 
for colonic mobilization), also in the presence 
of adhesions (related to previous pyelonephritis, 
hydronephrosis, etc.). Diffi culties may be related 
to cephalad kidneys that make the triangulation 
between instruments and camera very diffi cult. 
The technique has also all the advantages of an 
extraperitoneal approach (lower risk for postop-
erative ileus, shoulder pain, omental eviscera-
tion, adhesions, urinary, or hematic abdominal 
collections), and it can be performed also in 
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cases of previous abdominal surgery when the 
presence of adhesions is suspected. The fact that 
the peritoneum is left intact permits patients with 
end-stage renal disease to start dialysis immedi-
ately after surgery. The retroperitoneoscopy can 
be obtained with the posterior and the lateral 
approach. In the former approach, the patient 
lies prone with the affected side rotated down at 
30–40°. The incision is in the midway between 
the iliac crest and the tip of the XII rib, lateral to 
the border of the sacrospinalis muscle. Ports are 
in the costovertebral angle on the XII rib tip. In 
the latter approach, the patient lies on the healthy 
fl ank. The incision is at the XII rib tip. The pos-
terior approach allows a rapid access to the renal 
pedicle, while the lateral one necessitates con-
stant traction over the pelvis to expose the ves-
sels. The lateral approach guarantees a wider 
working chamber on the inferior and medial side 
(useful in cases of ectopic or horseshoe kidneys) 
and a better distal ureterectomy in children older 
than 5 years but a greater risk of tearing the peri-
toneum. Retroperitoneoscopic nephrectomy is 
applicable to all age groups with low conversion 
and complication rate. 

 The applicability of laparoscopic nephrec-
tomy in infants is still an object of discussion. 
Infants seem to have higher complication rate, 
probably because of the narrowing working space 
or the renal susceptibility to pneumoperitoneum. 

 The use of robot-assisted nephrectomy is still 
debated, as it does not seem to have any advan-
tages compared with traditional laparoscopy.  

6.3.2    Heminephrectomy [ 15 ,  16 ] 

 Laparoscopic heminephrectomy has not gained 
the same popularity of nephrectomy in children, 
probably because of the diffi culties in obtaining 
complete ureterectomy and high complication 
rates. Principal indications for heminephrectomy 
in children include pyeloureteral duplications 
with dysplastic superior unit for ureterocele, 
obstructive megaureter, or ectopic ureter; pyelo-
ureteral duplications with dysplastic inferior unit 
for refl ux nephropathy; or inferior pyeloureteral 
disease hydronephrosis (rare). 

 Recent upper urinary tract infections may be 
the cause of adhesions that make the dissection 
diffi cult and blood loss excessive. 

 Retroperitoneal heminephrectomy seems to 
be the preferable method (Fig.  6.1 ).

   It does not require colon mobilization with 
reduced risk of organ injury and no risk of post-
operative adhesions. It has however the disadvan-
tages of a narrow working chamber and an 
unusual anatomical situation (the kidney is 
reached from behind). Laparoscopy guarantees a 
wider working chamber that makes it easier to 
perform sutures. The surgeon should choose 
between the two techniques on the basis of his 
experience. The fi rst steps of the technique are 
the same as for nephrectomy. It is important to 
visualize the entire kidney and both ureters to 
completely understand the anatomy. It may be 
useful to place a ureteric catheter in the unaf-
fected moiety to better identify it. Ureters and 
vessels should be carefully isolated. The vessels 
of the affected moiety are divided. The renal 
parenchyma that requires resection changes its 
color because of hypoperfusion. It can be tran-
sected with monopolar or bipolar coagulation. 
The proximal ureteral stump can be used to 
expose the anteromedial surface with additional 
vessels; the distal stump is removed as far as pos-
sible. The procedure seems to have 10–14 % of 
complication rate (especially urinary leakage). 

 Robotic-assisted laparoscopic heminephrec-
tomy has the advantage of improved visualiza-
tion reducing the risk of iatrogenic vascular 
injuries. Both the retroperitoneal and transperito-
neal approaches can be performed. The retroperi-
toneal one reduces the risk of abdominal organ 
injury, but it is associated with small working 
spaces. Operative times are still long.  

6.3.3    Pyeloplasty [ 17 ,  18 ] 

 Open Anderson–Hynes pyeloplasty is the tech-
nique of choice for the treatment of ureteropelvic 
junction obstructions (UPJO) in children. It has a 
success rate of 90–95 %. Alternatives to the clas-
sical open pyeloplasty are the laparoscopic 
pyeloplasty, retroperitoneal pyeloplasty, and 
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robotic pyeloplasty. Some authors have recently 
proposed a video-assisted approach (OTAP) to 
overcome technical diffi culties related to the nar-
row working chamber (see Chap.   9    ). 

 The use of laparoscopic pyeloplasty in chil-
dren was described in 1995. Although the proce-
dure requires expert laparoscopic surgeons, it 
gained acceptance and popularity being feasible 

and safe in older as well in smaller children and 
having success rates comparable with those 
achieved through the open approach. The indica-
tions for surgery are symptomatic pyeloureteral 
junction obstructions, worsening hydronephrosis 
on serial imaging, anteroposterior (AP) pelvis 
diameter >20 mm associated with calyceal dilata-
tion, and renal function <40 % or AP pelvis 

  Fig. 6.1    Retroperitoneoscopic partial nephrectomy. An 
endoscopic peanut is used to expose and isolate the kid-
ney, ureters, and vessels ( a ). The ureters appear at the end 
of the dissection. The ectopic ureter is huge and tortous. 
The presence of the endoureteral stent (inserted during 
previous cystoscopy) helps identifying the unaffected ure-

ter ( b ). The ectopic ureter is dissected and legated as dis-
tally as possible ( c ). The cephalad part of the ectopic 
ureter is grasped and used to expose the renal pelvis and 
the upper renal pole ( d ). The small nonfunctioning upper 
renal pole is marked with electrocautery and removed 
with Ligasure ™  ( e )         

a b

c d
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diameter >30 mm with calyceal dilatation. 
Contraindications are small extrarenal pelvis and 
anatomical variants. The procedure is performed 
with the patient in a lateral decubitus position. 
The lens in inserted through the umbilical port, 
and the two operative trocars are inserted under 
direct vision (under the costal margin and in the 
iliac fossa, both in the same side). The pyeloure-
teral junction is identifi ed by refl ecting the colon 
medially or through a transmesenteric window. 
Following the ureter may be useful. A suture 
through the abdominal wall is used as a “hitch 
stich” to stabilize and expose the renal pelvis. 
The renal pelvis is then dismembered and 
trimmed and the upper ureter spatulated. The 
anastomosis is performed and a transanastomotic 
ureteric double-J stent is left for a few weeks 
(4 weeks). 

 Laparoscopic pyeloplasty has a success rate of 
82–100 % according to different series with rare 
intraoperative complications. Postoperative com-
plications include ileus, urinary tract infections, 
omental hernia, and urinary extravasation. For 
these reasons laparoscopic pyeloplasty is becom-
ing the gold standard in the management of PUJ 
obstruction in children. The main disadvantage is 
that the procedure is technically challenging, and 
it requires advanced suture skills (intracorporeal 
suture). The effect is that operative times are 

 longer although they are trending towards shorter 
times with experience. As far as positive effects 
are concerned, it seems that older patients 
(>10 years) have the main advantages in terms of 
shorter hospital stay and decreased postoperative 
pain. The advent of small instruments has permit-
ted the applicability of laparoscopic pyeloplasty 
also in infants. There is also the possibility to use 
a single-port system. This system does not reduce 
the risk of trocar insertion (bowel injury, bleed-
ing, and hernias) that is due to the insertion of the 
fi rst trocar. 

 The laparoscopic and retroperitoneal approaches 
have comparable results in terms of success rates, 
hospital stays, and narcotic requirements. Small 
workspace in retroperitoneoscopy may be the 
cause of failed pyeloplasty and makes the suture 
even harder leading to conversions. 

 The stead learning curve of intracorporeal 
suture has been overcome after the introduction 
of robotic-assisted laparscopic pyeloplasty 
(RALP). Unfortunately it is unclear whether 
RALP provides any advantage as it does not 
always decrease overall operative time, it lacks 
tactile feedback, and it is expensive. According 
to recent reports it reduces hospital stay and nar-
cotic analgesic requirements. 

 When UPJO is due to crossing vessels 
(6–10 % of all cases with increasing incidence in 
older children), the vessels are usually transposed 
posterior to the anastomosis. Sometimes the ves-
sels are the sole cause of obstruction and there is 
not intrinsic obstruction; it is thus suffi cient to 
transpose the vessels without performing a pyelo-
plasty. This can be achieved through laparoscopic 
vascular hitch, as suggested by Cherian and 
Nemade [ 19 ].  

6.3.4    Adrenalectomy [ 20 ] 

 Laparoscopic and retroperitoneoscopic adrenal-
ectomy give various advantages over conven-
tional open surgery. They have evolved into 
feasible and reproducible techniques since the 
fi rst laparoscopic adrenalectomy in 1992. The 
techniques are associated with excellent hemody-
namic stability and complete excision. 

e

Fig. 6.1 (continued)
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 Adrenalectomy indications include pheo-
chromocytoma, adrenal adenoma, ACTH 
(adrenocorticotrophic hormone-dependent 
Cushing’s syndrome), and neuroblastoma. The 
main  contraindication is the tumor size. In case 
of adrenal masses larger than 6 cm, the open 
approach is preferable. Prior to surgery it is 
important to defi ne the anatomy and the features 
of the mass (solid or cystic) with abdominal US 
or CT. Preoperative workup also includes the 
evaluations of adrenal vein and inferior vena 
cava looking for intravascular dissemination. 
Antihypertensive treatment is administrated in 
cases of pheochromocytoma. 

 The transperitoneal approach (Fig.  6.2 ) is 
more used than the retroperitoneal one, but the 
retroperitoneal approach provides direct access 
to the adrenal gland and easy visualization of 
the adrenal vein. However the access to the 
hylum may be diffi cult because of the kidney 
rotation and the small working space. During 
retroperitoneoscopic surgery the patient lies 
prone and the accesses are placed in the same 
way as for retroperitoneoscopic nephrectomy. 
The dissection starts over the kidney and does 
not involve lateral and inferior attachments that 
anchor the kidney and expose the upper pole. 
The adrenal gland appears at the superior 
medial border of the kidney. Adrenal vessels 

are identifi ed and divided (fi rst the artery and 
then the vein).

   The vena cava on the right side acts as a land-
mark, but it may increase the risk of bleeding, in 
association with the short right adrenal vein that 
enters directly into the vena cava. Once it has 
been fully mobilized, the adrenal gland is 
removed through an Endobag.   

6.4    Lower Urinary Tract 
Procedures 

 Lower tract procedures include ureteric reim-
plantation, creation of continent catheterizable 
channels, bladder augmentation, and others 
involved in disorders of sex development and of 
genitalia. All laparoscopic procedure use similar 
trocar placement: the lens in the umbilicus and 
two operative trocars at the midclavicular line 
bilaterally. 

6.4.1    Antirefl ux Procedures [ 21 ,  22 ] 

 Traditionally open Cohen ureteral reimplantation 
is the treatment of choice for vesicoureteral 
refl ux, with success rate around 98 %. Minimally 
invasive alternative approaches are the endoscopic 

a b

  Fig. 6.2    Transperitoneal left adrenalectomy for adenoma. The adrenal gland is identifi ed and isolated ( a ). The gland is 
then removed after vessel closure with endoclips ( b )       
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subureteral injection of dextranomer/hyaluronic 
acid, the laparoscopic Lich–Gregoir extravesical 
reimplantation, and the laparoscopic intravesical 
route. 

 Endoscopic approaches have the disadvan-
tages of requiring more injections. 

 The Lich–Gregoir technique does not require 
cystostomy because the antirefl ux mechanism is 
obtained tunneling the ureters extravesically. It is 
performed with three working ports in triangula-
tion. A cystoscopy evaluates ureteral orifi ce loca-
tion and determines whether there is enough 
tissue for extravesical detrusorraphy. The proce-
dure starts with ureter identifi cation and proximal 
isolation. In males it is important to incise the 
peritoneum caudal to the vas to avoid injuries. 
With the bladder distended, the tunnel was cre-
ated with scissors and electrocautery, and it was 
closed over the ureter. The technique may be 
challenging in small children (<4 years), and it 
may cause voiding dysfunctions for pelvic plexus 
damage. 

 The alternative is the transvesical ureteral 
reimplantation that has been described with good 
results (Fig.  6.3 ).

   The bladder is drained, infl ated with carbon 
dioxide, and anchored to the abdominal wall. The 
camera port is inserted under cystoscopic vision 
as operative trocars. The procedure is then per-
formed in the same way as the Cohen open tech-
nique. This approach is associated with improved 
cosmesis, less postoperative bladder spasm, and 
shorter hospital stay, but it is technically demand-
ing as it involves suturing in a small cavity. Its 
overall success rate is 90 %. 

 Robotic assistance may be of benefi ts, but its 
application is still limited by working space.  

6.4.2    Continent Catheterizable 
Channels (Mitrofanoff) [ 23 ] 

 Bladder dysfunctions may produce ineffi cient 
bladder emptying with subsequent damage of 
renal function. Patients with bladder dysfunc-
tions may benefi t clean intermittent catheteriza-
tion (CIC) via the urethra. However some of them 
do not tolerate the maneuver. An alternative is the 

use of the appendix to create a connection 
between the abdominal wall and the bladder for 
catheter insertion. Continence is obtained with an 
intramural tunnel in the bladder wall. The effect 
is a successful method of continent 
catheterization. 

 The procedure has recently been proposed via 
MIS (laparoscopic procedures and robotics) 
resulting in reduced postoperative pain, shorter 
hospital stay, and improved cosmesis. In addition 
laparoscopy permits the access to the pelvis, peri-
toneum, and retroperitoneum through the same 
small incisions. One of the advantages is the pos-
sibility to combine multiple procedures (e.g., 
laparoscopic nephrectomy and ureterostomy as 
catheterizable channel).  

6.4.3    Bladder Augmentation [ 2 ,  6 ] 

 Bladder augmentation is a procedure that aims at 
improving bladder capacity in patients with neu-
rogenic bladder when conservative treatment 
fails. It is a challenging and rare procedure per-
formed via traditional open surgery. It is often 
associated to other procedures to achieve social 
continence (e.g., bladder neck reconstruction or 
urethral sling). In this case laparoscopy has not 
been widely adopted, especially in pediatric age. 
The procedure requires very skilled surgeons 
with suturing ability. 

 On the other hand, robotic-assisted surgery 
has evolved, and it seems to be effective and fea-
sible in small spaces.  

6.4.4    Disorders of Sex 
Development [ 24 ] 

 Disorders of sex development (DSD) include a 
group of congenital conditions with atypical 
development of chromosomal, gonadal, or ana-
tomic sex. The role of the pediatric surgeon in the 
management of these patients is part of a multi-
disciplinary team. Laparoscopy is a safe and reli-
able diagnostic method even if it requires a 
general anesthetic. It permits the direct and excel-
lent visualization of the pelvic structures (uterus, 
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müllerian duct remnants, gonads, and vasa defer-
entia) in infants and children contributing to the 
defi nition of the diagnosis. Diagnostic laparos-
copy should be the investigation of choice in 
patients with complex DSD, it permits gonadal 
biopsies, and it is also a treatment procedure 

(removal of dysgenetic gonads, reconstruction of 
the external genitalia, timely gonadectomy, 
orchiopexy, etc.) (Figs.  6.4  and  6.5 ). Laparoscopy 
facilitates many procedures that are challenging 
with open surgery, such as the access to the male 
pelvis (too depth).

a

c

b

d

e f

  Fig. 6.3    Three trocars ( a ) are inserted in the bladder 
under direct vision (one for the lens and two for instru-
ments). The affected ureter is isolated ( b ,  c ). After the 

creation of a submucosal tunnel, ( d ) the ureter is reim-
planted in the bladder ( e ). Esthetical result is excellent ( f )       
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a b

  Fig. 6.4    Mixed gonadal dysgenesy with mosaicism 45 XO/46XY, SRY pos. The dysgenetic gonad is identifi ed ( a ) and 
removed ( b )       

a b

c d

  Fig. 6.5    Laparoscopic removal of a müllerian remnant in 
a patient with scrotal hypospadia. External genitalia ( a ). 
Laparoscopic identifi cation of the müllerian remnant that 

looks like the uterus ( b ). Isolation of the remnant with an 
endo-peanut ( c ). Legation ( d ) and subsequent removal of 
the remnant       
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7.1            Background and History 

     Robotic surgery  has been clinically available for 
surgeons since 2000 with the approval in the USA 
of the da Vinci (Intuitive Surgical Corp., 
Sunnyvale, CA) and Zeus Systems (Computer 
Motion-now defunct). Two robotic surgical sys-
tems emerged from research at the Stanford 
University and the Stanford Research Institute 
(now SRI). While the defi nition of robot can vary, 
with some feeling it must include some degree of 
programmable automation; others consider any 
electromechanical device including a computer 
that can perform some physical function to be a 
robot. The term has certainly moved into common 
usage, and classifi cation systems are in process. 

 Early pediatric uses were in general surgery and 
urology, using the Zeus System and the da Vinci 
beginning in 2002 [ 1 – 5 ]. At this time, complex 
 laparoscopic surgery  in children was uncommon, 
although well described. This limited use, while 
adult applications were developing rapidly, was in 
part due to the complexity of the technique and the 
diffi culty in developing suffi cient skill to perform a 
reliable procedure that involved reconstructive 
 elements. The potential to have the ability to use 

minimally invasive techniques to perform common 
operations with ease and general profi ciency was 
appealing. The cost, however, limited access to the 
system to mainstream pediatric surgical subspecial-
ists, except in a few institutions. A slow progression 
of reports demonstrated that the da Vinci System 
could be used in children safely and successfully. 
The Zeus System faded from use due to purchase of 
Computer Motion by Intuitive Surgical to halt sev-
eral intellectual property lawsuits. The Zeus System 
had several features that made it more adaptable to 
children, however, including 5 mm instruments, a 
smaller footprint, and a lower price. Nonetheless, 
the da Vinci System became the only commercially 
available surgical robotic system by 2004. 

 As more children’s hospitals acquired the da 
Vinci and more pediatric surgical specialists part-
nered with their adult colleagues in general hos-
pitals, the use of the system in children steadily 
grew. This growth was nearly all in  pediatric 
urology , however, as pediatric general surgery 
did not actively explore its utility except for iso-
lated anecdotal cases [ 6 ,  7 ]. With increasing 
usage came increasing complexity and a wider 
range of ages being operated on, as well as the 
development of several instructional courses.  

7.2     Current Technology 

 At present the da Vinci Surgical System, model 
Si, is the available technology. It consist of a 
 four - arm surgical unit  that includes one robotic 
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arm for the binocular endoscope, which is avail-
able in a 12 and 8.5 mm size and adapts to an 
Intuitive metal cannula or one of several plastic 
cannulae. Three arms are available for working 
instruments, but the fourth arm utilization can be 
diffi cult in smaller children, and it is not used 
regularly by many surgeons. 

  Working instruments  are available in 8 and 
5 mm sizes, each with a size-appropriate cannula 
that must be utilized. The 8 mm instruments are 
the original design and articulate smoothly by 
way of hinge joints very close to the tips of the 
instruments. In contrast, the 5 mm instruments 
were subsequently introduced and articulate by 
means of a series of partially articulated vertebra- 
like components. The articulation is less smooth 
and responsive and requires more room to turn. 
This can challenge their use in small spaces. 

 The 8 mm working instruments most com-
monly used include a  needle driver  that is rather 
blunt, a Maryland dissector that has bipolar cau-
tery capacity, a curved scissor with monopolar 
cautery, and several different graspers for larger 
tissues or objects. A monopolar  hook cautery  
instrument was the original cauterized instrument 
and continues to be a very useful tool for dissec-
tion, cutting, and hemostasis. There is also a very 
fi ne tip needle driver (diamond-tipped forceps) 
that can be used for very fi ne needles, although it 
is not very useful for tissue handling. A recent 
addition is the 8 mm  suction irrigator  with an 
articulated blunt tip that is very good for dissec-
tion. A needle driver with a scissor is available 
but can be diffi cult to use without inadvertently 
cutting the suture as it is being used to tie knots. 

 The 5 mm instruments include a needle driver 
that is blunt, a non-cautery curved scissor, a non- 
cautery Maryland dissector, and the hook cautery. 

 The 8 mm instrument  cannulae  include a 
reducing adapter to permit passage of smaller 
(5 mm) instruments without causing a gas leak as 
well as a plastic pointed but non-cutting obturator 
for introduction. The  obturator  is attached to the 
metal cannula with snaps to permit introduction 
and easy removal of the obturator. The 5 mm 
 cannulae are not as well designed and have a 
rigid valve system that can snap off too easily, 
and the only obturator is metal, blunt tipped, and 

 non- clipped. This makes introduction challeng-
ing and potentially dangerous as too much force 
may be applied in the absence of a pointed tip.  

7.3     Basic Methods 

7.3.1     Patient Positioning 

  Positioning  is the fi rst critical step in any robotic 
procedure. Renal procedures require the use of 
gravity to facilitate retraction and exposure. The 
method preferred by the author is to permit rota-
tion of the patient with the endoscope in place to 
adjust the degree of lateral angulation. For  pyelo-
plasty , this facilitates using the transmesenteric 
approach rather than having to mobilize the colon. 

 Patients are placed on an ipsilateral roll or 
wedge to raise the side and secured on the table 
with several straps, and the arms are placed along 
the sides and held in place by a strap or folded 
towel running behind the lumbar region and over 
each arm which is padded. A chest and thigh 
strap keeps the patient from moving. The operat-
ing table can be rotated to position the abdomen 
fl at with the fl oor for access and then rotated to 
raise the ipsilateral side to the degree needed. 
This position is quick to set up, will hold infants 
to large adolescents securely, and is easily 
adjusted. It can permit rapid access to the abdo-
men in an emergency as well [ 8 ]. 

 For bladder procedures, the patient is supine, 
and for larger children, a chest strap is used, as 
the  Trendelenburg position  is useful for expo-
sure. Tall patients should be positioned with the 
legs split and carefully supported to allow the 
robotic surgical cart to fi t between.  

7.3.2     Port Placement 

 Many early users found challenges with the intro-
duction of the working ports, although this can be 
simple with a systematic approach.  Open technique  
is recommended for the initial port, although some 
use the  Veress technique . The author’s preferred 
method is to use an inferior intra-umbilical incision 
with stepwise cutting down to the peritoneum. 
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Once the peritoneum is entered and the 
fi eld is  visually clear, the size is stretched to 
 accommodate the size of the cannula to be used. A 
fascial suture of 3-0 polyglycolic acid is placed in a 
 box stitch  manner using a CT-2 needle that has 
been curved to make it resemble a UR-6 needle or 
a 2-0 polyglycolic acid suture on a UR-6 is used in 
children over age 7 [ 9 ]. The box stitch then facili-
tates introducing the cannula into the peritoneum 
and will be used to close the fascia at the end of the 
procedure. The abdomen is insuffl ated, and the two 
or three working ports are placed under vision with 
a pre-placed fascial box stitch as with the initial 
port. The stitch facilitates placement and closure. It 
should be seen passing through the peritoneum to 
ensure a secure closure. Any assistant ports are 
placed at this time. Port placement should not take 
more than 10 or 15 min in most cases.  

7.3.3     Dissection and Exposure 

  Dissection  with the da Vinci System is similar to 
that used in conventional laparoscopy with a com-
bination of sharp and blunt dissection, the sharp 
utilizing the hook cautery or the scissors. The sur-
geon should be aware that overly aggressive blunt 
dissection without  cautery  could cause bleeding 
that may obscure the fi eld. The use of traction and 
countertraction greatly facilitates dissection. The 
advantage of the 3-D visualization and the articu-
lation of the instruments is a subjective advantage 
over conventional laparoscopy, even in skilled 
hands. This is particularly the case with delicate 
exposure of renal vasculature and the ureter. At 
the same time, the absence of tactile feedback 
( haptics ) can be troublesome if the surgeon is not 
carefully visualizing the tissues at all times. 
Excessive traction can be damaging, and overly 
aggressive dissection of delicate structures such 
as the ureter may risk devascularization. Similarly, 
great care needs to be paid to use of cautery, and 
all surrounding tissues should be away from the 
current, and awareness of the “hot” parts of the 
instrument should be constant. It is probably 
unwise to use a passive instrument such as a dis-
sector to apply cautery by touching, as this risks 
contacting adjacent structures inadvertently. 

  Retraction  is also a challenge, and the most 
effective tools are  hitch stitches . These may be 
used by passing a suture through the body wall, 
through the object to be hitched, and then back 
out the body wall (Fig.  7.1 ). This permits adjust-
ment of tension but is limited in its position. 
Intracorporeal hitches can be used for children 
with very thick abdominal walls, or a hook device 
can be rigged for adjustable and moveable 
hitching.

   Passing  suture needles  into the fi eld can slow 
down any procedure. The most effi cient approach 
is to use small needles and make sure that the 
instrument being used to take the needle and 
suture inside is smaller than the cannula (i.e., 
3.5 mm grasper for 5 mm cannula and a 5 mm 
grasper or needle driver for the 8 mm cannula)   . 
The suture should be grasped and not the needle 
to prevent the needle from pulling off. 

7.3.4      Ureteral Stenting 

 Placing a double J stent for ureteral reconstruc-
tion may be accomplished either retrograde or 
antegrade. Retrograde placement is typically 
prior to the start of the robotic portion of the pro-
cedure in the usual fashion. This does require 
extra time but permits the use of an extraction 
string for stent removal without cystoscopy. 

  Fig. 7.1    Hitch stitch in place during robotic pyeloplasty. 
The renal pelvis is elevated and stabilized by the stitch 
( arrow ), which is passed through the abdominal wall, 
through the medial aspect of the pelvis and out the abdom-
inal wall       
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Alternatively,  antegrade stent placement  can be 
very effi cient. This is best performed by passing 
a 14 G angiocatheter through the abdominal wall 
at a location in line with the direction of the 
course of the stent and removing the needle. For 
smaller stents that can pass through a 14G angio-
catheter (3.7 Fr and 4.8 Fr), the stent is pre-loaded 
on a guidewire with the fl exible tip leading. This 
is passed through the angiocatheter then guided 
into the ureter (Fig.  7.2 ). The wire and stent are 
passed slowly down the ureter, watching for 
recoiling or excessive tension on the  ureter . 
Usually this will pass very easily but can occa-
sionally hang up. Using a smaller wire may help. 
The appropriate length can be estimated by the 
formula 10 cm plus age in years, and an extra 
2 cm is useful. Some surgeons will fi ll the blad-
der with blue dye (indigo carmine or methylene 
blue) to signal when the bladder is entered, but 
this has not always been successful. Some have 
suggested an intraoperative US to identify the 
curl of the stent in the bladder, or a can be 
obtained in the operating room to confi rm place-
ment. Postoperative drainage is dependent upon 
the procedure and the surgeon’s preferences.

7.3.5        Completion 

 Completion of the procedure should include a 
brief inspection of the operative fi eld and the 

 peritoneum  to look for pooling of blood or 
 irrigation or any inadvertent injury to an adjacent 
structure. This is usually done after the robot is 
disengaged and withdrawn. If signifi cant dissec-
tion was undertaken, it can be useful to lower the 
intraperitoneal pressure for 2 or 3 min and rein-
spect for venous bleeding that was limited by the 
insuffl ation pressure. The working ports are 
removed under vision with the   pneumoperitoneum   
in place to prevent catching any structures in the 
closure. The fascial sutures are tied, which closes 
the defect, and if there is no gas leak, this indi-
cates a secure closure. The remainder of the 
insuffl ation gas is evacuated through the umbili-
cal port, which is then removed, and the fascial 
suture is tied. Skin incisions are closed with a 
subcutaneous stitch followed by a subcuticular 
stitch if needed.   

7.4     Principal Procedures 

7.4.1     Pyeloplasty 

 The most common procedure in pediatric urol-
ogy for which the da Vinci System has been 
used is  pyeloplasty , and it is readily accom-
plished at all ages [ 10 – 12 ]. Three ports are used, 
with the endoscope and two  working ports . 
Placement is typically umbilical for the endo-
scope and midline between the umbilicus and 
xiphoid for the fi rst working port. The patient is 
then tilted to reveal the kidney and locate the 
UPJ to guide placement of the third port in the 
ipsilateral lower quadrant. It should not be too 
close to the site of the UPJ, or the instrument 
may not have enough room to maneuver. We 
have used a midline port placement in small 
children or those undergoing bilateral pyelo-
plasties, and this is very acceptable as long as 
the bladder is avoided. An alternative port place-
ment strategy has been presented to limit any 
visible port site scars [ 13 ]. 

 The left UPJ can be exposed  transmesenteri-
cally  in most cases, while on the right the 
hepatic fl exure needs to be mobilized. Once the 
pelvis and ureter are identifi ed, the ureter is 
lifted, the UPJ and pelvis further exposed, and 
the site of the hitch stitch identifi ed. It should be 

  Fig. 7.2    Antegrade passage of a double J ureteral stent 
during pyeloplasty. The guidewire has been passed 
through a percutaneous angiocatheter and then down the 
ureter with the stent passed over the guidewire and 
directed into the ureter       
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at the most medial aspect of the pelvis at the top 
of the planned pyelotomy. This provides orien-
tation to the pelvis and what will be the most 
dependent portion of the pelvis. The  ureter  is 
not mobilized excessively. The pelvis is incised 
from either top down or bottom up and left on 
the ureter to serve as a handle (Fig.  7.3 ). The 
ureter is then spatulated on its lateral aspect, 
either by cutting through the UPJ or into the 
upper ureter. The length of the  spatulation  is 
best indicated by the visual opening of the ure-
ter, which should admit the tips of the scissors 
(Fig.  7.4 ). If a stent has been pre-placed, it 
should be avoided.

    The  anastomosis  is begun, usually on the 
dependent or posterior wall, starting with the 
inferior-most apex stitch (Fig.  7.5 ). Suture used 
depends on age and preference. Because it moves 
smoothly through tissues, an absorbable  mono-
fi lament  is favored in most cases, with 6-0 for 
infants and 5-0 for older children. This may be 
placed in a continuous manner, which is pre-
ferred due to uniform tension and watertightness 
(Fig.  7.6a, b ). The anastomosis may be performed 
with interrupted suture as well, but this requires 
more time. If a stent is to be placed antegrade, 
this is done after the fi rst side of the anastomosis. 
Otherwise, the anterior side of the pelvi-ureteric 
anastomosis is closed (Fig.  7.7 ). No other drains 
are usually used, and a bladder catheter is left in 
place overnight. Most children can be discharged 
home the next morning.

7.4.2          Ureteral Reimplantation 
for Vesicoureteral Refl ux 

 Robotically assisted  ureteral reimplantion  has 
been shown to have reliable success and be effi -
cient [ 14 – 17 ]. The degree of advantage for 
younger children is uncertain, but for older chil-
dren, this is an attractive option to limit the need 
for catheterization and inpatient stay. Bilateral 
reimplantations can be performed, and there is 
good evidence that the risk of  urinary retention , 
as recognized in open extravesical reimplanta-
tion, is very low, but not absent [ 16 ,  17 ]. The 
principal means to avoid this is to avoid excessive 

  Fig. 7.3    Opening of the renal pelvis on a right-sided 
pyeloplasty. The hitch stitch is visible lateral to the pyelot-
omy. The UPJ is relatively low as seen by the presence of 
the appendix just lateral to the UPJ       

  Fig. 7.4    Spatulation of the lateral aspect of the dismem-
bered ureter using the 5 mm straight scissors. The open 
renal pelvis is visible with the most dependent portion 
indicated by the  arrow        

  Fig. 7.5    Beginning the ureteropelvic anastomosis on a 
right-sided pyeloplasty. The inferior most apex suture has 
been placed ( arrow ). The pre-placed double J stent can be 
used to facilitate suture placement       
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dissection away from the  ureter and limit damage 
to the  perivesical nerves  [ 18 ]. 

 Port positions include an umbilical port for the 
camera and in the midclavicular lines bilaterally 
at the umbilical level. In infants, the working 
ports should be just above the umbilicus to pro-
vide adequate room for the instruments. 

 Exposure of the ureter is initiated by incising 
the peritoneum transversely as it refl ects onto the 
bladder anterior to the uterus in girls and just dis-
tal to the vas in boys (Fig.  7.8 ). Blunt dissection 
is used to develop the periureteral space, 
approaching the ureter just as it inserts into the 
bladder. There is always a small but distinct 
 vessel that crosses over the ureter as either an 
inferior uterine or vesical artery. This is usually 

taken but occasionally can be preserved and 
mobilized superiorly as the ureter is mobilized. 
The hook cautery is most effective for ureteral 
mobilization with an initial elevation followed 
by progressive freeing of periureteral attach-
ments, but not  violating the ureteral adventitia 
(Fig.  7.9 ). The extent of  mobilization  is a judg-
ment and  usually amounts to about 5–6 cm and 
is just below the takeoff of the superior vesical 
branch of the  internal hypogastric artery . The 
posterior attachments of the ureter cannot be 
directly seen behind the ureter but can be 
released by sliding the hook along the medial 
side of the ureter then directing it laterally under 
the ureter to catch these attachments, which are 
then cut with cautery.

  Fig. 7.6    ( a ) Anterior wall running anastomosis of a right-
sided pyeloplasty using 5-0 absorbable monofi lament 
suture. The part of the renal pelvis still attached to the 
ureter is used as a handle for manipulation to avoid injury 
to the anastomotic tissues. It will later be removed. ( b ) 
The posterior wall in this case is closed after the anterior 
due to positioning. Retracting on the tail of the suture sta-
bilizes the tissues for suture placement       

a

b   Fig. 7.7    The anastomosis is nearly complete with clo-
sure of the pelvis remaining       

  Fig. 7.8    Exposure of the left ureter in an extravesical 
reimplantation in a girl. The peritoneum between the 
bladder and uterus is incised transversely, and blunt dis-
section exposes the ureter       
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    Once the ureter is mobilized, the bladder is 
partially fi lled, and the line of the detrusor inci-
sion is marked based on where the bladder rolls 
over the ureter. The length is about 4 cm, but 
measurement is diffi cult as it varies with bladder 
fi lling or wall stretch. A  bladder hitch stitch  is 
then placed to lift and fl atten the posterior wall of 
the bladder. The stitch (3-0 Vicryl) is passed on 
an SH needle through the abdominal wall just 
above the pubis and under internal vision. It 
should pass through near the obliterated umbili-
cal artery. It is then passed through the bladder 
just superior and lateral to the top of the antici-
pated detrusor incision. The suture is looped 
around itself, and then a second bite of the blad-
der is made on the contralateral side and again 
looped. The location of the second bite is the 
same for unilateral and bilateral procedures. The 
needle is then passed outside and both ends lifted 
simultaneously (Fig.  7.10 ). The bladder is then 
fi lled to make the wall slightly tense, and the 
camera angle is shifted from 30° down to 30° up 
to facilitate the  detrusorotomy .

   The detrusor is incised from the top of the tun-
nel down to the hiatus. It is useful to fi rst identify 
the depth needed to reach mucosa and then extend 
this by carefully holding the muscle and pushing 
the mucosa away inferiorly and laterally (Fig.  7.11 ). 
The freed muscle is then cut until the hiatus is 
reached, and a “V” incision made around the ure-
ter. The hiatus is not incised  circumferentially. 

Either the hook or 8 mm “hot shears” are used for 
this mobilization.

   The detrusor edges are mobilized away from 
the mucosa slightly as fl aps to cover the ureter. If 
the ureter is large, these should be made more 
generous. The  detrusor tunnel  is then closed with 
interrupted Vicryl suture (4-0 for young children, 
3-0 for ages 8 and up) (Fig.  7.12 ). A total of fi ve 
to seven stitches are usually suffi cient. Once the 
tunnel is closed, the opposite side can be per-
formed for bilateral, or the hitch stitch is cut   , and 
the bladder fi lled partially to test for leaks. The 

  Fig. 7.9    Mobilization    of the left ureter ( arrow ) using 
traction and hook cautery to release periadventitial tis-
sues. Care is taken to stay close to the ureter without 
injury to the adventitial blood supply       

  Fig. 7.10    Exposure of the back wall of the bladder and 
the mobilized ureter is facilitated by placement of a hitch 
stitch that is placed into two points of the bladder wall. 
This also stretches the bladder wall to facilitate creation of 
the detrusor tunnel. The mobilized ureter is indicated by 
the  arrow        

  Fig. 7.11    Creation of the detrusor tunnel involves inci-
sion of the detrusor muscle without injuring the mucosa. 
The Maryland dissector can be used to gently spread the 
muscle fi bers and lift them from the mucosa to permit 
incision with the hook cautery       
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peritoneal incision is closed with a running 4-0 
Vicryl.

   A bladder catheter is not left in place for uni-
lateral repairs if the mucosa has not been violated 
signifi cantly, but for bilateral procedures, a 
 catheter is left in place overnight. Parents are 
cautioned that some children will need to be re-
catheterized if they fail a voiding trial, but this is 
seen in less than 10 %. A child with known and 
incompletely managed BBD may need the 
 catheter in place longer.  

7.4.3     Partial Nephrectomy 

 Robotic  partial nephrectomy  for  duplication 
anomalies  permits a precise control of the vascu-
lature of the affected and remnant pole and 
 defi nitive closure of the defect. Positioning and 
port placement are as with a pyeloplasty, although 
a right-sided upper pole partial nephrectomy will 
usually require a fourth port to lift the liver away. 
The colon is mobilized for both right and left pro-
cedures, and the affected ureter is identifi ed near 
the lower pole. For most upper pole partial 
nephrectomies, it is dilated and is dissected free, 
ligated, and divided. It then serves as a handle to 
facilitate mobilization of the rest of the upper 
pole. Blunt dissection around the  ureter  in a 
cephalad direction under the hilum permits pass-
ing the ureteral stump superiorly and behind the 
vessels. It is then lifted to reveal the upper pole 

vessels, which are ligated. Either clips or suture 
may be used. If clips are used, care must be taken 
not to dislodge them. The plane between the 
upper pole pelvis and the lower pole parenchyma 
is developed bluntly, and then the thin renal 
parenchyma of the upper pole is incised with cau-
tery or  harmonic scalpel . If the upper pole col-
lecting system is entered, one should ensure that 
any of the collecting system is not left in situ. 

 The defect from the upper pole is preferably 
closed using three  mattress sutures  over a tongue 
of retroperitoneal fat. While it is diffi cult to prove 
that this reduces the potential for a post-op  uri-
noma , it seems reasonable and adds very little 
time. While this is more diffi cult with conven-
tional laparoscopy and has not been done in many 
series, the incidence of urinoma seems higher in 
the laparoscopic reports compared to what has 
been reported with open [ 19 ]. While post-op 
 urinomas have not been reported to cause clini-
cal problems, they can become a concern to 
families. 

 No drain is routinely left in place, but if there 
is concern about violation of the lower pole, then 
a simple wound drain would be reasonable. No 
bladder catheter is left in place unless there is a 
similar concern.   

7.4.4     Retrovesical Procedures 

 Robotic access to the retrovesical space is one of 
the areas of very clear value for this system. The 
articulated instruments are well suited to the tight 
working area and the need for care when dissect-
ing in the deep pelvis. There are several early 
reports of robotic resection of  utricular cysts , 
 seminal vesical cysts , and persistent  Müllerian 
structures  using the robotic system [ 20 ]. 

 The approach is with ports in position as with 
a ureteral reimplantation, and the peritoneum is 
incised between the bladder and rectum. The 
bladder remains attached anteriorly to keep it 
out of the fi eld. For midline structures, it is 
important to stay directly on the structure to 
avoid injury to the lateral vasa or seminal vesi-
cles. In some instances, the vasa will enter these 
abnormal structures and will need to be cut. 

  Fig. 7.12    Closure of the detrusor tunnel with interrupted 
absorbable sutures. The upper aspect of the tunnel and the 
ureter is indicated by the  arrow        
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They would not likely have been functional in 
any event. The structure is maintained intact for 
as long as possible but may need to be opened to 
permit determination of its distal extent. We 
usually try to remove the entire structure to 
where it enters the posterior  prostate  and suture 
ligate this neck with a fi gure-of-eight absorb-
able suture. 

 We have performed robotically assisted 
removals of large  ectopic ureters  that enter into 
the prostate or join the vas deferens, as well as 
seminal vesical cysts, typically associated with 
 dysplastic kidneys . Some of these have been 
extremely large and very fi brotic, requiring care-
ful tedious dissection, but the anatomic defi nition 
permitted by the endoscope and the controlled 
dissection makes this more effi cient and certainly 
less morbid than an open procedure. 

 In the teenage male, they will have persisting 
postoperative pain and some bladder spasm for 
several days to weeks and may have a transient 
residual fl uid collection.  

7.5     Outcomes 

  Clinical outcomes  for robotic procedures have 
been reported in various formats, predominantly 
as case series with a few comparative studies 
(Tables  7.1  and  7.2  for pyeloplasty and ureteral 
reimplantation). A formal prospective random-
ized trial has not been reported in the pediatric 
literature, and it may be nearly impossible to do 
so. In general, outcomes have been comparable to 
open or conventional laparoscopic approaches 
with some reduction in postoperative morbidity as 
measured by narcotic use and length of hospital 
stay. It must be recognized that these are very 
crude measures and do not capture the true impact 
of a surgical procedure. It is very clear from 
review of these studies that more sensitive and 
robust measures of the health impact of surgery 
on a child and their family are needed. It must also 
be recognized that the cost of robotic technology 
is an important factor in assessing its value, but 
this is a rapidly moving target that has many local 

   Table 7.1    Robotic pyeloplasty outcomes   

 Author  Study type  Patients  Age range  Success  Comment 

 Olsen [ 21 ]  Case series a   13  3.5–16.2  100 %  Retroperitoneal 
 Atug [ 22 ]  Case series  7  6–15  100 % 
 Lee [ 11 ]  Case-control b   33 rob 

33 open 
 0.2–19.6  97 %  Shorter hospital stay and 

narcotic use for robotic 
 Kutikov [ 23 ]  Case series  9  0.25–0.75  100 % 
 Yee [ 24 ]  Case-control  8 rob 

8 open 
 6.4–16.5  100 %  No signifi cant differences but 

longer operative times 
 Franco [ 25 ]  Case-control  15 rob 

12 lap 
 4–18  100 %  No signifi cant differences 

between robotic and lap 
 Olsen [ 26 ]  Case series a   65  1.7–17.1  94 %  Retroperitoneal 
 Freilich [ 27 ]  Case series  5  3.4–14  100 %  Bilateral 
 Chan [ 28 ]  Case series  5  0.9–12  100 % 
 Minnillo [ 29 ]  Case series b   155  10.5 mean  96 %  3 % required re-op 
 Rodriguez [ 30 ]  Case series  12  3.5–16  100 %  Stentless repair 
 Singh [ 31 ]  Case series  34  5–15  97 % 
 Subotic [ 32 ]  Case series  19 rob 

20 lap 
 >4 years robotic  100 %  Comparable outcomes 

between robotic and lap 
 Bansal [ 33 ]  Case-control c   9 rob 

61 open 
 <12 months  100 % rob 

98 % open 
 Infants only 

 Riachy [ 34 ]  Case-control c   46 rob 
18 lap 

 rob 0.5–22; 
lap 0.25–18 

 100 % rob 
87.5 % open 

 Operative time shorter for 
robotic, similar length of stay 
and narcotic use 

 Pelizzo [ 12 ]  Case series  3  <12 months  100 %  All infants under 10 kg 

   a,b,c Some of the same patients included in later report  
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variations in signifi cance. Comparisons to con-
ventional laparoscopy have limited value as this 
technology is used to such a limited degree in 
reconstructive pediatric urology and it may not 
evolve further if robotic systems remain available. 
It is unclear what impact and when competitive 
systems to the da Vinci System will have.

    At present it is clear that robotic technology 
can provide for effective and safe minimally 
invasive reconstructive surgery for pediatric urol-
ogy. Its applications have been growing with 
greater experience, and progressively more com-
plex procedures are being reported with success, 
even if without effi ciency.  

7.6     Conclusions and Challenges 

 A number of other surgical procedures have been 
described using the robotic system in children but 
remain early in their development (Table  7.3 ). 

Continued exploration should be encouraged 
with careful and honest reporting of outcomes. 
There seems little doubt that the da Vinci robotic 
system offers enhanced ability to perform com-
plex reconstructive and ablative urologic proce-
dures in children, with reduced morbidity and 
equal effi cacy. The value of the system, given its 
high cost, is not yet proven for all children. The 
adolescent shows a defi nite advantage in most 
renal and pelvis procedures, but the infant has a 
lesser degree of benefi t. The dividing line is not at 
all clear.

   It will also be very important to develop more 
robust measures of the impact of a surgical inter-
vention on children and their families, as well as 
more accurate and relevant assessments of cost, 
to permit a better valuation of this technology as 
well as those that will surely follow. 

 The current da Vinci System is not at all 
designed for children but can be made to work 
effectively in the small child. There is a clear 

   Table 7.2    Ureteral reimplantation – extravesical   

 Author  Study type  Patients  Age range  Success  Comment 

 Casale [ 15 ]  Case series a   41  1.3–7  97.6 %  Bilateral; no retention 
 Marchini [ 35 ]  Case-control  20 EV/19 IV 

17 open EV 
20 open IV 

 EV mean: 8.6 rob 
6.1 open; 
IV mean: 9.9 rob 
8.8 open 

 P2.2 % rob 
93.2 % open IV; 
100 % rob 
94.2 % open 

 Multiple subgroups, 
including intravesical 
reimplants 

 Smith [ 17 ]  Case-control  25 EV 
25 open EV 

 0.25–12  97 % rob 
100 % open 

 3 transient retention 
in robotic group 

 Chalmers [ 36 ]  Case series  17 (6 bilat)  6.25 mean  90.9 %  No retention 
 Kasturi [ 16 ]  Case series a   150  2.25–9.3  99.3 %  Bilateral; no voiding 

dysfunction 
 Akhavan [ 14 ]  Case series  50 (28 bilat)  1.9–18  92.3 %  1 transient retention 

   a Some of the same patients included in later report  

   Table 7.3    Developmental 
robotic surgery in pediatric 
urology   

 Procedure  Descriptions  Comment 

 Intravesical ureteral 
reimplantation 

 [ 5 ,  35 ,  37 ,  38 ]  Remains challenging for access and 
maintenance of exposure 

 Continent catheterizable 
stoma 

 [ 39 – 43 ]  Effective and straightforward with 
appendix or ureter 

 Bladder neck 
reconstruction/sling 

 [ 44 ,  45 ]  Exposure of bladder neck is 
excellent and facilitates posterior 
dissection 

 Augmentation 
cystoplasty 

 [ 40 ,  46 ,  47 ]  Remains long operation. 
Advantages uncertain at present 

 Pyelolithotomy  [ 48 ,  49 ]  Limited application but useful for 
complex stone burden or when 
concomitant obstruction requires 
repair 
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need for more pediatric-specifi c tools that refl ect 
the types of procedures and tissues that are being 
manipulated. The smaller instruments (5 mm) are 
much less precise than the larger 8 mm ones. 
Integration with digital imaging technologies is 
an important emerging trend that will facilitate 
all pediatric urologic procedures. 

 The da Vinci platform is a clear  proof of prin-
ciple  that  computer-assisted robotic devices  can 
enhance our surgical capabilities and offer 
reduced morbidity with equal and potentially 
even greater effi cacy. The users of these evolving 
technologies need to be closely involved in the 
patterns of evolution and be rigorously honest 
with their appraisals, both to guide their develop-
ment in appropriate and valuable direction and to 
maintain the credibility of their community.     
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         Congenital UPJO  is a well-known clinical entity 
that is readily diagnosed, with a well-described 
and highly successful surgical treatment yet con-
tinues to generate signifi cant controversy as to the 
best means of diagnosis and timing of surgery. 
The clinical presentation has completely changed 
in the last 30 years with the advent of prenatal 
ultrasound, and in many ways, this diagnostic tool 
has radically changed our approach to this condi-
tion. This chapter will review the basics of clinical 
diagnosis and management and try to frame the 
controversy in such a way to permit a  pragmatic 
clinical approach  for children, based on reported 
outcomes, and a recognition that we do not have 
all the information regarding the natural history of 
UPJO, nor the best means to measure its impact. 

8.1     Elements of the Clinical 
Decision 

 When managing a child with asymptomatic pre-
sumed UPJO, typically having presented with 
prenatal hydronephrosis, several key questions 
must be answered to permit a rational decision:
    1.     Why consider any intervention?   
   2.     Can UPJO resolve spontaneously?   

   3.     Can we predict if it will resolve?   
   4.     If function declines, will it recover after 

 successful surgery?   
   5.     If function is low at diagnosis, can successful 

surgery improve it?   
   6.     If we operate, what is the success rate?    
    1.     Why consider any intervention ? 

 The rationale for  intervention  in UPJO is 
based on the known clinical fact that these 
children can develop symptoms of fl ank pain 
or, less commonly, UTI. Severe  bilateral 
UPJO  can cause renal failure, although this is 
very uncommon. Nonetheless, the basis for 
intervention is to prevent renal functional 
impairment. The degree of impairment and its 
clinical impact is highly variable. Numerous 
cases have been reported of unilateral kidneys 
showing deterioration in function as measured 
by  radionuclide imaging  or solitary kidneys 
with globally reduced function. When we see 
an older child with UPJ obstruction and poor 
function, we do not know when the functional 
impairment developed, however. Early studies 
[ 1 ,  2 ] suggested that early repair was more 
effective at protecting function than later 
repair, but this was not universal, and subse-
quent observations indicated that function 
might not be lost while awaiting  spontaneous 
resolution  [ 3 – 5 ]. At that time, early repair 
meant 2–4 weeks of age, but since then, 
a more observational approach has evolved, 
based on the evidence that a dilated kidney did 
not always show functional loss and might 
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revert to normal while retaining normal 
function.   

   2.     Can UPJO resolve spontaneously ? 
 The critical observations that apparent UPJO 
can spontaneously improve changed the 
approach to this new population of children 
with  hydronephrosis  from prenatal detection. 
Numerous studies have assessed the likelihood 
of resolution and most will show, using roughly 
similar criteria, a rate of improvement between 
70 and 80 % of more severe hydronephrosis. It 
has become well recognized that lesser degrees 
of dilation will almost always resolve in 
12–24 months [ 5 – 17 ]. The time frame for 
improvement is roughly related to the severity 
of the dilation and can range from 12 to 
48 months or more (Fig.  8.1 ).

   The mechanism of resolution remains 
unclear. Logical explanations include matura-
tion of the smooth muscle peristaltic mecha-
nism of the proximal ureter and pelvis. Milder 
degrees of hydronephrosis may be more the 
product of high bladder pressures in the 
immature boy, but this is unproven as well.   

   3.     Can we predict if it will resolve ? 
 The likelihood of resolution is inversely pro-
portional to the severity of hydronephrosis. 

Children with greater degrees of hydrone-
phrosis are less likely to resolve in any par-
ticular time frame, although resolution can be 
seen with nearly any degree of dilation. For 
grades 1–2 dilation (on the SFU scale), reso-
lution is likely to occur within 1–3 years, but 
some have persisted for longer periods. 
Persisting mild dilation is of unknown signifi -
cance, and the strict need for monitoring is 
unknown. The clinically challenging cases of 
 grade 3 and 4 hydronephrosis  cannot be pre-
dicted individually as to time to resolution or 
risk of progression and therefore justify ongo-
ing monitoring. Grade 3 dilation is uncom-
monly associated with decreased relative 
uptake at diagnosis [ 18 ]. When dealing with 
the individual, then resolution may be antici-
pated but cannot be certain, and ongoing mon-
itoring is needed, based upon the severity of 
hydronephrosis and any functional 
 abnormality on diuretic renography.   

   4.     If function declines ,  will it recover after suc-
cessful surgery ? 
 Relatively few studies have examined this sit-
uation, but these few have indicated that in 
most cases, a loss of relative uptake on diuretic 
renography will recover postoperatively [ 5 ]. 
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  Fig. 8.1    Chart showing 
reported incidence of surgery 
in children being followed 
with prenatal hydronephrosis 
and apparent UPJ obstruction. 
Each study is represented by 
its reported incidence with 
the 95 % CI. The size of the 
marker is proportional to the 
number of patients. The 
overall incidence represents 
over 900 patients       
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This is not absolute, and it should be recog-
nized in any observational management pro-
gram that there is a risk for permanent loss of 
function [ 2 ,  19 ]. If the repair is delayed, then 
permanent loss of function is more likely. 
Ongoing  functional monitoring  in children at 
risk for loss is therefore advisable. The fre-
quency of this monitoring, however, is not 
well defi ned.   

   5.     If function is low at diagnosis ,  can successful 
surgery improve it ? 
 There are confl icting data as to this issue, yet 
most would suggest that when initial uptake 
or function is low, it is unlikely to improve 
[ 20 – 22 ]. The goal then of  surgical interven-
tion  is to preserve the current state of func-
tion. Not all authors advocate intervention if 
the initial function is low and will recom-
mend waiting for demonstration of further 
reduction in function. In some children with 
initially low functional levels, improvement 
without surgery has been reported [ 5 ]. This 
has not been the general reported experience 
in most series however, and the technical 
aspects of how function is assessed should be 
considered as possible reasons for this 
inconsistency.   

   6.     If we operate ,  what is the success rate ? 
  Surgical success  should be very high in terms 
of improving the degree of hydronephrosis 
and functional drainage parameters on diuretic 
renography. Estimates of 97–98 % success 
have been reported based upon either 
improved hydronephrosis or improved wash-
out times on renography [ 23 ]. This is more 
apparent in younger patients, although even 
some older children will show marked 
improvement in the degree of dilation after 
pyeloplasty [ 24 ]. The lack of improvement or 
certainly worsening should prompt diuretic 
renography to assess more objectively the 
level of  drainage , although interpretation may 
be controversial. The need for further inter-
vention is subjective, and we have on occasion 
used temporary (6 weeks) ureteral stenting 
with subsequent improvement or further eval-
uation. The need for repeat pyeloplasty should 
be in the 1 % range for most cases [ 25 ].    

  Based upon these observations, the approach 
to the child with an apparent UPJO is dependent 
upon the clinical assessment, which is heavily 
weighted on the imaging evaluation. The full 
clinical assessment factors into surgical decision- 
making and ultimately into the choice of surgical 
intervention. These aspects will be discussed in 
more detail below. 

8.1.1     Imaging Assessment 

 Current assessment of the child with apparent 
 UPJO  rests upon a determination of structure and 
functional studies. The most effi cient approach 
that is usually adequate includes an  ultrasound  to 
defi ne the severity of the  hydronephrosis ; the 
level of dilation defi nes the level of the obstruc-
tion and any associated structural anomalies of 
the urinary tract. A dilated ureter indicates that a 
more distal obstruction is likely present, although 
on occasion this can be present with a UPJO and 
concomitant VUR. The appearance of most kid-
neys with a severe UPJO is characteristic and has 
diffuse but uniform  caliectasis  that fl attens and 
everts the papillae. More severe dilation effaces 
the parenchyma between the calyces and thins 
the parenchymal mantle due to distention. The 
renal pelvis can be massively dilated but may 
also be relatively small and nearly intrarenal. 
These cases nearly always have more severe 
intrarenal dilation and may pose more of a func-
tional risk to the kidney. A massively dilated 
renal pelvis without signifi cant caliectasis sug-
gests a lesser degree of obstruction, and one 
should not base clinical decisions on the degree 
of pelvic dilation alone. 

 Ultrasound alone cannot defi ne the severity of 
obstruction, but the appearance of the kidney is 
clearly related to the severity. Using quantitative 
imaging algorithms, we have been able to show 
that US can predict thresholds of obstructive 
severity based upon diuretic washout times [ 26 ]. 
Ultrasound can be used to follow patients under 
expectant monitoring with the presumption that 
increases or decreases in the severity of the dila-
tion correlate with worsening or improvement in 
obstruction [ 13 ]. Ultrasound cannot reliably 
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assess renal function as measured on renography. 
The need for functional assessment becomes 
important.  

8.1.2     Diuretic Renography 

 The most reliable current method of assessing 
relative renal function is the  diuretic renogram  
(DR) [ 27 ,  28 ]. When performed carefully and 
consistently, the DR remains the gold standard 
for assessing obstruction, but it is imperfect. The 
underlying principle of the DR is that the amount 
of early tracer uptake, measured at 2 min after 
injection, correlates with GFR. The relative 
uptake is then expressed as a fraction of 1 in per-
cent. Numerous studies have demonstrated the 
reproducibility of the DR and its correlation with 
 DMSA  scanning. The correlation with more for-
mal measures of renal function in experimental 
systems in the setting of hydronephrosis, how-
ever, may not be as reliable [ 29 ,  30 ]. Various fac-
tors may underlie this lack of correlation 
including the physical effect of the dilated pelvis 
to alterations in renal physiology in the face of 
obstruction [ 31 ]. It is also important to recognize 
that the “function” that is measured by DR is one 
of several renal functions, albeit a very important 
one. Renal tubular functions, including concen-
trating ability, acid base balance, and various hor-
monal functions, are not measured by DR. These 
rarely have a clinical impact in unilateral obstruc-
tion, however. The fact that the DR reports func-
tion as two percentages that always add up to 100 
should not hide the fact that if both kidneys are 
abnormal, the sum is still 100 %. Using the DR to 
monitor  bilateral obstruction  can be diffi cult. 

 There is also the concern that the function 
measured by the DR may not fully refl ect the sta-
tus of the renal  parenchyma . In biopsies of UPJO 
undergoing pyeloplasty, kidneys with normal 
uptake on DR did not always have normal histol-
ogy, including both  interstitial fi brosis  and tubu-
lar loss [ 32 – 34 ]. Even in kidneys with no overt 
histological abnormalities, relative proximal 
tubular volume was decreased. These observa-
tions raise the real possibility that kidneys are 
able to compensate in the face of obstruction and 

maintain normal measured function yet be under-
going some degree of progressive injury that may 
not be evident for an extended period of time. 
Appropriate urinary  biomarkers  will likely be 
needed to assess the clinical signifi cance of these 
fi ndings [ 35 ]. 

 The degree of  abnormal function  apparent on 
DR that is clinically signifi cant remains unde-
fi ned but in practice is typically less than 40 %. It 
should be borne in mind that it is unlikely that 
these kidneys, at fi rst assessment, have lost func-
tion, but that this is impaired functional develop-
ment [ 36 ]. They were never normal during 
development. One perspective is that if a kidney 
has not reached normal in the setting of obstruc-
tion, then it should be considered signifi cantly 
obstructed if there is associated reduced drain-
age. Others take the view that evidence of loss of 
function in follow-up must be present to demon-
strate obstruction [ 4 ]. While this may be an aca-
demic argument, one must defi ne what is 
clinically considered to be signifi cant and war-
rants surgical intervention. If the initial function 
is within 5 % of 50 %, then many are willing to 
observe these children for spontaneous improve-
ment, even with reduced drainage. The ability of 
the washout time following diuretic to predict 
subsequent deterioration is inconsistent. The fre-
quently stated 20-min threshold is not an accu-
rate predictor, but washout times less than 20 min 
are more frequently associated with spontaneous 
improvement. 

 The  washout curve  must be interpreted care-
fully as there are differing patterns that may have 
signifi cantly different outcomes [ 37 ]. The con-
ventional method of measuring the washout is to 
administer the diuretic when the renal pelvis is 
full and the time to reach    one-half of the renal 
pelvic counts is the t 1/2. If the tracer washout 
does not reach a half point, then a curve is extrap-
olated after 30 min. The methods to extrapolate 
this curve are varied and yield differing results 
[ 38 ]. This variation may refl ect the occurrence of 
a  biphasic curve  where there may be an initially 
rapid washout that halts and then no further 
washout is seen (Fig.  8.2 ). A simple extrapolation 
of the initial phase of the curve would provide a 
very low t 1/2 , which may not be at all refl ective of 
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the system. The residual counts at 30 min may be 
a useful indicator as well. A rising curve is 
strongly indicative of high-grade obstruction, but 
even this has not been clearly correlated with 
functional deterioration. There is variability in 
the washout curve for an individual kidney over 
time, and this may refl ect a dynamic obstructive 
process. A further parameter of the washout pat-
tern that may offer useful clinical information is 
the amount of drainage after having the patient 
assume an upright position, suggesting that grav-
ity can assist renal drainage [ 39 ]. This has been 
reported but not validated as a predictive factor in 
obstruction. Rapid drainage is probably an indi-
cator of lesser degrees of obstruction.

   The greatest value of the DR and  washout 
curve  is to monitor the status of the kidney over 
time, particularly when an observational approach 
is taken. The frequency of the testing can be 
defi ned by the initial severity, and some authors 
have used very frequent testing [ 5 ]. This is a bur-
den on families and includes increased radiation. 
We would rarely repeat a MAG-3 before 6 months 
and often try to use an interval of 12 months. 

 There are no clear data-defi ned parameters for 
 clinically signifi cant obstruction , but pragmatic 
guides have emerged from practice. If function 

deteriorates more than 5 %, then intervention is 
likely warranted. Some will want to see a reduc-
tion of 10 % points. If the function is less than 
35–40 % at initial testing and there is a signifi -
cantly elevated washout time (probably greater 
than 30 min), then intervention should be consid-
ered. A simple increase in the washout time or 
the severity of hydronephrosis on ultrasound has 
been often used as an indication for surgery [ 13 ], 
but this is not necessarily associated with reduced 
function and can be seen to reverse itself. In the 
absence of clinical symptoms, the clinician will 
need to defi ne for themselves and their patients 
thresholds for intervention with the recognition 
that there is little data to support these except that 
those parameters have usually been used as end-
points themselves. 

 It is well established that the  hydronephrosis  
with a  UPJO  pattern can resolve spontaneously. 
The mechanism of this resolution is not defi ned, 
and it is often stated that this is  nonobstructive 
hydronephrosis . This term begs the question of 
what caused the hydronephrosis, and there are no 
reliable answers. The fact of resolution suggests 
a maturational process either in the ureter itself or 
the bladder. This is supported by the higher fre-
quency of hydronephrosis in boys correlated with 
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the known pattern of high-pressure voiding seen 
in infant males. This was demonstrated in the 
sheep model with urachal ligation, which caused 
hydronephrosis in males only [ 40 ]. 

 The clinical safety of an observational 
approach has been well documented as well, and 
our approach is that if initial function is above 
40 % then the child can be observed, as long as 
the family recognizes that later surgery may be 
needed and that there is a risk of functional loss 
or the development of symptoms. It also carries 
the burden of follow-up testing, yet can avoid 
surgery in a large percentage of children. The 
child with more severe dilation and more delayed 
washout is more likely to not improve spontane-
ously or to deteriorate, and these parameters can 
be integrated into the discussion. There can be no 
single predictor of outcome with current technol-
ogy, and as long as the family is aware of this and 
is reliable to return for follow-up, observation is 
the advisable approach. Loss of follow-up is a 
potential risk that must be included in the assess-
ment of the child, however [ 12 ,  41 ]. 

 While many have written of defi ning a kidney 
as obstructed or not obstructed, this suggests a 
black and white dichotomy that is not likely to 
refl ect reality. These kidneys should more appro-
priately be seen as partially obstructed to varying 
degrees with the possibility of spontaneous 
improvement [ 36 ]. 

 The search for adjunctive predictors of the 
outcome of congenital obstruction using  urinary 
biomarkers  has been ongoing, and yet no practi-
cal marker has come into use, despite numerous 
published reports of utility [ 35 ,  42 – 44 ]. It would 
seem highly probable that the various proteins in 
the urine of an obstructed kidney would refl ect 
the condition of the kidney and its response to 
that obstruction. The complexity derives from the 
fact that congenital obstruction is dynamic and 
the kidney being affected is constantly changing. 
Various urinary proteins have been shown to vary 
greatly with age in the normal kidney, often with 
high levels in early infancy that decline rapidly 
with renal maturation [ 45 ]. The relative contribu-
tion of the urine (and its proteins) from the 
 obstructed kidney  compared to the other kidney 
is obviously affected by the severity of the 

obstruction, restricting urine drainage. Markers 
of pathological processes that are not present in 
normal kidneys would be logical targets but have 
not yet been confi rmed to be suffi ciently predic-
tive. A further complexity has been in the defi ni-
tion of the clinical outcome that is to be predicted. 
Many reports state that surgery was the endpoint 
based upon criteria that, as discussed above, may 
be limited in their validity [ 46 ,  47 ]. It is also of 
less importance to distinguish obstructed kidneys 
from normals, but to defi ne those hydronephrotic 
kidneys, which are likely to progress to func-
tional deterioration. In this way, less invasive 
assessments can be used to monitor kidneys over 
time.   

8.2     Surgical Decision-Making 

 A suggested algorithm for managing prenatally 
detected UPJO is shown in Fig.  8.3 . Indications 
for  surgical intervention  may be strict or condi-
tional. Strict indications include recurrent pain 
associated with increased hydronephrosis or char-
acteristic MAG-3 fi ndings, presence of a stone, 
pyelonephritis, and diminishing relative function 
on radionuclide scan. Increasing hydronephrosis 
or a worsening drainage pattern on MAG-3 to 
some is a strict indication, but in the absence of 
demonstrated functional deterioration, this is 
more of a conditional indication when isolated. 
Certainly in moderate dilation, transient increases 
in dilation do occur and may not predict func-
tional deterioration. Increasing hydronephrosis 
and worsening drainage are associated with func-
tional deterioration in clinical studies [ 13 ].

   Conditional  indications  for surgical repair 
include reduced function at diagnosis, although 
to some this is not an indication at all [ 48 ]. When 
associated with severe hydronephrosis (grade 4), 
relative function below 40 % is an indication for 
surgery for the author. Persisting but stable dila-
tion and function after several years of monitor-
ing is a conditional indication for surgery and 
must be carefully discussed with the family. The 
burden of ongoing invasive imaging, including 
MAG-3 scans, will often be the motivating factor 
for families to move to surgery [ 41 ]. While 
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improvement in hydronephrosis has been 
reported at older ages, so has deterioration of 
function. If the family is comfortable with an 
observational approach and function remains 
stable, this is certainly reasonable. However, 
parental preferences should be honored, and to 
many, the uncertainty and burden of monitoring 
justify intervention. Since an  observational  
approach for signifi cant hydronephrosis with 
concern for  functional deterioration  requires 
ongoing functional assessment, the possibility of 
poor follow-up can be considered a conditional 
indication for surgery.  

8.3     Surgical Correction of UPJO 

 The traditional method of correcting the 
obstructed UPJ remains the dismembered pyelo-
plasty (Anderson-Hynes), although numerous 

alternatives have been described. Minimally 
invasive techniques have become not only viable 
options but in some centers the preferred option. 
To date, there are limited data to validate the 
long-term effi cacy of these approaches, yet it 
seems they are equally effective based on shorter- 
term reports. 

8.3.1     Open Surgical Repair 

 The  Anderson - Hynes dismembered pyeloplasty , 
described in 1949 for retrocaval ureter [ 49 ] and 
widely utilized and reported on, addresses the 
obstructive pathology by removal and subsequent 
reanastomosis. Once it was evident that ureteral 
peristalsis would return after dismemberment, 
this technique gained worldwide popularity. 
Several other open methods continue to be used 
in limited volumes. With reported success rates 
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  Fig. 8.3    Algorithm of a possible clinical approach to postnatal asymptomatic hydronephrosis. Antibiotic prophylaxis 
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of 95–98 % for primary cases, it is diffi cult to 
understand why alternatives with less supporting 
clinical data would be used. Dismembered pyelo-
plasty can be approached in several ways. A lat-
eral, muscle-splitting incision is widely used and 
offers excellent exposure with access to the mid- 
ureter if needed [ 50 ]. The incision is less painful 
than muscle cutting approaches. A more anterior 
incision can also be used with less disturbance of 
the lateral muscles and remains extraperitoneal, 
but the exposure is less direct. The dorsal  lum-
botomy  approach is favored by the author for 
most open cases as it is a less noticeable incision, 
does not cut any muscle, and provides direct 
access to the posterior aspect of the renal pelvis. 
In infants this is a particularly effi cient exposure 
as the bulging pelvis is readily accessed and 
brought into the fi eld [ 51 ,  52 ]. The anatomy is 
not typically as familiar to many surgeons but can 
be readily learned. 

 Important determinants of successful  pyelo-
plasty  are the same for all types of procedures. 
These include adequate but not radical mobiliza-
tion of the tissues. Excessive  mobilization  may 
compromise blood supply and produce fi brosis 
and obstructive scarring. Fully freeing the UPJ 
from surrounding adhesion, however, is impor-
tant as the confi guration of the UPJ is a clear con-
tributor to obstruction in some cases. Adhesive 
bands that create sharp kinks in the proximal ure-
ter may be contributors to intermittent obstruc-
tion. It is also important to ensure that a crossing 
lower pole vessel is not present and contributing 
to the obstruction. These are usually anterior to 
the ureter and have been missed with posterior 
retroperitoneal exposures. If there is any tension 
on the  anastomosis , scarring may be produced so 
some mobilization of the proximal ureter and 
pelvis is needed. The pelvis is well vascularized 
and should be mobilized in favor of the ureter, but 
at times both must be freed. 

 Minimal tissue handling protects the anasto-
mosis from excessive swelling. Stent placement 
is often used as an adjunct but should not be an 
excuse for rough handling of the tissues. 
Whenever possible, the tissues directly associ-
ated with the anastomosis should not be directly 
touched except by suture needles. Using the 

 portion of the renal pelvis that will be discarded 
as a temporary handle for the proximal ureter is a 
practical way to limit tissue injury. Stay sutures 
are equally useful for open surgery but may 
become tangled in laparoscopic procedures. 

 Precise and uniform suture placement can 
facilitate successful pyeloplasty by limiting tis-
sue constriction or necrosis and distribute tension 
equally. Both interrupted and  running suture 
anastomoses  are equally effective, but the 
author’s preference has become running suture as 
it provides even distribution of tissue tension and 
a more watertight closure. Caution needs to be 
exercised to avoid bunching up of tissue or 
“purse-stringing” of the anastomosis by exces-
sive tension on the running suture. Any absorb-
able suture is acceptable for pyeloplasty, but 
monofi lament seems to produce less tissue injury 
and bunching, although monofi lament is more 
diffi cult to use due to its stiffness and memory. 
The author uses poliglecaprone 25 (Monocryl; 
Ethicon) rather than polydioxanone (PDS; 
Ethicon) due to a more rapid absorption. 

  Drainage  is a critical element of pyeloplasty, 
although there are several satisfactory options 
[ 53 ]. Non-stented repair is equally effective as 
stented and has been used for many years. It can 
be associated with acute leakage or transient 
obstruction, which can mandate some sort of 
intervention and does require use of a wound 
drain in the acute postoperative period. Internal 
stenting is very effective in the acute period but 
requires removal. A  double J stent  placed in an 
antegrade manner must be removed cystoscopi-
cally, which in children requires a general anes-
thetic. Stents placed retrograde with an extraction 
string are easily removed in the offi ce or at home 
but require more time to perform the cystoscopy 
and stent placement just before the pyeloplasty. 
Antegrade placement of a  nephroureteral stent  
permits temporary drainage and easy removal, 
but this requires placement through the renal pel-
vis or the renal parenchyma [ 54 ]. The author’s 
preference is a retrograde stent with an extraction 
string as it permits preoperative imaging of the 
ureter if there is any question about ureteral anat-
omy. Postoperative bladder drainage is useful to 
limit leaking and discomfort, but not all surgeons 
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use this. A bladder catheter is usually left in place 
overnight to improve upper tract drainage and has 
been shown to reduce postoperative wound drain-
age [ 55 ].  

8.3.2     Minimally Invasive 
Pyeloplasty Techniques 

  Laparoscopic pyeloplasty  was fi rst described in 
children in 1995 [ 56 ] and the fi rst series in 1996 
by Tan and Roberts [ 57 ]. The fi rst cases were 
technically challenging due to a general lack of 
expertise in delicate reconstructive laparoscopy 
as well as lack of defi ned operative algorithms for 
the procedure. While they generally followed the 
steps of open pyeloplasty, in retrospect, it is clear 
that specifi c setup and procedural steps have 
made it much more effi cient. Initial results were 
generally comparable to open procedures, and 
patients subjectively recovered more rapidly. Use 
of the technique was limited, however, largely 
due to the diffi cult learning curve, and relatively 
few surgeons used the techniques. Several alter-
native laparoscopic methods were explored to 
limit the need for intraoperative suturing, which 
was the challenging and critical part of the proce-
dure. These included reintroduction of the Fenger 
plasty, a Heineke-Mikulicz plasty of the UPJ 
[ 58 ], the Hellstrom procedure to transpose the 
UPJ below lower pole vessels [ 59 ], and a hybrid 
laparoscopic open procedure of mobilizing the 
UPJ to permit open repair [ 60 ]. While these 
repairs will continue to have their adherents, it is 
this author’s concern that these techniques have 
never become widely accepted in open practice 
due to their being less effective than the tradi-
tional  Anderson - Hynes repair . While they clearly 
can work in some cases, it is diffi cult to accu-
rately predict in which children this is the case, 
and they limit the armamentarium of the surgeon 
intraoperatively. If the surgeon is not comfortable 
performing a sutured pyeloplasty laparoscopi-
cally, it makes little sense to start a procedure, 
“hoping” it will be a crossing vessel where the 
Hellstrom procedure could be used. What hap-
pens if it is not a crossing vessel? It seems more 
reasonable to provide the most certain repair for 

the child in one setting. Therefore, a dismem-
bered pyeloplasty is the standard procedure per-
formed in my practice with a few important 
exceptions. 

8.3.2.1     Laparoscopic Pyeloplasty 
 A conventional  laparoscopic pyeloplasty  has been 
well described and is certainly an effective mini-
mally invasive technique for repair of UPJO [ 61 –
 63 ]. It does require signifi cant practice to become 
effi cient, yet does not require the technological 
resources of the robot. The operation is funda-
mentally the same as an open repair.  Port place-
ment  is usually with an umbilical endoscope port 
(3.5–5 mm) with a midline upper working port of 
the same size and an ipsilateral lower quadrant 
port. An assistant port can be used but offers little 
extra value. The inferior port must be placed with 
consideration of the position of the actual UPJ, 
which, if very low, will be quite close to the port, 
hindering its effi cacy. In those cases, the lower 
port may be placed in the midline. 

 The UPJ is exposed either  transmesenterically  
by refl ecting the small bowel away and identify-
ing the UPJ through the thin mesentery. The 
colon is left in place, and a small peritoneotomy 
permits access to the pelvis. If the pelvis is not 
well seen or in right-sided cases, the colon is 
mobilized medially and the pelvis exposed. 
A hitch stitch is placed through the abdominal 
wall lateral and superior to the UPJ and passed 
through the pelvis at its medial edge and above 
the planned  pyelotomy . This lifts and stabilizes 
the pelvis for repair. The pelvis is then incised in 
an oblique manner medial to lateral, superior to 
inferior to the point of most dependence just lat-
eral to the UPJ. The pelvis is left in place on the 
ureter, and the lateral aspect of the ureter is spatu-
lated to open the obstructed segment. The anasto-
mosis is then begun at the inferior vertex of the 
spatulation, again with a running absorbable 
(preferably monofi lament) suture (6-0 for infants 
and 5-0 for older children). Typically the anterior 
wall is anastomosed fi rst to facilitate exposure of 
the second side. If a stent has been placed, it is 
useful to move the ureter as the initial sutures are 
placed. Prior to completion of the fi rst side, the 
redundant renal pelvis is excised. The renal  pelvis 
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is irrigated of any clots prior to fi nal completion. 
Drainage is similar to that for open surgery, but in 
general the author uses a double J stent and an 
overnight bladder catheter.  

8.3.2.2     Robotic Pyeloplasty 
 The advent of the da Vinci Surgical System or 
 robot  (Intuitive Surgical, Inc., Sunnyvale, CA) 
has facilitated laparoscopic pyeloplasty in chil-
dren and adults markedly, and it is now probably 
the most commonly used method to perform 
minimally invasive pediatric pyeloplasty in the 
USA [ 64 – 67 ]. The method is essentially identical 
to laparoscopic pyeloplasty with similar port 
placement and procedural steps as illustrated. 
Key elements to an effi cient procedure include 
correct port placement, mobilization, and hitch-
ing of the renal pelvis and smooth running sutur-
ing of the anastomosis. With practice and an 
engaged team, these procedures can be com-
pleted in 1 h of robotic console time or less. 
Drainage and follow-up are the same as with 
open or laparoscopic repairs.    

8.4     Outcomes 

  Open pediatric pyeloplasty  should be associated 
with a high degree of clinical success and minimal 
need for further interventions. Although various 
reports use differing outcomes criteria, the antici-
pated success rate should be in the 97–98 % suc-
cess rate for open surgery. Most reports of 
laparoscopic and robotic procedures are in this 
range as well, although the duration of follow-up 
and criteria for success varies. A recent meta- 
analysis supported this general contention [ 68 ,  69 ]. 

  Complications  are relatively uncommon but 
must be recognized [ 70 ,  71 ]. Minimally invasive 
methods, due to operating in the peritoneum, have 
been associated with rare GI injuries, some of 
which can have signifi cant consequences. It is 
unclear how often this might occur in open surgery 
in real life, as these are not often reported. It should 
always be borne in mind that when working in the 
 retroperitoneal  space, either open or laparoscopic, 
the intra-abdominal structures, although not 
directly seen, are only millimeters away and are 

therefore susceptible to injury. With care, the wide 
view of an intraperitoneal approach lets the opera-
tor see all of the important structures. 

 Several reports have demonstrated that mini-
mally invasive techniques can be successfully 
used in small infants [ 65 ,  66 ], although many sur-
geons limit their use to those over 6 months. We 
have not seen the need to use this limit but recog-
nize that this is after a substantial experience with 
older children. The individual surgeon must be 
aware of her/his own experience and select the 
method best suited for their patients.  

8.5     Outlook 

 The recent advent of advanced  minimally inva-
sive techniques  to perform pyeloplasty in chil-
dren has also offered the opportunity to perform 
progressively more complex operations and re- 
operative procedures with anticipated good suc-
cess. This is one of the major arguments to 
continue exploration of these technologies, 
despite some of the concerns. Most of the objec-
tions raised refl ect cost issues in the absence of 
demonstrable benefi ts. At this point in time, it 
may be premature to attempt to assess benefi ts or 
 cost - effectiveness  due to a signifi cant lack of 
robust tools to assess benefi ts [ 72 ,  73 ]. Most 
reports use very crude measures of hospital 
length of stay, pain medication, and crude cost 
estimates. None of these accurately refl ect the 
true impact of the type of procedure on the child 
and their family in the whole context of the 
encounter. Subjectively, these children seem to 
recover more quickly, but this is a very subjective 
assessment, and until we have more objective 
assessment techniques that refl ect the physiologi-
cal, psychological, and real fi nancial impact of 
these technologies, we have to recognize the lim-
itations on these claimed advantages.  

8.6     Summary 

  Management  of the presumed UPJ obstruction in 
a child has evolved substantially in the last three 
decades, although we remain limited in our 
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 ability to precisely predict who might need sur-
gery. The evolution of a rational  observational 
management  strategy based on objective infor-
mation has been a signifi cant advance. We must 
remember, however, that this should not be seen 
as a reason to delay surgery in all children. It is 
very clear that UPJO can cause real harm to nor-
mal renal functional development, and our clini-
cal tools are imprecise. If an observational 
approach is to be taken, it must be with the full 
understanding and partnership with the family to 
undertake the needed follow-up imaging and 
potential need to shift to a surgical approach. 
When surgery is needed,  minimally invasive tech-
nologies  have advanced markedly, and today 
highly predictable success can be expected using 
robotic technology or laparoscopic techniques in 
the hands of the highly experienced surgeon. 
UPJO will continue to challenge us in the sense 
of the need to identify the patient at risk for com-
plications and those who can be safely observed 
as the underlying process resolves itself.     
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        For several years open dismembered pyeloplasty 
through a retroperitoneal approach has been con-
sidered the gold standard for the treatment of pel-
vic ureteral junction obstruction (UPJO) in 
children and adults. In order to minimize the sur-
gical morbidity of the open approach, many min-
imally invasive procedures have been introduced 
in the last decade in the fi eld of pediatric urology 
[ 1 ,  2 ]. Both transperitoneal and retroperitoneal 
approach have been proposed [ 3 – 5 ]. All these 
procedures have been shown to be comparable to 
open pyeloplasty in success rates and operative 
time. However, the small operative space and the 
technical diffi culties have strongly limited mini-
mally invasive surgery. The fi rst laparoscopic- 
assisted pyeloplasty was performed by El Gohary 
in 2004 [ 6 ]. Three ports were used to expose the 
ureteral junction obstruction (UPJ), and the 
pyeloplasty was performed in an open way. 

 Since 2005 in    our center, we performed the 
one-trocar-assisted pyeloplasty (OTAP) [ 7 ]. This 
procedure was born to simplify the technique, 
combining the advantages of traditional surgery 
with those of a minimally invasive approach. 
Different from other techniques, we use only one 

port and an operative optic that allows the access 
in the renal lodge; after the exteriorization of the 
pyeloureteral junction through the small incision, 
we perform a classic pyeloplasty [ 8 ,  9 ]. 

9.1     Surgical Technique 

 The OTAP technique can be performed in every 
patient without absolute contraindications; rela-
tive contraindications are represented by huge 
pyelic dilatation, previous retroperitoneal sur-
gery, and previous renal trauma. 

 General anesthesia by orotracheal intubation is 
used for all patients. The child is placed in lateral 
decubitus on the healthy fl ank over a roll with the 
omolateral arm elevated. An endourethral catheter 
is inserted. A 12 mm long incision is made on the 
prolongation of eleventh to twelfth rib (Fig.  9.1 ). 
The Gerota fascia and the perirenal fat are reached 
after blunt dissection through the muscles. We 
used a 10 mm trocar with a balloon- anchorage 
system and a 10 mm zero-degree lens operative 
telescope with a 5 mm operative channel. A ret-
roperitoneal working chamber is created with 
peanuts and insuffl ations of CO 2  (8–10 mmHg of 
pressure and 0.5–1 l/min of fl ow depending on the 
patient’s size). After identifi cation of the kidney 
and the pelvis, the UPJ is anteriorly approached. 
It is isolated using an “L” dissector (Fig.  9.2 ) and 
exteriorized by a vessel loop through the lumbar 
incision (Figs.  9.3  and  9.4 ). Small vessels are 
coagulated by unipolar cautery. If necessary, the 
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giant hydronephrosis is aspirated by a needle. An 
Anderson–Hynes pyeloplasty is then performed 
in the traditional way using 6-0 or 7-0 polydioxa-
none suture. Any redundant renal pelvis is reduced 
before suturing (Figs.  9.5  and  9.6 ). In case of mas-
sive hydronephrosis, diffi cult pyeloplasty, or bad 
renal function, it is recommended to use a neph-
rostomic Mazeman  catheter or a double pig-tail 
 endourethral stent (Fig.  9.7 ); the correct position 

of the stent is checked by injection of methylene 
blue through the Foley catheter placed at the 
beginning. When the pyeloplasty is completed, 
the pelvis is repositioned in the renal lodge. The 
correct position of the pyeloureteral anastomosis 
and the absence of bleeding are checked at the end 
by a retroperitoneoscopic look (Fig.  9.8 ). A soft 
Penrose drain is left in place near the anastomosis 
and the wound is closed by absorbable suture.

  Fig. 9.1    Patient’s position       

  Fig. 9.2    Identifi cation and isolation of the stenotic pyelo-
ureteral junction and the ureter       

  Fig. 9.3    The ureter is surrounded by a soft tape       
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          This technique is applicable both in case of 
intrinsic and extrinsic obstructions, e.g., the pres-
ence of a crossing vessel. In the last case, the vessel 
is de-crossed from UPJ before the exteriorization 
of the same; then the anastomosis is performed in 
the same abovementioned way (Figs.  9.9  and  9.10 ).

    In case of diffi cult dissection one or two 3 mm 
instruments can be added. 

 In the postoperative time an appropriate dose 
of a prophylactic antibiotic (full dose for 5 days 
and 50 % dose after) must be given until Mazeman 
catheter or Double-J-stent is removed (on the 5th 

  Fig. 9.4    The dilated pelvis and the proximal ureter are 
exteriorized through the lumbar incision       

  Fig. 9.5    Resection of the stenotic tract       

  Fig. 9.6    The external image of Anderson–Hynes 
pyeloplasty       

  Fig. 9.7    A double-j stent is placed before completing the 
anastomosis       

  Fig. 9.8    The retroperitoneoscopic control at the end of 
the procedure       
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and 20th postoperative day respectively). The 
transurethral catheter is removed on the fi rst post-
operative day, whereas the drain is removed on 
the second postoperative day. The patient is dis-
charged on the third postoperative day. 

 The  complication rate  is similar to the other 
techniques. The most common is the opening of 
the peritoneum (5.6 %), frequently when the 
operator is least experienced; in this case the 
pyeloplasty is performed in an open way. The 

event of a retroperitoneal urinoma is rare (3.4 %). 
Recurrence (1 %) should be due to fi brosis or 
ureter angles near the anastomosis; it is related to 
a diffi cult dissection that can cause ischemia and 
tension. 

  Follow - up  consisted of a US evaluation after 
1, 3, 6, and 12 months. A renal scan with MAG 3 
is performed in selected cases, depending on 
radiological and clinical evaluation. The effi cacy 
of the treatment is defi ned as absence of symp-
toms, decreased of pelvicaliceal dilatation on US, 
and improved renal drainage on renography. 

 OTAP is an effi cacious alternative for the cor-
rection of UPJO in children. Despite the limited 
working chamber of the retroperitoneal approach, 
this procedure allows a rapid and direct access to 
renal pelvis with a good vessel exposition; other-
wise, it maintains the advantage to realize the 
pelvic anastomosis in a comfortable space as in 
the traditional open technique. OTAP has all the 
advantages of a minimally invasive approach: 
feasibility, safety, less postoperative pain, short 
hospital stay, and good cosmesis. The high suc-
cess rate is comparable to that of open pyelo-
plasty. Operative time is similar or even shorter 
than that of laparoscopic or retroperitoneoscopic 
approaches, including the time for the preopera-
tive cystoscopy. Consideration of all, in our cen-
ter, OTAP has replaced the standard technique.  

9.2     Personal Experience 

 At our pediatric surgery department, we per-
formed 88 OTAP in the last 8 years. The mean 
operative time was 139 min (range 60–225 min), 
and it was not infl uenced by aberrant vessels. 
Conversion to open repair was required in seven 
cases (mean age 19 months): fi ve peritoneal 
opening and two technical diffi culties. The post-
operative course was characterized by urinary 
collection around the kidney ( n  = 3) and recur-
rence ( n  = 1). One patient among the three with 
urinary collection had a scarce urinary leakage 
and he was treated conservatively. In two cases 
the urinary collection required a reintervention 
with the placement of a transanastomotic stent to 
replace the former one that was accidentally 

  Fig. 9.9    Identifi cation of an inferior polar renal vessel 
that compresses the proximal ureter       

  Fig. 9.10    Retroperitoneoscopic control: the polar vessel 
is behind the anastomosis       
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removed. Follow-up was available in all patients 
(range 6–96 months). The comparison between 
preoperative and 3 months postoperative ultra-
sound showed a decrease of the severity of the 
hydronephrosis in 77 patients (87.5 %) and a 
stable disease in 11 patients (12.5 %). The suc-
cess rate in symptomatic patients was 100 % 
(resolution of symptoms). All parents were satis-
fi ed with the aesthetical result.     
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10.1            Background 

 Leonardo da Vinci and Galen were the fi rst who 
looked at the ureterovesical junction (UVJ) to 
identify causes of dilated ureter. Semblinow 
in 1883 made the fi rst animal experiments to 
understand the pathophysiology of ureterovesical 
junction, which led to modern era of research to 
clarify the anatomy, function, and pathophysiol-
ogy of UVJ anomalies. 

 In 1923, Caulk fi rst described distal ureteral 
dilatation without evidence of hydronephro-
sis [ 1 ]. Thirty years later, Swenson postulated 
a neurologic etiology for both megacolon and 
megaureter [ 2 ]. Hendren later advanced the fi eld 
of surgical management of megaureter through 
aggressive ureteral remodeling [ 3 ]. 

 The clinical presentation of ureterovesical junc-
tion obstruction is the existence of a megaureter. 
The ureter that is dilated out of proportion is named 
as megaureter. Any ureter dilated more than 7 mm 
is considered to be a megaureter [ 4 ,  5 ]. The dilata-
tion may be due to obstruction or refl ux or neither 
(nonrefl uxing, nonobstructed). The cause may be 
either primary (congenital) or secondary. 

 When a megaureter is diagnosed, the chal-
lenge is to be able to make the distinction whether 

this megaureter is really due to a signifi cant 
obstruction or due to some other cause.  

10.2     Pathophysiology 
and Classifi cation 

 Congenital ureteral dilatation may be caused by 
vesicoureteric refl ux, obstructive disease, high 
urine fl ow from non-concentrating kidneys, and 
maldevelopment of ureteral musculature. Bacterial 
toxins from infection within the system can increase 
the degree of megaureter and can even dilate a nor-
mal ureter by toxic paralysis of the muscle cells. 
A signifi cant number of megaureters are diagnosed 
following an episode of urinary infection, and usu-
ally more than one of the above factors is present 
in any individual case. Thus, the exact contribution 
of refl ux, infection, or ureteral malformation can 
be hard to quantitate in some cases of megaureter. 

 There are several classifi cations, varying from 
simple to complex. The international classifi ca-
tion is based on evaluation of the urinary tract by 
ultrasonography and voiding cystourethrography 
[ 7 ]. In this classifi cation, there are four categories 
of megaureters:
•    Refl uxing  
•   Obstructing  
•   Refl uxing/obstructing  
•   Nonrefl uxing/nonobstructing    

 Each category is further divided into primary 
or secondary, based on either intrinsic or  extrinsic 
causes for their appearance. 
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  Primary obstructed megaureter  is commonly 
caused by an aperistaltic segment of the distal ure-
ter that fails to maintain urine fl ow effectively. This 
partial obstruction in the abnormal distal segment 
of the ureter leads to an impairment in ureteral 
drainage, functional obstruction. Progression to 
hydronephrosis occurs when the ureter no longer 
accommodates resistance to urinary drainage; pres-
sure is then transferred more proximally. Complete 
obstructions are rare and are regularly associated 
with a nonfunctioning renal unit at diagnosis. 

 Different histopathologic variants including 
dense collagen deposition, distal circular smooth 
muscle hypertrophy, muscular dysplasia, and 
muscular derangement have been reported in dif-
ferent studies, which looked at the distal end of 
the dilated ureters [ 7 – 9 ]. 

  Secondary obstructed megaureter  occurs usu-
ally when ureteral dilatation is the result of a 
functional ureteral obstruction associated with 
elevated bladder pressures in posterior urethral 
valves (PUV) or neurogenic bladder. 

  Primary refl uxing megaureter  is related with 
severe vesicoureteric refl ux (VUR) that changes 
ureteral effi ciency by ureteral distention and by 
progressive increase of the volume of urine that 
needs to be pushed back into the bladder. The 
drainage of the ureter is usually normal. The 
megaureter-megacystis syndrome is an extreme 
form of the primary refl uxing megaureters in 
which massive refl ux prevents effective bladder 
emptying because urine is passed back and forth 
between the ureters and bladder (Fig.  10.1 ).

   Varying degrees of increased collagen deposi-
tion (predominantly collagen type III) have been 
shown in the refl uxing megaureters; this was 
much more marked when compared to obstructed 
megaureters [ 10 ,  11 ]. All histologic abnormali-
ties are more pronounced at the very distal por-
tion of the ureter, which is an important concept 
to remember when doing reimplantation. 

  Secondary refl uxing megaureter  occurs second-
ary to elevated bladder pressures (like in PUV or 
neurogenic bladder). This results in  decompensation 
of the ureterovesical junction (UVJ). 

  Primary nonrefl uxing / nonobstructed mega-
ureter  is the dilated ureter when there is no 
 evidence of obstruction or refl ux. The etiology 

is unclear. The sudden increase in urine output 
in fetal life may overcome the dynamic abil-
ity of the ureter to transit urine and may cause 
a transient dilatation of the ureter. Many studies 
reported that spontaneous resolution of this con-
dition over time. Time to resolution and degree of 
resolution were mainly based in the initial grade 
of hydronephrosis or degree of dilatation of the 
distal part of the ureter [ 12 ,  13 ]. 

  Secondary nonrefl uxing / nonobstructed mega-
ureter  occurs secondary to diabetes insipidus, in 
which high urinary fl ow rates may overcome the 
maximum transport capacity of the ureter by peri-
stalsis. It may also be as a result of ureteral atony 
accompanying a urinary tract infection (UTI). 

a

b

  Fig. 10.1    ( a ,  b ) Refl uxing obstructing megaureter; 
opaque can hardly refl ux into the dilated upper tract 
because of obstructing segment at the distal end       
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 In some cases ureterovesical junction (UVJ) 
is anatomically and functionally not normal in a 
way leading to refl ux of urine associated with 
poor drainage of the urine back into the blad-
der. These are  refl uxing and obstructed mega-
ureter , and this condition may have serious 
detrimental effect on the kidney (Figs.  10.1  and 
 10.2 ).These ureters should be considered for 
defi nitive repair, and the endoscopic injection is 
contraindicated in this condition as it may 
enhance obstruction.

10.3        Presentation 

 In patients with megaureters, there are usually 
no specifi c clinical signs. The use of prenatal 
US have dramatically increased the diagnosis 
of megaureters. Therefore, they usually present 
with an abnormal fi nding on routine prenatal 
ultrasound before being associated symptoms 
or infection. Before the era of prenatal US, all 

patients would have been seen with signifi cant 
clinical symptoms [ 6 ]. Still some patients may 
present with symptoms like urinary tract infec-
tion (UTI), recurring abdominal pain, abdominal 
mass, and hematuria. In the remaining, the diag-
nosis may be incidental after imaging studies for 
unrelated symptoms. In advanced bilateral dis-
ease with renal insuffi ciency, megaureters may 
be discovered during the evaluation for hyperten-
sion or proteinuria.  

10.4     Diagnosis (Diagnosis 
of Megaureters) 

 The main goal is to defi ne the extent of the prob-
lem and make a distinction as regards which 
patients will require a surgical intervention and 
which will be observed. 

 It is important to exclude the presence of 
refl ux and defi ne the group of patients with 
obstruction, which may eventually lead to renal 
impairment. This will require imaging studies 
like ultrasonography US and voiding cystoure-
thrography (VCUG) that will show the pres-
ence of refl ux and anatomic details of the 
urinary system. Functional studies will be 
required to see the renal function status and 
urinary drainage. 

  Ultrasonography  is the primary imaging 
modality and usually serves as the screening 
study in the prenatal period and the initial study 
in the symptomatic group. 

 The study should include assessment of 
the degree of hydronephrosis based on the 
Society for Fetal Urology grading of hydro-
nephrosis (Table  10.1 ) and the distal ureteric 
morphology/ size.

   One should evaluate the size, shape, tortuos-
ity, and bulbar appearance of the ureter as well 
the peristaltic activity of the ureter. The course 
of the ureter should be evaluated from the kidney 
to its insertion to bladder. An obstructed distal 
segment can be recognized when the peristal-
tic activity stops at a point near the bladder. In 
obstructed, high-pressure systems, the peristaltic 
activity may be lost totally, and the whole ureter 
may be seen as dilated in its entire length. 

  Fig. 10.2    Refl uxing obstructing megaureter; following 
bladder emptying the opaque material in the upper col-
lecting system does not freely fl ow back into the bladder 
because of obstruction at UVJ       
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 Ultrasonographic investigation may further 
provide information about the presence of  calculi, 
echogenic debris suggesting infection, and con-
dition of remaining renal units. 

 Voiding cystourethrography (VCUG) is per-
formed to assess for the presence of vesicoure-
teric refl ux and to further delineate the anatomy 
of the bladder and outlet. In cases with bilateral 
megaureter, any possible outlet obstruction or 
major bladder dysfunction must be excluded. 
In cases with high-grade refl ux, a meticulous 
investigation of drainage of ureter after voiding 
should be done to exclude the presence of an 
also obstructing segment. This obstructing dis-
tal segment can be envisioned when the refl ux 
of opaque material up into the collecting system 
or drainage of it back into the bladder is slow or 
compromised. 

 Functional studies will often be needed to get 
quantitative information about the function of each 
renal unit and to understand its dynamics. Diuretic 
renography is the most commonly used diagnostic 
tool to detect the severity and functional signifi -
cance of problems with urine transport. 99mTc-
MAG3 is the radionuclide of choice. It is important 
to perform the study under standardized circum-
stances (hydration, transurethral catheter) between 
the 4th and 6th weeks of life. Oral fl uid intake is 
encouraged prior to the examination. At 15 min 
before the injection of the radionuclide, it is man-
datory to administer normal saline intravenous 
infusion at a rate of 15 mL/kg over 30 min, with a 
subsequent maintenance rate of 4 mL/kg/h 
throughout the whole time of the investigation. 
The recommended dose of furosemide is 1 mg/kg 
for infants during the fi rst year of life, while 
0.5 mg/kg should be given to children aged 
1–16 years, up to a maximum dose of 40 mg [ 13 ]. 

 In cases in which anatomic defi nition is 
 anticipated, intravenous urography (IVU) can be 
used if renal function is good and the degree of 
obstruction to the affected renal unit is mild. As 
IVU has technical limitations for providing 
a good imaging in infants, currently magnetic 
resonance imaging (MRI) is the method of choice 
to defi ne the anatomic details. MRI can provide a 
three-dimensional depiction of the urinary col-
lecting system. The requirement for special soft-
ware to assess renal function accurately and the 
need for restraint, sedation, or general anesthesia 
limit its application in neonates and infants. 

 Despite the wide range of diagnostic tests, 
there is no single test that can accurately dis-
tinguish obstructive from nonobstructive cases. 
Therefore, serial studies will often be needed to 
understand the natural course of the disease and 
to understand if the condition is causing progres-
sive renal damage.  

10.5     Management 

 The management is mainly based on classifi ca-
tion. If the dilatation of the ureter is secondary to 
outlet obstruction, neurogenic bladder, uretero-
cele, or diabetes insipidus, the treatment for the 
primary cause should be employed. 

 For the remaining primary megaureters, it 
is essential to exclude the presence of refl ux. 
After refl ux is excluded, any form of impaired 
drainage of the megaureter that is causing pro-
gressive hydronephrosis, loss of renal function, 
or symptoms needs to be identifi ed and treated 
accordingly. All the rest should be followed up 
conservatively. 

 For the refl uxing group, the initial manage-
ment will also be conservative. If there are break-
through infections despite prophylaxis, 
intervention for refl ux should be considered. This 
may include less invasive procedures like endo-
scopic treatment, but eventually most symptom-
atic patients with refl uxing megaureters will 
require reimplantation of the ureter. 

 If the patients with nonrefl uxing megaureters 
are symptomatic (recurring UTI, pain, hematu-
ria), then surgical correction should be  considered 

   Table 10.1    The Society for Fetal Urology  hydronephrosis 
grading on ultrasonography   

 Grade I – Splitting of the renal sinus more than 10 mm 
 Grade II –  Splitting of the renal sinus more than 10 mm 

in an extrarenal or intrarenal pelvis not 
extending to the calyces 

 Grade III –  Dilatation extending into the calyces 
without cortical thinning 

 Grade IV –  Dilatation extending into the calyces with 
cortical thinning 
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at the fi rst place. The different surgical options 
will be discussed below. 

 In all other cases, presenting with prenatal US 
or with incidental imaging conservative manage-
ment is employed with periodic surveillance 
using US and functional studies. If a functional 
study reveals and confi rms adequate ureteral 
drainage, conservative management is the best 
option for megaureters. Initially, low-dose pro-
phylactic antibiotics within the fi rst year of life 
are recommended for the prevention of urinary 
tract infections, although the evidence for the use 
of this course of therapy is poor. 

 There have been a good number of studies, 
which looked at the results of conservative man-
agement. In a group of 67 patients with megaure-
ters who were followed up for a mean of 3.1 years, 
23 dilated ureters (34 %) spontaneously resolved, 
while 33 (49 %) persisted. Repair was performed 
on 11 megaureters (17 %) because of break-
through urinary infections in 3 and deteriorating 
renal function in 8 [ 14 ]. 

 In a retrospective evaluation of a total of 75 
patients (88 primary megaureters) followed for 
more than 6 months, 27 % required surgery up to 
7 years. Indications for surgery were obstructive 
hydroureteronephrosis, functional impairment, and 
persistent symptoms. Surgery was not indicated in 
82 % of primary megaureters with grades I or II 
hydronephrosis vs. 62.9 % of those with grade III 
or higher hydronephrosis. On multivariate analysis, 
age at presentation and washout pattern were sig-
nifi cant predictors of spontaneous resolution [ 15 ]. 

 In a prospective review of conservative man-
agement of primary   megaureters, 50 ureteric 
units in 44 patients (six bilateral) were studied. 
Children were classifi ed according to the lower 
ureteric diameter less than 10 mm vs. more than 
10 mm. Antenatal diagnosis was achieved 84 % 
in the fi rst and 58 % in the second group. In the 
fi rst group, 76 % resolved completely over a 
median duration of 60 (18–204) months. Yet in 
the second group, only 17 % resolved completely 
over a median duration of 102 (42–210) months. 
Two patients developed ureteric calculi, and three 
other (with progressive worsening of hydrone-
phrosis and debilitating infections) underwent 
ureteric tapering and reimplantation [ 16 ]. 

 Most cases of primary megaureter resolve 
spontaneously or improve without loss of func-
tion or development of symptoms. Cautious 
observation will let surgery to be delayed beyond 
infancy in most patients. Resolution rate, degree 
of resolution, and time to resolution are related 
to the type and time of presentation, the initial 
grade of hydronephrosis, washout patterns on 
renal scans, and degree of dilatation of the distal 
part of the ureter [ 14 ,  16 ,  17 ]. If the megaure-
ter remains stable without any progressive dila-
tation or loss in renal function, no intervention 
would be necessary. With spontaneous remission 
rates of up to 85 % in primary megaureter cases, 
surgical management is no longer recommended 
except for megaureters with recurrent urinary 
tract infections, deterioration in split renal func-
tion, and signifi cant obstruction. Long-term 
follow-up is recommended because symptoms 
can develop years later. Urinary tract infections, 
pain, and/or stone formation within the collect-
ing system may be the late presentations of this 
clinical problem. 

 When a surgical correction is required, there 
are a number of different approaches that one can 
take based on the clinical situation.  

10.6     Temporary Diversion 

 In an obstructed megaureter presenting with UTI 
and fever, percutaneous nephrostomy is helpful 
because rapid drainage is required. Yet this is a 
temporary measure, and especially in infants 
maintaining nephrostomy tubes is diffi cult for 
more than a few weeks. 

 When a prolonged drainage is required, diver-
sion of the ureter is the preferred choice in most 
young infants presenting with severely obstructed 
megaureters. This is an easy procedure with min-
imal morbidity. The ureter is approached using a 
2 cm inguinal incision of the affected side. 
Although the identifi cation of the ureter is usu-
ally quite easy because of its size, one should be 
cautious not to approach bowel by mistake as 
they look alike. A loop or an end ureterostomy is 
easy to perform, and decompression of the sys-
tem is quite fast following the procedure [ 18 ]. 
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The cutaneous ureterostomy could be undiverted 
later around 12–18 months of age. 

 Although external urinary diversion is a well- 
established temporizing measure in obstructed 
megaureters, there has been suggestion of some 
other innovative strategies for this condition. Lee 
et al. have suggested creation of a refl uxing reim-
plant of the obstructed megaureter to the dome of 
the bladder as a temporary internal diversion in 
a freely high-grade refl uxing fashion. This idea 
follows the principle that surgery can be safely 
deferred if vesicoureteral junction (VUJ) obstruc-
tion is exchanged for the less harmful VUR. They 
reported three cases, two of which benefi ted from 
the procedure. This advantage of this approach 
over a classical cutaneous ureterostomy is not 
clear, yet it could be a good option especially for 
bilateral cases as the cycling of the bladder could 
be maintained [ 19 ].  

10.7     Insertion of JJ Stent 
and Other Endoscopic 
Procedures 

 Another innovative strategy has been the inser-
tion of JJ stent across the UVJ. Compared to cre-
ating a refl uxing reimplant, this is potentially a 
minimally invasive alternative to achieve tempo-
rary internal drainage of obstructed megaureter. 
The aim in this approach is to ensure unimpaired 
fl ow across the UVJ while waiting for sponta-
neous maturation of the junction, to stretch the 
stenotic ureteral segment, and/or to decompress 
the system and thus to make subsequent urinary 
excretion pattern reliable. 

 In a study by Castagnetti et al., they inves-
tigated the results of JJ stent insertion in two 
neonates and eight infants with a ureter greater 
than 10 mm and an obstructive excretion pat-
tern. Open insertion was necessary in fi ve cases 
(50 %). Seven patients (70 %) developed stent- 
related complications (fi ve breakthrough urinary 
infections) requiring early stent removal in 2 
(20 %). Five patients (50 %) underwent surgery 
at a median age of 14 months (range 13–27). 
None required ureteral tapering. None experi-
enced any renal function loss with respect to the 

initial evaluation. They make the conclusion that 
although JJ stent insertion across the vesicoure-
teral junction allows for effective internal drain-
age of primary nonrefl uxing megaureters, there 
was high morbidity rate (70 %) and various tech-
nical drawbacks [ 20 ]. 

 In another study reviewing the results of JJ 
stenting for obstructed megaureters, Farrugia 
et al. looked at 16 infants with 19 obstructed 
megaureters who had been stented at a median 
age of 24 weeks for a median of 6 months. One- 
third of stents were inserted endoscopically. 
Drainage improved in ten ureters (56 %) follow-
ing stent removal, and they did not require any 
further surgery. However, morbidity occurred in 
one-third of patients, and function deteriorated 
after removal of stent in two patients who later 
required a nephrectomy [ 21 ]. 

 In another study looking at 31 patients (age 
range 2 months–15 years) and 38 renal units 
stented for obstructed megaureters, a resolution 
rate of 66 % and a complication rate of 22 % 
were reported [ 22 ]. 

 For obstructed megaureters, JJ placement 
seems to be a good option with a resolution rate 
of more than 50 %. Yet the technique is not well 
defi ned. Some has to be done by open surgery 
(30–50 %), which makes the procedure not so 
attractive. It is quite evident that if endoscopic 
insertion were not possible, a forceful dilata-
tion or incision of the ureteric orifi ce would be 
needed while stents are being placed during open 
surgery. There is no clear explanation of how 
stents are being inserted during open surgery in 
any report. Additionally there are no reports of 
refl ux evaluation on those patients in whom open 
insertion has been done. Therefore, it is not clear 
whether the resolution is due to JJ stent or due to 
the procedure employed during the open inser-
tion. For endoscopically placed ones, one may 
argue that actually the stenosis was not severe 
enough so JJ stent insertion was possible. Hence, 
the resolution may actually be due to the course 
of the disease rather than the effect of the stent. 

 The effi cacy rate of JJ stent insertion is about 
50 %, and how JJ stents are really effective is 
not well explained, and some of the resolution 
may actually be due to the natural course of the 
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problem. Therefore, the evidence about its effi -
cacy is weak. Also knowing the high associated 
morbidity of up to 20–70 %, one should be cau-
tious in selecting the patients for this procedure. 
This procedure may have a role in symptomatic 
infants with signifi cantly dilated megaureters 
with loss of function. However, one should be 
ready for high postoperative morbidity mainly 
breakthrough infections. 

 High-pressure balloon dilatation of the ure-
terovesical junction has also been studied in a 
total of 13 patients (median age 7 months, range 
4–24) with primary obstructive megaureter. Of 
these patients, eight were diagnosed prenatally, 
and the others were diagnosed after a urinary tract 
infection. Signifi cant postoperative improve-
ment of hydroureteronephrosis was observed in 
11 of 13 patients, and vesicoureteral refl ux was 
found in two. Only three patients needed ureteral 
reimplantation after endoscopic treatment due 
to hydroureteronephrosis in two and high-grade 
vesicoureteral refl ux in one [ 23 ]. 

 In a study by Christman et al., a relatively 
older patient group of 17 who were all older than 
1 year of age (mean age 7 years) underwent endo-
scopic management followed by double stenting. 
All patients underwent retrograde ureteropyelog-
raphy to start the procedure. In segments less 
than 2 cm, balloon dilation was performed, and 
for those 2–3 cm, laser incision was added. Of 
the patients, 12 had marked improvement of 
hydroureteronephrosis on renal and bladder 
ultrasound. The remaining fi ve patients had some 
improvement. All patients were followed for at 
least 2 years postoperatively and were noted to 
be symptom-free with stable imaging during the 
observation period [ 24 ]. 

 In another study, fi ve patients, aged between 6 
and 12 months, were treated with endoscopic 
high-pressure balloon dilatation. In all patients, 
preoperative renal ultrasonography showed a dis-
tal ureteral dilation of more than 15 mm and an 
obstructive pattern on renal scan. All the patients 
showed an improvement on postoperative follow-
 up without any evidence of obstruction/refl ux or 
any other complications [ 25 ]. 

 Endoscopic procedures including balloon dil-
atation and laser endoureterotomy have been 

shown to be effective in different patients groups. 
However, based on the information available, it is 
diffi cult to defi ne the group of patients who 
would benefi t most from such procedures. One 
should bear in mind that endoscopic procedures 
might have some technical drawbacks especially 
in younger children and with signifi cant stenosis 
of the UVJ where even a glide wire may some-
times be impossible to insert.  

10.8     Defi nitive Repair 

 It is well known that the majority of congenital 
megaureters may be managed conservatively. 
Indications for surgical intervention include 
symptoms such as febrile UTIs or pain, and in the 
asymptomatic patient, a DRF below 40 % associ-
ated with massive or progressive hydronephrosis, 
or a drop in differential function on serial reno-
grams. The defi nitive repair is reimplantation of 
the ureter with or without remodeling [ 26 – 29 ]. 

 The defi nitive repair should not be considered 
before 1 year of age as this procedure may be 
challenging in infancy and may be detrimental 
for future bladder function if done bilaterally. 
If intervention is needed earlier in the fi rst year 
of life, a form of temporary diversion (as dis-
cussed above) can be considered. The cutane-
ous diversion followed by defi nitive repair is the 
well- established method of choice. The innova-
tive approaches like refl uxing reimplant, JJ stent 
placement, and balloon dilatation should be con-
sidered as techniques that require further studies 
before being established options. 

 The basic aim of defi nitive treatment is to 
relieve obstruction, to gain normal drainage of the 
collecting system, to create a nonrefl uxing vesi-
coureteral reimplantation, and to preserve renal 
development without long-term complications. 

 The initial approach to the ureter can be either 
intravesical, extravesical, or combined. The inci-
sion is chosen to access the upper ureter, the 
lower ureter, or the entire ureter. Straightening 
the ureter is necessary without devascularization. 
Preservation of the ureteral blood supply, which 
arises from the aorta, renal artery, gonadal artery, 
and internal iliac artery, is crucial particularly if 
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undertaking extensive tailoring. If necessary, 
excision of the distal obstructive segment is 
employed. The ureter may need to be remodeled 
to a smaller diameter either by plication or taper-
ing. Ureteral remodeling should enhance urinary 
fl ow into the bladder by restoring normal peri-
stalsis with the reduction of ureteral luminal 
diameter. The ureter must be tapered to achieve a 
diameter for ensuring a nonrefl uxing tunnel 
length. Neocystostomy tunnel lengths of 4:1–6:1 
are recommended to prevent postoperative refl ux. 
Postoperative drains or splints for the ureters are 
used at the preference of the surgeon. 

 There have been an extensive number of 
reports with different surgical techniques. When 
one tries to make an analysis, it is apparent that 
there is a lot of heterogeneity in the patient pop-
ulations and the techniques employed in each 
paper. Thus, conclusive statements are not pos-
sible to make. Substantive differences are not 
statistically or clinically apparent. The type of 
remodeling excisional tapering or one of fold-
ing techniques can be used mainly based on sur-
geon’s choice and experience. Majority would 
choose to place a JJ stent in the reimplanted ure-
ter, which needs to be removed in the following 
weeks. In experienced hands, the success rates 
should be around 90 %. The success rates have 
been reported to be slightly higher with the fold-
ing group although none of the studies are con-
trolled [ 30 – 34 ,  35 – 37 ]. 

 The complications are not rare. The compli-
cations are not always due to a technical error 
but mostly to inherent characteristics of the ure-
ter and the bladder function. The most common 
complications would be persistent obstruction 
or refl ux. The obstruction can be due to edema 
early on and resolves in the follow-up. Persisting 
obstruction would be due to distal ureteral kink-
ing at the entry to the bladder or ureteral isch-
emia, which can only be corrected by secondary 
surgery. Ipsilateral refl ux occurs in 2–5 % of 
patients. If there is persisting refl ux, initial 
approach would be conservative, and surgical 
correction should be considered if only there are 
clinical problems in the follow-up due to refl ux 
[ 31 ,  36 ]. Contralateral refl ux occurs more often 
but mostly resolves over time. 

 There is a growing trend toward minimally 
invasive surgery and the application of improved 
laparoscopic and robotic techniques to megaure-
ter surgery as well [ 37 – 39 ]. Although they are 
not yet commonly established methods, there 
are centers, which report that robot-assisted 
reconstructive surgery of the distal ureter is fea-
sible and can be used without compromising the 
generally accepted principles of open surgical 
procedures.     

   References 

       1.    Caulk JR (1923) Megaloureter: the importance of the 
ureterovesical valve. J Urol 9:315  

    2.    Swenson O (1955) Congenital defects in the pelvic 
parasympathetic system. Arch Dis Child 30(149):1–7  

    3.    Hendren WH, Henderson BM (1969) Recent advances 
in pediatric surgery. Am J Surg 118(3):338–355  

    4.    Cussen LJ (1971) The morphology of congenital dila-
tation of the ureter: intrinsic ureteral lesions. Aust N Z 
J Surg 41(2):185–194  

    5.    Hellström M, Hjälmås K, Jacobsson B, Jodal U, Odén 
A (1985) Normal ureteral diameterin infancy and child-
hood. Acta Radiol Diagn (Stockh) 26(4):433–439  

    6.    King LR (1980) Megaloureter: defi nition, diagnosis 
and management. J Urol 123(2):222–223  

     7.    Hanna MK, Jeffs RD, Sturgess JM, Barkin M (1976) 
Ureteral structure and ultrastructure. Part II. Congenital 
ureteropelvic junction obstruction and primary 
obstructive megaureter. J Urol 116(6):725–730  

   8.    Gosling JA, Dixon JS (1978) Functional obstruction 
of the ureter and renal pelvis. A histological and elec-
tron microscopic study. Br J Urol 50(3):145–152  

    9.    Gee WF, Kiviat MD (1975) Ureteral response to par-
tial obstruction. Smooth muscle hyperplasia and con-
nective tissue proliferation. Invest Urol 12(4):
309–316  

    10.    Gearhart JP, Lee BR, Partin AW, Epstein JI, Gosling 
JA (1995) A quantitative histological evaluation of the 
dilated ureter of childhood. II: ectopia, posterior ure-
thral valves and the prune belly syndrome. J Urol 
153(1):172–176  

    11.    Lee BR, Silver RI, Partin AW, Epstein JI, Gearhart JP 
(1998) A quantitative histologic analysis of collagen 
subtypes: the primary obstructed and refl uxing mega-
ureter of childhood. Urology 51(5):820–823  

    12.    McLellan DL, Retik AB, Bauer SB, Diamond DA, 
Atala A, Mandell J, Lebowitz RL, Borer JG, Peters 
CA (2002) Rate and predictors of spontaneous resolu-
tion of prenatally diagnosed primary nonrefl uxing 
megaureter. J Urol 168(5):2177–2180  

     13.    O’Reilly P, Aurell M, Britton K et al (1996) Consensus 
on diuresis renography for investigating the dilated 
upper urinary tract. Radionuclides in Nephrourology 

S. Tekgul



117

Group. Consensus Committee on Diuresis 
Renography. J Nucl Med 37(11):1872–1876  

     14.    Liu HY, Dhillon HK, Yeung CK, Diamond DA, Duffy 
PG, Ransley PG (1994) Clinical outcome and man-
agement of prenatally diagnosed primary megaure-
ters. J Urol 152(2 Pt 2):614–617  

    15.    Di Renzo D, Aguiar L, Cascini V, Di Nicola M, 
McCarten KM, Ellsworth PI, Chiesa PL, Caldamone 
AA (2013) Long-term followup of primary nonrefl ux-
ing megaureter. J Urol 190(3):1021–1026  

     16.    Ranawaka R, Hennayake S (2013) Resolution of pri-
mary non-refl uxing megaureter: an observational 
study. J Pediatr Surg 48(2):380–383  

    17.    Baskin LS, Zderic SA, Snyder HM, Duckett JW 
(1994) Primary dilated megaureter: long-term fol-
lowup. J Urol 152(2 Pt 2):618–621  

    18.    Kitchens DM, DeFoor W, Minevich E, Reddy P, 
Polsky E, McGregor A, Sheldon C (2007) End cuta-
neous ureterostomy for the management of severe 
hydronephrosis. J Urol 177(4):1501–1504  

    19.    Lee SD, Akbal C, Kaefer M (2005) Refl uxing ureteral 
reimplant as temporary treatment of obstructive 
megaureter in neonate and infant. J Urol 173(4):1357–
1360; discussion 1360  

    20.    Castagnetti M, Cimador M, Sergio M, De Grazia E 
(2006) Double-J stent insertion across vesicoureteral 
junction – is it a valuable initial approach in neonates 
and infants with severe primary nonrefl uxing mega-
ureter? Urology 68(4):870–875; discussion 875–876  

    21.    Farrugia MK, Steinbrecher HA, Malone PS (2011) 
The utilization of stents in the management of pri-
mary obstructive megaureters requiring intervention 
before 1 year of age. J Pediatr Urol 7(2):198–202  

    22.    Carroll D, Chandran H, Joshi A, McCarthy LS, 
Parashar K (2010) Endoscopic placement of double-J 
ureteric stents in children as a treatment for primary 
obstructive megaureter. Urol Ann 2(3):114–118  

    23.    García-Aparicio L, Rodo J, Krauel L, Palazon P, 
Martin O, Ribó JM (2012) High pressure balloon dila-
tion of the ureterovesical junction – fi rst line approach 
to treat primary obstructive megaureter? J Urol 
187(5):1834–1838  

    24.    Christman MS, Kasturi S, Lambert SM, Kovell RC, 
Casale P (2012) Endoscopic management and the role 
of double stenting for primary obstructive megaure-
ters. J Urol 187(3):1018–1022. doi:  10.1016/j.
juro.2011.10.168    . Epub 2012 Jan 20  

    25.    Torino G, Collura G, Mele E, Garganese MC, Capozza 
N (2012) Severe primary obstructive megaureter in the 
fi rst year of life: preliminary experience with endo-
scopic balloon dilation. J Endourol 26(4):325–329  

    26.      Tekgül S, Riedmiller H, Hoebeke P, Kočvara R, 
Nijman RJ, Radmayr C, Stein R, Dogan HS (2013) 
European Association of Urology guidelines edition; 
guidelines on Paediatric Urology.   www.uroweb.org/
gls/pdf/21_Paediatric_Urology_LR_August2012.pdf       

   27.    Keating MA, Escala J, Snyder HM III et al (1989) 
Changing concepts in management of primary 
obstructive megaureter. J Urol 142(2 Pt 2):636–640; 
discussion 667–668  

   28.    Shokeir AA, Nijman RJ (2000) Primary megaureter: 
current trends in diagnosis and treatment. BJU Int 
86(7):861–868  

    29.       Farrugia MK, Hitchcock R, Radford A, Burki T, Robb 
A, Murphy F, On behalf of the British Association of 
Paediatric Urologists (BAPU) (2013) British 
Association of Paediatric Urologists consensus state-
ment on the management of the primary obstructive 
megaureter. J Pediatr Urol 10(1):26–33  

    30.    DeFoor W, Minevich E, Reddy P et al (2004) Results 
of tapered ureteral reimplantation for primary mega-
ureter: extravesical versus intravesical approach. 
J Urol 172(4 Pt 2):1640–1643; discussion 1643  

    31.    Hendren WH (1969) Operative repair of megaureter 
in children. J Urol 101:491  

   32.    Hanna MK (1979) New surgical method for one stage 
total ureteral remodeling of massively dilated and tortu-
ous ureter: tapering in situ technique. Urology 14:453  

   33.    Wacksman J, Gilbert A, Sheldon CA (1992) Results 
of the renewed extravesical reimplant for surgical cor-
rection of vesicoureteral refl ux. J Urol 148(2 Pt 1):
359–361  

    34.    Hanna MK (1982) Recent advances and further expe-
rience with surgical techniques for one stage total 
remodeling of massively dilated ureters. Urology 
19:495  

    35.    Kalicinski ZH, Kansy K, Kotarbinska B et al (1977) 
Surgery of megaureters-modifi cation of Hendren’s 
operation. J Pediatr Surg 12:183  

    36.    Ehrlich RM (1985) The ureteral folding technique for 
megaureter surgery. J Urol 134:668  

     37.    Musch M, Hohenhorst L, Pailliart A, Loewen H, 
Davoudi Y, Kroepfl  D (2013) Robot-assisted recon-
structive surgery of the distal ureter: single institution 
experience in 16 patients. BJU Int 111(5):773–783  

   38.    Goh AC, Link RE (2011) Robot-assisted tapered ure-
teral reimplantation for congenital megaureter. 
Urology 77(3):742–745  

    39.    Hemal AK, Nayyar R, Rao R (2009) Robotic repair of 
primary symptomatic obstructive megaureter with 
intracorporeal or extracorporeal ureteric tapering and 
ureteroneocystostomy. J Endourol 23(12):2041–2046      

10 Ureterovesical Junction Obstruction

http://dx.doi.org/10.1016/j.juro.2011.10.168
http://dx.doi.org/10.1016/j.juro.2011.10.168
www.uroweb.org/gls/pdf/21_Paediatric_Urology_LR_August2012.pdf
www.uroweb.org/gls/pdf/21_Paediatric_Urology_LR_August2012.pdf


119M. Lima, G. Manzoni (eds.), Pediatric Urology: Contemporary Strategies from Fetal Life to Adolescence,
DOI 10.1007/978-88-470-5693-0_11, © Springer-Verlag Italia 2015

11.1            Introduction 

 A duplex kidney refers to a kidney with two pel-
vicalyceal systems, generally referred to as upper 
and lower poles. The upper pole normally 
accounts for one third of the kidney, whereas the 
lower one for the remaining two thirds. Duplex 
systems occur in 0.8 % of cases in autoptic stud-
ies [ 1 ]. Anatomically, duplex systems can be 
incomplete (bifi d pelvis or ureter) or complete. 
The former are four to fi ve times more common 
than the latter. 

 From a clinical standpoint, ureteral duplica-
tions can be differentiated into uncomplicated 
and complicated. The former include duplex 
systems without any associated urinary tract 
dilatations. They never require treatment and 
often go undiagnosed for the whole life. In 
contrast, complicated ureteral duplications are 
duplex systems associated with other urological 
anomalies. Ureteral ectopia and ureterocele are 
the most common conditions associated with the 
upper pole of a duplex system, whereas primary 

 vesicoureteral refl ux (VUR) and ureteropelvic 
junction obstruction (UPJO) with the lower pole 
[ 2 ]. Upper pole UPJO and primary upper pole 
VUR are exceedingly rare for anatomical and 
embryological reasons. Complicated duplex sys-
tem will be the focus of this chapter.  

11.2     Presentation 

 Complicated duplex system anomalies can pres-
ent either as an antenatally diagnosed asymp-
tomatic hydronephrosis (HN) or with symptoms. 
In most of the cases diagnosed antenatally, the 
diagnosis is just of HN, as the presence of a 
dilated ureter (i.e., of hydroureteronephrosis, 
HUN) or of a ureterocele within the bladder are 
commonly overlooked on prenatal scans [ 3 ]. 
Postnatally, febrile urinary tract infections 
(UTIs) are instead the most common presenting 
symptoms. UTI occurs more commonly when a 
VUR is associated with the condition in any of 
the moieties but can occur also in patients with 
nonrefl uxing HUN, as the infection is favored 
by the increased urinary stasis in a severely 
dilated urinary system and the extension of the 
dilated urinary reservoir to the bladder makes 
urinary contamination easier [ 4 ,  5 ]. Risk of 
infection might be higher in case of ureterocele, 
although it is still unclear whether this is due to 
the ureterocele itself or to the fact that VUR is 
often associated [ 5 ]. The risk of UTI is instead 
limited in patients with HN without any 
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 associated ureteral dilatation [ 5 ]. Finally, uri-
nary incontinence is a rare but specifi c com-
plaint in females with an ectopic ureter opening 
distally to the bladder neck. Such incontinence 
can be typically a nocturnal dribbling of urine 
with daytime continence [ 6 ].  

11.3     Neonatal Management 

 The only reason prompting a surgical procedure 
in an infant with a complicated duplex system 
before accomplishment of a comprehensive 
workup is the presence of symptoms not ame-
nable to medical treatment and posing a risk 
for the patient health, such as febrile UTI unre-
sponsive to antibiotic treatment [ 7 ]. Otherwise, 
a complete workup should be accomplished 
before embarking on any surgical procedures 
[ 7 ]. We recommend starting the patient on anti-
biotic prophylaxis in case of ureteral dilatation in 
any moiety [ 4 ,  5 ]. In this way, the risk of febrile 
UTI seems comparable to that of patients under-
going early surgical treatment. Consistently, in 
patients with duplex system ureterocele (DSU), 
Husmann et al. observed the same infection rates 
at 6 months of age in 32 patients undergoing 
neonatal endoscopic decompression (infection 
rate 9 %) and 40 receiving antibiotic prophylaxis 
from birth (infection rate 8 %) [ 8 ]. In adjunct, 
a short cycle of antibiotic treatment should also 
be considered in case of diagnostic procedures 
requiring catheterization [ 5 ].  

11.4     Workup 

 Basic diagnostic workup in patients with a com-
plicated duplex system should generally include 
ultrasound scan (US) of the upper urinary tract 
and bladder and a renal nuclear scintigraphy. 
A voiding cystourethrography (VCUG) should 
be considered if a dilated ureter is visible on 
US. Additional imaging may be useful when ana-
tomical information is still deemed necessary at 
the end of the basic workup. 

 The US of the urinary tract is generally the 
fi rst investigation. In cases with a prenatally 

detected HN, it should be performed 5–7 days 
after birth to confi rm the diagnosis. The US 
should defi ne the laterality of the condition and 
identify the moieties that are dilated; the degree 
of the dilatation, whether or not ureteral dilata-
tion is associated; and the aspect of the bladder 
including the presence of a ureterocele. In some 
cases of ureteral ectopia, the US can show the 
dilated ureter going distally to the trigone and 
below the bladder neck. Attention should be paid 
to the degree of bladder fullness during the exam, 
as ureteroceles can collapse and be overlooked in 
a full bladder. The size of the ureterocele and the 
thickness of the ureterocele wall are also impor-
tant factors, as big or thick-walled ureteroceles 
might be more diffi cult to decompress and require 
more aggressive treatment, as detailed below. 

 VCUG should always follow but in case of 
isolated HN with no visible ureter, which essen-
tially correspond to a suspicion of lower pole 
UPJO [ 9 ]. In order to rule out the presence of 
a ureterocele, a picture should be taken after 
injection of few cc of contrast into the bladder, 
at low- volume bladder fi lling, to prevent uretero-
cele collapse. In patients with ureterocele, VUR 
in the lower pole moiety is a common fi nding 
(Fig.  11.1a ). Images taken during micturition 
can show the ureterocele sliding into the urethra 
potentially causing bladder outlet obstruction 
(BOO) (Fig.  11.1b ). In patients with an ectopic 
ureter at the bladder neck, it is not unusual that 
the catheter inserted in the urethra for the VCUG 
instead of entering the bladder goes straight into 
the ectopic ureter. The injection of contrast actu-
ally results in a retrograde pyelography of the 
upper pole moiety (Fig.  11.2a ). If the catheter 
goes into the bladder instead, the most common 
fi nding is an upper pole refl ux when the bladder 
neck opens (Fig.  11.2b ). Clinically, this situation 
is quite unfavorable, as the urine refl uxing dur-
ing micturition tends to remain trapped into the 
upper tract when the bladder neck is closed and 
this predisposes to the development of UTI.

    Finally, an assessment of moiety function 
should be achieved by nuclear scintigraphy. 
The dynamic (99 m)Tc-mercaptoacetyltriglycine 
(MAG3) scintigraphy and the static (99 m)
Tc-dimercaptosuccinic acid (DMSA)  scintigraphy 
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a b

  Fig. 11.1    ( a ) Ureterocele ( arrows ) with associated ipsilateral lower pole refl ux; ( b ) ureterocele ( arrows ) sliding into 
the posterior urethra during micturition       

a b

  Fig. 11.2    Upper pole ectopic ureter: ( a ) retrograde pyelography of the ectopic moiety; ( b ) upper pole refl ux during 
bladder neck opening       
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are the alternative methods. The MAG3 has the 
putative advantage to allow for simultaneous 
assessment of cortical function and upper tract 
drainage; the DMSA possibly allows for a more 
accurate assessment of moiety function. In our 
practice, we favor the MAG3 scan in almost all 
the cases for two reasons. First, evidence suggests 
that the cortical images are not signifi cantly dif-
ferent between the two tests [ 10 ]. Furthermore, 
the information necessary for the decision- 
making is not the assessment of cortical pyelo-
nephritic scars, but the gross presence of any 
function in the moiety or its complete absence 
thereof. Second, the visualization of the urinary 
tract may help drawing the regions of interest 
pertaining to each moiety, thereby allowing for a 
somewhat more accurate assessment of the func-
tional contribution of each moiety. Patients with 
primary lower pole VUR are the only exception, 
in our practice. Under these circumstances, we 
prefer using a DMSA scan for more careful search 
for  parenchymal scars. We recommend, however, 

a MAG3 scan also in patients with VUR, if any 
trapping of contrast in the upper tract is seen on 
the VCUG, in order to rule out any concomitant 
obstruction that might contraindicate the injection 
of bulking agent as treatment of refl ux, should 
recurrent febrile UTI occur. 

 Additional imaging can at time be useful to 
better defi ne the anatomy of the condition. An 
example is the case of a massive nonrefl uxing 
dilatation of both ipsilateral moieties, upper and 
lower one (Fig.  11.3 ), or if there is an apparent 
incongruence among the tests used for basic 
assessment, e.g., a dilated ureter is seen on US 
but no ureter is visible on the MAG3 scan. Under 
these circumstances, a uro-magnetic resonance 
imaging (MRI) is our investigation of choice. 
Since this investigation allows for simultaneous 
optimal anatomical defi nition and functional 
assessment, some centers have proposed its use 
as the fi rst-line investigation [ 11 ]. In our opin-
ion, however, it is a too expensive tool to be used 
for this purpose. Moreover, it requires deep 

a b

  Fig. 11.3    Uro-MRI in a patient with ultrasound evidence 
of a duplex system with nonrefl uxing dilatation of both 
ipsilateral moieties. ( a ) Coronal view showing the two 

dilated ureters; ( b ) transverse view showing the lower 
pole ureter opening into the upper pole one ( arrow ) and 
the latter ectopic at the bladder neck (within the  circle )       
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sedation in some patients, and if a watchful wait-
ing attitude is elected and the same investigation 
needs to be repeated several times during follow-
up, these issues represent each time. In selected 
patients, when the indication for surgery is 
already clear after basic workup but a more 
accurate anatomical defi nition is deemed suit-
able for the choice of the surgical strategy, a ret-
rograde pyelography to be performed at the 
beginning of the surgical repair can replace the 
uro-MRI.

11.5        Management 

11.5.1     Lower Pole Conditions 

 In our practice, management of lower pole condi-
tions does not differ essentially from the corre-
sponding condition in a single system. 

11.5.1.1     Lower Pole VUR 
 Although the chance for spontaneous resolution 
of primary lower pole VUR is lower than the 
same condition in a single system, in our opinion 
the fi rst-line treatment remains watchful waiting 
with the adjunct of prolonged antibiotic prophy-
laxis in case of dilating refl ux. 

 We offer surgical treatment to cases devel-
oping breakthrough febrile UTI or febrile UTI 
after discontinuation of prophylaxis. The lat-
ter is normally recommended in our practice 
6 months after achievement of daytime conti-
nence. Endoscopic injection of a bulking agent in 
the lower pole ureter is our fi rst treatment option 
irrespective of lower pole function. Effectiveness 
of endoscopic injection has much improved 
with the development of the technique of intra-
ureteral injection after hydrodistention of the 
ureteral orifi ce, hydrodistention injection tech-
nique (HIT) [ 12 ]. In our practice, we consider 
successful any treatment that is not followed by 
recurrent febrile UTI. If symptoms do not recur, 
we do not even recommend a follow-up VCUG. 
If symptoms recur and the lower pole function is 
worth preserving, the endoscopic treatment can 
be repeated. Lower pole partial nephrectomy, 
instead, is offered to patients with a no/poorly 
functioning lower pole, if endoscopic treatment 

fails, i.e., in case of recurrent febrile UTI. Under 
these circumstances, we do not perform a com-
plete ureterectomy, but rather resect the ureter 
at the level of the anterosuperior iliac spine and 
suture close. Massive endoscopic injection of 
the orifi ce draining the stump of the lower pole 
ureter can be considered at the time of surgery 
in order to minimize the risk of leaving a refl ux-
ing ureteral stump behind or can be offered later 
on in the rare event of symptoms (ureteral stump 
syndrome).  

11.5.1.2     Lower Pole Ureteroelvic 
Junction Obstruction 

 In our practice, treatment is generally recom-
mended in case of signifi cant dilatation with 
parenchymal thinning, abnormal parenchymal 
uptake on the diuretic renography, or severely 
obstructive drainage pattern on the diuretic 
renography. In general, our attitude is slightly 
more aggressive in these patients than in those 
with UPJO in single systems, for two reasons. 
First, no specifi c cutoffs for differential renal 
function or for changes in differential renal 
function can be used, as the dilatation affects 
only a portion of the kidney and the borders of 
the lower pole cannot be neatly defi ned. Second, 
the underlying abnormality is less likely to 
improve spontaneously than in ordinary cases 
in single systems. If patients are anyway elected 
for watchful waiting, we do not recommend 
any antibiotic prophylaxis. An extrinsic 
obstruction due to abnormal vessels is common 
in patients with lower pole UPJO [ 13 ]. The 
most common cause of intrinsic obstruction is 
instead a ureteropelvic junction abnormality 
with a thin, dysplastic proximal ureteral seg-
ment joining in a Y fashion the upper pole ure-
ter generally few mm below the ureteropelvic 
junction. Under these circumstances an end-to-
lateral pyeloureteral anastomosis between the 
lower pole pelvis and the upper pole ureter can 
be the option [ 14 ].   

11.5.2     Upper Pole Conditions 

 Upper pole conditions essentially include the 
upper pole ectopic ureter and the DSU. 
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11.5.2.1    Upper Pole Ectopic Ureter 
 Upper pole ectopic ureters generally open medi-
ally and distally to the lower pole one, which ori-
fi ce is consistently located within the bladder. The 
most common form of ectopia is at the bladder 
neck, but ectopic ureters can also open in the 
vagina in females and in the genital tract in males. 
No investigation allows for an accurate identifi ca-
tion of the site of opening of an ectopic ureter pre-
operatively, and the only reliable tool for an 
accurate identifi cation is endoscopy. Nevertheless, 
also endoscopy can fail visualizing the ectopic 
orifi ce if it is stenotic, if it opens in the genital 
tract in males, or if it is located within the folds of 
the vaginal mucosa. Upper pole partial nephrec-
tomy is the most common approach for upper pole 
ectopic ureters, based on the assumption that the 
upper pole is often dysplastic and poorly function-
ing [ 15 ,  16 ]. The degree of upper pole dysplasia is 
generally considered to directly correlate to the 
degree of ectopia; the more ectopic is the ureteral 
orifi ce, the more dysplastic the upper pole paren-
chyma [ 17 ]. Nevertheless, we performed pathol-
ogy studies on specimens removed during upper 
pole partial nephrectomies and found that the his-
tology of such specimens was more consistent 
with hypoplasia than dysplasia, i.e., we observed 
fewer nephrons than in normal cases, but other-
wise normal [ 18 ]. Interestingly enough, these 
fi ndings were not strictly correlated to the degree 
of ureteral ectopia [ 18 ]. This is consistent with 
the clinical observation that some upper poles are 

big on US and show reasonable function on renal 
scintigraphy (Fig.  11.4 ). Under these circum-
stances, reconstructive nephron- sparing surgery is 
appealing [ 18 – 20 ]. Options include diversion of 
the urinary stream from the upper moiety into the 
lower one or ureteral reimplantation [ 19 – 21 ]. If 
the latter is elected, an intravesical reimplantation 
is generally recommended and the two ipsilateral 
ureters are reimplanted en bloc based on the 
assumption that they cannot be separated as they 
share a common vascular supply. Nevertheless, 
over the recent past, in cases with a dilated upper 
pole ureter, we have started performing an extra-
vesical, dismembered reimplantation of the ecto-
pic ureter, as described below [ 22 ].

   An endoscopy is performed to begin with in 
order to confi rm the diagnosis, possibly determine 
the location of the ectopic ureter, and stenting 
the ureter in order to make subsequent dissection 
easier. In general, we prefer placing a 4 or 5 Fr 
ureteral stent in the lower pole ureter since this is 
the most diffi cult to identify during the dissection 
and the one that requires more careful handling. 
Afterwards, via a Pfannenstiel incision, the ureters 
on the affected side are identifi ed above the blad-
der (Fig.  11.5a ). At this level, the upper pole ure-
ter is sectioned and the distal stump going behind 
the bladder is suture closed and abandoned. This 
avoids performing any dissection of the retro-
vesical space, which can harm peripheral bladder 
innervation, and allows  leaving untouched the dis-
tal ureteral portion where the upper and the lower 

a b c

  Fig. 11.4    Scintigraphic appearance of a large upper pole with preserved function (Reprinted from Castagnetti et al. 
[ 22 ] with permission from Elsevier)       
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pole ureters are most tightly adjacent. The required 
dissection is indeed not much different from that 
performed during ureteroureterostomy [ 15 ,  19 ] 
or refl uxing ureteral reimplantation [ 23 ], two 
approaches that have recently been re-proposed 
as viable and easy procedures for similar cases. 
The ureteral length necessary for reimplantation is 
then obtained by proximal dissection of the upper 
pole ureter in the retroperitoneum with subsequent 
ureteral straightening (Fig.  11.5b ). In general, 
these dilated ureters have quite a thick wall and 
the intramural vasculature makes them resistant to 
such a dissection. If necessary, the ureter can be 
tapered over a 12 Fr feeding tube. We recom-
mend using an infolding technique (Starr plica-
tion) rather than an excisional tapering (Hendren 
tailoring) to prevent any ischemic injury to the 
dissected ureter. Finally, an extramucosal detru-
sorotomy is performed and the ureter reimplanted 
using an extravesical technique (Fig.  11.5c ).

11.5.2.2       Duplex System Ureterocele 
(DSU) 

 DSU is the most complex condition associated 
with the upper pole of a duplex system and the 
main reason for such complexity is that it is no 
way just a ureteral pathology [ 7 ]. The ureterocele 
is located in the trigone and its presence can alter 
the function of the whole bladder particularly in 
duplex systems, where the trigone development is 
already partly abnormal due to the presence of two 
ipsilateral ureters [ 7 ,  24 ,  25 ]. The ureterocele can 
cause refl ux or obstruction in the lower pole ipsi-
lateral moiety and/or in the contralateral one(s). 
Moreover, the vast majority of ureteroceles in 
duplex systems extend into the bladder neck or 
posterior urethra, i.e., are ectopic. As such, they 
can cause BOO [ 7 ,  8 ]. After decompression, the 
portion of the bladder corresponding to the ure-
terocele results in an acontractile area, and this 
has two possible effects on bladder function. 

a

c

b

  Fig. 11.5    Steps of dismembered extravesical reimplanta-
tion of a duplex system ectopic ureter. ( a ) dissection of 
upper pole and lower pole ( white arrow ) ipsilateral ureters 
together; ( b ) separation of the two ureters (the  white 

arrows  point to the lower pole ureter); ( c ) detrusortomy 
( asterisk ) for extravesical reimplantation. For more details 
see text. (Reprinted from Castagnetti et al. [ 22 ] with per-
mission from Elsevier)       
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It can alter detrusor contractility thereby leading 
to the development of large and poorly contractile 
bladders and, in ectopic ureteroceles, can act as 
a defect in the bladder neck potentially causing 
stress urinary incontinence [ 26 ,  27 ]. 

 A complete anatomical repair of a DSU, par-
ticularly if ectopic, would involve ureterocele 
excision, reconstruction of the bladder base and 
neck, reimplantation of the lower pole ipsilateral 
ureter, and upper pole partial nephrectomy of the 
ureterocele moiety (if nonfunctioning). This is a 
feasible procedure in experienced hands, but 
remains formidable particularly in infancy [ 28 ]. 
Beganović et al. reported the largest long-term 
series of patients undergoing this procedure and 
showed persistent VUR in 13 % of cases and a 
secondary surgery rate of 36 % [ 29 ]. Moreover, it 
is of note that only two cases of stress urinary 
incontinence were reported in a large multicenter 
survey of continence problems in ureterocele 
patients who did not underwent lower urinary 
tract reconstruction as primary approach and nei-
ther resolved after bladder neck reconstruction. 
Therefore, stress urinary incontinence seems an 
exceptional phenomenon irrespective of primary 
approach and bladder neck reconstruction seems 
ineffective to fi x it [ 27 ]. 

 It is not surprising that historically surgeons 
have looked for easier alternative strategies to 
treat the condition. All these procedures rely 
on the decompression of the dilated ureterocele 
moiety rather than on the recreation of a normal 
anatomy. Decompression of the ureterocele moi-
ety can be achieved in two ways. One is from 
the upper tract diverting the urinary stream from 
the upper into the lower pole via a high pyelo- 
pyelostomy or a lower ureteroureterostomy or 
most commonly (70 % of cases reported in the 
literature) removing the upper pole draining into 
the ureterocele [ 19 ,  20 ,  30 ,  31 ]. The second way 
to achieve ureterocele decompression is from the 
bladder opening somehow the ureterocele endo-
scopically [ 32 ]. Putative drawbacks of either 
approach include that they leave the muscular 
defect due to the ureterocele, have unpredict-
able consequences on the obstruction/refl ux in 
the other moieties, and, in case of the endoscopic 
procedure, may possibly cause a de novo refl ux in 

the punctured or incised ureterocele  moiety [ 7 ]. 
In the following paragraphs, we will review the 
evidence about these points. 

   Endoscopic Decompression 
 The term endoscopic decompression includes a 
number of different procedures performed with 
different instruments [ 33 ]. The latter include 
Bugbee electrodes, stylet wires of ureteral cathe-
ters, Collin knives, and laser [ 33 ]. The uretero-
cele can either be punctured or incised. One 
major variation among the techniques for endo-
scopic decompression concerns the management 
of the ureterocele portion extending into the ure-
thra in ectopic cases. Early reports suggested that 
this portion should be opened frankly in order to 
prevent any BOO [ 34 ]. Later on, it has become 
clear that once the ureterocele is decompressed, 
BOO is rare, and opening of the urethral portion 
of the ureterocele only increases the risk to end 
up with a de novo VUR into the ureterocele 
 moiety [ 24 ,  35 ]. 

 Many studies claimed that endoscopic treat-
ment is seldom a defi nitive procedure, and ure-
terocele ectopic location and the number of 
moieties at jeopardy, i.e., with obstruction or VUR 
at presentation, were identifi ed as the two major 
factors predicting a failure of the endoscopic 
treatment [ 36 ,  37 ]. Initial combined experience 
from Padua and Philadelphia corroborated these 
conclusions. Consistently, a fi rst report quoted a 
secondary surgery rate of 27 % [ 34 ], which rose to 
41 % after extended follow-up [ 37 ]. Additional 
surgery was required in 18 % of intravesical ure-
teroceles vs. 64 % of the ectopic ones [ 37 ]. 
Despite their merits, these reports were fraught 
with some limitations. To begin with, infants and 
older children were mixed up, as well as cases of 
single system and duplex system ureterocele. 
Second, a different incision technique was used in 
the two kinds of ureteroceles and ectopic uretero-
celes were frankly opened, as described above. It 
is noteworthy that later on both groups indepen-
dently reported comparable success rates in 
patients undergoing the same endoscopic tech-
nique for decompression irrespective of uretero-
cele location [ 24 ,  35 ,  38 ]. This conclusion is also 
supported by a recent meta- analysis, which 
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showed that ureterocele ectopia does not represent 
a signifi cant additional risk factor for failure of 
endoscopic decompression in patients with a 
duplex system [ 25 ]. Therefore, we now recom-
mend an incision at the junction between the ure-
terocele and the bladder wall irrespective of 
ureterocele location. This creates a fl ap mecha-
nism that prevents the development of refl ux after 
decompression [ 39 ]. Creation of a small opening 
seems another crucial factor to prevent refl ux, 
although this also increases the risk for the proce-
dure to fail decompressing the ureterocele satis-
factorily, as discussed below [ 24 ,  38 ]. 

 Another major bias affecting early studies 
regarded the indications for secondary surgery. 
The latter was recommended in case of lack of 
function improvement in the upper pole or of per-
sistent/de novo VUR in any moiety after endo-
scopic decompression. Over time, it has become 
evident that poorly or even nonfunctioning upper 
poles can be left in situ, if properly decompressed, 
and that VUR can resolve or be left alone [ 40 ]. 
Besides, in those cases with symptomatic VUR, 
the endoscopic treatment can fi x the problem 
allowing for an “all endo” treatment [ 7 ,  41 – 43 ]. 
Taking that in mind, we reviewed the results in 
a series of patients treated in Padua between 
2003 and 2010 [ 38 ]. In these patients the same 
endoscopic incision was performed, and the only 
indications for additional surgery included either 
the presence of symptoms or the persistence of 
severe dilatation. The secondary surgery rate 
dramatically dropped compared with previous 
series. Only 5 % of patients required additional 
bladder reconstruction because of symptoms 
once effective ureterocele decompression was 
achieved. The most common complication and 
reason for additional surgery was instead a fail-
ure to achieve effective decompression of the 
ureterocele moiety (22 % of cases), perhaps due 
to the fact that we always performed tiny holes 
into the ureterocele. Finally, we did not observe 
any case of urinary incontinence.  

   Upper Tract Approach 
 Despite our preference for the endoscopic decom-
pression, we have not fully abandoned other 
treatment modalities such as the upper tract 

approach. Historically, controlled studies by 
Hussmann et al. suggested that this approach is 
signifi cantly more effective than endoscopic 
decompression in patients with ectopic DSU and 
no associated VUR [ 44 ]. Under these conditions, 
it was reported to be defi nitive treatment in 80 % 
of cases [ 44 ]. More recently, the procedure has 
gained renewed interest due to the spread of min-
imally invasive surgery, but this approach can be 
formidable in infants where it carries the risk of 
lower pole injury and loss [ 45 ]. In our practice, 
we selectively offer an upper pole partial nephrec-
tomy to ureterocele patients with severe upper 
tract dilatation and/or huge ureteroceles, if the 
function of the upper pole is negligible, or as sec-
ondary surgery if endoscopic decompression 
fails [ 38 ]. Admittedly, our defi nition of severe 
dilatation and huge ureterocele is indeed quite 
subjective and diffi cult to standardize.  

   Conservative Management of DSU 
 Finally, conservative management has recently 
emerged as an option in selected DSU patients. 
This approach was initially proposed in asymp-
tomatic patients diagnosed antenatally [ 46 ]. 
Subsequently, its use was extended also to 
patients diagnosed after a UTI [ 47 ]. Studies have 
tried to identify the criteria to select the most 
suitable patients for conservative management. 
All the published series agree that this approach 
should be avoided in patients with evidence of 
BOO, severe HUN, or high-grade VUR, as these 
are risk factors for recurrent UTI if the system is 
not decompressed [ 47 ,  48 ]. Coplen and Austin 
also recommended the conservative management 
to be limited to patients with multicystic dyspla-
sia in the upper pole [ 49 ], in keeping with the 
principle that a completely unimpaired drainage 
is preferable to preserve function. Other authors, 
instead, proposed that this approach could be 
pursued in cases where adequate upper tract 
drainage could be documented on diuretic renog-
raphy, irrespective of ureterocele moiety function 
[ 47 ]. This is also our attitude and it is based on 
the assumption that the main aim of endoscopic 
decompression is to improve upper tract drain-
age; therefore, if good drainage is present, no 
additional procedure is necessary. 
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 In infants elected for conservative treatment, 
antibiotic prophylaxis is generally recommended. 
Protocols are quite variable. Direnna and Leonard 
administered prophylaxis for a mean of 1.5 years 
[ 48 ]; Coplen and Austin until resolution of VUR 
or completion of toilet training [ 48 ]; and Shankar 
et al., fi nally, until age 5 years in cases with per-
sisting VUR [ 46 ].     

    Conclusion 

 Surgery during the fi rst months of life is sel-
dom necessary in patients with a complicated 
duplex system. We recommend asymptomatic 
infants to be started on antibiotic prophylaxis 
and to undergo a basic workup including a 
combination of ultrasound scan of the urinary 
tract, voiding cystourethrography, and diuretic 
renography. Additional imaging can be used 
on a case basis. Management of lower pole 
conditions does not differ essentially from the 
corresponding condition in a single system. In 
case of ectopic ureters, we favor a dismem-
bered extravesical reimplantation of the upper 
pole ureter. In case of ureterocele, conserva-
tive management is an option in selected cases. 
Otherwise, endoscopic decompression is gen-
erally our fi rst choice, but in patients with 
big ureteroceles, severe upper tract hydroure-
teronephrosis, and poor upper pole function, 
upper pole partial nephrectomy seems more 
effective. In our experience, irrespective of 
the primary approach, once effective decom-
pression is achieved, recurrent febrile urinary 
tract infections are rare, and so is the need for 
further surgical procedures. Incontinence is an 
exceedingly rare outcome.     
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12.1            Introduction: What Are 
We Talking About? 

  Vesicoureteral refl ux  ( VUR ) remains one of the 
most controversial issues in pediatric urology. 
Several reasons can explain this confusion. The 
fi rst one is the fl ooding of contradictory data 
found in literature with almost 9,000 hits on 
MEDLINE. As Sir Graham Hills (principal of 
the University of Strathclyde) said: “… too much 
knowledge generates hypotheses and theories 
not always rooted in reality” (the knowledge 
disease). The second reason is that modern med-
icine is locked in the evidence-based methodol-
ogy which undermines individual experience 
and desperately tries to quantify and standard-
ize situations which are beyond mathematical 
logic and protocols. Medicine is one of the fi elds 
where several answers can be given to one ques-
tion, sometimes completely opposite although 
perfectly valid. The third reason is that the term 
VUR covers two entirely different entities: (1) 
“refl ux disease” which is an abnormal construc-
tion of the urinary tract and more precisely of 
the ureterovesical junction and (2) the “refl ux 
symptom” which is the visible part of the ice-
berg as it is the consequence of a lower urinary 

tract  dysfunction (Table  12.1 ). “Refl ux disease” 
is far more common in boys, often detected on 
prenatal ultrasound which shows dilated ureters. 
Cystography confi rms a high-grade VUR (grades 
IV–V) and isotope studies commonly show an 
abnormal renal parenchyma. The resolution rate 
is low and surgery is often the recommended 
treatment. “Refl ux disease” is rare and paradoxi-
cally more commonly taught at university than 
“refl ux symptom” which is far more common and 
often misunderstood by doctors. This latter type 
of VUR is usually found during infancy in girls 
after recurrent  urinary tract infections  ( UTIs ). 
Ultrasound scans are usually normal as well as 
isotope studies. Cystography shows low-grade 
VUR (I–III). The resolution rate is high often 
accelerated by bladder training. Fig.  12.1  shows 
the various actors hidden behind these two types 
of VUR.
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   Table 12.1    VUR covers two different entities   

 VUR “disease”  VUR “symptom” 

 Sex  Boy  Girl 
 Age  Newborn/Infant  Child 
 Presentation  Antenatal  UTI 
 U/S scan  Dilatation  Normal 
 Cystography  IV–V  I–II–III 
 DMSA  Abnormal  Normal 
 Resolution  <50 %  High 
 Etiology  Abnormal VUJ  Bladder dysfunction 
 Treatment  Surgery  Medical, reeducation 
 Frequency  +  ++++++++++++++++ 
 Teaching  ++++++++++++  + 
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12.2         Is VUR Dangerous? 

12.2.1     VUR and UTI 

 Relationships between  VUR   and  UTI   are another 
source of confusion as VUR is often searched 
and found after several episodes of UTI. However, 
90 % of VUR have sterile urine [ 1 ] and 60 % of 
febrile UTIs have no demonstrable VUR [ 2 ]. It is 
therefore unlikely that VUR causes UTIs, but it 
certainly aggravates the prognosis of an existing 
UTI by transporting infected urine from the 
 bladder to the kidneys. Children with VUR are 
more likely to develop pyelonephritis and renal 
scarring as compared to those with no VUR, and 
children with VUR grade III or higher are more 
likely to develop scarring than children with 
lower grade of VUR [ 3 ]. There is a defi nite cor-
relation between the degree of VUR and the 
development of the renal parenchyma. Correcting 
VUR does not really change the incidence of 
UTIs but certainly reduces the risk of febrile 
UTIs. The lesson to learn from this is that it is 
more important to fi nd out the origins of a UTI 
than to treat an incidental VUR which is the only 
visible part of the iceberg. There is a consensus to 
say that UTI associated with VUR increases the 
risk of  renal parenchymal damage  , and although 
febrile UTI does not mean pyelonephritis, it is 
commonly considered prudent to treat any febrile 

UTI as a pyelonephritis. The only way to confi rm 
the diagnosis of pyelonephritis would be to per-
form a DMSA scan during the acute phase of the 
infection which is practically diffi cult for many 
hospitals. Alternatively, an increase serum level 
of procalcitonin (≥1.0 ng/mL) would also be a 
sign in favor of a renal parenchymal involvement 
(sensitivity, 87.6 %; specifi city, 89.3 %) and 
would be more accurate than the increase of CRP 
[ 4 ]. It is often postulated that pyelonephritis 
implies the ascent of bacteria along the ureter 
tract and implies therefore VUR although this is 
not evidenced. Fighting the causes of UTI implies 
to understand what the ingredients of a UTI are. 
Four    actors need to meet: (1) nonfl owing urine 
related either to acquired urine fl ow impairment 
mostly related to inadequate bladder emptying or 
related to congenital urine fl ow impairment; (2) 
the presence of a bacterial reservoir, a prepuce, or 
an overloaded bowel; (3) bacterial nastiness 
related to the microbiological profi le of bacteria; 
and (4) the host receptivity dependent upon the 
biological profi le of the individual.  

12.2.2     VUR and Renal Parenchymal 
Damage 

 Abnormal renal parenchyma is commonly found 
on DMSA scan in children with VUR. Forty 
 percent of prenatally detected VUR have an 

Congenital parenchymal
anomaly

= Renal dysplasia

« Reflux disease »

« Reflux symptom »

Acquired parenchymal
anomaly
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Acquired:
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?Incompetent vesico-ureteric junction
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  Fig. 12.1    The    complex 
pathophysiology of VUR       
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abnormal DMSA before any episode of UTI [ 5 ]. 
There is no available investigation which can 
identify  congenital parenchymal lesion   (dyspla-
sia) from  acquired parenchymal lesion   (“refl ux 
nephropathy”). Thirty to 50 % of VUR with renal 
damage will develop a high blood pressure on a 
long-term basis [ 6 ]. It is therefore recommended 
that damaged kidneys are regularly screened with 
ultrasound scan, measurement of urine microal-
bumin, and measurement of blood pressure. The 
impact of VUR on renal function and on end-
stage renal failure is quite variably reported: 
12–25 % of all children with  chronic renal failure   
[ 7 ,  8 ] and 5–10 % of the Australian adult popula-
tion [ 9 ]. According to the 2008 North American 
Pediatric Renal Trials and Collaborative Studies 
(NAPRTCS) report, refl ux is the fourth common-
est cause of chronic kidney disease, found in 
8.4 % of the children and seen in 5.2 % of trans-
planted patients and 3.5 % of patients under dial-
ysis [ 10 ]. There is a relationship between the 
severity of VUR and its bilaterality and the 
nephrological prognosis [ 4 ]. It does not seem that 
modern management of VUR has signifi cantly 
changed the nephrological outcome [ 11 ].   

12.3     Relationship with Bladder 
Dysfunction 

12.3.1     Infants 

 Higher voiding pressures and a dyssynergic pat-
tern of micturition were reported to be associated 
with primary VUR in infants when compared to 
the normal lower urinary tract [ 12 ]. This associa-
tion, which predominated in male children, may 
have some relevance in the pathogenesis of VUR 
and may infl uence its resolution.  

12.3.2     Older Children 

 A strong correlation exists between  dysfunctional 
voiding   and UTI found in 60 % of cases, as well as 
VUR found in 20 % of patients. It largely predom-
inates in girls [ 13 ]. The IRS study showed that 
dysfunctional voiding correlates with persistence 
of VUR and UTI whatever treatment used [ 14 ].   

12.4     If, When and How Should 
VUR Be Looked for? 

 If fi nding VUR impact management, i.e., if the 
kidneys are at risk, VUR screening should then 
be recommended. Four circumstances should be 
discussed: (1)  Prenatal upper urinary tract dila-
tation   is related to VUR in 15–20 % of cases 
[ 15 ]. These VUR are severe, associated with 
bilateral dilatation and congenital renal damage 
(60 %), and predominate in males (75 %) and 
have lower rates of spontaneous resolution 
(50 %) [ 5 ]. (2) The fi rst  febrile UTIs   are associ-
ated with VUR in 40 % of cases [ 16 ]. Most would 
no longer recommend systematic VUR screening 
in this group, (3) in siblings of a child with VUR, 
and (4) in most associated uropathies.
    1.    Contrast cystography remains the investigation 

of reference and provides the clearest anatomy 
of the lower urinary tract. However, its morbid-
ity is well established with signifi cant irradia-
tion, discomfort, and a risk of iatrogenic UTI 
following bladder catheterization [ 17 ]. Despite 
the current tendency to demonize cystography, 
many would prescribe it when the ureters are 
dilated, when the bladder and/or posterior ure-
thra looks abnormal, or when in case of pyelo-
ureteral duplication with or without ureterocele   . 
There is no consensus on cystography in case 
of dilated renal pelvis without dilated ureter or 
in case of prenatal dilatation without postnatal 
dilatation (Table  12.2 ).

   Table 12.2    The place of cystography in prenatally 
dilated urinary tract   

 Is cystography indicated in prenatally dilated urinary 
tract? 

 Yes  No 

 15–30 % are VUR  Unpleasant (catheter) 
 This is the best investigation 
to exclude PUV (4 %) which 
requires an urgent treatment 

 Signifi cant morbidity 
(1 % UTI) 

 VUR may be an indication for 
AB prophylaxy/circ. 

 Radiations ++ 

 It is a reliable investigation 
when performed by a 
paediatric radiologist 

 RVU diagnosis is 
unnecessary in 
asymptomatic children 

 U/S scan is poor investigation 
to detect VUR 

 The role of 
antibioprophylaxis 
remains unclear 
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       2.    Isotopic cystography delivers much less irra-
diation and is a highly performant investiga-
tion to detect VUR [ 18 ]. However, it does not 
provide good anatomical pictures of the lower 
urinary tract.   

   3.     DMSA   is the gold standard to detect parenchy-
mal renal lesions but is unable to distinguish 
acquired or congenital renal parenchymal 
anomalies [ 19 ].   

   4.     Ultrasound scan   has a very poor sensitivity to 
detect VUR (10 %) [ 16 ], and there is no cor-
relation between ultrasound fi ndings and 
VUR severity [ 20 ]. Seventy fi ve percent of 
VUR (including high-grade VUR) have no 
ultrasound dilatation [ 21 ]. It is also a poor 
investigation to detect renal scars [ 22 ].   

   5.    Etiologic diagnosis of VUR is crucial. In the 
majority of cases, assessment of bladder and 
intestinal behavior including history, urofl ow-
metry, post-voiding residue, and bladder wall 
sonographic assessment is suffi cient to distin-
guish dysfunctional from malformative VUR.    
  All in all, is it important to detect VUR? No 

if the child is asymptomatic, if bladder empty-
ing is complete (no postmicturition residue on 
BladderScan™), if relative renal function is sta-
ble or improves on repeated DMSA scans, and 
if the upper tract dilatation is stable or improves 
on repeated ultrasound scans. The answer is yes 
if one of these requirements fails or if antibio-
prophylaxis is advocated especially in case of 
severe VUR. 

 From these facts, it appears clear that kidney- 
bladder connection is essential to understand 
VUR. An abnormal functioning kidney associated 
with an abnormal functioning bladder is a time 
bomb. It is therefore quite logical to interrogate 
the kidney and the bladder to identify patients in 
potential danger. One way to do    this is the  “top-
down ” approach  which starts with the fi rst febrile 
UTI and the patient receiving the usual antibi-
otic treatment. An ultrasound scan is performed 
to detect any underlying anomaly of the urinary 
tract, followed by a DMSA scan 3–6 months 
later. If both ultrasound scan and DMSA are nor-
mal, there is no need to perform a  cystography  . 
If the ultrasound scan and/or DMSA is abnor-
mal, a cystography is performed [ 23 ]. Some will 

argue that it is not necessary to start investiga-
tions after one single febrile UTI. Starting inves-
tigations at the fi rst febrile UTI is supported by 
Ransley’s “Big Bang” theory [ 24 ] which showed 
that there is no reason why a fi rst UTI should be 
innocent for the renal parenchyma if bacteria are 
getting into it. While retrospective and prospec-
tive studies have demonstrated that the use of the 
top-down approach could reduce the number of 
cystographies performed, high-grade VUR might 
be missed in a minority of children [ 23 ,  25 ,  26 ]. 
A recent meta-analysis has shown that DMSA 
performs poorly at detecting high-grade refl ux, 
with a sensitivity and a specifi city of 79 and 53 %, 
respectively [ 27 ]. The rationale behind the “top- 
down approach” is based on the essential studies 
from Godley et al. [ 28 ] in London which demon-
strated that VUR resolution is extremely high in 
infants with normal DMSA and normal  bladder 
functions  . These fi ndings have been confi rmed 
by other teams [ 5 ,  29 ]. This comes back to the 
introduction of this paper where VUR “disease” 
is more likely to require a radical treatment than 
VUR “symptoms” which should better respond 
to bladder training. 

 Several reports have shown promising results 
using serum  procalcitonin   levels to identify 
patients with signifi cant VUR and renal damage 
in an effort to reduce the use of cystography [ 30 ].  

12.5     VUR Treatments 

 The question is not how to treat VUR but why. 
The history of VUR treatment is interesting as 
attitudes have completely swung several times 
over the past three decades. In the 1960–1970s, 
restoring “anatomy” was the sine qua non condi-
tion to cure VUR which was thought to be the 
cause of UTIs. UTIs implied intravenous urogra-
phy and cystography. If VUR was demonstrated, 
it was fi xed by surgery. Surgical procedures were 
already well established and considered to be 
reliable enough to be performed in most cases. 
In the 1980s came the English wave showing that 
function was more important than anatomy. VUR 
was treated only if it impacts renal function. The 
kidney-bladder connection was put under the 
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with dextranomer/hyaluronic acid are VUR-free 
3 months after injection [ 41 ,  42 ]. In the Swedish 
refl ux trial [ 43 ], 20 % of previously successfully 
treated children presented with recurrent VUR 
after 2 years of follow-up, despite relatively 
high success rates (86 %). Surgery has not been 
shown to be superior to antibioprophylaxis as far 
as recurrence of UTI or renal scar is concerned. 
This was demonstrated by the Birmingham study, 
the International Refl ux Study, and the Swedish 
refl ux trial [ 43 – 45 ]. Surgical options include 
laparoscopic or open surgical ureteral reimplan-
tation, the latter being the gold standard to stop 
refl ux with about 98 % success rate. 

 The best illustration of the contradictory 
approaches of VUR is on one side doctors who 
tend to neglect VUR considering that it is a com-
pletely anecdotal event and on the other side sur-
geons who track and correct all VUR using the 
PIC cystography (positioning the instillation of 
contrast at the ureteral orifi ce) and even offering 
endoscopic treatment when VUR is not detect-
able. This is the VUR paradox for which John 
Woodward used to say that VUR treatments have 
been established a long time before knowing 
their indications. Many questions remain unan-
swered, mostly the place of antibioprophylaxis, 
the management of asymptomatic VUR, and the 
place of endoscopic treatments which seem to be 
effi cient on low-grade VUR which probably do 
not need any treatment except bladder training.     
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13.1            Introduction 

    Bladder exstrophy (BE) remains one of the great-
est technical and philosophical challenges in 
pediatric urology technical because of the well-
known reality of failure (we have all seen the 
exstrophy bladder closed once, twice, and even 
thrice before wiser counsel is brought to bear) 
and philosophical because the surgery undertaken 
depends on one’s understanding of the underly-
ing anomaly and the steps to be taken to correct 
or circumvent the tissue abnormalities. Indeed 
the technical challenges really begin once a suc-
cessful quality closure has been achieved and is 
then guided by the philosophy of treatment. 

 The cause of the spectrum of the exstrophy 
group of abnormalities remains obscure, and 
although we regard them as variations of a com-
mon stem, their origins may indeed be different 
in different cases. The superior vesical fi ssure 
and the true exstrophy but with a normally posi-
tioned umbilicus do not fi t easily into a single 
entity. Certainly the bladders are not all the same 

at birth. They range from the beautifully smooth 
glistening mucosa of an everted bladder of good 
size, which immediately shows a wave of muscle 
contraction when touched, to the tiny inelastic 
plate with polypoid mucosa and extensive dys-
plasia (Fig.  13.1 ).

   In the former, there is a rapid change after 
birth with loss of contractility and mucosal thick-
ening, and those who have seen an exstrophy 
bladder at the moment of birth will understand. 
In this modern world of prenatal diagnosis, every 
exstrophy surgeon should seek every opportunity 
of witnessing the nature of the adversary at the 
time of birth and not just wait for transfer to the 
unit hours later. Although there may be argu-
ments for delayed closure, to be discussed later, 
there is no doubt that witnessing the perinatal 
changes is for one of us (PGR) a powerful argu-
ment for maintaining early postnatal closure as a 
principle tactic but only as part of an overall strat-
egy of early, staged, selective reconstruction. 

 For the moment let us go back to the discus-
sion of causation. It is really surprising how little 
we know and perhaps as a consequence how little 
we understand about the abnormality and indeed 
where does the  fundamental  problem lie that 
leads to the phenotype of an open bladder, wide 
pubic bones, and an epispadiac urethra. Early 
theories examined the idea of failure of mesoder-
mal migration into the cloacal membrane, and 
this could be reproduced in a chick model by 
physically preventing migration in the embryo 
and did indeed give rise to exstrophy [ 1 ]. 
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 However, this did little to help in understand-
ing the reason for the failure or in formulating a 
clinical strategy.    More recently it has been sug-
gested that there may be a genetic defect, which 
affects cell signaling from the mucosa that should 
control muscle differentiation in the mesenchyme 
and that for some inexplicable reason this is more 
pronounced anteriorly than posteriorly, leading 
to the bladder defect [ 2 ]. As a speculative expla-
nation of the entire abnormality, one has to then 
conclude that the other features and particularly 
the open pelvic ring are a physical consequence 
of the initial bladder abnormality. 

 Such a perception has important practical 
implications for the reconstructive surgeon for it 
means that other pelvic structures may be normal 
and therefore restored to normal position and 
function by the exhibition of surgical skill. This 
idea is supported by MRI studies showing well- 
differentiated pelvic and sphincter musculature 
[ 3 ] and the recent suggestion that the anterior 
bony pelvis is of normal length at birth and not 
defi cient as previously thought [ 4 ]. But there is a 
philosophical catch. If the other structures are 
normal and are restored to normal anatomy, how 
will an abnormal bladder respond? Is it realistic 
to expect it to compensate for its abnormal ori-
gins and to function “normally”? By contrast, the 
idea of exstrophy as a fi eld defect proposes that 
none of the elements involved are normal (for 
whatever reason) and that however skilled the 
anatomical reconstruction, the system simply 

doesn’t work. Maybe both are true and differing 
origins explain differing responses to a single 
pattern of treatment. We know from decades of 
surgical endeavor that continence with natural 
voiding by detrusor contraction at normal inter-
vals (implying normal capacity but not necessar-
ily so) and dry at night (without getting up during 
the night) can be achieved. But it is rare and 
exceptionally rare for all these elements to be 
present consistently over a prolonged period of 
time; yes, think decades. Lesser degrees of suc-
cess in a physiological sense are compatible with 
a very “normal” life, but for some (and maybe the 
majority) the outcome is less satisfactory and the 
unwarranted pursuit of an unachievable goal has 
led to many patients suffering kidney damage 
and some tragically pushed into chronic renal 
failure. Since continent diversion has such a good 
short- and medium-term outcome, this must enter 
the treatment algorithm as part of an overall strat-
egy and not simply as a last resort when other 
methods have been pushed to the limit and failed. 
The senior author’s fi rst augment/Mitrofanoff 
was constructed 35 years ago and is still working 
well with the same channel and reservoir. 
Experiences like this weigh in signifi cantly as the 
balance of probabilities is assessed in early 
childhood. 

 One fi nal factor needs to be recognized. The 
vast majority of exstrophy cases have been and 
still are being born (approximately 10/day or one 
every 2–3 h) and treated in the less privileged 

a b  Fig. 13.1    An illustration of 
the variations in morphology 
(and therefore possibly future 
function) of the exstrophic 
bladder at birth. ( a ) Good 
size, everted, with smooth 
mucosa and visible 
 contractions of detrusor in 
response to touch. ( b ) Small, 
 contracted, and fi brotic 
bladder plate with polypoid 
dysplastic mucosa       
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parts of the world. Indeed the classical clinical 
descriptions, classifi cation, and treatments ema-
nate largely from a handful of centers located 
principally in the Western world treating a tiny 
fraction of the exstrophy population. Their popu-
lation sampling may not be representative and 
their treatments not transferable to the wider 
group.    An expert on malaria living in Sweden can 
be an expert but not if they depend only on the 
cases arising locally. 

 We would like to address the exstrophy prob-
lem as a sequence of argued decisions in an over-
all strategy that seeks to select the ultimate 
surgical solution as early as possible in order to 
provide a childhood which is not interrupted by 
repeated surgical interventions and allows full 
participation in the wide range of contemporary 
social activities which are a part of modern life.  

13.2     The Newborn with Bladder 
Exstrophy 

 Although the prenatal ultrasound features of 
bladder exstrophy are well described [ 5 ] with the 
absence of a bladder and a low insertion of the 
umbilical cord as the principle signs, it is a rare 
anomaly and it is not surprising that cases are 
missed and become evident only at birth [ 6 ]. 
However, when the diagnosis is confi rmed before 
birth, there is the opportunity and the need for a 
clear outline of treatment and prognosis to be 
provided honestly in order to allow the parents to 
make informed decisions. Undoubtedly this 
requirement for calm discussion, somewhat in 
the abstract, has honed the need for a postnatal 
strategy to be presented in a logical and sequen-
tial form, and this contrasts with the distressed 
discussion which takes place at birth when it is 
easier to focus on the immediate need for closure 
and to leave the future somewhat vague. The 
exstrophy surgeon must approach the problem 
with a clear plan which encompasses immediate 
and future surgery. 

 So, how should the newborn exstrophy be 
approached? The fi rst question, of course, is 
whether or not immediate closure should be 
undertaken. It is perhaps ironic that the greatest 

numbers of bladder exstrophies worldwide are to 
be found in underdeveloped countries where 
attendance at a suitable hospital let alone neona-
tal surgery is not possible and surgeons there are 
familiar with the late presenting case often up to 
5 or even 10 years later. It is worth remembering 
that such cases have normal kidneys and one of 
us (PGR) has even seen ( and  in Europe) a 
75-year-old married male with untreated exstro-
phy and two normal kidneys! 

 There are arguments both ways. One of the 
benefi ts from closure in    the fi rst 24 to 48 h is the 
ease with which the symphysis can be approxi-
mated, whether or not relaxin plays a part and 
another is the rapid healing with minimal scar for-
mation characteristic of the fetus. The response 
of the newborn bladder to continued exposure 
is very variable. Some display squamous meta-
plasia polyp formation and bladder plate con-
traction, while others evert, maintain their size 
or even enlarge, and show relatively little in the 
way of mucosal changes. However, there is no 
reason to think that prolonged exposure does 
anything except adversely affect potential blad-
der function. 

 There are several practical details which can 
make a difference to healing and therefore to 
success. The fi rst of these is satisfactory immo-
bilization. The authors gave up traction in all its 
various forms and the totally inadequate mer-
maid bandaging a long time ago. They were inef-
fective immobilizers and created diffi culties with 
the wound especially if there was any leakage 
around the stents or pooling of urine from the 
urethra in the area of the midline closure.    A frog 
plaster ( full internal rotation of the femurs with 
slight hip abduction and knee fl exion; the plaster 
extends from the thigh to the ankle with a bar 
across at the knees ) (Fig.  13.2 ) was a signifi cant 
improvement in providing much better stability 
and immobility with better access to the wound, 
and the sheer weight of the plaster itself pre-
vented the repeated hip fl exion, which was such 
a bugbear in the postoperative period. The dis-
appearance of conventional plaster of Paris and 
its replacement with modern lightweight poly-
mers are not seen as progress by the  exstrophy 
surgeon!
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   We have been fortunate to witness and benefi t 
from the enormous advances in pediatric and 
neonatal anesthesia and intensive care over the 
last 20 years, and this has allowed for maintain-
ing the closed exstrophy patient paralyzed and 
ventilated for a number of days. The precise 
number is not defi ned, but it should probably be 
of the order of 5–7 days. It is a signifi cant advance 
in the immediate care of neonatal exstrophy clo-
sure and should be deployed wherever and when-
ever possible. Mushtaq et al. have explored this 
approach in a major center and in a retrospective 
review confi rmed its effectiveness but could not 
demonstrate signifi cant benefi t over ward man-
agement postoperatively with an indwelling epi-
dural catheter [ 7 ]. However, the partition to ward 
or ICU with ventilation was allocated selectively, 
based on diffi culty of closure as well as surgeon 
preference and so it is hard to draw any general-
ized conclusion. It remains clear that immobiliza-
tion by paralysis and ventilation is a major step 
forward and allows the quasi fetal healing to pro-
ceed rapidly and securely. 

 The authors’ preference is for simple neonatal 
closure in the fi rst 24 to 48 h with very limited 
dissection beyond the bladder neck in males, and 
this is conducted without osteotomies or penile 
reconstruction. Postnatal ventilation is main-

tained for 5–7 days and then a frog plaster for 
2 weeks. 

 The arguments against neonatal osteotomy are 
several. Firstly with early intervention it is gener-
ally possible to close the pelvic ring satisfactorily 
by simple internal rotation of the femora and 
medial compression during the operation, and 
even with newborn osteotomies the diastasis 
recurs with growth. Attempts at using an external 
fi xator in the newborn period are generally unsuc-
cessful. The bones are too thin and fragile to sup-
port the pins, and they work completely loose in 
a matter of a few days. That is not to say that 
osteotomy has no place in longer-term manage-
ment, but there is little value in adding to the bur-
den of neonatal intervention.  

13.3     Post Closure Follow-up 

 There is a great deal of satisfaction, tinged with 
relief, to see a securely healed neonatal exstrophy 
closure, and it enables the family to return home 
and begin to enjoy life with the new addition 
while facing far fewer problems than would be 
encountered caring for an exposed bladder. 
However, there should be no complacency and 
follow-up is crucial, seeking a good clinical 

  Fig. 13.2    The frog plaster. 
The femora legs are main-
tained in internal rotation 
which greatly relieves tension 
in the midline closure. The 
weight of the plaster prevents 
regular fl exion at the hips       
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 history of wet nappies and an ultrasound of the 
kidneys showing no upper tract dilatation at 1 and 
3 months following surgery. Although it is fortu-
nately rare, there can be upper tract consequences 
from neonatal closure with bladder size, thick-
ness, compliance, and the tension of closure all 
being possible factors which can change with 
time. Stenosis of the bladder outfl ow can be a 
disaster, and conversely a partial dehiscence of 
the bladder closure with bladder prolapse can be 
equally dangerous as the ureters can become 
obstructed as they prolapse through a narrow 
defect.    A precautionary ultrasound is all that is 
required during this period in order for everyone 
involved to sleep soundly.  

13.4     Subsequent Intervention 

 What happens next varies enormously from cen-
ter to center and has changed with time over the 
decades. In the classical sequence the next step 
may well have been epispadias repair at around 
2 years of age with the expectation that the 
increased resistance would generate some further 
development of bladder capacity and allow for a 
bladder neck reconstruction at a time “when the 
child is old enough to cooperate” [ 8 ]. Failure 
resulted in urinary diversion, originally inconti-
nent and subsequently continent. Reported suc-
cess rates in terms of voiding continence varied 
wildly from <20 % to over 75 %, but the variables 
in selection, treatment sequence, and assessment 
make any meaningful comparisons very diffi cult 
[ 9 ]. It is also noteworthy that the struggle for void-
ing continence was not without hazard for the 
upper tract, and many patients have suffered upper 
tract dilatation and renal damage as continence 
procedures are applied to bladders which fail to 
develop adequate capacity and/or fail to empty. 
Not only that but the consequence of such a pro-
gram is that repeated surgery is performed in the 
older child and that if the fi nal outcome is in fact 
continent diversion, then this solution is applied 
after the child has suffered many years of wetness 
with or without upper tract risks. It is the authors’ 
contention that this sequence can be compressed 

in time and the ultimate solution defi ned before 
school starts and allows for an unfettered child-
hood. The secret lies in analyzing the needs and 
objectives of each component of the surgical 
reconstruction and then seeing how they best fi t 
together before critically monitoring progress  and 
being not only prepared but positively willing to 
consider undertaking the surgery for continent 
diversion at an early age.  

13.4.1     Osteotomies 

 The practical diffi culties with neonatal bone and 
the poor outcomes from neonatal osteotomy have 
led to its abandonment in most places, while oth-
ers were wise enough never to engage. 
Nevertheless osteotomy may still have a signifi -
cant role to play, particularly in females and in 
those cases where the bladder shows encouraging 
signs of being a dynamic organ and voiding con-
tinence is a serious objective. 

 In females, there are great benefi ts for cosme-
sis. The widely separated protruding pubic tuber-
cles and a large triangular hairless midline scar in 
a young female are prevented by a satisfactory 
early osteotomy and extremely diffi cult, if not 
impossible, to correct later (Fig.  13.3 ). A good 
osteotomy should produce the appearance of a 
mons pubis with normal hair distribution. 
Theoretically the anterior pelvic fl oor travels 

  Fig. 13.3       Highline view of the female perineum. 
Forward projection of the pubic bones with a depressed 
midline scar. This is best corrected by osteotomy. Many 
examples can be worse than this illustration       

 

13 Strategy and Tactics in the Management of Bladder Exstrophy



146

medially with the bones and might be helpful in 
preventing long-term vaginal and uterine pro-
lapse which can otherwise be a terrible affl iction 
for the adult exstrophy patient and often ends in 
hysterectomy [ 10 ].

   For boys, an osteotomy has the potential to 
contribute a little benefi t to the position of the 
penis by bringing the bony attachments of the 
corpora closer together. It does not add to length 
in the way which was so graphically illustrated in 
many classical texts on exstrophy reconstruction 
[ 11 ], and indeed it can make the penis appear 
shorter. This happens when the anterior pelvis 
rotates not only medially but inferiorly and car-
ries the short penis with it so that it is even more 
hidden in the scrotum and the penile appearance 
after osteotomy can be worse than before. There 
is no draftsman’s treatise on this subject, but it is 
a very subjective observation that the inferior 
rotation becomes much more marked when the 
osteotomy is performed after weight bearing. 
Before weight bearing the pelvis seems to move 
medially much more easily, without caudal 
migration, and the difference probably lies in the 
sacrotuberous ligaments which either become 
much stronger or shorter once an erect posture is 
adopted (Fig.  13.4 ).

   Bearing all these considerations in mind, it 
seems logical to consider undertaking an osteot-
omy in both males and females when the gap has 
widened signifi cantly following neonatal closure 
and that this should be performed once the bones 

are stronger but before weight bearing. This gives 
a window for action at 6–9 months of age.  

13.4.2     Bladder Neck Surgery 
and Epispadias Repair 

 This section refers almost exclusively to boys. 
One of the recurring themes in the discussion of 
exstrophy reconstruction has always been the 
need to relocate the posterior urethra, prostate, 
bladder neck, and sphincter complex deeply into 
the pelvis/perineum beneath the arching corpora 
cavernosa. This was recognized by Mitchell in 
the evolution of the total disassembly operation, 
and his ideas and technique are soundly based 
[ 12 ]. However, by confi ning it to the newborn 
reconstruction, an additional element of com-
plexity was added and the technique did not 
translate easily into the wider world. The classi-
cal modifi ed Cantwell procedure [ 13 ] was lim-
ited in its success by approaching only from the 
front and does not result in the deep seating of the 
bladder neck region as much as other techniques 
even though the urethra is securely ventral. Any 
technique leaving the urethra dorsally placed is 
not adequately addressing the requirements for 
functional reconstruction, and such procedures 
are largely confi ned to history. 

 Today, there are essentially three approaches 
to obtaining adequate mobilization and deep 
placement of the BN/prostate/sphincter complex, 

a b

  Fig. 13.4    Three-dimensional reconstructions from CT scans. ( a ) Pre-osteotomy. ( b ) Post-osteotomy in the fi rst year of 
life. The anterior pelvis can close medially without caudal displacement (see text)       
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and the fi nal solution may come from utilizing 
elements of each together in a hybrid operation. 

 The fi rst is osteotomy. The classical modifi ed 
Salter osteotomy [ 14 ] is well established and is 
referred to as “anterior” to distinguish it from the 
old vertical “posterior” osteotomy. Some units 
have combined both for enhanced pelvic mobility 
[ 15 ]. Whichever way it is done, the resultant 
medial movement anteriorly contributes a com-
ponent to the soft tissue mobility and its satisfac-
tory placement and reconstruction. Less attention 
has been given to the idea of truly anterior oste-
otomies, i.e., combined superior and inferior 
ramotomies bilaterally. A superior ramotomy 
alone seems to have little to commend it as it 
does not contribute to the deep soft tissue mobil-
ity, but the combination could be effective in this 
regard. The inferior ramotomy is not easy but 
might be combined with the Kureel perineal 
approach (vide infra). 

 The second is the Kelly procedure which 
evolved over more than 30 years through the 
painstaking efforts of one man, Justin Kelly, ini-
tially in Boston and subsequently in Melbourne 
[ 16 ,  17 ]. 

 This operation aims to benefi t the penis exter-
nally while at the same time allowing the bladder 
neck to sink deeply. These aspects are usually in 
confl ict, and although the Kelly procedure cir-
cumvents this problem, it does so at the price of 
requiring a perineal urethrostomy. However, it 
could be said that this becoming necessary is in 
itself a measure of its success in satisfying both 
of these two confl icting requirements. 

 The principle of the operation is that the two 
corpora cavernosa are completely relieved of any 
attachments to the inferior pubic rami and that 
the neurovascular bundles supplying them are 
also mobilized out of the pudendal canals. This 
results in a midline structure consisting of the 
corpora, urethra, prostate, and bladder neck from 
which all lateral tension has been relieved and 
which is mobile independent of the bones. With a 
perineal urethrostomy the corpora can move up 
and out while the bladder neck moves down and 
back and the sphincter/bladder neck region can 
be reconstructed without tension. The technique 
is under long-term evaluation in small numbers at 

Great Ormond Street Hospital in London and 
possibly elsewhere. It remains to be seen which 
aspects are most valuable in the long term and 
whether or not there are any long-term disadvan-
tages to complete disconnection of the corpora. 

 Like the Mitchell complete disassembly 
before it, it is possible that the Kelly technique is 
a delicate wine that drinks well at home but does 
not travel and does not translate easily into a 
widespread treatment for the thousands of exstro-
phy patients around the globe. Kureel in Lucknow 
sees a large number of exstrophy patients from 
northern India and has also sought to provide 
good soft tissue relaxation and recession by radi-
cal mobilization [ 18 ]. His technique also involves 
radical corporal mobilization from virtually the 
whole of the inferior pubic ramus in the subperi-
osteal plane but without complete detachment. 
This is achieved via the perineum through a mid-
line incision which extends down through the 
midline of the scrotum and with lateral exten-
sions out to the pubic tubercle on each side in 
front of the anus. This provides a very clear view 
of the posterior urethral/prostatic/bladder neck 
anatomy, and it is impressive to see the sphincter 
identifi ed by the use of a muscle stimulator both 
before and after reconstruction (Fig.  13.5 ). The 
soft tissue relaxation is of the same order as with 
the Kelly and can be enhanced by osteotomy. It is 
easy to see from the perineum that this approach 
could be combined with superior and inferior 

  Fig. 13.5    Intra-operative view via the perineal approach 
showing the easy access for corporal mobilization and to the 
sphincter/bladder neck area (H.N. Kureel with permission). 
 TP  &  BS  = Transverse Perinei & Bulbospongiosus muscle       
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ramotomy which would result in the same inde-
pendent midline block of tissue as created with 
the Kelly. Either way, the ease of soft tissue 
reconstruction with this technique is impressive 
and can be combined with a modifi ed Cantwell 
epispadias repair with or without the need to dis-
connect the urethra and form a perineal urethros-
tomy. In that it can also be combined with 
osteotomy (either ischial or pubic), it makes for a 
very versatile approach.

13.4.2.1       Bladder Neck Reconstruction 
 It is necessary to include some discussion of what 
is loosely termed “bladder neck reconstruction.” 
In so far as it is a procedure which in the recon-
structive phase for bladder exstrophy may be 
conducted from the perineal/lower abdominal 
approach, it differs from the operation for blad-
der neck reconstruction in epispadias which is an 
entirely suprapubic, transvesical procedure. 
However, they remain in principle the same oper-
ation aimed at tubularizing the posterior urethra 
up to the normal bladder neck position and restor-
ing the verumontanum to its correct location in 
the posterior urethra. 

 Both the concept and the technique of bladder 
neck reconstruction have changed a great deal in 
recent years. In classical texts it followed some 
time after bladder closure and epispadias repair 
and sought to provide a resistance suffi cient to 
prevent urinary leakage by creating a narrow tube 
 out of bladder tissue  through which the bladder 
could be emptied by a combination of detrusor 
contraction and abdominal straining. This is, of 
course, not a functional bladder neck but a fi xed 
resistance just suffi cient to prevent incontinence. 
But a fi xed resistance of this nature creates huge 
problems. Firstly the bladder must increase in 
capacity extremely rapidly and at least suffi -
ciently to accommodate the overnight urine vol-
ume or there is the potential for a dangerously 
high pressure to exist within the bladder for many 
hours overnight. Secondly it must resist stress 
incontinence. For it to be suffi ciently tight to 
achieve, this must result in obstructed voiding 
which in turn must lead to detrusor failure in the 
long term. Indeed, in that era, it was often 
observed that in those cases where the delicate 
balance was achieved providing voiding to com-

pletion with dryness, in time detrusor failure sets 
in and ultimately some other form of emptying 
was required. In its fi nal incarnation the  Young-
Dees- Leadbetter   bladder neck reconstruction 
included the reimplantation of the ureters at a 
higher level allowing the whole trigone to be 
tubularized (Fig.  13.6 ) [ 19 ]. This had the poten-
tial for denervating the bladder apart from pro-
viding a long resistance which often became 
fi brotic. This type of operation in principle and in 
practice is valuable for providing a leak proof 
channel while maintaining access via the urethra 
in cases undergoing bladder augmentation with a 
Mitrofanoff channel for emptying but  has abso-
lutely no role in functional reconstruction aimed 
at voiding. 

      Returning to the concept of functional recon-
struction, as stated previously, the concept of 
bladder neck reconstruction is simply that, i.e., 
tubularization of the posterior urethra up to the 
normal bladder neck position which inevitably 

  Fig. 13.6    The Young-Dees-Leadbetter bladder neck 
reconstruction illustrating the destructive nature of the lat-
eral incisions into the bladder and trigonal tubularization 
(Reproduced    from Hohenfellner [24])       
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includes reconstruction of the external sphincter 
and not trespassing on the intravesical trigone. As 
the bladder expands in those early months of life, 
it also includes the posterior urethra, and very 
often, in fact almost routinely, the veru comes to 
lie inside the bladder when the bladder is full 
(Fig.  13.7 ). The tubularization of the posterior 
urethra restores the veru to its normal position 
and attempts to reconstruct the normal sphincter 
and bladder neck. For guidance this can be taken 
as the point approximately half way between the 
veru and the ureteric openings. One of the major 
benefi ts of doing this must be to help protect 
against future episodes of epididymitis due to 
vasal refl ux. The procedure is most easily con-
ducted as part of the urethral reconstruction but 
can be undertaken independently, as in epispa-
dias, via the transvesical route.

   A Gil-Vernet ureteric advancement can com-
plement the procedure to prevent refl ux and avoid 
the need for formal reimplantation in these diffi -
cult bladders [ 20 ].  

13.4.2.2     Assembling the Jigsaw 
 Every case will be different: the size of the blad-
der and the outcome of neonatal closure with 
regard to the bones and the bladder. Male and 
female, penile size, and upper tract dilatation are 

all variables which impact upon the decision with 
regard to the next major intervention. 

 Following neonatal closure it is imperative 
that the system is assessed by ultrasound to detect 
upper tract dilatation at 3 months and 6 months. 
At the 6-month point this should be accompanied 
by a cystoscopy and fi lling cystogram under 
anesthesia. Screening the bladder during slow 
fi lling and rapid emptying (with a syringe) will 
give a good estimate of the true bladder capacity 
which may often be different from the system 
capacity as there is commonly refl ux into disten-
sible upper tracts. One word of caution is neces-
sary and needs to be repeated often and that is 
that capacity alone tells you nothing about con-
tractility and the ability to empty. The cystoscopy 
will also assess the length of the posterior urethra 
resulting from primary closure in both males and 
females and the position of the veru in males. In 
truth the urethra is always very short as the origi-
nal closure deliberately limited dissection in the 
region of the bladder neck. In males it is the 
authors’ practice to give male patients a testoster-
one boost between 4 and 6 months (i.e., follow-
ing the normal postnatal testosterone surge) up to 
a maximum of 25 mg × three doses. 

 The stage is now set for a second selective 
major intervention which is aimed at promoting 
voiding continence and, of course, repairing the 
epispadias in males. This is in many ways analo-
gous to the complete disassembly technique 
deferred to a time when the structures involved 
are more robust and more easily identifi able but 
employs the Kureel technique of radical mobili-
zation from the perineum. 

 The philosophy governing this second inter-
vention is fairly simple and basically revolves 
around the subjective assessment of bladder size/
quality and bony position. Where osteotomy is 
being considered, there is some urgency in the 
decision for males as there is the wish to accom-
plish this prior to weight bearing but less urgency 
in females where the benefi t is for the pelvic 
fl oor and cosmesis and the timing seems to be 
less critical. A second principle is that in the 
quest for voiding continence, it is appropriate to 
introduce some better bladder cycling at an early 
stage, and a third is that in those cases with a 
clearly hopeless bladder, an elective continent 

  Fig. 13.7    Endoscopic view showing the verumontanum 
lying proximal to the “bladder neck” and therefore effec-
tively inside the bladder lumen following primary exstro-
phy closure       
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diversion will be undertaken early, in the 12–18-
month window. 
 The permutations are enormous and there can be 

no single guideline for the next step, but with 
experience the fundamental decisions are 
fairly easy to make and one may consider four 
sample scenarios to illustrate the process. 

     1.     A female infant with a very poor bladder  .  
Here the decision is quite simple. She will be 
managed by an early continent diversion with 
a Mitrofanoff some time in the 12–18 m win-
dow. If the bony position is poor, then osteot-
omy will be included at the time of that 
reconstruction for cosmesis and pelvic fl oor 
security (Fig.  13.8 ). Nothing more is required 
in the fi rst year of life, but it would be wise to 
maintain ultrasound surveillance.   

   2.     A male infant with a very poor bladder.  This 
child’s destiny is also an augmentation/
Mitrofanoff in the second year of life, but it is 
benefi cial to have the genital surgery com-
pleted beforehand. It is very unlikely that 
osteotomy will be part of his reconstruction 
unless the bony position is extremely poor. In 
most such cases the requirement will be for a 
simple epispadias repair utilizing the Kureel 
approach with a modifi ed Cantwell recon-
struction. The surgery in the region of the 
bladder neck must be extremely conservative 
in this group and allow for free drainage of 
urine or the upper tracts will be placed at great 

risk. Osteotomies can be added where there is 
extreme separation of the bones and the extent 
of the corporal mobilization will be governed 
by penile anatomy. The threshold for convert-
ing to a perineal urethrostomy in order to 
maximize penile length is lower in this group 
who will not be voiding.   

   3.     A female infant with a good or at least encour-
aging bladder.  The philosophical requirement 
here is for some surgery to increase outfl ow 
resistance, i.e., urethral lengthening and ipso 
facto bladder neck reconstruction. The thresh-
old for adding osteotomy is low and may be 
added to the intervention whenever the bony 
position is less than optimal in order to maxi-
mize cosmetic benefi t and pelvic fl oor 
security.   

   4.     A Male infant with a good or at least encour-
aging bladder.  This is a target population 
where every effort is going to be made to 
secure voiding continence and perhaps fortu-
nately is generally the largest group. A radical 
epispadias repair is required with osteotomies 
incorporating maximal mobilisation by the 
Kureel approach and careful reconstruction 
of the external sphincter (identifi able with 
a stimulator), posterior urethra and bladder 
neck. This is facilitated by osteotomy in all but 
those with an excellent bony position result-
ing from the neonatal closure. The threshold 
for formation of a perineal  urethrostomy is 

  Fig. 13.8    Female infant with 
bladder exstrophy and a 
bladder similar to that in 
Fig.  13.3 . She has undergone 
defi nitive surgery at the age 
of 13 months with bilateral 
osteotomies, bladder neck 
reconstruction, colocysto-
plasty, omphaloplasty, and a 
Mitrofanoff channel in the 
right iliac fossa and a VQZ 
stoma as a single-stage 
procedure. She is seen here at 
6 weeks immediately prior to 
removal of the fi xator       
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high and every effort is made to preserve the 
urethra in continuity.    
   The fi rst year of life has therefore seen these 

infants kept under close observation and com-
pleting all the reconstructive surgery relating to 
the  anatomical  abnormality of the exstrophy 
itself. What follows is functional assessment and 
the management of urinary continence.    

13.5     The Second Year of Life 
and Beyond 

 The parents of an exstrophy child are faced at 
birth with a whole new world of uncertainties 
and ambitions. There is no doubt that the relent-
less pursuit of unrealistic ambition is both 
extremely distressing and potentially very harm-
ful. Many children have suffered renal damage, 
even to the point of chronic renal failure, 
through the failure to acknowledge that their 
particular exstrophy bladder cannot function as 
an adequate storage organ on its own, and with 
experience it becomes relatively straightforward 
to recognize those bladders which do not 
respond to the challenge of increasing outfl ow 
resistance and to seek an alternative solution 
other than the dogged pursuit of voiding conti-
nence. It is always a balance and there are no 
hard and fast rules, but the advice given in early 
life must have the child’s long-term best inter-
ests at heart. One example of the burdens thrust 
upon a child is well illustrated by a patient seen 
by the authors at the age of 29 years. By all 
accounts he represents success and could be 
summarized as a patient with bladder exstrophy 
who underwent closure and continent recon-
struction in infancy. He empties his bladder by 
voiding spontaneously, and since puberty he has 
been completely dry day and night. What more 
could you ask for from a diffi cult and challeng-
ing problem? Of course the devil lies in the 
detail. He is dry day and night but this is 
achieved only by a disciplined  hourly  voiding 
schedule during the day, and he has got up to 
void at least  four times per night every night of 
his life.  Clearly his bladder capacity is a limiting 
factor, and in his life he consciously avoids 

planes, trains, and going to the cinema. It cannot 
be said that continent voiding has given him the 
best quality of life and a secure continent diver-
sion may have been preferable. This story will 
strike a chord with many people involved in 
exstrophy reconstruction, and there is no doubt 
that the continent diversion has been instrumen-
tal in giving many patients a better quality of 
life than that which can be achieved with the 
native bladder alone. 

 Recognizing the uncertainties which exist at 
birth, we always tell the parents that we are going 
on a journey together and that we will always be 
there to advise and help them along the way. 
However, our destination at the outset is unknown 
and we must make choices as we progress as to 
where we are fi nally going. Continuing our ana-
lytical pathway we have now reached 1 year of 
age with several different groups of fellow travel-
ers seeking direction. 

 There is one group who are fairly easy to 
counsel. They identifi ed themselves early on 
with very poor bladders (Fig.  13.9 ) and are now 
diverting to the path of continent bladder aug-
mentation with a Mitrofanoff channel for 

  Fig. 13.9    Filling cystogram under anesthesia showing a 
tiny bladder following neonatal closure. This bladder is 
destined for augmentation/Mitrofanoff and this decision 
can be made comfortably in the fi rst year of life (see text). 
It is essential that the bladder drains freely prior to aug-
mentation to prevent upper tract consequences       
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 intermittent catheterization. There are so many 
advantages to early augmentation. It is an easier 
surgery and the child grows up regarding inter-
mittent catheterization as normal. True, it ties 
the child to a competent third party for catheter-
ization (usually the parents and grandparents 
but can also be an au pair or a nursery school 
assistant) in the early years, but it is remarkable 
how often they can take responsibility for the 
catheterization process themselves from about 
the age of 4–5 years, and all that is needed for 
support is someone to indicate the time that 
catheterization is required. They are going to be 
joined by new companions who set out on a dif-
ferent path with functional reconstruction but in 
whom it is very clear early on that they are not 
going to respond.

   Following the major surgery for the func-
tional group at 6–9 m, critical follow-up at 
1 year is absolutely essential. This includes 
ultrasound of the urinary tract with the bladder 
full and empty and a dynamic isotope scan 
should also be performed. From these two inves-
tigations an understanding of how the system 
transports and stores urine is gleaned and can be 
interpreted alongside any measurements of 
voided volumes and bladder capacity on cystog-
raphy. A cystoscopy is performed to assess the 
anatomical result from reconstruction and par-
ticularly with regard to any stricture formation, 
the position of the verumontanum, and the 
nature of the bladder neck. This last observation 
is of importance when considering the possible 
use of bulking agents to boost outfl ow resis-
tance. It is imperative that there should be space 
to inject above the verumontanum. Increasing 
outfl ow resistance below the veru increases the 
risk of troublesome epididymitis in the long 
term. At the same time a fi lling and emptying 
cystogram is performed under anesthesia which 
provides one of the benchmarks for bladder 
progress. Bulking agents may be used to correct 
refl ux with advantage. 

 From these observations our fellow travelers 
divide easily into three loose groups. There are 
those who have failed to develop and can imme-
diately be directed to join those already headed 

for continent diversion from a very early stage. 
There will be a group whose progress is splendid. 
Good anatomy, a responding bladder, and safe 
upper tracts allow them to follow their own path 
and to be seen again to check their progress after 
an interval of up to 12 months. 

 In the middle will be a group who fall into nei-
ther category. It may be that they have not been 
suffi ciently challenged and that some bulking 
agent at the bladder neck can be added to further 
challenge and fi ne-tune the system (Fig.  13.10 ). 
On the other hand, and this is more common, the 
outlet reconstruction and the resistance are satis-
factory, but the bladder does not seem to be 
responding adequately. These are patients at 
some risk and require regular ultrasound review 
and reassessment under anesthesia after 6 months. 
They will declare themselves with time depend-
ing on bladder development, but regular observa-
tion over a few years will generally make things 
clear, and those requiring augmentation can be 
selected and completed before serious school 
begins.

13.6        Augmentation 

 Frequent reference has been made to continent 
diversion throughout this chapter which is really 
aimed at outlining a selective approach to the 
exstrophy problem. Here is not the place to get 
involved in a detailed discussion of the various 
techniques which may be employed in order to 
establish safe urine storage in the exstrophy 
population, but a few words outlining the 
authors’ preferences are appropriate. The fi rst 
point for discussion is the position for the 
Mitrofanoff channel [ 21 ]. It is our contention 
that, in contrast with the neuropathic popula-
tion, this is best placed in the right iliac fossa 
(even taking account of handedness) and using 
the appendix whenever available (one advantage 
of early diversion is the relatively longer appen-
dix in younger children) as the most robust 
channel for the long term and that this is con-
cealed in a VQZ stoma [ 22 ]. The medial end is 
implanted into the bladder whenever possible 
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together with the ureters if these need to be 
moved during bladder neck surgery. This has the 
advantage of a low bladder entry for the catheter 
and for a siphon effect to work easily which 
assists in complete bladder emptying and mucus 
clearance. The added bowel then simply func-
tions as a reservoir and after detubularization 
may be confi gured to the surgeon’s preference. 
Ours remains the use of the splenic fl exure and 
descending colon based on the left colic vessels 
and reconfi gured as a cup before anastomosis to 
the bladder margins. This is simple and has 
stood the test of time. 

 No reconstruction is complete without a 
neoumbilicus. However, although a temporary 
illusion may be created during closure of early 
midline scars, the defi nitive reconstruction should 
be deferred until the fi nal intra-abdominal recon-
struction has been performed [ 23 ]. 

 This program seeks to allow the child with 
exstrophy to begin his or her school life with a 
safe and well-established system for urinary tract 
management (Fig.  13.11 ). They will take for 
granted the satisfactory function of whatever sys-
tem they have adopted, and if they ever say 
“thank you,” it will be for the umbilicus!

a

c d

b

  Fig. 13.10    Sequence of images in the fi rst few years of 
life. ( a ) The newborn exstrophy ( b ) following neonatal 
closure and ventilation for 5 days. ( c ) Appearance follow-
ing the second intervention at 9 months and ( d ) cystogram 

under anesthesia at 3 years. Voiding with increasing dry 
interval and a bladder capacity of 140 ml. He will require 
some fi ne- tuning at the bladder neck by endoscopic injec-
tion of bulking agent       
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        The persistence of cloacal and urogenital sinus 
remains one of the most challenging problems 
for the reconstructive pediatric urologist [ 1 ,  2 ]. 

 Cloaca is a Latin word for sewer and it is a 
normal condition in some birds, reptiles, and 
some fi sh. 

 In children it has a relatively rare incidence 
(1/40,000–50,000 patients). It comprises 10 % of 
anorectal malformations (ARMs) in females and 
2–4 % of all ARMs [ 3 ,  4 ]. 

 ARM constitutes a spectrum in females 
including: rectovestibular fi stula, persistence of 
urogenital sinus, persistence of cloaca, and cloa-
cal exstrophy. 

 Urogenital sinus (UGS) anomalies include 
complex genitourinary malformations with 
anomalous confl uence of the urethra and the 
vagina. It is caused by the altered embryologi-
cal evolution of organs that end in the vulva. In 
particular the separation of the UGS into the ure-
thra and the female genital tract is more or less 
incomplete, with the urethra and vagina sharing 
a distal common channel to the perineum. The 
single orifi ce is usually in the perineum or rarely 
at the top of a hypertrophic clitoris. The anus 
and the rectum are normal and well placed. It is 

thus simple to differ this condition from the per-
sistence of the cloaca where intestinal and geni-
tourinary tracts end in a single perineal orifi ce 
(clover syndrome). 

14.1     Embryogenesis and Sexual 
Differentiation 

 From 4 to 6 weeks of gestation (g.w.), there is a 
critical time of the development of cloacal struc-
tures [ 5 ]. The 4-week embryo has a cavity (inter-
nal cloaca) where the allantois, the rectum, and 
the Wolff ducts end. The cloacal membrane closes 
the cavity at the caudal end and it is still intact. 

 Then there is a progression of the urorec-
tal septum that gradually separates the cloaca 
(6 g.w.) in the urogenital sinus (anterior) and the 
rectum (posterior). 

 The developmental failure of the UGS in 
female patients gives rise to the. 

 The complete separation of the UGS is related 
to the absence of androgens. Androgens inhibit 
the development of the UG sinus. Therefore 
patients with congenital adrenal hyperplasia 
(CAH) can develop a persistence of UGS. 

 In case of early maldevelopment and rupture 
of the cloacal membrane just before everything 
is separated, there is the development of cloacal 
exstrophy. 

 During this altered process the uterus and the 
vagina often fail to fuse in the midway. Therefore 
duplications of the Müllerian  structures are very 
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common in patients with cloaca along with vag-
inal atresia. 

 Sexual differentiation starts after the 9th g.w. 
depending on the presence or absence of the Y 
chromosome (cr) or better of a part of the Y cr 
called SRY (sex-determining region Y) on the 
Y short arm. It is now clear why there are male 
patients with XX or female patients with XY. 

 SRY gene promotes the gonadal differentia-
tion into the testes. The testis starts the production 
of androgens (Leydig cells produce testosterone) 
that stimulate the transformation of the Wolffi an 
duct (vas deferens, epididymis, and seminal ves-
icles) and promotes the growth of external geni-
talia. At the same time, Sertoli cells of the testes 
produce the Müllerian-inhibiting factor (MIF) 
that stops the development of the uterus. 

 The absence of the Y cr and the presence of 
two X stimulate the development of female inter-
nal genitalia (ovary and Müllerian structures as 
the fallopian tubes, uterus, and part of the vagina) 
and the regression of Wolffi an system.  

14.2     UGS Persistence 

    Persistence of the UGS is related to two 
conditions:
•    UGS persistence with ambiguous genitalia – 

disorders of sex development (46,XX DSD, 
previous female pseudohermaphroditism, 

ovotesticular DSD, previous true hermaphro-
ditism, mixed gonadal dysgenesis)  

•   UGS persistence alone (female hypospadias, 
urovaginal confl uence, UGS with high trans-
verse septum)    

14.2.1     UGS Persistence Associated 
with Ambiguous Genitalia 
(Chromosomopathies or 
Disendocrinopathies) 

     (a)    46,XX DSD = an endogenous or exogenous 
hyperandrogenism gives a picture of female 
pseudohermaphroditism that overlaps the con-
genital adrenogenital syndrome. It is related 
to an enzymatic defi cit (21- hydroxylase defi -
cit in 95 % of cases) in the cortisol synthesis. 
The effect is an increment of intermediate 
metabolites (usually androgens) that leads 
to virilization of external genitalia. Time 
and intensity of stimulation are responsible 
for the severity of the clinical picture: from 
clitoris hypertrophy to complete labioscrotal 
fusion with penile clitoris. Internal genitalia 
(uterus, fallopian tubes, and proximal vagina) 
are always normal, while the entry point of 
the vagina in the uterus (UGS) varies. The 
UGS can be low (near the perineum) or high 
(near the external urethral sphincter) or inter-
mediate between the two (Fig.  14.1 ).   

a b

  Fig. 14.1    Two extreme 
forms of UGS in CAH. 
( a ) Low form: early 
division of the UGS. 
( b ) High form: the UGD 
is long with cranial division       
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   (b)    Ovotesticular DSD = True hermaphroditism 
is defi ned by the presence of both ovarian 
and testicular tissues, either separately or, 
more commonly, together as ovotestis. 
Karyotype is 46,XX in almost 60 % of true 
hermaphroditism; it is 46,XY in 10 % and it 
is mixed (XX/XY) in 30 % of cases. The 
translocation of the Y cr short arm over the X 
explains the presence of the testis in XX 
patients. Internal genitalia are the same of the 
ipsilateral gonad. The testis has its own epi-
didymis and vas deferens, while the fallopian 
tubes are well developed in the ovarian side. 
Both systems are represented in case of ovo-
testis. There is often a rudimentary uterus. 
True hermaphrodite has usually a wide vagi-
nal opening in the urethra near the perineum 
or in the perineum with its own orifi ce.   

   (c)    Mixed gonadal dysgenesis = patients with 
mixed gonadal dysgenesis have a testis on 
one side and a dysgenetic gonad or a streak 
on the opposite side, persistence of Müllerian- 
derived structures, genitalia asymmetry, and 
mosaicism (45, X/46, XY). External  genitalia 
are ambiguous in 80 % of cases. The aspect 
of internal genitalia is related to the gonad. 
The vas deferens and epididymis are well 
developed at the side of the testis (which is 
usually undescended), while the fallopian 
tubes and uterus are at the side of the streak. 
In all these cases there is a wide vaginal 
opening in a short UGS.      

14.2.2     UGS Persistence (Idiopathic) 

 It is a rare condition affecting females with nor-
mal set of chromosome (46,XX) and a unique 
external vulvar orifi ce for both the urethra and 
the vagina. They are related to an arrest of the 
vaginal differentiation process with a different 
anomaly degree (female hypospadia, urovaginal 
confl uence, UGS persistence).
    (a)    Female hypospadia = the vaginal vestibule is 

normal and the urethral orifi ce ends on the 
anterior vaginal wall, one or two centimeters 
over the vaginal opening. There are no conti-
nence problems, but “vaginal urination” may 

lead to vaginal dilatation, stagnation of urine 
and false incontinence, vulvovaginitis, dys-
uria, and lower urinary tract infection.   

   (b)    Urovaginal confl uence = the bladder directly 
opens in the vagina with an incompetent 
bladder neck or through a short urethra. 
There is always urinary incontinence. There 
are urinary (unilateral renal agenesis)-associ-
ated and genital (proximal vagina and bifi d 
uterus)-associated anomalies.   

   (c)    UGS with high transverse septum = There is 
a single vulvar orifi ce that is wide and seems 
to be part of the external urethral orifi ce 
(indeed it leads to the bladder). This tract is 
actually the distal part of the vagina (there is 
a common channel or UGS) that does not 
communicate with the vagina because there 
is a transverse septum. The septum makes 
the vagina a close organ. The condition can 
be identifi ed in the neonatal period as an 
abdominal mass (accumulation of vaginal 
and uterine secretions) under maternal hor-
monal stimulation (hydrometrocolpos) or it 
can be diagnosed in pubertal age.      

14.2.3     UGS Management 

 The management of the patient with UGS persis-
tence is certainly multidisciplinary with a team 
working with the parents and the child [ 6 ]. The 
diagnosis is often made in the neonatal period 
because most patients have ambiguous genita-
lia. Physical examination should include care-
ful inspection of external genitalia (position 
of labioscrotal folds, location and size of the 
gonads, and consistency of the phallic tissue), 
perineum (presence or absence and location of 
the anus, number of orifi ces), abdomen, and the 
back searching for masses or abnormalities. Prior 
to surgery endoscopic (Fig.  14.2 ) and radiologi-
cal (contrast x-ray studies) evaluations delineate 
the anatomy, in particular the length of the sinus, 
the location of the bladder neck and the vaginal 
introitus, the presence of a cervix and the contour 
of the bladder.

   Ultrasonography is useful to evaluate the inter-
nal genital and higher urinary tract. MRI is used 
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when the anatomy remains confusing. Gonadal 
biopsy is rarely necessary. 

 The initial management includes dilatation 
of UGS and intermittent catheterization (in the 
vagina or in the bladder) or vaginostomy/vesicos-
tomy in case of failure of catheterization.  

14.2.4     UGS Treatment 

 The anatomy of the UGS (caliber and length 
of the common channel) defi nes the surgical 
strategy. 

14.2.4.1     UGS Associated 
with Disorders of Sex 
Development 

 The former belief that early surgery to “normal-
ize” the masculinized genitalia helps promoting 
attachment between parents and infants is not so 
clear anymore. The feminizing genital surgery 
is very controversial. Timing and type of recon-
struction are currently in question [ 7 – 9 ]. The aim 
of surgical techniques is to offer nice cosmesis 
 preserving the sensation and function. We leave 
the deepening of this discussion to the chapter on 
intersexes. 

 Feminizing genitoplasty include: clitorido-
plasty, vaginoplasty, and labiaplasty. 

 The radiological (cystourethrogram, ret-
rograde genitogram) and endoscopic evalua-
tion of the confl uence level of the urethra and 
vagina is important. The higher is the level of 
masculinization, the higher the vagina ends 
into the UGS. Classical distinction divides low 
and high forms depending on the position of 
the vaginal opening compared to the external 
urethral sphincter. However, it is more correct 
to use the terms intermediate, high (40 %), and 
low (60 %). 

   Clitoridoplasty 
    It can be performed prior or after UGS correction 
in high forms or be contemporary to vaginoplasty 
in low forms. The objectives are to preserve the 
neurovascular integrity of the glans clitoris, pre-
vent painful erections, and provide feminine cos-
mesis (Fig.  14.3 ). A traction suture is placed on 
the glans clitoris. The clitoris is then bared with 
a circumferential incision made 2 cm below the 
glans and two longitudinal medial incisions (dor-
sal and ventral). Corpora cavernosa are freed up 
to their bifurcation isolating the dorsal neurovas-
cular bundles. Then they are resected preserving 
the spongiosum. The glans is sewn to the bifurca-
tion of the corporal bodies. Skin fl aps, obtained 
with the clitoris-covering skin (prepuce), are 
used to make the labia minora.  

a b

  Fig. 14.2    Endoscopic evaluation with identifi cation of two openings in a common channel       
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   Vaginoplasty 
    The type of vaginoplasty (Fig.  14.4 ) depends on 
the anatomical location of the vaginal entrance 
into the UGS. The procedure is preceded by 
an enema or a total bowel preparation. In case 
of CAH steroid administration should be suited 
based on scheme therapy by the endocrinologist. 
Endoscopic evaluation is performed prior to sur-
gery to assess the level of the vaginal entrance. A 
Fogarty catheter is placed into the vagina and a 
Foley one into the bladder. The entire lower body 
of the child is then prepared to obtain a surgical 
fi eld that will allow both the perineal and abdom-
inal steps (if necessary).

    (a)    Low forms 
  Cutback vaginoplasty  = it is used for isolated 
labial fusion (it is not used anymore for com-
mon UGS). The UGS is opened through a 
vertical incision. The vagina is then marsu-
pialized to the perineal skin. 

  Flap vaginoplasty  = the urethral meatus is 
exposed through a median skin incision. The 
skin fl ap is obtained with an “inverted U” inci-
sion with the base anterior to the anus and just 
below the sinus. The fl ap is folded posteriorly. 
The dissection (in deep tissues) involves the 
posterior vaginal wall that is separated from 
the rectal wall. At the end of the dissection, the 

a b

c d

  Fig. 14.3    Clitoridolabioplasty in a case of CAH. The 
aspect of genitalia is shown in ( a ). The clitoris is bared ( b ). 
Corpora cavernosa are freed up to their bifurcation isolating 

the dorsal neurovascular bundles ( c ). Skin fl aps, obtained 
with the clitoris-covering skin (prepuce), are used to make 
the labia minora ( d )        
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posterior vaginal wall is opened in the midline 
and the skin fl ap interposed in order to obtain 
vaginal exteriorization. The vagina is then 
attached to the neo-vulva. The vulva has been 
previously reconstructed in all its parts (prepu-
tial skin has been advanced to create the labia 
minora and labia majora that have been shaped 
by Y-V plasty). Dilatations are performed after 
2 weeks for 6 months and then once a month 
till sexual activity begins. A Foley catheter is 
left indwelling and a Penrose drain is left in 
the vagina for the fi rst 2–3 days. Stenosis is 
one of the most frequent complications.   

   (b)    High forms 
 This group includes very masculinized 
patients with hyper- and hypoplastic vaginas. 

The presence of a common urethrovaginal 
wall and the attempts for preserving the 
external urethral sphincter make this surgery 
very complex. The procedure of choice is the 
vaginal pull-through, simplifi ed by  urogenital 
mobilization (total or partial). 

  Hendren pull - through vaginoplasty  [ 10 ] 
= the surgery is preceded by clitoridolabio-
plasty (previously performed in the fi rst sur-
gical step). The dissection is performed 
through the perineum, after the introduction 
of a Fogarty catheter in the vagina and of a 
rigid probe in the urethra. You create two 
skin “U” fl aps in the perineum (one with a 
posterior and the other with an anterior 
base). Dissection proceeds below the poste-

a b

dc

Urethra

Vagina

UGS

Urethra

  Fig. 14.4    Vaginoplasty. The urethra is catheterized endoscopically ( a ). The urethra and vagina are separated and 
brought down to the perineum ( b ,  c ). Final aspect ( d )       
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rior fl ap toward the junction of the urethra 
and vagina. Once the posterior vaginal wall 
is reached, the Fogarty catheter is removed. 
It is then possible to separate the vagina 
from the urethra under direct view. The ure-
thra is closed transversally. The vagina is 
then completely mobilized and incised on 
four quadrants. A wide vaginal opening is 
obtained suturing the vagina with four skin 
fl aps (two principle fl aps – anterior and pos-
terior – and two lateral accessory fl aps). 
Dilatations are performed after surgery to 
avoid stenosis. 

  Jones vaginoplasty  [ 11 ] = it provides a 
combined abdominoperineal approach. Two 
skin “U” fl aps are obtained in the perineum 
(one with a posterior and the other with an 
anterior base). A probe is inserted through 
the abdomen (minimal laparotomy) in the 
uterus and in the vagina until it reaches the 
perineum. Then the surgical procedure is 
completed with the same modalities 
described for the Hendren approach. 

  Gonzalez vaginoplasty  [ 12 ] = clitoridola-
bioplasty and vaginoplasty are performed 
together in order to use the foreskin for ante-
rior vaginal wall reconstruction. The vagina 
is isolated through the perineum. An 
“inverted U” skin fl ap (with the apex at the 
UGS opening) is obtained in the perineum 
and it is used for posterior vaginal wall 
reconstruction. You perform two openings 
on the foreskin fl ap that has been transposed 
posteriorly and sutured to the vagina (ante-
rior wall). The clitoris and the urethral open-
ing are sewn in these openings. Posterior 
(skin) and anterior (foreskin) fl aps are then 
sutured together to form the distal vaginal 
tract. 

  Passerini - Glazel vaginoplasty  [ 13 ] = the 
foreskin and the penis are used with part of 
the urethra to replace the distal vagina. The 
clitoris skin is mobilized and the spongiosum 
is separated from the cavernosa. The urethra 
is opened vertically. Clitoridoplasty is then 
completed. The clitoris skin is divided in two 
parts that are rotated and sutured to the fl ap 
obtained from the opening of the urethra and 

the spongiosum. This way you obtain a wide 
rectangular fl ap that is tubularized and 
sutured to the vagina that has been previ-
ously prepared through the perineum or 
through the bladder (transtrigonally). 

  Peña vaginourethroplasty ,  total sagittal 
transanorectal approach  [ 14 ] = this is a 
total mobilization fi rstly described for cloa-
cal correction (see below). The technique 
permits the vagina to reach the perineum 
without tensions thus reducing the risk of 
vaginal stenosis. Peña proposed a transano-
rectal sagittal approach with easier visual-
ization of the confl uence and less demanding 
separation of urethra and vagina. The child 
is placed prone on pelvic rolls. The incision 
extends from the sacrum to the external 
UGS opening, through the anorectum. The 
levator ani, the muscle complex, and the 
external sphincter are opened in the midline 
and the anterior and posterior rectal wall are 
opened too. Posterior UGS wall is identifi ed 
and opened exposing the urethral and vagi-
nal openings. After the placement of a ure-
thral catheter, vagina and urethra are 
separated. This phase is delicate because the 
two structures have a common wall. It may 
be useful to place traction stitches over the 
anterior vaginal wall. The dissection reached 
the bladder neck and the vagina is mobilized 
up to the uterine neck preserving the vascu-
lar pedicles that allow vaginal pull-through. 
The neourethra is then reconstructed with 
UGS walls and the mobilized vagina is sewn 
to the perineal skin, near the urethral neo-
orifi ce. Then the perineal body is recon-
structed and the rectum walls as well as all 
muscles are sutured. Vaginal dilatations are 
not necessary and vesical catheter is kept for 
2 weeks. These infants usually have a pro-
tective colostomy, performed in a previous 
surgical time. The colostomy is closed after 
2 months. 

  Domini ASTRA ,   anterior sagittal tran-
sanorectal approach  (Fig.  14.5 ) [ 15 ] = the 
anorectum is opened just in its anterior 
wall. The anatomical vision is still excel-
lent, the reconstruction is simplified, and 
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neuromuscular structures are preserved. 
ASTRA is an easier way to separate high 
UGS without major disruption of the pel-
vic floor. It was proposed since the vaginal 
pull-through can have problems related to 
vaginal separation: it is technically diffi-
cult, it may result in vaginal ischemia, and 
it may create vesicourethral fistulas and 
urinary incontinence. The patient is placed 
in the prone position with a Fogarty cath-
eter in the vagina and then approached 
transrectally. The technique is then the 
same as for Peña vaginoplasty with no 
need for protective colostomy. An impor-
tant point is to give preoperative estrogen 

therapy to create a much more robust 
vagina that is easier mobilized. Another 
advantage of the ASTRA is that you can 
reconstruct the urinary sphincter. 
Clitoridolabioplasty is performed after 
2 months.

    Total urogenital and partial mobiliza-
tion ,  TUM / PUM  (Fig.  14.6 ) [ 16 ] = the 
UGS is circumscribed and suspended by 
traction sutures. The urethral plate may be 
divided below the glans clitoris, dissected 
and mobilized with the UGS. An incision 
is then  performed posterior to the UGS, in 
the midline. All the attachments between 
the rectum and the UGS are divided 

  Fig. 14.5    ASTRA technique. Transanorectal incision 
( upper, left ). The anterior wall of the rectum is incised in 
the midline ( upper, right ). The complete opening of the 
UGS allows the visualization of the vagina and urethra 

( center ). The vagina is separated from the urethra ( down, 
left ). Final suture after anastomosis of the three structures 
to the perineum ( down, center , and  right )       
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 without injuring the rectum or the sinus. 
The dissection proceeds near the posterior 
vaginal wall until the peritoneum is 
reached and swept superiorly. Meanwhile 
the sinus has been mobilized anteriorly 
and divided from the pubis. In PUM the 
dissection stops at the pubourethral liga-
ment. The posterior wall of the vagina is 
opened near the confluence. If the vagina 
reaches the perineum, it is pulled through 
and the redundant tissue is used to create a 
vestibule. If the vagina does not reach the 
perineum, the anterior vaginal wall should 
be separated from the urethra after the 
baby has been turned prone. In this situa-
tion the redundant tissue is used to create a 

Passerini flap. At the end a Penrose drain 
is left in the vagina and the Foley catheter 
is left in the urethra.

14.2.4.2             Idiopathic UGS 
     (a)    Female hypospadia = these forms do not usu-

ally require any treatment. Sometimes it is 
useful to obtain a complete separation 
between urethra and vagina using inverted 
perineal skin fl aps sutured to the vagina.   

   (b)    Urovaginal confl uence = the aim is to recon-
struct the urethra and restore the continence. 
These forms are characterized by an almost 
normal vagina in which a short urethra ends. 
The problem is essentially the urethra. The 
urethroplasty can be performed with vaginal 

  Fig. 14.6    TUM for correction of defects with short common channel. The rectum is separated from the UGS. The sinus 
is isolated with blunt dissection. At the end of the dissection, the urethra and vagina are sutured with the skin       
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fl aps. The ASTRA technique is not appli-
cable because the vagina already reaches the 
vulva. The anterior wall of the vagina is used 
to restore the urethra when the bladder neck 
is competent. Bladder skin urethroplasty is 
used when the urethra and the bladder neck 
are absent. This is a suprapubic surgery that 
ends with a perineal step. The anterior blad-
der wall is exposed until the bladder enters 
the UGS. The bladder is separated from the 
sinus and the vagina is reconstructed using 
the UGS tissue. The pseudo-bladder neck 
is closed. A bladder fl ap (3.5 × 8 cm) is 
obtained from the anterior bladder wall and 
it is tubularized forming the neourethra. The 
neourethra is lowered behind the pubis and 
sutured to the vulva over the vaginal introitus 
(ex-UGS).   

   (c)    UGS with high transverse septum = this con-
dition is very rare. The most used surgery 
consists of vaginal lowering through a com-
bined via (abdominovulvar). The anterior 
vaginal wall is opened through the abdo-
men. Then the UGS is used as urethra. 
Another possibility is to perform the 
ASTRA technique that can be used also for 
these cases.      

14.2.4.3     Urethrovaginal Fistula 
 It is a post-traumatic acquired pathology. It can 
be corrected with the ASTRA technique.    

14.3     Cloacal Persistence 

    It was once defi ned as “UGS persistence asso-
ciated with anorectal malformation.” It rep-
resents an independent clinical entity (just in 
females). Three systems (urinary, genital, and 
intestinal) lead into a common channel that 
opens in the perineum (Fig.  14.7 ) [ 17 ]. This 
means that there is a connection between the 
vagina, the rectum, and the bladder at different 
levels and stages of development. The level at 
which the three parts unite in the cloaca varies 
(there are high and low forms) and it affects the 
complexity of the anomaly. 

 The diagnosis of cloaca is clinical. The 
perineum of a neonate with simple cloaca has a 
single orifi ce below the clitoris (which is often 
hypertrophic), imperforate anus, and diminished 
labia. The complex cloaca (long cloacal chan-
nel), on the other side, can be characterized by 
a posterior displacement of the single opening 
and fl at buttocks. The posterior cloaca itself can 
be rather bizarre with a single opening that is 
displaced posteriorly in a variety of anatomical 
fi ndings that can be quite diffi cult to delineate 
initially. The evaluation of children with cloaca 
is similar to that described for UGS, but these 
children might have severe associations. 

 Cloacal malformation can present as ambigu-
ous genitalia. It is important to remember that girls 
with a single perineal opening, even if they have 
weird genitalia, should be considered as girls with 
cloacal abnormalities until proven otherwise. 

 Hydrocolpos is associated with cloaca in 
30–60 % of cases. It is related to the narrow UGS 
or cloacal channel and to the bad vaginal drain-
age (obstructive process that dilates the upper 
part). In severe cases the abdominal mass gives 
diaphragmatic compression with respiratory 
distress, decreased venous drainage for lower 
extremities, or urine loss in the peritoneum due to 
retrograde fl ow of urine through the genital tract 

  Fig. 14.7    Cloaca: the rectum ( blue ), the vagina ( green ), 
and the urethra ( yellow ) converge in the same channel 
( red )       
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(peritonitis with urinary pseudocysts, ascites). 
Prenatal very distended hydrocolpos may lead to 
prune-belly abdomens. 

 Müllerian anomalies are often associated with 
cloacae that contribute to determine the progno-
sis, like other associated anomalies. For instance, 
vaginal absence, which is present in 9 % of cases, 
worsens the picture. Cloacae can also present 
with vulvar abnormalities or with hemangiomas. 
In the latter case the hemangioma can extend 
proximally involving internal structures. 

 The overall incidence of associated anoma-
lies is high. In particular urologic anomalies are 
present in 70 % of cases, spine and lumbosacral 
spinal cord anomalies in 30 %. Other cardiac 
anomalies and gastrointestinal alterations such 
as tracheoesophageal fi stula, duodenal atresia, 
and rectal duplication have been seen in children 
with cloacae. All these anomalies and the cloaca 
itself worsen the functional outcome, especially 
in terms of continence. 

 Many cloacae are now diagnosed antenatally, 
especially those with hydrocolpos or with some 
kind of distended structures (e.g., cystic pelvic 
dilatations as well as bilateral hydronephrosis are 
common fi ndings) that are identifi ed on prenatal 
US. The presence of some elements (hydronephro-
sis, an intrapelvic collection of fl uid, dilated distal 
bowel, spinal and/or sacral malformations, absent 
kidney) on prenatal US of female fetuses is highly 
suggestive for cloacae. A reason for pregnancy ter-
mination is the association with spinal dysraphism 
that is present in 50 % of cloacae. Renal agen-
esis, ectopia, and dysplasia can also be present, 
and dysplasia is the reason why 20 % of patients 
develop end-stage renal disease. There can be also 
ureteral refl ux (50 %) and rarely urethral dupli-
cations (whose treatment is simple and consists 
of opening the midline creating a normal muco-
sal strip between the glans, clitoris, and urethra). 
Spinal abnormalities account for 50 % of associ-
ated malformations. The child should be turned 
prone for back evaluation, since sacral anomalies 
are so frequent. One third of patients will develop a 
postoperative neuropathic bladder requiring clean 
intermittent catheterization (CIC) or Mitrofanoff. 

 In the fi rst 24 h of life, it is fundamental to 
identify the associated anomalies that threaten 

the life of the baby and to exclude the presence of 
hydronephrosis or hydrocolpos. Ultrasounds may 
show very distended bladder, rectum, and vagina. 
Very distended vaginas lead to hydronephrosis by 
compression. This is an important issue, as hydro-
nephrosis caused by a distended hydrocolpos 
does not improve after vesicostomy. The vagina, 
which is what compresses the ureter, should be 
drained instead of the bladder. Adequate manage-
ment of neonatal hydrocolpos and hydronephro-
sis is essential to avoid further renal damage. You 
should drain the dilated vagina before contem-
plating vesicostomy. Vesicostomy is only occa-
sionally required when the baby is not capable of 
emptying the bladder. Hydronephrosis may also 
be related to vesicoureteral refl ux that is assessed 
by injecting water- soluble contrast after catheter-
ization (hopefully of the urethra). The urologic 
evaluation is considered completed if the kidneys 
are normal and there is no hydrocolpos. An echo-
cardiogram and a plain radiograph of the sacrum 
rule out cardiac and spinal malformations. 

 Babies with cloaca should be investigated with 
abdominal x-ray that is important to see where 
the gas fi lls the abdomen, and it may reveal a pel-
vic mass and linear calcifi cation in case of ascites 
or granular calcifi cations (meconium from urine 
washing into the rectum). 

 After US and plain x-ray investigations, a 
combined cysto-vagino-cologram should be per-
formed prior to reconstruction, once a colostomy 
has been performed and the patient is stable. This 
test is crucial for future reconstruction because it 
shows the type of UGS (high or low). 

 Prior to surgery it is useful to perform a cys-
toscopy and to place a catheter in the bladder and 
vagina. Investigation with cysto-vagino-cologram 
and endoscopy is important for surgical planning 
and to avoid injuries to adjacent structures. 

 The length of the cloacal channel can be used 
as a prognostic factor [ 18 ]. The real important 
part is the length of the urethra and the size of the 
vagina that should be endoscopically evaluated 
in order to decide whether an intra-abdominal or 
posterior sagittal approach should be done. MRI 
and CT reconstruction are done occasionally 
especially in older patients and in patients with 
complications. 
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14.3.1     Cloacal Management 

 It is obvious that given the complexity of the 
anomaly, the treatment should be individualized. 

 In general you have to decompress the gastro-
intestinal and genitourinary tract. Later on you 
should perform defi nitive correction of both the 
genitourinary abnormalities and the cloacal mal-
formation. These procedures are simultaneous 
in most instances, as delayed vaginoplasty often 
requires remobilization of the rectum in a scarred 
tissue. The optimal age for surgery has not been 
established. The repair in the neonatal age seems 
to be safe and effective in healthy infants, but 
the choice for many surgeons is a delayed repair 
between 6 and 12 months. 

 In newborns it is essential to treat the hydro-
colpos. Intermittent catheterization is the best 
way to achieve vaginal decompression if the 
cloacal channel is large enough to allow it and 
the family is compliant. In other cases you 
can do a vaginostomy. The management can 
include:
•    Divided high sigmoid colostomy that is per-

formed promptly after delivery and stabiliza-
tion of the child. Colostomy decompresses the 
gastrointestinal tract and prevents the fl ow of 
stool into the cloaca. A right transverse 
divided colostomy allows future rectal pull- 
through and potential vaginoplasty, but it 
leaves the large distal colon and a large area 
for exchange of urinary electrolytes. Peña 
suggests performing a divided colostomy in 
the proximal descending colon. To decide 
where to put the colostomy is important espe-
cially if the vagina is very small and it will 
require a piece of colon.  

•   Endoscopy should be performed with colos-
tomy to defi ne the anatomy and to decompress 
the bladder and vagina.  

•   Dilatation of cloacal channel  
•   Vesical (or vaginal) intermittent catheterization  
•   Vaginostomy is required if hydrocolpos has 

not responded to catheterization of the cloaca. 
Percutaneous tube vaginostomy is better than 
the open vaginostomy because the vagina is 
not tendered to the abdominal wall, and once 
you have to do the pull-through or the mobili-
zation of the vagina, it is easier.  

•   Vesicostomy    

 In infants the management depends on the com-
plexity of the anomaly and on anatomical fi ndings 
and it aims to defi nitive repair (PSARVUP – pos-
terior sagittal anorecto vagi nourethroplasty).  

14.3.2     Cloaca Treatment 

 The aim of surgery is to achieve a normal anat-
omy and function (aspect of the perineum, uri-
nary and fecal continence, and sexual activity) of 
the three organs involved in the malformation. 

 In cloacae (and in ARMs), the striated muscle 
of the pelvic fl oor is represented by a complex 
funnel-shaped structure extending from its pelvic 
insertions (pubis, pelvic rim, and sacrum) to the 
perineal skin. This structure is composed by:
    (a)    A superior part: the elevator ani   
   (b)    An intermediate part: vertical muscle fi bers 

that run parallel to the rectum (muscle 
complex)   

   (c)    An inferior part: parasagittal fi bers that cross 
around the anus forming the external sphincter     

 Fecal continence is the result of the synergy 
between these components. Striated urethral 
sphincter constitutes the anterior extension of 
this funnel-shaped structure. This sphincter is 
around the cloacal sinus and should be restored 
after urethral reconstruction. The section over the 
midline permits the identifi cation of these mus-
cular planes and of the cloacal sinus. 

 Defi nitive PSARVUP (Fig.  14.8 ) repair is pre-
ceded by a new cystoscopy because the endos-
copy done in the newborn period is not ideal.

   PSARPVUP procedure is performed with the 
infant in prone position with elevated pelvis. The 
exception is related to patients with common chan-
nels longer than 3 cm or with the need of the intes-
tine to reconstruct the vagina. These conditions 
require also an abdominal approach to complete 
the repair and reach all the very high structures 
(rectum, vagina, or both) or the  intestinal segment 
chosen for vaginoplasty. The procedure starts with 
a sagittal incision made in the midline, from the 
sacrum to the posterior edge of cloacal external 
orifi ce. The fi rst thing to do is the identifi cation of 
the muscle planes and their half division. The pos-
terior wall of the  rectum and the cloacal channel 
are then identifi ed and opened showing the three 
orifi ces (rectum, vagina, and urethra). The vagina 
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  Fig. 14.8    PSARVUP for cloaca correction. The cloaca is 
opened in the midline. The anterior rectal wall is sepa-
rated from the posterior vaginal wall ( upper right ). The 

anterior vaginal wall is separated from the common wall 
with the urethra ( center, left ). The urethra is reconstructed 
with the sinus ( center right ). Final aspect ( down )       
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is then separated from the rectum. Since there is 
no cleavage plane, the dissection is carried out 
in the rectal  submucosa for 2–3 cm and then full 
thickness. Then the vagina is separated from the 
urethra with the rectum retracted posteriorly. This 
dissection is very delicate because the common 
wall is very thin and less elastic. It is important 
to be close to the vagina because the opening of 
the urethra and bladder neck may lead to inconti-
nence or fi stula. In case of vaginal opening, you 
can twist the vagina 90° to avoid the overlap of the 
suture lines and the formation of vesicovaginal 
fi stulas. The urethra is reconstructed using cloa-
cal walls. The mobilized vagina is sutured to the 
skin, near the urethra. If necessary the rectum is 
tapered and, along with the anus, it is placed in the 
middle of the external sphincter, identifi ed with 
an electrostimulator. During the maneuver the 
intestinal wall is secured to the muscles in order to 
avoid future prolapses. Neo-anus is sutured to the 
skin. Dilatations start 2 weeks later and last for 
6 months. Colostomy is closed after 2–3 months. 

 Total mobilization of the UG sinus was 
devised and described by Peña in 1997 to over-
come some of the complications of PSARVUP 
and consists of performing an “en bloc” mobili-
zation of the urogenital sinus that is brought down 
to the perineum as a unit. Total urogenital mobi-
lization (TUM) is adequate if the urethra is long 
enough (>1.5 cm) or the channel is short (less 
than 3 cm). Otherwise, a vaginal pull- through is 
preferred [ 19 ]. The urethral length and the posi-
tion of the entrance of the vagina are relevant ele-
ments for choosing the surgical management. If 
the urethra is very short or the vaginal insertion 
is very high, you cannot lower the bladder neck 
all the way down to the perineum. TUM consists 
of dissection of all the attachments of the cloa-
cal channel through a posterior sagittal approach. 
When the urethra and the vagina are identifi ed, 
they are brought down to the perineum instead of 
being separated. Dissection is thus performed in 
a precise cleavage plane behind the pubis, ventral 
to the UGS, and then circumferentially around 
the lateral and posterior vaginal walls and the 
anterior urethral and vesical wall. In the past the 
lower redundant tissue that was exposed after the 
dissection was discarded, but now it can be used 
for vaginoplasty and introitoplasty. 

 Complex cloacae can pose extreme diffi culties 
to correction, especially in cases of vaginal hypo-
plasia. In these cases it is essential to understand 
maneuvers for vaginal mobilization and augmen-
tation. A combined abdominoperineal approach 
is often necessary (Fig.  14.9 ).

   You should be prepared to change the posi-
tion of the infant. The fi rst thing to do is to free 
the vaginostomy, if present. A piece of gut is 
prepared in case of short or hypoplastic vaginas, 
after their disconnection, to bridge larger gaps 
performing a  sigmoid  ( ileum )  vaginoplasty . 
Care should be paid with ureters (usually enter-
ing the bladder very close to the vaginas). Some 
authors suggest placing a ureteral catheter dur-
ing cystoscopy. In case of large and duplex 
vaginas, a  vaginal switch  (hemihysterectomy 
and mobilization of a hemipart of the vagina) 
should be prepared to bring the vagina to the 
perineum [ 20 ].  

14.3.3     Outcomes 

14.3.3.1     Postoperative Complications 
and Long-Term Outcomes 

 Complications include urethrovaginal fi stula 
(7–11 %), vaginal stenosis (10 %), and acquired 
vaginal atresia (2 %). The reconstructed urethra 
may be diffi cult to catheterize making impossible 
the CIC.
•     Urinary incontinence  

 Urinary incontinence seems to occur in approx-
imately one third of patients and it is usually sec-
ondary to a neuropathic bladder. Incontinence 
can be traumatic or primary. The status of the 
sacrum is relevant as in case of abnormalities; 
continence (urinary and fecal) will be found in 
only 29 % of cases [ 21 ]. In case of long chan-
nels (>3 cm), two thirds of patients need CIC 
to empty their bladders [ 18 ,  22 ]. These patients 
may benefi t a Mitrofanoff and Malone – MACE 
performed during laparotomy.  

•    Neurogenic bladder and ARM  
 Ninety percent of patients with cloaca have 
abnormal urodynamics at baseline [ 23 ]. 
Neurogenic bladders have specifi c urody-
namic pattern with hyperrefl exic bladder 
(upper motor lesion). Atonic bladder (lower 
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motor lesion) on urodynamic evaluation is 
usually associated with surgical injury. You 
have to be careful not to do too extensive ret-
rovesical dissection looking for the rectum 
with the help of a good cysto-vagino- cologram 
to avoid nerve lesions. Bladder nerve lesions 
are more common after combined abdomino-
perineal pull-through.     

14.3.3.2     Long-Term Outcomes 
 Predictable of favorable outcomes are short cloa-
cal channel, good bladder neck, normal sacrum 
(without spinal cord anomalies), and two normal 
kidneys. 

 Urinary continence with voiding is present in 
about 54 % of patients while 46 % require CIC 
to stay dry (most with long channel). Continence 
rate is higher with low cloaca (72 %) and it is 
related to an abnormal sacrum [ 24 ]. The group of 
Great Ormond Street had similar results. Eighty 
percent of children seem to have urinary conti-
nence, but only 22 % void (12 % of CIC alone 
and 46 % of CIC after reconstructive surgery). 
Patients with short channel (<3 cm) do much 
better than those with long channels and sacral 

abnormalities worsen continence [ 23 ]. This has 
been also referred by Rink in his experience: 
78 % of patients with channels >3 cm need CIC 
versus 28 % <3 cm [ 18 ]. Chronic renal failure 
accounts for 55 % of cases, some of them are 
related to dysplasia but many of them by misman-
agement of the early hydrocolpos. Concerns have 
been expressed regarding the circumferential dis-
section of TUM over peripheral pelvic plexus 
nerves and this point is not so clear. The experi-
ence of Leclair who shows that after TUM 47 % 
of patients void and 53 % need CIC is interesting  
[ 25 ]. Gynecological outcomes are important since 
there are so many Müllerian abnormalities. The 
group of Hendren showed that 17/24 adults had 
intercourse and six had children [ 26 ] However, 
the group of Peña looked at 22 pubertal girls and 
nine of them had some palpable mass with or 
without cyclic pain (atresia of Müllerian ducts) 
[ 27 ]. During abdominal exploration, one should 
always be sure of the permeability of Müllerian 
structures, a way of doing that is to use a fallopian 
tube catheter and irrigate with normal saline. The 
group of Great Ormond Street [ 28 ] found func-
tioning uterine tissue in 68 % at puberty.       

  Fig. 14.9    Radiological preoperative evaluation ( upper 
left ). The correction of the cloaca started with the perineal 
approach ( upper center  and  right ). The confl uence of the 
vagina in the cloaca was too high and we had to change 

the position of the baby. We performed a laparotomy and 
we identifi ed the uterus and the bowel ( down, left ). These 
structures were isolated and pulled through the perineum 
( down, center ). Final aspect ( down, right )       
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spotlights. Cystographies were less performed, 
whereas isotope studies became the central inves-
tigation killing the intravenous urography. It was 
also the period during which antibioprophylaxis 
appeared to be a safe measure to prevent UTIs 
and renal parenchymal damage [ 31 ]. After the 
1980s came the endoscopic treatments of VUR 
whose easiness to perform supported by strong 
commercial pressure swept away most scientifi c 
rationale behind the treatment of VUR. The wave 
of endoscopic treatments increased again with 
the FDA agreement in the USA. At the same 
time, antibioprophylaxis became more contested. 
Several wise people tried to clarify the therapeu-
tic indications of VUR but mostly showed that 
whatever you do, it does not make much differ-
ence in terms of outcome.  

12.6     Antibiotic Prophylaxis 

 The subject of  antibiotic prophylaxis   in VUR is 
undergoing a raging debate because of serious 
doubts about its usefulness as well as concerns 
about the risk of antimicrobial resistance, patient 
compliance, and costs of medication. Many VUR 
will spontaneously resolve with age. At 10 years, 
 resolution   rates went up to 52 % of children with 
severe grade [ 32 ]. In the last 6 years, fi ve pro-
spective randomized trials evaluated the role of 
antibiotic prophylaxis in the prevention of recur-
rent UTI and renal scarring in children with or 
without refl ux [ 33 – 37 ]. Three studies reported no 
benefi t with prophylaxis in children with or with-
out VUR [ 33 – 35 ]. Craig found a decrease of 
UTIs under prophylaxis in comparison to pla-
cebo [ 36 ]. None of these studies showed any dif-
ference in the rate of scarring with prophylaxis 
versus no prophylaxis. 

 The 2010  Swedish study   [ 37 ] compared the 
outcome of 203 VUR grades III and IV submitted 
to either prophylaxis, endoscopic treatment, or 
simple surveillance. All patients were reassessed 
2 years after inclusion with a new cystography 
and DMSA. This study clearly demonstrated 
that prophylaxis and endoscopic treatment 
were effi cient to reduce febrile UTIs. Children 
who did not receive antibiotic  prophylaxis were 

three times more likely to develop a febrile UTI 
than those maintained on prophylaxis. This was 
more pronounced in girls over 1 year of age. 
Prophylaxis was the best treatment to stop new 
renal damage. 

 The AUA published its guidelines on manage-
ment of primary refl ux in children in 2010. For 
children less than a year old, it is a recommenda-
tion to use prophylaxis for all grades of VUR 
diagnosed after a UTI and in grade III–IV VUR 
diagnosed through screening, whereas it is an 
option in grade I–II VUR. In children older than 
a year, prophylaxis is a recommendation if VUR 
is associated with recurrent febrile UTI, bladder- 
bowel dysfunction, or renal cortical abnormali-
ties, in the absence of which it is an option [ 38 ]. 

 For the National Institute for Health and Care 
Excellence, antibiotic prophylaxis should not be 
routinely recommended in infants and children 
following fi rst time UTI and may be considered 
in those with recurrent UTI [ 39 ].  

12.7     Treatment of Bowel Bladder 
Dysfunction (BBD) 

 Chasing  BBD   is important as it is often associ-
ated with an increased risk of recurrent UTI and 
reduced chances of spontaneous VUR resolution 
[ 40 ]. Possible treatments include bladder train-
ing, behavioral therapy, biofeedback, anticholin-
ergic medications, alpha-blockers, and treatment 
of constipation [ 38 ].  

12.8     Is There Still a Place 
for a Radical Treatment 
of VUR? 

 Commonly accepted  indications   are the 
 persistence of febrile UTIs despite antibioprophy-
laxis and deterioration of relative renal function 
on serial isotope studies. Endoscopy supporters 
claim that subureteral injections of biocompatible 
substance are more effi cient to reduce the risk of 
febrile UTI than  conventional surgery  . Evidence 
for this is quite slim. Meta-analyses demon-
strated that, on average, 77 % of ureters injected 
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     Acronyms 

   BTX    Botox   
  CNS    Central nervous system   
  DLPP    Detrusor leak point pressure   
  DO    Detrusor overactivity   
  DSD    Detrusor sphincter dyssynergia   
  EMG    Electromyography   
  LPP    Leak point pressure   
  LUT    Lower urinary tract   
  LUTD    Lower urinary tract dysfunction   
  MRI    Magnetic resonance imaging   
  NBD    Neurogenic bladder dysfunction   
  NDSD    Neurogenic detrusor sphincter 

dysfunction   
  QoL    Quality of life   
  RNC    Renal nuclear cystography   
  UDS    Urodynamics   
  UTI    Urinary tract infection   
  VCUG    Voiding cystourethrography   
  VUR    Vesicoureteral refl ux   

15.1           Introduction 

    Neuropathic bladder dysfunction (NBD) in chil-
dren is an ever-evolving condition. This condition 
contributes to various forms of lower urinary tract 
dysfunction which may lead to incontinence, uri-
nary tract infections (UTIs), vesicoureteral refl ux 
(VUR), and renal scarring. Conservative treat-
ment is nowadays preferred, but surgery may be 
required. Neurogenic detrusor sphincter dysfunc-
tion (NDSD), if not managed properly, can cause 
renal failure, requiring dialysis or transplantation. 

 Management of NDSD in children has under-
gone major changes over the years. In the mid- 
1950s, there were few insights and minimal 
alternatives to being in diapers or wearing an 
appliance over an abdominal wall stoma. Initially 
long-term renal preservation was the only aim of 
therapy, and early diversion had the best long- 
term results for preserving renal function. 

 Starting with the development of adequate 
X-ray assessment and reliable urodynamic inves-
tigation (UDS), the advent of clean intermittent 
catheterization (CIC), artifi cial sphincter implan-
tation, continent urinary conduits, a plethora of 
drug therapies that modulate lower urinary tract 
function, and a multitude of rehabilitative surgi-
cal techniques, we have learned a great deal about 
the pathophysiology, pathogenesis, and treatment 
of these disorders and the evidence-based ways 
to manage them [ 1 ]. 
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 First of all, the introduction of clean (self)-
intermittent catheterization revolutionized the 
management of children with NBD. It not only 
made conservative management a very successful 
treatment option but also made surgical creation 
of continent reservoirs a very effective alternative 
with a good quality of life [ 2 ]. 

 Myelodysplasia, the most common cause of 
NBD in children, is the best example to explain 
how the recognition of “at-risk” patterns and CIC 
had dramatically changed the outcome. About 
15 % of neonates with myelodysplasia have no 
signs of lower urinary tract dysfunction (LUTD) 
when initially studied [ 3 ]. Nearly 60 % of them 
may develop upper tract deterioration due to 
increased detrusor fi lling pressures and infec-
tions, with or without refl ux [ 4 ]. 

 Children do not develop upper tract deteriora-
tion when managed early with CIC and antimus-
carinic medication [ 5 ,  6 ]. 

 For neurogenic bladder dysfunction, urody-
namic studies allow to understand the nature and 
severity of the problems and administer manage-
ment in a rational manner according to the func-
tional characteristics of the bladder. The main 
goals of treatment remain the prevention of uri-
nary tract deterioration and the achievement of 
continence.  

15.2     Defi nition of Neurogenic 
Bladder 

 Neurogenic detrusor sphincter dysfunction 
(NDSD) can develop as a result of a lesion at any 
level in the nervous system, including the cere-
bral cortex, spinal cord, or the peripheral nervous 
system.  

15.3     Causes 

 The most common cause of NBD in children and 
the most detrimental is  neurospinal dysraphism . 
This condition presents with various patterns of 
detrusor–sphincter dysfunction within a wide 
range of severity. Traumatic and neoplastic spinal 
lesions of the cord are less frequent in children 
(Table     15.1 ).

15.3.1       Spinal Dysraphism 

 The failure of mesodermal ingrowth over the 
developing spinal canal results in an open lesion 
most commonly seen in the lumbosacral area. 
The degree of this closure defi ciency contributes 
to a variable presentation of neural injury with 
varying degrees of LUTD and lower extremity 
problems. 

 Developmental anomalies that result from 
defects in neural tube closure are generically 
termed as  myelodysplasia . This term includes a 
group of lesions like spina bifi da occulta, menin-
gocele, lipomyelomeningocele, or myelomenin-
gocele, which is by far the most common defect. 
The neurologic lesions produced by myelodys-
plasia are variably contingent on the neural ele-
ments that protrude within the meningocele sac. 
The bony vertebral level correlates poorly with 
the neurologic lesions produced.

   The deterioration is an acquired phenomenon 
secondary to the development or progression 
of various LUT hostility factors such as neuro-
genic DO, poor bladder compliance, detrusor–
sphincter dyssynergia, and/or high LPP from 
denervation fi brosis [ 8 ,  9 ]. Urodynamic studies 
corroborated their reliability by reporting that the 
prediction of upper urinary tract deterioration on 
the basis of urodynamic testing is possible with 
90 % accuracy. 

 In  closed myelodysplasia  the lesions are not 
overt and often with no obvious signs of neuro-
logic lesion ( occult dysraphism ). The diagnosis 
of this condition has increased since the advent of 
spinal ultrasonography and magnetic resonance 

   Table 15.1    The principal causes of neurogenic bladder 
in children   

 Spinal dysraphism 

 Open – myelodysplasia  85 % 
 Closed – occult dysraphism  8 % 
 Sacral agenesis  1 % 
 Imperforate anus (~40 % incidence)  1 % 
 Central nervous system insults 
 Cerebral palsy  3 % 
 Spinal cord injury  1 % 
 Tumors – brain, spinal cord (primary, 
metastatic) 

 n.s. 

 Infection  n.s. 
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imaging. In nearly 90 % of patients, a cutane-
ous abnormality overlies the lower spine, and 
this condition can easily be suspected by simple 
inspection of the lower back. These cutaneous 
lesions can vary from a dimple or a skin tag to 
a tuft of hair, a dermal vascular malformation, or 
an obvious subdermal lipoma. Back pain and an 
absence of perineal sensation are common symp-
toms in older children. Incidence of abnormal 
lower urinary tract function in patients with spina 
bifi da occulta is as high as 40 %.  

15.3.2     Sacral Agenesis 

 It is a rare congenital anomaly that involves 
absence of part or all of one or more sacral 
 vertebrae. Perineal sensation is usually intact, 
lower extremity function is usually normal, and 
the diagnosis is made when a fl attened buttock 
and a short gluteal cleft are seen on physical 
examination. This lesion may produce variable 
degrees and patterns of LUTD. 

 The    lesion can be missed in infancy because 
of its subtle clinical manifestations, with gener-
ally no loss of lower extremity motor and sensory 
function, and the nonprogressive nature of its 
pathophysiology [ 10 ]. Urinary    and fecal incon-
tinence usually manifest themselves at an older 
age when the child fails to toilet train on time. 
A careful physical examination noting fl attened 
buttocks and a short gluteal crease is pathogno-
monic for the diagnosis: 30 and 40 % of these 
patients have an upper-motor-neuron-type lesion 
with DO and an intact but dyssynergic sphincter, 
while 25–50 % have signs of a lower motor neu-
ron defi cit with acontractile detrusor and dener-
vation in the sphincter, and 15–20 % have normal 
LUT function [ 11 ].  

15.3.3     Imperforate Anus 

 This rare anomaly with a closed rectum may pres-
ent with accompanying spinal cord pathology. 

 The timing of investigational studies is criti-
cal. Spinal ultrasound in the newborn period is 
needed due to the likelihood of an intraspinal 
abnormality   . The incidence of NBD approaches 

40 % but varies from 10 to 50 % [ 12 ] depend-
ing on the height of the rectal lesion (positive 
correlation) and how thorough the investigation 
[ 13 ]. If a suspected neuropathic bladder is con-
fi rmed by UDS, then spinal MRI is indicated 
[ 14 ,  15 ]. UDS determines the presence of DO, 
the degree of denervation in the external ure-
thral and rectal sphincters, and DSD in the fi rst 
few months of life, after an initial colostomy 
or defi nitive pull-through surgery is performed, 
serving as a baseline for patients with an occult 
dysraphism [ 16 ]. 

 Persistent urinary and bowel incontinence 
suggest unrecognized NBD from an occult spi-
nal dysraphism. Some infants with normal lower 
urinary and bowel function in the fi rst year of 
life suffer from tethering of the spinal cord with 
increasing age. This leads to permanent damage 
if not detected early. Thus, baseline and surveil-
lance UDS help determine the current or chang-
ing neurologic lesion that warrants MRI imaging 
and possibly spinal cord untethering, if an oper-
able lesion is found. It is extremely rare for these 
children to exhibit lower extremity neurologic 
impairment or a cutaneous manifestation of this 
associated condition.  

15.3.4     Spinal Cord Injury 

 The scarcity and variability of spinal cord inju-
ries in children makes it diffi cult to propose any 
one treatment program unless the specifi c type 
of LUT function is known on the basis of uro-
dynamic testing [ 17 ,  18 ]. Even if the individual 
regains the ability to void spontaneously and 
empty his/her bladder, it is imperative to know 
the detrusor fi lling and emptying (detrusor) pres-
sures, in order to determine the potential risk for 
VUR and hydroureteronephrosis [ 19 ]. Effective 
voiding with pressures below 40 cm H 2 O in 
the absence of detrusor–sphincter dyssynergia 
ensures a stable upper urinary tract. A cauda 
equina injury usually leads to a lower motor neu-
ron type of defi cit of the striated sphincter that 
may not require any treatment to prevent upper 
tract damage because the bladder empties readily 
at low pressure, but it probably necessitates medi-
cal and/or surgical therapy to achieve continence. 
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Urodynamic monitoring has demonstrated to be 
relevant in the follow-up and prevention of upper 
tract deterioration in a retrospective cohort study 
[ 17 ]. Further urodynamic follow-up is “standard” 
alike in adult patients [ 20 ].  

15.3.5     Cerebral Palsy 

 Patients may also present with varying degrees 
of LUTD usually in the form of overactive detru-
sor and wetting. The vast majority of the children 
with cerebral palsy tend to toilet train completely, 
but often at an age that is later than expected for 
normal individuals [ 21 ]. 

 It has been suggested on the basis of expert 
opinion that cystometry and sphincter EMG are 
to be considered only when frequent toileting or 
anticholinergic therapy fails to control inconti-
nent episodes, the child develops urinary infection 
from ineffective voiding, or when ultrasonog-
raphy reveals hydronephrosis. A conservative 
approach is the choice in most of the cases [ 22 ].  

15.3.6     Tumors (Either Primary or 
Metastatic) 

 Tumors of the central nervous system in chil-
dren are rare and the symptom complexes; they 
produce quite varied; the workup should be indi-
vidualized and tailored to the specifi c location of 
the disease. LUT dysfunction occurs after sacro-
coccygeal teratoma resection, and urodynamic 
evaluation is necessary during follow-up of those 
children [ 23 ,  24 ]. A recent study showed that 
children with central nervous tumors can have 
urodynamic abnormalities, whether the tumor 
is in the spinal cord or not. A child with a CNS 
tumor regardless of location needs urological and 
urodynamic testing [ 25 ].   

15.4     Classifi cation of Neurogenic 
Bladder 

 There are various systems of classifi cation of the 
neurogenic bladder. Most systems are based on 
the localization of the neurologic lesion and fi nd-

ings of the neurourologic examination and have 
been of more value in adults with spinal cord 
injury. In children the spinal level and extent of 
congenital lesion are poorly correlated with the 
clinical outcome. 

15.4.1     Pathophysiology 

 The detrusor and sphincter are two units work-
ing in harmony to make a single functional unit. 
Determined by the nature of the neurologic defi -
cit, they may be either in an overactive or in an 
inactive state. The detrusor may be overactive 
with increased contractions, with a diminished 
bladder capacity and compliance, or be inactive 
with no effective contractions; the bladder out-
let (urethra and sphincter) may be independently 
overactive causing functional obstruction or 
paralysis with no resistance to urinary fl ow lead-
ing to stress incontinence. These conditions may 
exist in any combination. Four major types are 
usually used to describe the detrusor–sphincter 
dysfunction:
    1.    Detrusor overactivity with sphincter overac-

tivity (dyssynergia)   
   2.    Detrusor overactivity with normal or underac-

tive sphincter   
   3.    Detrusor underactivity with sphincter 

overactivity   
   4.    Detrusor underactivity with sphincter 

underactivity       

15.5     Patient Evaluation 

 The fi rst evaluation is based on several factors 
depending on when the child presents and/or is 
diagnosed (Fig.  15.1 ). 

 In the fi rst years of life, the kidneys are highly 
susceptible to back pressure and infection, docu-
mentation on UDS pattern is required [ 26 ,  27 ]. 
Ultrasound studies and a VCUG or video uro-
dynamics to exclude refl ux has to be performed 
soon after birth. These studies provide a baseline 
for the appearance of the upper and lower uri-
nary tracts. A urodynamic  evaluation needs to be 
repeated at regular intervals, in combination with 
evaluation of the upper tracts [ 28 ]. 
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 Approximately 90 % of children born with 
meningomyelocele will have a normal upper 
urinary tract at birth. Over time, many children 
who have not received proactive urological 
care develop upper and/or LUT deterioration: 
a urodynamic risk score including a DLPP of 
>40 cmH 2 O was calculated. The grades of renal 
dilatation are compatible with increases in rela-
tive unsafe cystometric capacity and the calcu-
lated urodynamic risk score [ 9 ]. Prevention of 

high bladder fi lling pressure (before upper tract 
dilatation is observed) is necessary and feasible 
even before any urodynamic diagnosis [ 29 ]. 

 When incontinence develops in spite of strict 
adherence to bladder and bowel continence pro-
grams, or when changes occur in leg function or 
sensation, or when the child experiences back 
pain or increasing scoliosis, a change in neuro-
logical impairment might be expected. A number 
of myelodysplastic children have progressive 

  Fig. 15.1    Video urodynamic study ( VUD ) of a 3-month-
old girl with recurrent urinary tract infection ( UTI ), incon-
tinence, and sacral myelomeningocele showing 
neurogenic bladder dysfunction, high bladder pressure, 
and overactive detrusor contractions ( arrow ). At the same 

time vesicoureteral refl ux ( VUR ) of grade IV was demon-
strated with an irregular bladder wall and a wide bladder 
neck. The fi lling rate was 10 ml/min (Reproduced with 
permission from [ 7 ])       
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neurological defi cits as they grow up and reach 
puberty [ 30 ]. 

 Regarding  occult spinal dysraphism , the pre-
operative urodynamic evaluation has documented 
abnormalities in striated urethral sphincter func-
tion (denervation and/or detrusor–sphincter dys-
synergia) in 20–35 % of babies under 2 years of 
age with normal neurological examinations, thus 
emphasizing the need for urodynamic testing in 
these children [ 31 ]. A close urological follow-
up is essential in children with OSD because of 
possible upper urinary tract and renal function 
deterioration, in those with urodynamic at-risk 
conditions [ 32 ]. An effi cacious response in EMG 
activity, with stabilization or improvement in up 
to 60 %, was shown on postoperative urodynamic 
assessment when the dysraphic state was cor-
rected before 2 years of age [ 33 ]. 

 It was observed that children with meningo-
myelocele, as compared to closed dysraphism, 
tended to have more bladder dysfunction as 
exemplifi ed on clinical history and urodynamic 
assessment. Evaluation after operation tended 
to show better outcome in children with closed 
dysraphism. 

15.5.1     Urodynamic Testing 

 For the last 20 years initial urodynamic stud-
ies very early in the neonatal period have been 
recommended for children with myelodysplasia, 
to help identify children at risk for subsequent 
urinary tract deterioration or a changing neuro-
logical picture [ 34 ]. In    an exhaustive review of 
the effi cacy and reliability of urodynamic stud-
ies in newborns with myelodysplasia [ 35 ], of 
24 studies analyzed, 21 studies were at level of 
evidence 4, 2 were at level 3, and 1 was at level 
1, the urodynamic patterns of normal detrusor 
function (66 %), acontractile detrusor (33 %), 
DO (57 %), and detrusor compliance, as well as 
detrusor–sphincter synergia (21 %) and dyssyn-
ergia (37 %) and sphincter denervation (60 %), 
were similar, with little variability across compa-
rable studies. 

  Technique ,  reliability ,  and reproducibility of 
tests . Differences in urodynamic parameters exist 

from one study to another. Chou et al. provided 
reference ranges for “normal” variability in uro-
dynamic parameters that can be considered as 
“no real change” [ 36 ]. A reduced rate of fi lling, 
e.g., 10 % of the expected bladder volume per 
minute, has been recommended in children to 
accurately determine detrusor compliance and 
bladder volume [ 37 ]. The temperature of the 
instillate (25° versus 37.5 °C) does not signifi -
cantly affect detrusor pressures [ 38 ]. 

 For very young infants it may be better to insert 
a suprapubic catheter under anesthesia the day 
before the test to be more accurate. Most children 
can undergo urodynamic studies without premed-
ication, some requiring some sedation. In the 5th 
International Consultation on Incontinence - ICI 
2012, the recommendation was made that chil-
dren should receive comprehensive urodynamic 
testing in a laboratory that is specialized in pedi-
atrics, with appropriately trained personnel [ 39 ].   

15.6     Follow-Up of Congenital 
Neurogenic Bladder 
in Children 

  Newborn to childhood . Once UDS has been per-
formed, a decision can be made as to whether 
the child is a candidate for continuing CIC or 
allowed to void freely. It is advisable to repeat 
UDS (cystometry) 2–3 months later to confi rm 
that therapy is adequately reducing bladder pres-
sures. Indications for repeating a VCUG or RNC 
include a change in upper urinary tract dilation, 
poor renal growth, loss of parenchyma, or symp-
tomatic pyelonephritis. It would be wise to con-
sider a baseline DMSA study if refl ux is noted 
at the primary examination, for later comparison. 
During this time a yearly or biannual ultrasound 
is recommended to follow the child, looking at 
residual urine or changes in the degree of hydro-
nephrosis or bladder wall thickening. If any one 
of these is noted, UDS should be reconsidered. 

  Adolescents and transitional care to adult-
hoods . It is during the rapid growth that tethering 
can occur, so careful monitoring of signs is man-
datory. New-onset wetting and recurrent UTI are 
indicators of potential changes in lower urinary 
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tract function: UDS and upper tract evaluation are 
in general for patients who have completed their 
growth and are not likely to develop any further 
changes in the spinal cord that would precipitate 
tethering. It is imperative that these young adults 
be followed closely to ensure they are maintain-
ing good CIC routines and are periodically being 
checked for unrecognized UTI or stone formation. 

  Sexuality  becomes progressively more impor-
tant as the patient gets older. This issue has his-
torically been overlooked in individuals with 
myelodysplasia. Patients with myelodysplasia 
have sexual encounters, and studies indicate that 
at least 15–20 % of males are capable of father-
ing children and 70 % of females can conceive 
and carry a pregnancy to term. Therefore coun-
seling patients on CIC regarding sexual develop-
ment is important in early adolescence. 

  Maternity . When reconstructing girls it is 
essential to have a future pregnancy in mind: the 
reservoir and pedicles should be fi xed on one side 
to allow enlargement of the uterus on the other. 
Pregnancy may be complicated and requires the 
joint care of obstetrician and urologist: chronic 
urinary infection is almost inevitable and occa-
sionally an indwelling catheter is needed in the 
third trimester. 

15.6.1     Management 
of the Neuropathic Bladder 

 The main aim in management of NBD in children 
is to ensure and maintain a reservoir with normal 
age-matched capacity and good compliance that 
can be emptied completely at low pressures and 
at regular intervals. While continence is usually 
addressed as the child reaches school age, issues 
such as elevated detrusor pressure, hydronephro-
sis and/or refl ux, and chronic UTIs are treated at 
any time (Fig.  15.2 ).

15.6.2        Conservative Treatment 

 There are multiple conservative modalities of 
intervention for infants and children with NBD, 
which should be promoted before undertaking 

surgical interventions. These treatment modalities 
include pharmacologic agents, medical devices, 
and neuromodulation. Indications for these non-
surgical treatments depend on issues related to 
intravesical pressures, upper urinary status, prev-
alence of UTI, and degree of incontinence. 

15.6.2.1     Pharmacotherapy 
  Anticholinergics / antimuscarinics  are the main-
stay of medical treatment for NBD. They are used 
to diminish DO and intravesical storage pressures 
when children have low detrusor compliance that 
places them at risk for renal compromise. There 
is excellent level 1 evidence for the effi cacy of 
anticholinergics to reduce bladder storage pres-
sure and DO [ 40 ]. 

 Oxybutynin is the fi rst modern anticholinergic 
agent; it has undergone extensive examination in 

  Fig. 15.2    Sacral neuromodulation. An 11-year-old boy, 
with previous incomplete spinal cord injury and neurogenic 
dysfunction with detrusor overactivity. Management of the 
bladder by antimuscarinic drugs to prevent urinary inconti-
nence and intermittent catheterization to empty completely 
after partial spontaneous voiding. Neuromodulation implant 
allowed to stop drugs and CIC. Rx shows the intraspinal 
electrode and battery implanted ( arrow )       
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children with NBD. It is the only FDA-approved 
anticholinergic in the United States for pediatric 
use in NBD. The dosing of oral and  intravesical 
oxybutynin is 0.2 mg/kg/dose every 8 h. The inci-
dence of side effects of oral oxybutynin ranges 
from 6 to 57 %, whereas side effects from intra-
vesical oxybutynin are approximately 9 % [ 8 ]. 
Besides oxybutynin, there has been an emer-
gence of new selective anticholinergic medica-
tions that are designed to diminish side effects 
by either targeting specifi c muscarinic receptor 
subtypes or by altering the structural compounds 
so that they are less likely to cross organ barriers. 
Tertiary amines (oxybutynin, tolterodine, dari-
fenacin, solifenacin, and propiverine) are more 
likely to cross the blood–brain barrier than the 
quaternary amines propantheline and trospium. 

  Botulinum - A toxin  ( BTX - A ). BTX-A is an 
attractive treatment for NBD because it inhibits 
acetylcholine neurotransmitter release at the neu-
romuscular junction. Intravesical BTX-A is con-
sidered an alternative to improving continence 
and urodynamic parameters of NBD in children. 
A recent review using BTX-A was conducted that 
provided a current summary of the effi cacy and 
safety profi le of BTX-A in children with NBD 
[ 41 ]. Collectively, these small, uncontrolled stud-
ies demonstrate a signifi cant improvement in clin-
ical and urodynamic parameters as evidenced by 
complete continence in approximately 65–87 % 
of children and a reduction in maximum detrusor 
pressure and an increase in detrusor compliance 
in the majority of those treated [ 42 ,  43 ]. 

 The dose of BTX-A is 10 U/kg up to a maximal 
dose of 300 U involving 30 injections of 10 U/
kg/ml in the detrusor. BTX-A appears to reach 
effi cacy levels at 2 weeks and maximum effects 
within 4–6 weeks. Duration of the BTX-A effect 
ranges from 3 to 8 months depending on short-
term versus long-term repeated injections [ 41 ].  

15.6.2.2     Catheters 
 As mentioned in the Introduction, clean intermit-
tent catheterization has had a profound impact on 
the management of NBD in children. Given the 
high prevalence of latex sensitivity in the NBD 
population, non-latex catheters are employed 
exclusively. 

 The early initiation of intermittent catheter-
ization in the newborn period makes it easier for 
parents to master it and for children to accept it 
as they grow older [ 44 ,  45 ]. Hydrophilic-coated 
catheters are helpful in the setting of painful cath-
eterization or in the presence of urethral strictures 
and/or false passages in boys. In two recent ran-
domized trials comparing hydrophilic-coated 
catheters to uncoated catheters, there was a reduc-
tion in microscopic hematuria and better overall 
satisfaction with the hydrophilic-coated catheters 
[ 7 ]. One concern expressed by families and pri-
mary care providers is the risk of reusing the same 
catheter for CIC and the incidence of bacteriuria. 
A Cochrane review examined sterile versus clean 
catheterization technique, coated (pre-lubricated) 
versus uncoated (separate lubricant) catheters, 
single (sterile) or multiple use (clean) catheters, 
self-catheterization versus catheterization by oth-
ers, and any other strategies designed to reduce 
UTIs. This review found a lack of evidence to 
state that the incidence of UTI is affected by using 
sterile or clean technique [ 46 ]. Thus, modifi cation 
of catheters and catheter regimens should be made 
on an individual basis for children with NBD.  

15.6.2.3     Neuromodulation Treatments 
   Intravesical Electrical Stimulation 
 Intravesical electrical stimulation of the blad-
der has been introduced more than four decades 
ago, and it has been tested in some open clinical 
trials in children since 1984. Its practice is lim-
ited to a few centers who have reported varying 
results. It is labor intensive, time consuming, and 
controversial in the only reported randomized, 
placebo- controlled trial; there was no effi cacy 
demonstrated [ 47 ].  

   Sacral Nerve Stimulation 
 Sacral nerve stimulation has primarily been 
reported in the treatment of patients with a non- 
neuropathic bladder [ 48 ]. The safety and effec-
tiveness have not been established for children 
<16 years of age or for patients with neurological 
disease. The only report of sacral nerve modu-
lation, by intraspinal implantation, conducted 
in children with NBD had mixed results and the 
study design was limited [ 49 ]. At our institution 
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we experienced sacral implantation in a num-
ber of children and adolescent with NB, with 
very good results on improvement of bladder 
 sensation of fullness and number of catheterisms 
needed per day and very satisfactory response 
from patients and families. Other modalities of 
nerve electrical stimulation have been considered 
in children, i.e., percutaneous posterior tibial 
nerve stimulation, but with little experience in 
neurogenic bladders [ 50 ] (Fig.  15.3 ).

15.7           Surgical Treatment 

 Intermittent catheterization and drug therapy are 
usually suffi cient in the majority of cases for 
maintaining continence and preserving upper 
tracts. Surgical procedures should be considered if 
conservative measures fail to achieve continence 
between catheterizations or preserve upper tracts. 
Surgical management has to be  tailored to each 
individual case, based on careful consideration of 
urodynamic fi ndings, medical history, age, and 
presence of other disabilities. Urologists should 
identify that limited group that may require sur-
gery. Surgical procedures develop gradually and 
often are tested without rigorous statistics. Efforts 
to promote bladder healing and protecting and 
achieving normal bladder function should be sup-

ported. Research may lead to earlier and more 
aggressive treatment of many of the complex 
anomalies now treated by the surgical procedures. 

15.7.1     To Manage Continence 

15.7.1.1     Gastrostomy Button 
 A modifi ed technique of vesicostomy is described 
using a gastrostomy button, which could be used 
as a continent urinary stoma in children with 
incomplete voiding. Button vesicostomy is a use-
ful addition to the options available for a cath-
eterizable continent urinary stoma in children in 
the short or medium term.  

15.7.1.2     The Mitrofanoff Principle 
 In the long term it is necessary to have a cath-
eterizable channel. Mitrofanoff’s name is given 
to the principle of burying a narrow tube within 
the wall of the bladder or urinary reservoir whose 
distal end is brought to the abdominal wall to 
form a catheterizable stoma suitable for inter-
mittent catheterization. The technique is simple 
and familiar to all urologists who are accustomed 
to reimplanting ureters. Several narrow tubes 
are available for the Mitrofanoff conduit. In the 
original description, the appendix was used. The 
system achieves reliable continence (90–100 %) 
which is maintained in long-term follow-up, for a 
high proportion of patients.   

15.7.2     To Augment Bladder Storage 

15.7.2.1     Enterocystoplasty 
 The indication for bladder augmentation, replace-
ment of the bladder, or the creation of a continent 
urinary diversion is either the morphological 
or functional loss of normal bladder function. 
The main goal of this surgery is to relieve high 
pressure and low capacity of the urinary bladder 
and create a new reservoir with low storage pres-
sures that can be emptied periodically. It is par-
ticularly important that the patients understand 
that spontaneous voiding will not be possible 
after such surgery and lifelong intermittent cath-
eterization will be required. 

  Fig. 15.3    Cystostomy button. Girl 3 years old, with 
at- risk neurogenic detrusor dysfunction (detrusor over-
activity and detrusor–sphincter dyssynergia), following 
surgery for pelvic neuroblastoma. Clean intermittent 
catheterization was not accepted, by parents, and a 
cystostomy button allowed to empty the bladder regu-
larly and lower intravesical pressure, waiting for further 
treatment       
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 There are several important principles for 
bladder augmentation and replacement that 
should be respected:
•    Use the minimal amount of bowel.  
•   A low-pressure large capacity reservoir is 

essential (this requires detubularization of any 
intestinal segment used).  

•   A reliable continence mechanism (continent 
urinary outlet) must be assured.  

•   Because of the only resorbable sutures and 
staples that should be used (risk of stone 
formation).    
 The invasiveness of enterocystoplasty, and its 

long-term severe complication rate, has greatly 
reduced its indication. Recently, it is gaining 
more attention, in relation to the availability 
of mini-invasive procedures, i.e., the robotic- 
assisted laparoscopy [ 51 ].  

15.7.2.2     Autoaugmentation 
 The principle of autoaugmentation of the blad-
der is the excision of a great portion of the detru-
sor while leaving the urothelium intact, creating 
a large diverticulum for the storage of urine at 
lower pressures. This urine stored at a low pres-
sure can be drained by intermittent catheteriza-
tion. The theoretical advantages of this procedure 
are the low complication rates of the surgery, 
reduced operative morbidity with shorter stay 
in the hospital, absence of urine salt resorption, 
less mucous production in the urine, and possibly 
absence of carcinogenic potential [ 52 ]. 

 More recently, some authors have proposed 
the laparoscopic autoaugmentation as a mini-
mally invasive procedure for the treatment of low 
capacity/low compliance bladder [ 53 ].   

15.7.3     To Increase Outlet Resistances 

15.7.3.1     Bulking Agents 
 The injection of bulking substances in the tissues 
around the urethra and bladder neck to increase 
outlet resistance in children dates back to at least 
1985. The search for safer, biocompatible sub-
stances to create periurethral compression has 
fi rst led to the use of cross-linked bovine col-
lagen, with initially reported success in about 
20–50 % of children [ 54 ,  55 ]. 

 Usually the substance is injected endoscopi-
cally in the bladder neck area (fi nding the best 
spot is often the most diffi cult part of the proce-
dure): more than one procedure may be neces-
sary. On average 2.8–3.9 ml is injected.  

15.7.3.2     Fascial Sling 
 The technique involves suspension of the bladder 
neck with an autologous fascial strip or artifi cial 
material secured to the rectus fascia or the pubic 
symphysis. It is believed that the mechanism of 
action involves coaptation of the bladder neck 
due to traction and/or elevation of the urethra to 
an intra-abdominal position, which increases ten-
sion on the bladder neck with abdominal strain-
ing. Complication rates are modest and include 
diffi cult catheterization and rectal injury, while 
in long-term erosions or persistent incontinence 
may occur.  

15.7.3.3     Bladder Neck Closure/
Reconstruction 

 In “desperate” cases the bladder neck may be 
closed, the indication being persistent leakage 
despite several attempts to enhance outlet resis-
tance. Long-term results are usually disappoint-
ing: persistent urinary leakage, stomal stenosis 
and leakage, or stone formation. 

 The optimal bladder neck procedure should 
increase bladder outlet resistance at minimal cost 
of decreasing bladder capacity, maintaining easy 
catheterization, and still allowing some leakage 
at high pressure in order to protect the upper uri-
nary tract. Different operative techniques with 
the aforementioned aims have been used with 
varying outcomes.  

15.7.3.4     Artifi cial Urinary Sphincters 
(AUS) 

 Many surgeons are reluctant to implant an AUS 
as it consigns patients to further revision surgery 
and the potential risk of deterioration in bladder 
function and a concomitant deleterious effect 
on upper urinary tract drainage. However, with 
improved durability of newer models that have an 
average life span of about 8 years, revision rates 
have become less [ 56 ]. The ideal patients for AUS 
implantation are postpubertal males or females, 
who can void volitionally and empty the bladder 
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completely [ 57 ]. On the contrary, a common prob-
lem is the development of reduced bladder compli-
ance with time. Overall, 40–50 % of neurogenic 
patients require a bladder augmentation concomi-
tantly or subsequently to the AUS implantation.  

15.7.3.5     Evaluation of Outcome 
 Our prejudice is that reconstruction does, indeed, 
improve the lives of children. Quality of life does 
not mean absence of disease or a level of compli-
cations acceptable to the reviewing clinician. It is 
a diffi cult concept to measure because of lack of 
validated instruments, diffi culties in translating 
from one culture or language to another, the diffi -
culties in selecting control groups, and variations 
in clinical situations. 

 The main justifi cation for performing a blad-
der reconstruction or continent diversion is to 
improve the individual’s quality of life (QoL). It 
would seem logical that continent urinary diver-
sion would be better than a bag. This is not always 
the case, and in adults the only sure advantage is 
cosmetic. Validated QoL surveys in children have 
not been reported, primarily because of the lack 
of suitable instruments.       
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16.1            Defi nition 

 Urinary incontinence is defi ned by the 
International Children’s Continence Society 
(ICCS)    [ 1 ] as an “uncontrollable leakage  of 
urine. It can be continuous or intermittent.” 

 Continuous incontinence means constant 
leakage  of urine, and it is almost always associ-
ated with a malformation of the urinary tract like 
bladder or cloacal exstrophy, epispadias, neuro-
pathic bladder, ectopic ureters, and urogenital 
sinus or with an iatrogenic or traumatic damage 
to the sphincter mechanisms. Intermittent incon-
tinence  means leakage in discrete amounts that 
can occur during daytime and/or nighttime and, 
in most cases, represents a functional phenom-
enon that doesn’t require surgical repair. 

 Pseudoincontinence is a continuous urinary 
leakage associated with normal micturition and 
a normal bladder development; it is found only 
in females and it is due to an ectopic ureter drain-
ing outside the domain of the urinary sphincter. 
In most cases the ureter belongs to the upper pole 
of a complete duplex kidney and drains either 
in the genital tract or in the urethra, distal to the 
sphincteric area.  

16.2     Pathophysiology 

 Urinary continence is generally attained between 
2 and 3 years of age in normal children, and it 
consists in the capability of voluntary controlling 
micturition, both postponing and starting it under 
cortical control [ 2 ]. 

 Normal micturition requires intact neural 
pathways linking the central and peripheral ner-
vous system with the bladder/sphincter complex 
and a bladder of adequate capacity, contractility, 
and compliance and a functioning sphincter. 

 Voluntary micturition is under neural con-
trol by several cortical areas and by the pontine 
micturition center that coordinates the sensitive 
afferences from the bladder and proximal urethra 
and the efferent output to the motoneurons in the 
sacral portion of the spinal cord. 

 Disruption of these fi ne neural control mecha-
nisms is responsible for urinary incontinence 
observed in congenital and acquired neuropathic 
bladder [ 3 ]. 

 The bladder is meant to store and expel urine 
at low pressure and at proper time and place; to 
obtain this result the bladder must have an ade-
quate compliance and capacity for age, without 
overactive contractions. 

 In a newborn, the bladder, capacity is approxi-
mately 30 ml and it increases to approximately 
300 ml in teenagers. A practical rule to estimate 
normal bladder capacity for age is 30 ml X (age 
in years +1). Compliance is rather complicated to 
calculate in children as no reliable normal values 
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are available in literature. A rule of thumb is that 
detrusor pressure should not exceed 10 cm H 2 O 
at bladder capacity. 

 Normal bladder capacity and compliance 
and the absence of involuntary phasic contrac-
tions during fi lling are necessary conditions to 
obtain continence, while a small, fi brotic, low- 
compliance, or overactive bladder will never 
allow storing enough urine at low pressure. 

 An intact bladder outlet is the second neces-
sary condition for continence; bladder outlet 
includes the bladder neck and proximal urethra 
that, together, may be regarded as a single unit 
acting as a sphincter. There is no anatomically 
distinct striated and smooth sphincter, but, rather, 
a mixture of smooth and striated muscle with 
elastic fi bers extending from the bladder neck 
to the membranous urethra in males and to mid- 
urethra in females and creating a high-pressure 
zone that has sphincteric function [ 4 ]. 

 Several factors contribute to the maintenance 
of a normal pressure in the sphincteric area: 
Intrinsic factors include smooth and striated mus-
cle tone and contractility and elastic fi bers of the 
bladder neck and urethral wall. 

 Extrinsic factors comprise the transmission of 
abdominal pressure to an adequately long por-
tion of the urethra located within the abdomen 
and structural support of the posterior urethra 
and bladder neck by the perineal diaphragm and 
muscles. An intact perineal diaphragm counter-
acts the tendency of bladder and urethra to slip 
outside the abdominal cavity because of the 
abdominal pressure and provides a sound struc-
ture against which the urethra is compressed with 
increasing abdominal pressure. 

 In many conditions causing incontinence in 
children, most of the factors promoting conti-
nence are inadequate or absent.  

16.3     Clinical Conditions 
Associated with Structural 
Incontinence 

 The conditions associated with structural incon-
tinence, i.e., caused by anatomical factors, can be 
classifi ed as:

    1.    Conditions characterized by a congeni-
tal anomaly of the bladder and/or urinary 
sphincter:
•    Exstrophy complex (epispadias, bladder 

exstrophy, cloacal exstrophy, and exs-
trophic variants)  

•   Bilateral ectopic single ureters  
•   Congenitally short urethra, generally asso-

ciated with a urogenital sinus malformation  
•   Anomalies of the urethra and bladder, 

mainly incontinent duplication of the blad-
der and/or urethra  

•   Incontinent ureterocele      
   2.    Conditions with defi cient neural supply to the 

bladder and sphincters:
•    Congenital or acquired neurogenic bladder      

   3.    Acquired conditions:
•    Iatrogenic injury to the urethral sphincter  
•   Posterior urethra trauma and stenosis        
 The treatment of these conditions differs 

according to the various causes; this chapter will 
deal only with the procedures required to rein-
force the bladder outlet when this is defective.  

16.4     Preoperative Evaluation 

 A thorough preoperative evaluation is necessary, 
and both upper and lower urinary tract must be 
assessed together with renal function and average 
daily urinary output. 

 Incontinence can be multifactorial and be 
caused by insuffi cient bladder neck and/or by 
insuffi cient bladder capacity and/or compliance; 
therefore, the main diagnostic problem is to eval-
uate the responsibility of every single structure 
involved in the process of keeping a child dry. 
In other words, it is necessary to understand if 
incontinence is purely an effect of a weak bladder 
outlet or if a concomitant bladder dysfunction is 
a cofactor. In such case, a concomitant bladder 
augmentation is needed at the time of bladder 
outlet surgery. 

 Clinical    evaluation with a voiding diary , a 4 h 
observation protocol  together with a video uro-
dynamic test , is generally suffi cient to evaluate 
the lower urinary tract. Video urodynamic in par-
ticular is an indispensable tool, showing, at the 
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same time, the anatomy of the bladder, bladder 
neck, and urethra and the pressure at which urine 
leaks together with the dynamics of the posterior 
urethra. 

 To perform a correct and useful video urody-
namic investigation, because of leakage around 
standard urodynamic catheters, occlusion of the 
bladder outlet with a balloon catheter is needed to 
judge bladder capacity, contractility, and compli-
ance, while leak point pressure is evaluated with 
the balloon defl ated. 

 Inadequate bladder outlet resistance can 
be assumed if the leak point pressure is under 
30–40 cm H 2 O and the bladder neck is open on 
fl uoroscopy, while if bladder capacity is less than 
50–60 % than expected for age and compliance 
less than 2 cm H 2 O per ml, most probably the 
bladder needs to be augmented at the time of 
bladder outlet surgery [ 5 ].  

16.5     Principles of Surgical 
Treatment of Incontinence 

 No single procedure, with the exception of arti-
fi cial sphincters, is able to recreate a sphincteric 
mechanism working exactly in the same manner 
as native sphincters, that is to assure continence 
and volitional voiding to completion at will. 
Most of the procedures can provide either “conti-
nence ” for a limited period of time, generally 3 h 
(the so-called social continence), coupled with 
volitional voiding or “dryness ,” which means that 
children are dry for a limited period of time but 
require clean intermittent catheterization  (CIC) 
to empty their bladder. Preoperative evaluation 
and the choice of the surgical procedures must 
take into account factors infl uencing the ultimate 
outcome of the procedure: need for CIC, intellec-
tual capabilities of the patient, manual dexterity, 
and availability of a motivated caregiver to assist 
the patient in CIC. In general, most  neuropathic 
bladders are already being treated with CIC and 
they continue after continence procedure, while 
patients with exstrophy or epispadias generally 
are not on CIC preoperatively, and they and their 
parents need a very clear explanation that after 
the procedure, especially if associated with blad-

der augmentation, patients may need to empty 
their bladder with CIC, most likely through an 
appendicovesicostomy.  

16.6     Surgical Procedures 

 Procedures aiming at increasing bladder outlet 
resistance can be divided into:
    1.    Urethral lengthening and tightening proce-

dures, aiming at creating a long and narrow tube 
out of the trigone (Young–Dees–Leadbetter, 
Mitchell procedure, and modifi cations)   

   2.    Construction of a fl ap mechanism that pro-
gressively increases its resistance as the blad-
der fi lls   

   3.    Suspension and external compression of the 
urethra (slings, artifi cial sphincter)   

   4.    Injection of bulking substance within or 
around the urethral wall   

   5.    Closure of the bladder neck     

16.6.1     Urethral Lengthening 
Procedures 

    The fi rst procedure for “bladder neck recon-
struction ” was initially described by Young in 
1922 and later modifi ed by Dees in 1949 and 
Leadbetter in 1964 [ 6 ] who added ureteral reim-
plantation moving the ureters in a more cranial 
position. It is popular for treatment of inconti-
nence in exstrophy- epispadias population where 
continence rates between 70 and 86 % have been 
reported in large series [ 7 ], while its use in neu-
ropathic bladder has not gained a vast popularity, 
and only few reports of its success rate in this 
subset of incontinent population are available in 
the literature [ 8 ]. 

 The procedure starts (Fig.  16.1 ) with the 
patient lying supine with his back hyperextended 
to facilitate bladder exposure. The bladder wall 
can be reached through a midline incision or a 
modifi ed Pfannenstiel with midline longitudi-
nal opening of the abdominal fascia and rectus 
muscles.

   The anterior bladder wall is incised in the 
midline starting at the beginning of the urethra. 
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A longitudinal strip 12–14 mm wide and 3–4 cm 
long is outlined in the trigone, in continuity 
with the posterior wall of the urethra, reaching 
the level of the ureteric orifi ces. It is of utmost 
importance that the longitudinal strip starts as far 
as possible in the proximal urethra to avoid the 
hourglass deformity responsible for many fail-
ures of YDL technique. The ureters are dissected 
and reimplanted cephalad in a cross-trigonal 
fashion. The mucosal strip is then tubularized in 
the midline, over an 8 or a 10 Fr. catheter with 

reabsorbable sutures to create a long and narrow 
mucosal tube. The mucosa lateral to the tubular-
ized strip is then removed, creating two denuded 
detrusor triangles. In the original technique, 
a horizontal incision is carried at the junction 
between denuded and intact detrusor, creating 
a muscular fl ap that is wrapped around to cover 
and reinforce the new urethra. A similar maneu-
ver is carried on the other side, creating a sec-
ond fl ap that is sutured to the fi rst one, covering 
the urethra in a pants-over-vest fashion. Some 

  Fig. 16.1    Bladder neck repair according the Young-Dees 
Leadbetter procedure . The bladder is open vertically ( a ) 
and a longitudinal strip is outlined on the trigone, in con-
tinuity with the posterior wall of the urethra . ( b ) Ureters 
are reimplanted, cephalad, in a cross trigonal fashion. The 
mucosal strip is tubularized around a soft multiperforated 
stent (8 or 10 Fr.) and the mucosa lateral to the tubularized 

strip is removed, leaving two detrusor triangles. ( c ) A 
horizontal incision is carried out at the junction between 
the denuded detrusor fl aps and intact bladder wall. The 
two muscular fl aps are wrapped around the mucosal tube 
in a “pants over vest” fashion, to create the new posterior 
urethra and bladder neck. ( d ) a suprapubic catheter is 
inserted and the bladder is closed vertically.       

a b

c d
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modifi cations of this step have been described: 
Gearhart does not cut horizontally the muscle 
and he wraps the two muscular fl aps around the 
urethra, making only multiple limited incisions 
in the free edge of the muscle, in order to elon-
gate the fl aps [ 9 ]. The bladder is then closed 
in two layers; the outer muscular layer and the 
bladder neck are suspended to the undersurface 
of the pubic  symphysis to maintain the bladder 
neck and proximal urethra in an intra-abdominal 
position buttressing it against the pubic bones to 
improve continence. We leave a short and soft 
stent in the reconstructed posterior urethra for 
a week, while urine is drained by a suprapubic 
Foley catheter that is kept open for 10–12 days 
and then clamped and released until normal void-
ing habits are resumed. Generally some months 
after surgery are necessary to achieve social con-
tinence and day continence precedes nighttime 
continence. 

 This    procedure has been modifi ed by some 
authors, Mollard and Koff [ 10 ,  11 ] among them, 
keeping the basic principle of elongating the pos-
terior urethra and adding fi xed resistance at the 
bladder outlet. 

 In 1993 Jones and Mitchell returned to 
Young’s original concept of creating a long and 
narrow tube using the trigone muscle , without 
adding additional muscular support [ 12 ]. 

 The procedure (Fig.  16.2 ) starts with a trans-
verse incision on the anterior aspect of the pos-
terior urethra, as distal as possible, extending 
approximately for half of the circumference; the 
incision is extended proximally on both sides of 
the urethra and bladder up to the ureteric orifi ces, 
outlining a posterior strip of muscle and mucosa, 
1.5 cm large. The ureters are reimplanted. Then 
the strip is tubularized around an 8 or a 10 Fr 
catheter with a running reabsorbable suture, 
creating a long and narrow tube. The bladder is 
closed vertically in the midline. The main advan-
tage of this procedure is that it provides excellent 
continence rate, sacrifi cing only a minimal por-
tion of bladder capacity. Recently, Mitchell has 
described a further improvement in continence 
rate after bladder neck repair, using a demuco-
salized muscular fl ap and wrapping it around the 
reconstructed urethra.

   These procedures are mainly used in the 
exstrophy–epispadias group, and the reported 
success rate, that means dry night and day for at 
least 3 h and voiding normally through the ure-
thra, goes from 60 to 70 % in most series[ 13 ]; 
another 25 % may become continent after blad-
der augmentation. The YDL and variations have 
their main role in creating continence, allowing, 
in many cases, spontaneous voiding; if voiding is 
not an issue, like in most neuropathic bladders, 

a b

c

  Fig. 16.2    Mitchell’s bladder 
neck repair. ( a ) A transverse 
incision is carried out on the 
anterior aspect of posterior 
urethra and is extended 
cranially along the posterior 
lateral wall of the urethra and 
bladder, creating a ( b ) 
triangular fl ap of anterior 
urethral and bladder that is 
incorporated in the bladder. 
( c ) The urethral strip is 
tubularized around an 8 or 
10 Fr. catheter, creating a 
long and narrow urethra.       
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already on CIC to empty the bladder, other con-
tinence procedures may be chosen. Nevertheless, 
even if the child is voiding before treatment, clin-
ical experience and urodynamic evidence tend 
to show that creation of a fi xed resistance at the 
bladder outlet, coupled with transection of nerves 
running around the bladder neck, a densely inner-
vated area, in few years causes progressive detru-
sor insuffi ciency with increasing postvoiding 
residuals, making CIC, often coupled with blad-
der augmentation, inevitable.  

16.6.2     Construction of Flap 
Mechanism 

 Another philosophy for obtaining continence is 
the use of a fl ap valve mechanism; the Kropp 
and Pippi Salle procedures belong to this group, 
where continence is obtained at the expense of 
the capacity of spontaneous voiding. 

 The Kropp procedure has been described by 
Kropp and Angwafo in 1986 [ 14 ]. The opera-
tion consists in tubularizing an anterior bladder 
wall fl ap  and reimplanting it submucosally in 
the posterior trigonal area, creating a one-way 
valve mechanism, following the principles of the 
antirefl ux procedures for the ureters. In the origi-
nal procedure, the tubularized bladder together 
with the urethra was completely detached from 
the bladder, which made CIC very diffi cult in 
the majority of patients; later the procedure was 
modifi ed leaving the posterior wall of the urethra 
in continuity with the trigone, in part obviating 
the diffi culties in catheterization. This procedure 
requires CIC for emptying the bladder because 
the continence mechanism increases with the 
intravesical pressure; therefore, spontaneous 
micturition is impossible. 

 The anterior bladder wall and proximal urethra 
are exposed, and a vertically oriented  rectangular 
strip, 5–7 cm long and 2–2.5 cm large, is outlined 
on the anterior bladder wall. The base of the strip 
coincides with the bladder neck. The bladder is 
opened and both ureteric orifi ces are catheterized. 
The junction between the trigone and the bladder 
neck is identifi ed, and the mucosa and superfi cial 
muscle are incised carrying this incision upward 

to join the two longitudinal incisions. If needed, 
the ureters are reimplanted in a more cephalad 
and lateral position to give space in the midline, 
and the anterior bladder wall strip is tubularized 
in one layer, starting precisely at the bladder neck 
and continuing upward. A 6 cm. long submuco-
sal tunnel is then developed in the trigone staying 
exactly in the midline; the tunnel must be large 
enough to accommodate easily the bulky detrusor 
tube that is pulled through the submucosal tube, 
carefully, not to tear the fragile trigonal mucosa. 

 The opening of the new urethra is secured to 
the bladder wall with interrupted sutures, and the 
anterior bladder is closed around the new bladder 
neck at the base of the neourethra. 

 The Kropp procedure gives good results in 
terms of dryness, approximately over 80 %, but, 
unfortunately, most of the patients experience 
severe problems with catheterization of the new 
urethra. Moreover, the tubularized anterior wall 
is quite bulky and diffi cult to reimplant in the 
posterior bladder wall. 

 The majority of these patients require bladder 
augmentation at the time of the Kropp procedure 
or later because of the loss of bladder volume due 
to the use of the anterior bladder wall. 

 Pippi Salle developed a bladder outlet repair for 
incontinence, creating a new urethra, composed of 
both anterior and posterior bladder fl aps [ 15 ]. 

 The procedure (Fig.  16.3 ) starts with expo-
sure of the anterior bladder wall, then a wide-
based, full-thickness, 5 cm long, longitudinal 
anterior bladder wall fl ap is developed with a 
tongue of mucosa extending beyond the dis-
tal border of the full-thickness fl ap. A narrow 
(1 mm) strip of mucosa is then removed from 
the lateral margins of the fl ap, leaving a denuded 
area of detrusor muscle. After catheterization of 
the ureters, two longitudinal parallel incisions, 
1 cm apart, are carried out in the posterior wall 
mucosa. The anterior strip is sutured in two lay-
ers to the posterior one. The redundant bladder 
mucosa in continuity with the anterior strip is 
folded back to cover the intravesical neourethra, 
facilitating bladder closure. Lastly, the bladder 
wall is closed in the midline, paying attention 
not to exert too much compression over the ante-
rior wall fl ap.
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   The success rate of this procedure ranges from 
72 to 94 %; combining all the reported patients, 
the success rate in achieving continence is 80 % 
(44 out of 55) with 16 % experiencing diffi culties 
in catheterization.  

16.6.3     Suspension and External 
Compression of the Urethra 

16.6.3.1     Suspension 
 In the past, bladder neck suspensions have been 
very popular for the treatment of female incon-
tinence. Marshall–Marchetti–Krantz or Burch 
suspension [ 16 ,  17 ] in association with bladder 
augmentation has obtained an immediate suc-
cess rate around 70–80 %, but this success rate 
seems not durable in time, and, therefore, these 
procedures have been mostly abandoned in favor 
of periurethral slings. 

 McGuire and Lytton [ 18 ] popularized the 
concept of using a strip of isolated rectus fascia, 
passed beneath the bladder neck and sutured to 
the anterior rectal fascia at the insertion of the 
muscles on the pubic bones. 

 The slings obtain the result of elevating the 
bladder neck  and compressing it on the poste-
rior and lateral portions of its circumference; 
they fi nd their main indication in the treatment 
of incontinence in neuropathic bladders, and the 
best results are obtained in females, even if their 
use is popular also in males. Children with blad-
der exstrophy and epispadias are best served by 
alternative procedures because slings may erode 
into the urethra, probably because the quality of 
tissue is poor in this group of patients. 

 Children    with neuropathic bladder who are 
unable to stay dry with CIC and maximal medi-
cal management of bladder dysfunction are good 
candidates for sling; other good candidates are 
those who are incontinent after posterior ure-
thra injury or iatrogenic injury to the sphincteric 
mechanism. 

 The evaluation of the candidates to a sling 
procedure must be very careful, taking into 
account several aspects: the detrusor responsibil-
ity in causing incontinence, the planned method 
of bladder drainage after surgery, the need for a 
continent stoma, and, fi nally, whether a bladder 
augmentation may be necessary. 

  Fig. 16.3    Pippi Salle 
anterior bladder wall fl ap. 
( a ) A 5 cm. long longitudinal 
fl ap of anterior bladder wall 
is developed; a narrow lateral 
strip of mucosa is removed 
from the fl ap and two 
vertical, parallel incisions are 
carried out on the trigonal 
mucosa. ( b ) The anterior fl ap 
is sutured in two layers to the 
posterior one, creating an 
intravesical “tube”, ( c ) that is 
covered with the bladder 
mucosa. The anterior bladder 
wall is then closed in the 
midline.       

a

b c
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 It’s unusual that the detrusor of a neuropathic 
bladder is completely normal; even in patient 
with apparent arefl exic detrusor, it may show 
hyperrefl exia after having increased the bladder 
outlet resistance; therefore, detrusor function 
must be assessed with careful urodynamics, in 
order to evaluate the need for a bladder augmen-
tation at the time of the sling. 

 In general, patients undergoing a sling pro-
cedure are already catheterizing themselves, but 
after positioning of the sling, and especially in 
males, catheterization may become more diffi cult 
or even impossible, so providing a catheterizable 
abdominal channel may be a sensible adjunct to 
the procedure, mainly in wheelchair-bound chil-
dren who, generally, prefer to catheterize through 
an abdominal continent stoma. 

 The sling may be constructed with rectus fascia 
or sometimes in fat children; it can be harvested 
from the fascia lata, making abdominal closure 
easier [ 19 ]. Decellularized porcine submucosa, 
SIS, has shown long-term good effi cacy, while syn-
thetic materials tend to erode into the urethra [ 20 ]. 

 Also allografts, using cadaveric fascia lata, 
have given good results, favorably comparing 
with autologous rectus fascia. 

 The periurethral space may be developed 
transvaginally in adult women or in adolescents, 
while in male and young girls an anterior retro-
pubic approach is more adequate. The procedure 
starts with incising the endopelvic fascia, close to 
the bladder neck, and developing a plane between 
the urethra and the vagina in female and seminal 
vesicles in males, cautiously spreading the blades 
of a right angle clamp. Great care should be used 
not to damage the bladder neck anteriorly or the 
rectum or vagina posteriorly. Once the space is 
obtained, an umbilical tape is threaded around 
the bladder neck, and when an adequate space 
is created, the sling is positioned, avoiding com-
pression of the ureters. Because the sling tends to 
curl, it is stabilized with few stitches that keep it 
fl at and adherent to the bladder neck. If the child 
is on CIC through an abdominal stoma, the sling 
can be tightened as much as possible to obtain a 
good continence, but if the child needs to cath-
eterize himself through his urethra, it is necessary 
to check repeatedly the ease of catheterization 
during the positioning of the sling. 

 Lottman et al. [ 21 ] has described a midline 
retrovesical approach to the bladder neck that is 
useful mainly in neuropathic bladder. After care-
ful detachment of the peritoneum from the blad-
der dome, the space between the posterior wall of 
the bladder and the anterior wall of the vagina in 
females or seminal vesicles in males is cautiously 
developed, remaining strictly in the midline and 
leaving the ureters laterally. Once the bladder 
neck is identifi ed, a right angle is passed laterally 
on each side, so creating a space around the blad-
der neck, where the sling can be pulled through 
in the same way as described before. 

 The sling can also be crisscrossed in the midline, 
thereby exerting 360° compression on the bladder 
neck; this modality seems to be more effective in 
males. Even more effective is the tapering of the 
bladder neck associated with placement of a criss-
crossed periurethral sling [ 22 ] (Fig.  16.4 ).

16.6.3.2        External Compression 
of the Bladder Neck 

 External compression of the bladder neck or ure-
thra can be fi xed or variable; fi xed compression is 
obtained by means of fascial or synthetic wraps 
placed around the bladder neck, while variable 
compression is achieved using the artifi cial uri-
nary sphincter. 

   Fixed External Compression 
 Walker et al. [ 23 ] described a procedure to wrap 
and compress the bladder neck using a strip of 
rectus fascia, with good results; Bugg and Joseph 
[ 24 ] added the suspension of the wrap to the 
pubic bone. A vascularized myofascial fl ap made 
of rectus muscle and fascia, wrapped around the 
bladder neck and suspended to the pubic bone, 
has been reported by Kolligian and Firlit [ 25 ] 
with good results in a small series of patients. 

 The use of synthetic material to create a 
wrap around the bladder neck has been gener-
ally fraught with a high complication rate due to 
the erosion of the cuff into the urethra, and the 
overall experience is limited in children. Some 
devices have given good results like the urethral 
constrictor described by Lima et al. [ 26 ] who 
reported 100 % continence rate in 42 patients. 

 Recently, a new device for the treatment of uri-
nary incontinence in males has been  proposed;, 
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it is a polypropylene male perineal sling, called 
“InVance®” (American Medical Systems Inc., 
Minnetonka, MN), that has been used suc-
cessfully in adults to treat postprostatectomy 
incontinence, with low morbidity and a low com-
plication rate [ 27 ]. The device consists of a poly-
propylene mesh that is secured to the descending 
pubic ramus bilaterally with titanium screws; the 
sling tension is adjusted to exert maximal pres-
sure over the bulbar urethra. The experience in 
pediatric age is still limited. 

 The AdVance® (American Medical Systems 
Inc., Minnetonka, Mn) transobturator male sling 
has been recently employed to treat adolescent 
males affected by neuropathic incontinence with 
a 65 % success rate [ 28 ].  

   Variable External Compression: Artifi cial 
Urinary Sphincter 
 Variable compression over the bladder neck or 
urethra is provided by the artifi cial urinary sphinc-
ter , described by Scott in 1972 [ 29 ], and repeat-
edly modifi ed and made more reliable in order to 
obviate the once frequent mechanical problems. 
The newest model (AMS 800) has a mechanical 
failure rate of 7.6 % and a nonmechanical failure 
rate of 9 % in a series of 184 adults with a mean 
follow-up of 40.8 months [ 30 ]. In children the 
long-term (7–10 years) survival rate is approxi-
mately 80 % in most reported series [ 31 ]. 

 The sphincter is a mechanical device com-
prised of three components: an infl atable cuff 
that can be positioned around the bladder neck 

  Fig. 16.4    Suspension and 
external compression of 
bladder neck ( a ,  b ) The sling 
compresses the posterior and 
lateral walls of the bladder 
neck. ( c ,  d ) The sling can be 
crisscrossed in the midline, 
exerting a 360° compression 
over the bladder neck (cinch) 
and can be suspended to the 
undersurface of pubic bones 
increasing its effi cacy       

a b

c d
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or posterior urethra or around the bulbar ure-
thra, a pressure- regulating reservoir balloon, and 
a control pump. In children the bladder neck is 
the preferred site of placement of the cuff; usual 
minimal age for placement is 6 years in boys and 
8–9 years for girls. After placement the sphinc-
ter should be kept deactivated for approximately 
1 month to prevent erosion. 

 The pressure-regulating balloon maintains 
the cuff infl ated, exerting a constant pressure 
around the urethra, generally between 61 and 
70 cm H 2 O; the pump, located within the scro-
tum in boys and in the labia majora in girls, can 
be squeezed manually; this maneuver empties 
the cuff and the patient can void or catheterize 
himself or herself. Then the cuff fi lls again in 
approximately 3 min. The sphincter can be deac-
tivated pressing a button located in the pump 
(Fig.  16.5 ).

   The main indication for artifi cial sphincter 
placement is neurogenic incontinence in a patient 
with a stable and compliant bladder who can 
void spontaneously; in the past it was feared that 

intermittent catheterization could cause erosion 
of the urethra, but now it is clear that CIC can be 
performed safely even in these patients, provided 
that the cuff is defl ated. Ability to void sponta-
neously can deteriorate with time, and Gonzales 
has reported that 74 % of patients, followed for a 
mean of 8 years after sphincter placement, ulti-
mately required CIC [ 32 ]. 

 Selection of the patients is extremely impor-
tant because patients who had previous bladder 
neck surgery are poor candidates for artifi cial 
sphincter, and patient with a hyperrefl exic, 
hypocompliant bladder is at risk of deteriora-
tion of the upper tract and persisting inconti-
nence. A careful video urodynamic evaluation 
with bladder neck occlusion is needed before a 
child is selected for an implant. Unfortunately 
at least 20 % of patients will undergo progres-
sive detrusor dysfunction after sphincter place-
ment, and, currently, no test can predict who 
will undergo these changes. Approximately 
30 % of patients require bladder augmenta-
tion with the bowel either as a simultaneous 
or later procedure [ 33 ]. Bladder augmentation, 
especially if performed simultaneously with 
sphincter placement, may increase the risk of 
infection of the device. 

 The most frequent complications requiring 
sphincter removal or substitution are mechanical 
malfunction, erosion of the urethra, and infection 
of the device. The last two complications gener-
ally preclude the possibility of implanting a new 
sphincter.    

16.6.4     Injection of Bulking 
Substances  

 Several substances both organic and synthetic 
have been injected under the mucosa of the blad-
der neck or around the bladder neck to improve 
continence. Politano et al. popularized the injec-
tion of Tefl on paste in adults and children with an 
86 % success rate [ 34 ]; the use of this substance 
was later abandoned because of concerns about 
its safety and migration to other organs. 

 Organic material like autologous fat or chon-
drocytes was proposed but early abandoned 

  Fig. 16.5    AMS 800 Artifi cial urinary Sphincter. See text 
for description       
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because of their ineffi cacy, probably due to reab-
sorption. More successful was the use of X-linked 
bovine collagen that gave variable results, better 
in the exstrophy–epispadias group than in neu-
ropathic bladders. Bomalski et al. reported a 
22 % cure rate of incontinence with another 54 % 
improved in 40 children followed for a mean of 
4.5 years [ 35 ]. Concern exists about long-term 
degradation of collagen with progressive worsen-
ing of continence. 

 Synthetic materials in use nowadays include 
polydimethylsiloxane (Macroplastique®) 
and dextranomer/hyaluronic acid copolymer 
(Defl ux®). Macroplastique is composed of par-
ticulate silicone; Guys et al. [ 36 ] have reported 
a continence rate of 33 % and improvement of 
14 % after one or more injections of this sub-
stance in 49 children affected by neurogenic 
bladder. Some concerns have been recently 
raised because of possible migration of smaller 
particles [ 37 ]. 

 Defl ux is widely used for treatment of vesico-
ureteral refl ux; Lottman et al. [ 38 ] have reported 
a 50 % success rate (cure or substantial improve-
ment) in children affected by severe urinary 
incontinence. 

 Injection is generally performed transure-
thrally, using a cystoscope with a 5 Fr. working 
channel; the bulking substance is administered in 
two or more sites at the bladder neck until a good 
mucosal apposition is observed. Any further 
instrumentation or catheterization of the urethra 
should be avoided in the following days in order 
to avoid dislocation or extrusion of the injected 
substance. 

 The injection can be performed also in an ante-
grade fashion; this is particularly useful when the 
bladder neck has already undergone prior surgery 
and identifi cation of the proper injection site is 
diffi cult. Antegrade vision of the bladder neck 
helps in a more accurate placement of bulking 
material. 

 In our experience the use of injectable mate-
rial for continence has proved helpful to gain 
additional continence after a partially successful 
urethral lengthening procedure, but it has proven 
useless as a single procedure in case of structural 
bladder neck incompetence.   

    Conclusions 

 Treatment of structural urinary incontinence 
in children remains very challenging, and 
surgery should be offered to the patients 
only if all the available medical options 
have failed. Patients and their families must 
be very motivated and psychologically 
ready to face less than perfect results. The 
percentage of failures, reoperations, and 
complications must be stated clearly and 
honestly to give the patient and family the 
possibility of giving a really informed con-
sent. If augmentation is planned together 
with a continence procedure, it must be 
explained very clearly that the patient will 
never void normally in the future and he or 
she will be bound to intermittent catheter-
ization for the rest of his/her life. These 
patients and their families need a long-last-
ing emotional support. 

 Once patients and family consent to per-
form a continence procedure, the patient 
needs to be studied thoroughly and, if neces-
sary, repeatedly until a very clear anatomical 
and functional picture of the situation is 
obtained, and then the most appropriate pro-
cedure for that particular patient can be cho-
sen. Despite accurate preoperative evaluation, 
after increasing the bladder neck resistance, 
the detrusor will deteriorate in a high percent-
age of cases, causing a less effi cient micturi-
tion with increasing postvoiding residuals, 
upper urinary tract changes, and recurrent 
incontinence. These cases need to be identi-
fi ed early because they need further surgery 
to create a bladder reservoir at low pressure 
that can be emptied with intermittent cathe-
terization. Therefore, patients need an accu-
rate lifelong follow-up. The fi eld of 
incontinence surgery is evolving with the 
introduction of new injectable substances and 
artifi cial devices that will contribute in mak-
ing this surgery less invasive; anyhow the 
principles for obtaining continence remain 
always the same: a low-pressure reservoir  of 
adequate capacity, enough resistance  at the 
bladder outlet , and the possibility of empty-
ing the bladder easily and reliably.     
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17.1            Pathophysiology 

    Since different types of lower urinary tract dys-
function (LUTD) commonly overlap, knowledge 
of pathophysiology is mandatory to distinguish 
the prevalent type and start a correct program of 
therapy. 

 The predominant pathophysiological theory to 
explain idiopathic overactive bladder (OAB) in 
children is that OAB is due to delayed maturation 
of reticulospinal pathways and inhibitory center 
in the midbrain and cerebral cortex [ 3 ]. Cortical 
control is normally established between ages 3 
and 5. Delay in bladder–sphincter coordina-
tion during voiding causes uninhibited detrusor 
contractions, to be met with voluntary external 
sphincter contractions. Consequent increase in 
intravesical pressure is recognized by children as 
sense of urgency and may lead to development of 
vesicoureteral refl ux (VUR). It has been known 

that OAB is associated with high incidence of 
VUR and that successful treatment of OAB sig-
nifi cantly improves the rate of refl ux resolution 
as compared to controls [ 4 ,  5 ]. 

 Since voluntary external sphincter and pel-
vic fl oor contraction may induce temporary 
refl ex relaxation of the detrusor, holding maneu-
vers, such as leg crossing, penile grabbing, and 
squatting, can be implemented by children to 
get momentary relief from urgency. The mecha-
nisms of bladder inhibition via these maneuvers 
could rely on sympathetic activation through the 
pudendal nerve, suppressing detrusor contraction 
by stimulation of β-adrenergic receptors. Despite 
holding maneuvers, children may experience 
urge incontinence, mostly when tired or when 
the focus is on activity that requires concentra-
tion. Recurrent isometric detrusor contraction 
against a closed or incompletely relaxed sphinc-
ter/pelvic fl oor can induce progressive detrusor 
hypertrophy. Hypertrophy may lead to decreased 
functional bladder capacity and increased detru-
sor overactivity, creating a vicious circle in which 
OAB can only get worse [ 3 ]. 

 The pathophysiology of dysfunctional void-
ing (DV) remains unclear. It has been hypoth-
esized that detrusor overactivity eventually 
leads to overactivity of the pelvic fl oor with 
subsequent insuffi cient relaxation during void-
ing [ 6 ]. Another theory suggests that poor relax-
ation of the pelvic fl oor muscles during voiding 
is a learned condition during the toilet training 
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years, adopted following episodes of urinary 
tract infection or constipation or occurring after 
sexual abuse [ 7 ]. Moreover, toilet conditions 
and privacy issues can trigger or exacerbate 
voiding disturbances [ 8 ]. In some girls DV may 
be associated with anatomical anomalies of the 
external urethral meatus: the urine stream may 
be defl ected anteriorly and cause stimulation of 
the clitoris with refl ex activity of the bulbocav-
ernosus muscle, causing intermittent voiding 
[ 9 ]. In these cases, no structural transurethral 
obstruction can be identifi ed and staccato or 
intermittent voiding is termed as functional 
disturbances. Long- standing overactivity of 
the pelvic fl oor may lead in some children to 
detrusor decompensation due to detrusor hypo-
contractility; however, no data are available to 
support this theory. 

 Dysfunctional disturbances of the LUT and 
bowel (constipation) describe the dysfunctional 
elimination syndrome (DES) [ 4 ]. Children 
in early stage of defecation disorders show 
an incomplete and infrequent bowel empty-
ing. With progression of the disorder, the rec-
tum and descending colon are distended with 
decrease in normal sensation; children develop 
constipation which may be associated with 
fecal retentive incontinence [ 10 ]. Abnormal 
recruitment of the external anal sphincter dur-
ing defecation may elicit concomitant urethral 
sphincter and pelvic fl oor co-contractions, lead-
ing to functional obstruction in both systems. 
Consequently, high pressure generated by the 
detrusor to overcome functional obstruction 
can stimulate detrusor hypertrophy and detru-
sor overactivity and lead to incompetence of the 
vesicoureteral junction [ 1 ].  

17.2     ICCS Defi nition of Lower 
Urinary Tract Symptoms 
and Conditions [ 1 ,  2 ] 

    Since the fi nal steps of lower urinary tract (LUT) 
control development are usually achieved at the 
age of 3 or 4 years, defi nitions of LUT symptoms 
(LUTS) and conditions are relevant from the age 
of 5 years. 

17.2.1     Lower Urinary Tract 
Symptoms (LUTS) 

 LUTS are classifi ed according to their relation 
with storage or voiding phase of bladder function. 

17.2.1.1     Storage Symptoms 
•      Increased or decreased voiding frequency : 

The normal range is 3–7 voiding per day. 
Therefore, the observation that a child voids 
eight or more times daily denoted increased 
daytime frequency, whereas three or fewer 
voiding daily indicates decreased voiding fre-
quency. Clearly, fl uid intake must be consid-
ered in evaluating voiding frequency.  

•    Urinary incontinence  ( UI ): It is an uncontrol-
lable leakage of urine. When UI is continuous, 
it is almost exclusively associated with con-
genital anomalies or iatrogenic damage of the 
external urethral sphincter. Differently, inter-
mittent UI is due to functional problems and 
can occur in daytime, in nighttime (enuresis), 
or in both. When associated with urgency, 
intermittent UI is called urge incontinence.  

•    Urgency : It means the sudden and unexpected 
experience of an immediate need to void.  

•    Nocturia : The child must awaken at night to 
void.     

17.2.1.2     Voiding Symptoms 
•      Hesitancy : It denotes that the child has diffi -

culty in the initiation of micturition or must 
wait a considerable period of time before 
voiding starts.  

•    Straining : The child applies abdominal pres-
sure to initiate and maintain voiding.  

•    Weak stream : It is the observed ejection of 
urine with a weak force.  

•    Intermittency : Micturition occurs in several 
discrete spurts.     

17.2.1.3     Other Symptoms 
•      Voiding postponement : Children with inconti-

nence who habitually postpone micturition, 
often in specifi c situation, using holding 
maneuvers. This is often associated with low 
micturition frequency and feeling of urgency 
due to a full bladder. Psychological comorbid-
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ity or behavioral disturbances are often 
associated.  

•    Holding maneuvers : They are observable 
strategies to postpone micturition as well as 
squatting, standing on tiptoe, and forcefully 
crossing the legs.  

•    Feeling of incomplete bladder emptying .  
•    Post - micturition dribble : It is an involuntary 

urine leakage which occurs immediately after 
voiding has fi nished.      

17.2.2     LUT Conditions 

 They include nighttime, daytime, and symptom- 
specifi c conditions: 

17.2.2.1     Nighttime Condition 
   Enuresis 
 The term defi nes a form of intermittent noctur-
nal incontinence. That means that the term of 
enuresis is not synonymous with incontinence. 
Enuresis is an involuntary voiding during sleep, at 
least three times a week, in children over 5 years 
of age in the absence of congenital or acquired 
defects of the central nervous system. The new 
ICCS classifi cation distinguishes  monosymptom-
atic  (bed-wetting without daytime symptoms) 
from  non - monosymptomatic  (bed- wetting with 
daytime symptoms) enuresis and  primary  (chil-
dren who have never been free of bed-wetting for 
6 months) from  secondary  (reemergence of bed-
wetting after a dry period of at least 6 months) 
enuresis. The classifi cation in monosymptomatic 
(MNE) and non- monosymptomatic (NMNE) 
nocturnal enuresis is very important when we 
consider treatment strategies. NMNE is not an 
isolated phenomenon but a part of symptom 
complex which is expression of a LUT dysfunc-
tion (LUTD). Therefore, children with NMNE 
are more appropriately managed in the context 
of LUTD. NME is an isolated phenomenon due 
to delayed in maturation in one or more of the 
following systems: stability of bladder function, 
arginine vasopressin release, or response and 
ability to wake from sleep to full bladder sensa-
tions. Combinations of all three problems may be 
present in the same children.   

17.2.2.2     Daytime Conditions/Lower 
Urinary Tract Dysfunction 
(LUTD) 

   Overactive Bladder (OAB) 
 OAB defi nes the symptom complex of urgency, 
which may or may not be associated with urge 
incontinence and is not a direct result of known 
neurological damage. The term urgency refers to 
a sudden compelling desire to void that is often 
diffi cult to defer. Urge incontinence means incon-
tinence concomitant with urgency. Increased 
voiding frequency is often present; however, 
this symptom is not a necessary prerequisite to 
defi ne OAB, especially when fl uid intake and 
post- voiding residuum are not evaluated. The 
hallmark symptom, urgency, arises from detrusor 
overactivity (detrusor contractions during fi ll-
ing phase). During invasive urodynamic study, 
detrusor contractions during fi lling phase are 
countered by voluntary contraction of the pel-
vic fl oor to postpone voiding and minimize urge 
incontinence.  

   Dysfunctional Voiding (DV) 
 Children with DV are not able to fully relax the 
sphincter or pelvic fl oor muscles during void-
ing. Children with DV usually present with low 
voiding frequency, incontinence, and urinary 
tract infections. However, this condition cannot 
be defi ned unless repeated fl owmetries show 
curve with staccato or interrupted pattern. The 
term  staccato voiding  indicates a continuous 
urine fl ow with periodic reductions in fl ow rate 
precipitated by bursts of pelvic fl oor activity; 
voiding is commonly prolonged and incomplete. 
 Interrupted voiding  is represented by micturition 
in separate fractions due to unsustained voiding 
contractions; voided volume is usually larger 
than age- expected capacity and relevant residual 
urine is often present.  

   Underactive Bladder (UB) 
 The term UB replaces the old entity of lazy 
bladder. This term is reserved for children with 
a need to increase abdominal pressure to initi-
ate and maintain or complete voiding. The chil-
dren with UB show an inability to void using 
detrusor pressure alone; they often produce 
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an interrupted or plateau pattern with relevant 
post-voiding residual urine. In these cases, 
invasive urodynamics is mandatory to defi ne 
the presence of detrusor underactivity during 
voiding.   

17.2.2.3     Symptom-Specifi c Conditions 
   Voiding Postponement (VP) 
 Children    with urinary incontinence who habitu-
ally and voluntary postpone micturition. VP is 
often associated with low voiding frequency 
and a feeling of urgency due to a full bladder. 
Some children restrict fl uid intake to increase 
intervals between micturitions and to decrease 
incontinence. These children often present 
with psychological comorbidity or behavioral 
disturbances.  

   Vaginal Refl ux (VR) 
 To prepubertal girls with moderate incontinence 
which occurs within 10 min after normal voiding. 
This is not associated with other LUTS.  

   Giggle Incontinence 
 It is a rare syndrome in which complete voiding 
occurs specifi cally during or immediately after 
laughing. Bladder function is normal when chil-
dren are not laughing.  

   Extraordinary Daytime Urinary Frequency 
 Children    who void often and with small volumes 
during the daytime only. Daytime voiding fre-
quency is at least once hourly and mean voided 
volume is less than 50 % of expected bladder 
capacity for age.  

   Dysfunctional Elimination 
Syndrome (DES) 
 This term is used to describe dysfunctional emp-
tying of bowel and bladder. ES is seen more fre-
quently in girls than in boys and is signifi cantly 
associated with the presence of both vesicoure-
teral refl ux (VUR) and urinary tract infection 
(UTI). Children with ES commonly present 
with incontinence, non-monosymptomatic noc-
turnal enuresis, urgency, infrequent voiding 
recurrent UTI and VUR, constipation, and fecal 
incontinence.     

17.3     Assessment 

 A standardization document for diagnostic 
evaluation of children with UI and LUTS has 
been recently published by the International 
Children’s Continence Society [ 11 ]. A nonin-
vasive approach is recommended in these chil-
dren by means of detailed and structured history 
(developmental, voiding, and medical), physical 
examination, and bladder diary. Urinalysis, uro-
fl owmetry with pelvic fl oor electromyography, 
and pre- and post- voiding bladder ultrasound can 
be added. These tools enable to make differen-
tial diagnosis between different types of LUTD 
(Table  17.1 ) and to select patients who will need 
further urodynamic (cystometry, pressure-fl ow 
studies, videourodynamics) and imaging studies 
(upper urinary tract ultrasound, micturition cys-
tography). With the same instruments, children 
with neurogenic bladder or structural anomalies 
of the lower urinary tract should be identifi ed.

17.3.1       Medical History 

 Obstetrical history (fetal distress, anoxia, birth 
trauma, prenatal hydronephrosis, and oligohy-
dramnios), age appropriateness of developmental 
milestones, and age at toilet training should be 
evaluated. LUTS should be collected by children 
and successively matched and completed with 
information reported by parents. Urgency and 
reactions to urge, voiding frequency, urinary tract 
infections, and frequency and amount of possi-
ble urine loss during day and/or night should be 
assessed. When urine loss is present, it is impor-
tant to distinguish between continuous (anatomi-
cal causes) and intermittent (idiopathic LUTS) 
incontinence. As previously mentioned, urgency 
is the subjective hallmark of OAB. Urgency 
must be clearly explained to children and parents 
such as sudden and unexpected experience of an 
immediate need to void. It is always necessary 
to clarify the difference between urgency and the 
strong desire to void after a period of voiding 
postponement. Urgency may be associated with 
increased voiding frequency and urine loss of 
different amount. Since pelvic fl oor  overactivity 
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could be present, information on toilet behavior 
and subjective quantifi cation of urinary stream 
should be collected. Finally, constipation and 
soiling should be assessed always. Validated 
questionnaires for LUTS [ 12 ] and bowel chart 
[ 13 ] are available also in children. However, it is 
recommended that questionnaires not to be used 
as a single investigation: they should be com-
bined with a more objective examination such as 
bladder diary and urofl owmetry [ 11 ].  

17.3.2     Clinical Examination 

 Besides abdominal palpation to assess bladder 
distension and fecal impaction, neurological and 
genital examinations must be done. Neurological 
evaluation includes accurate inspection of the 
back in order to identify cutaneous manifesta-
tion (deep sacral dimple, lipoma, skin discolor-
ation, hair tuft) of an underlying occult spinal 
dysraphism, examination of the lower extremi-
ties (muscle atrophy, foot deformities, and any 
buttock and lower extremity asymmetry), and 
evaluation of perianal and perineal sensation 

and anal sphincter tone and refl ex. Labia fusion, 
abnormal position of urethral meatus, and lesions 
of hymen and phimosis, hypospadias, and recur-
vatum should be excluded in girls and boys, 
respectively.  

17.3.3     Bladder Diary 

 Recording of symptoms under normal condi-
tion is crucial for the assessment of both lower 
urinary tract and bowel function [ 2 ]. Bladder 
diary records fl uid intake, micturition frequency, 
voided volume, episode of urgency, and urine 
loss. For diagnostic purpose, it should cover at 
least 3 days of registration [ 1 ]. A bowel move-
ment chart and Bristol stool chart [ 13 ] are also 
important, either separate from or in conjunction 
with bladder diary.  

17.3.4     Urinalysis 

 It may provide information about urinary tract 
infection, possible associated diabetes, and renal 

   Table 17.1    Diagnostic work-up in children with lower urinary tract dysfunction   

 Diagnostic tools  Overactive bladder  Dysfunctional voiding 
 Medical history  Urgency 

 Holding manoeuvres to contrast urgency  Holding manoeuvres to postpone micturition 
 ± Increased void. frequency a   Increased/decreased void. frequency a  
 ± Urge Incontinence  ± Intermittent incontinence 
 ± Urinary tract infection  ± Urinary tract infection 
 ± Constipation  ± Constipation 

 Bladder diary  Episodes of urgency 
 Increased number of voiding a   Abnormal number of voiding a  
 Low voided volume b   Normal/high voided volume b  
 Episodes of incontinence + urge  Episodes of incontinence without urge 
 Amount of urine loss  Amount of urine loss 
 Bowel movements  Bowel movements 

 Urofl owmetry  Tower-shaped curve  Staccato or Interrupted curve 
 Low voided volume b   Normal/high voided volume b  

 Pelvic-fl oor EMG  Relaxed pelvic fl oor  Overactive pelvic fl oor 
 Pre-voiding US  Low bladder capacity b   Normal/increased bladder capacity b  

 Bladder wall  Bladder wall 
  Normal or thickened   Normal or thickened 

 Post-voiding US  No post-voiding residuum  ± Post-voiding residuum 

   a Normal voiding frequency in children: 5–7/day [ 2 ] 
  b Expected bladder capacity for age [30+ (age in years × 30)] in ml [ 2 ]  
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damage or disease-causing proteinuria. Dipstick 
may be useful in clinical practice to achieve 
quickly these informations [ 14 ].  

17.3.5     Urofl owmetry 

 It is the least invasive of all urodynamic studies 
and, therefore, is perfect for pediatric patients [ 15 ]. 
Moreover, results of urofl owmetry combined with 
those of history, bladder diary, and pre- and post-
voiding residual (PVR) urine evaluation seem to 
be more effective than standard urodynamic study 
in detecting both OAB and dysfunctional voiding. 
In children, more than one urofl owmetry record-
ing should be obtained in the same session before 
drawing conclusions, and three evaluations are 
advised [ 1 ,  2 ]. Pelvic fl oor EMG and ultrasound 
evaluation of post-voiding residual urine are rec-
ommended, increasing the value of urofl owm-
etry measurement. The shape of the fl ow curve is 
the most important factor to analyze in pediatric 
patients [ 2 ]. In normal voiding the curve is bell 
shaped (Fig.  17.1 ). OAB may produce an explo-
sive voiding contraction that appears as a high-
amplitude fl ow curve of short duration, namely, 
a  tower - shaped curve  (Fig.  17.1 ). Sphincter over-
activity during voiding is seen as sharp peaks 

and troughs in fl ow curve that is an irregular or 
 staccato fl ow curve  (Fig .   17.1 ). In case of under-
active or acontractile detrusor, when abdominal 
contraction is the main force to empty the bladder, 
fl ow curve shows discrete peaks corresponding 
to abdominal strain, separated by segments with 
zero fl ow, the so- called interrupted or fractionated 
curve (Fig.  17.1 ). Anatomical obstruction often 
has a low amplitude and rather even fl ow curve 
that is a  plateau curve  (Fig.  17.1 ). Generally, in 
children with OAB voided volume is lower than 
expected bladder capacity for age (EBC). On the 
contrary, in children with DV, voided volume can 
be higher than EBC. EBC for age is estimated by 
the formula [30 + (age in years × 30)] in ml [ 1 ]. 
Evaluating urofl owmetry, EBC is of great impor-
tance because it has been shown that urofl ow curve 
changes when the voided volume is less than 50 % 
of EBC [ 16 ]. In children, poor correlation exists 
between Qmax and outfl ow resistance. Therefore, 
Qmax is of minor importance than in adult age.

17.3.6         Ultrasound 

 In all children with proven LUTD, bladder ultra-
sound is indicated. It should be performed with 
the bladder full, before and after voiding. Pre- void 

Interrupted curve: dysfunctional voiding or underactive bladderStaccato curve: dysfunctional Voiding

Tower shaped curve: overactive bladder

Voided volumes:
often decreased

voided volumes:
increased

Voided volumes:
variable

Residual urine: 0

Residual urine: YES± Residual urine

Bell-shaped (normal)

  Fig. 17.1    Urofl owmetry pattern in children with lower urinary tract dysfunction       
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examination contributes to the overall assessment 
of bladder capacity, bladder wall, lower ureteral 
dilatation, and bladder neck appearance. Since 
   bladder wall thickness depends on the degree 
of bladder fi lling and from age of children, it is 
of great variability in pediatric age and normal 
value are not disposable. However, correlations 
have been demonstrated in children with LUTD 
between bladder wall thickness, urodynamic pat-
tern, and treatment outcome, with good specifi c-
ity [ 17 ,  25 ]. Therefore, a thickened bladder wall 
may alert clinician on the presence of a long-
standing LUTD, leading to detrusor hypertrophy. 
Ultrasound evaluation of the bladder immediately 
after voiding can demonstrate residual urine. A 
post-voiding residual ≥10 % of EBC or ≥20 ml 
is considered signifi cant [ 1 ,  2 ]. Portable ultra-
sound instruments such as BladderScan can be 
used also in children to easily evaluate post-void-
ing residual urine [ 18 ]. Even if rectal ultrasound 

and advanced dynamic ultrasound are not part of 
the standard assessment, they can give informa-
tion on the presence and severity of constipation 
and ability of children to contract and relax the 
pelvic fl oor, respectively [ 19 ,  20 ]. Particularly, 
a ≥30 mm ultrasound transverse diameter of the 
rectum in the absence of urge to pass stool is a 
strong signal for constipation [ 20 ], with a good 
sensitivity and specifi city compared to proctos-
copy and colonic transit [ 21 ].  

17.3.7     Invasive Examinations 

 Following noninvasive procedures, in selected 
cases, urodynamics, or videourodynamics, is 
indicated. Every physician, prior to proceeding 
with invasive examinations in a child with non- 
neurogenic lower urinary tract symptoms, has to 
answer to the question “whether these diagnos-

DIAGNOSTIC WORK-UP
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  Fig. 17.2    Treatment of children with lower urinary tract dysfunction       
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tic procedures are necessary.” In general urody-
namic studies will only be done if the outcome 
will alter the management. The diagnostic infor-
mation needed is that which is necessary to fi nd 
the correct treatment. 

 At present there are no studies indicating that 
a voiding cystourethrogram (VCUG) is useful 
in children with incontinence, but without uri-
nary tract infections. Indicators include strain-
ing or manual expression during voiding, a weak 
urinary stream, previous febrile urinary tract 
infection, continuous dribbling incontinence or 
pronounced apparent stress incontinence, or pre-
viously identifi ed dilating vesicoureteral refl ux. 

 The fi nding of genitourinary abnormalities 
or signs of occult spinal dysraphism at physical 
examination also indicates the need for further 
diagnostics, as urodynamics and/or VCUG. 

 Invasive urodynamic study may be neces-
sary to clarify diagnosis in those children with 
urofl owmetric patterns of obstruction (plateau- 
shaped curve) or detrusor–sphincter–pelvic fl oor 
dyscoordination (intermittent curve). 

 In conclusion, invasive studies in the major-
ity of cases do not provide signifi cant additional 
information to justify this type of investigation 
as a routine procedure in children with non- 
neurogenic LUT dysfunction.   

17.4     Treatment 

 The treatment of LUTD involves a multimodal 
approach (Fig.  17.1 ), involving strategies such 
as urotherapy and drugs [ 1 ]. Underlying and 
potentially complicating conditions such as con-
stipation and urinary tract infection should be 
managed prior to intervention. 

17.4.1     Urotherapy 

 Initial intervention in LUTD is non- 
pharmacologic, nonsurgical, and termed as  uro-
therapy  [ 1 ]. It is synonymous of lower urinary 
tract rehabilitation. The aim of urotherapy is to 
normalize the micturition pattern and to prevent 
further functional disturbances. This is achieved 

through a combination of patient education and 
physical therapy. In particular, urotherapy can 
be divided into  standard urotherapy  and  specifi c 
interventions  [ 2 ]. 

17.4.1.1     Standard urotherapy 
 Standard urotherapy includes:
•     Information  about normal lower urinary tract 

function and malfunction  
•    Instruction  on regular voiding habits, voiding 

posture, and avoiding holding maneuvers  
•    Lifestyle advice  regarding fl uid intake and pre-

vention of constipation  
•    Documentation  of LUTS and voiding habits 

using frequency–volume chart or bladder 
diary;  support and encouragement      

17.4.1.2     Specifi c interventions 
 Specifi c interventions include:
•     Pelvic fl oor training  [ 22 ]: There are no stan-

dardized protocols for pelvic fl oor training in 
children. Several centers adopt an escalating 
approach in which the initial step is standard 
urotherapy, followed by teaching position, 
action, and interaction of the abdominal and 
pelvic fl oor muscle. Exercises of pelvic fl oor 
contraction and relaxation teach children to 
exert and feel pelvic muscle relaxation during 
voiding. This pelvic fl oor awareness and con-
trol may be enhanced by urofl ow pattern and 
biofeedback.  

•    Biofeedback  ( BFB ): BFB is a technique in 
which physiological activity is monitored, 
amplifi ed, and conveyed to the patient as 
visual or acoustic signal, providing the patient 
with information about unconscious physio-
logical processes. It can help children to iden-
tify how to relax their pelvic fl oor muscles 
(DV and OAB) or recognize involuntary 
detrusor contraction (OAB). In children with 
OAB, BFB may be performed by cystometro-
gram during which children learn to recognize 
and inhibit involuntary detrusor contractions 
by watching the pressure curve during 
 cystometry. Since cystometric BFB is invasive 
and time consuming, it has limited application 
as a routine treatment [ 1 ]. In both children 
with DV and OAB, two main types of BFB 
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can be performed: programs that teach muscle 
isolation using EMG surface electrode feed-
back and programs that improve urine fl ow by 
having patients view the fl owmetry curve 
when they void. Interactive computer games 
are commonly used to make BFB training 
more attractive to children [ 22 ].  

•    Clean intermittent catheterization  ( CIC ): If 
children with underactive bladder do not 
achieve complete bladder emptying with 
timed or double voiding, clean intermittent 
catheterization may be instituted. Frequency 
of CIC depends on the severity of the problem 
and may vary between four times a days and 
once a day, preferably before going to bed.  

•    Neuromodulation : Various techniques of elec-
trostimulation have been used in adult and 
pediatric urology to treat refractory LUTD 
such as anogenital and intravesical electrical 
stimulation and sacral neuromodulation [ 23 ]. 
However, invasiveness of all of these tech-
niques hinders their applicability in children   . 
Other modalities have been considered to 
bridge the gap between noninvasive and uro-
rehabilitative procedures and invasive treat-
ment in pediatric patients:  transcutaneous 
electrical nerve stimulation  (TENS), via sur-
face electrodes stimulating the sacral root S3, 
and  percutaneous posterior tibial nerve stimu-
lation  (PTNS), via a 34 gauge needle inserted 
two fi ngers cephalad to the medial malleolus. 
Both TENS and PTNS have proved useful 
adjunctive therapies in children with OAB and 
DV [ 24 ]. In 2008, Roth et al. published the 
fi rst report on  sacral neuromodulation  in 20 
children with DES LUTS and constipation 
improved in 88 % of cases and complications 
were seen in 20 % of patients [ 24 ].      

17.4.2     Drugs 

17.4.2.1     Antimuscarinics 
 Treatment of pediatric OAB has been based on 
anticholinergics for many years. However, the 
majority of children with OAB can be success-
fully treated combining cognitive and behavioral 
therapy (explanation of bladder function, teach-

ing children to recognize and suppress sensation 
of urgency) with timed voiding regimen, biofeed-
back, and bowel management program for con-
stipation (Fig.  17.1 ). Nowadays, antimuscarinics 
should be considered only in children refractory 
to these therapies [ 25 ,  26 ].
•     Oxybutynin : Traditionally the drug of choice 

is oxybutynin. However, side effects are pres-
ent four times more frequently than in adults 
and cause discontinuation of therapy in more 
than 10 % of children [ 27 ,  28 ]. Moreover, con-
stipation may be worsened during oxybutynin 
administration. More recently, a long-acting 
formulation, oxybutynin XL, with a more 
favorable tolerability profi le, has been 
approved by the FDA for use in children [ 1 ].  

•    Tolterodine tartrate  has been tested in pediat-
ric trials, showing a side effect profi le superior 
to that of oxybutynin [ 25 ]. However, toltero-
dine has not been approved for use in 
children.  

•    New bladder - selective anticholinergics  [ 1 ] 
such as  darifenacin ,  solifenacin ,  terodiline , 
 propiverine , and  trospium  are expected to pos-
sess more favorable safety and tolerability 
profi les and might have a greater role in the 
future management of pediatric OAB [ 29 ,  30 ].     

17.4.2.2     Alpha-Adrenergic Blockade 
 Treatment of overactive pelvic fl oor with alpha- 
adrenergic blockade seems promising, but from 
the present studies it is diffi cult to draw fi rm con-
clusions [ 1 ]. Moreover, use of alpha-blockers in 
children with LUTD is currently off-label and not 
approved by global regulatory boards [ 22 ].  

17.4.2.3     Botulinum-A Toxin 
 Botulinum-A toxin inhibits the acetylcholine 
release at the presynaptic neuromuscular junc-
tion and results in fl accid muscular paralysis. 
Clinically, it has been used safely to treat focal 
dystonia, muscle spasm, and spasticity. Even if 
botulinum-A toxin is not registered for injection 
in the detrusor or in the sphincter in children, it 
has been applied to treat refractory LUTD [ 1 ]. 
Results of endoscopic injection of botulinum-A 
toxin in children with OAB and DV are encour-
aging [ 1 ,  22 ].       
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18.1            Defi nition/Introduction 

 Posterior urethral valves (PUVs) represent the 
most severe obstructive uropathy in children 
detected by prenatal ultrasonography (US) [ 1 ] 
with an incidence ranging from 1 per 3,000 to 
8,000 male births [ 2 ]. Despite advances in  medical 
and surgical management of PUVs in the last few 
decades, 13–64 % of children still have chronic 
renal failure (CRF) or end-stage renal disease 
(ESRD) at long-term follow-up [ 3 ]. Prenatal diag-
nosis of PUVs has not yet improved this rate [ 4 ]. 

 Many factors have been associated with the 
fi nal outcome of such children, and the search 
to improve their long-term renal function has 
steadily improved the quality of management and 
treatment [ 5 ]. Age at diagnosis, nadir serum cre-
atinine during the fi rst year of life, vesicoureteral 
refl ux (VUR), bladder dysfunction, and urinary 
tract infection have been identifi ed as predictive 
of future renal function [ 6 ,  7 ]. 

 Several options of surgical management of 
infants with PUVs are available, and the mainstay 
of treatment is primary valve ablation [ 8 – 10 ]. 
Many studies documented that urinary diversion 

does not have an advantage over valve ablation in 
terms of renal and bladder functions [ 9 – 11 ]. 

 Since the advent of fi ber optic lighting and 
Hopkins rod lens system in pediatric endo-
scopes, endoscopic ablation of PUVs using vari-
ous modalities under direct vision has become 
widely accepted and practiced all over the world 
[ 8 ,  10 – 19 ]. The incidence of complications after 
valve ablation has been reported to be between 5 
and 25 % [ 4 ,  20 ,  21 ].  

18.2     Prenatal Diagnosis 

18.2.1     Diagnosis and Prognosis 
Parameters 

 The prenatal parameters taken in account during 
the last two decades are mainly: gestational age 
at diagnosis, renal parenchyma on US, amniotic 
fl uid volume, and urine and fetal blood biochemi-
cal markers. 

 Long-term renal function remains the most 
important determinant of quality of life outcome 
in boys with PUVs [ 22 ]. In recent decades, there 
has been continuous improvement in the survival 
of these patients, while the impact of prenatal 
diagnosis in reducing the morbidity is still con-
troversial. According to many published series, 
the postnatal outcome of these patients is variable 
[ 23 – 25 ]. 

 Prenatal detection was initially thought to 
improve the outcome, but, in fact, earlier  studies 
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failed to demonstrate that long-term outcome 
of boys with prenatally detected PUVS is bet-
ter than that of symptomatic boys with postna-
tally detected PUVs [ 23 ,  24 ]. Moreover, in one 
study the outcome of prenatally detected cases 
was worse than that of postnatally detected cases 
[ 25 ]. One possible explanation is that in the 
more obstructive and, thus, more severe cases, 
hydronephrosis is already more distinct before 
birth, leading to the discovery of PUVs on pre-
natal US. Furthermore, of the postnatally diag-
nosed cases, the most obstructive probably are 
detected early, whereas cases detected later are 
less obstructed and, therefore, more rarely prog-
ress to permanent CRF and ESRD. 

 We have reported the experience of our cen-
ter in 2008 with a total of 79 cases of PUVs pre-
natally detected between 1987 and 2004 [ 7 ]. Of 
these cases 65 were managed postnatally, while 
pregnancy was terminated in 14. Primary valve 
ablation was done in all cases except two. Median 
follow-up was 6.8 years [range 1–14.3]. At the 
end of follow-up, there were 11 cases of renal 
failure [17 %] with 5 detected before 24 weeks 
of gestation, 6 cases of oligohydramnios, and 
9 cases of abnormal parenchyma. Gestational 
age at diagnosis and oligohydramnios were 
 statistically signifi cant predictors of fi nal renal 
outcome ( p  = 0.003 and  p  = 0.02, respectively). 
When fetal urinalysis detected good prognosis 
(12 cases), renal failure was developed in none, 
compared to two of the three cases with a bad 
prognosis. Continence was achieved in 42 of 55 
toilet- trained children (76 %), 3 had nocturnal 
enuresis, and 10 (18 %) were incontinent. 

 Data from our team were also published in 
1999, in which any signifi cant improvement in 
the fi nal outcome of these patients or a predic-
tive value of our studied prenatal parameters was 
found [ 23 ]. Our more recent results have revealed 
signifi cant value of some of prenatal parameters 
that were not signifi cant in our fi rst study. The 
discrepancy between the fi ndings in this series 
and our initial report in 1999 has strengthened the 
need for such reevaluation with larger numbers of 
patients and longer follow-up. 

 Surgical management in our series consisted of 
primary valve ablation and surveillance. Urinary 

diversion was indicated in cases of anuria before 
or after valve ablation. This approach seemed 
reasonable when one considers that the propor-
tion of boys with renal failure at follow-up was 
similar to the results achieved in those with PUVs 
detected postnatally [ 3 ,  26 ] and lower than that 
reported in another series of patients with pre-
natally diagnosed PUVs [ 24 ]. Prenatal diagnosis 
allowed us to treat most of the patients within the 
fi rst 48 h after birth, and, thus, bladder recycling 
was not interrupted. 

 It is diffi cult to compare the results of differ-
ent published series because of wide variation 
in regard to availability of obstetrical service to 
account for in utero mortality, routine practice of 
early prenatal US in all pregnant women, postna-
tal indicators of renal function, duration of fol-
low- up, type of surgical procedure, and patient 
age at treatment. In our series the inherent bias 
of in utero mortality was markedly reduced by 
review of all department fi les on PUVs during the 
study period, including data on prenatal diagno-
sis, pediatric nephrology, pediatric urology, and 
fetopathology. Actually, if we consider preg-
nancy termination as a poor outcome and we add 
the 14 terminations to the 11 cases of renal fail-
ure, the poor outcome changes from 17 to 32 % 
for the global outcome of our series. 

 Hutton et al. reported a series of 31 boys with 
prenatally detected PUVs [ 27 ]. Of the 17 cases 
diagnosed at or before 24 weeks of gestation, 
nine (53 %) had a poor outcome at follow-up, 
while only 1 of 14 cases (7 %) diagnosed after 
24 weeks had a poor outcome ( p  = 0.05). Of our 
11 cases diagnosed before 24 weeks of gestation, 
5 (45 %) had a poor outcome, compared to 6 of 
54 cases (11 %) diagnosed after 24 weeks. Our 
results appear statistically signifi cant, similar to 
those of Hutton et al. and allow us to be equally 
optimistic regarding prediction of a good out-
come when the diagnosis is made after 24 weeks 
of gestation. Recently the same bad prognosis of 
early prenatal diagnosis was confi rmed by our 
study of 709 cases of prenatally detected mega-
cystis (PUVs included) [ 28 ]. 

 Different studies have shown that oligohy-
dramnios predicts poor outcome in more than 
80 % of cases [ 3 ,  29 ,  30 ]. Our results, in which 6 
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of our 11 patients (55 %) with oligohydramnios 
had a poor outcome, are in accordance with these 
series. 

 Initial US may be useful for identifying 
patients at higher risk for deterioration of renal 
function. Hulbert et al. in 1992 stated that the 
appearance of the initial renal US can be consid-
ered as a possible predictor of renal function at 
follow-up [ 31 ]. In a report by Muller et al. of 40 
boys with prenatally detected obstructive uropa-
thy, 8 of 10 patients (80 %) with an abnormal 
appearance of the renal parenchyma on US had 
a poor prognosis, compared to 7 of 30 (23 %) 
with normal parenchyma [ 29 ]. Duel et al. in 1998 
found that normal renal echogenicity and corti-
comedullary differentiation (CMD) are useful for 
predicting a good outcome, while loss of CMD 
and increased echogenicity are relatively insensi-
tive and poorly specifi c [ 22 ]. The fi nding of at 
least one kidney with good CMD on US has been 
associated with a good prognosis. 

 In our long-term study, we have observed that 
initial renal US was abnormal in all patients in 
whom renal failure developed but was also abnor-
mal in 77 % of those with normal renal function 
[ 7 ]. Thus, abnormal parenchyma on US was not 
specifi c. Furthermore, normal parenchyma could 
not predict a good outcome. This fi nding may be 
biased by the fact that it is a retrospective study 
and the absence of abnormal parenchyma on US 
could not strictly exclude the presence of these 
anomalies, since they may be missed during the 
US examination. 

 Long-term results of prenatally detected PUVs 
confi rm that early valve ablation can be consid-
ered as the primary management in the majority 
of cases, without the need for preoperative drain-
age or diversion [ 7 ]. Gestational age at diagnosis 
and volume of amniotic fl uid are signifi cant pre-
dictors of long-term renal function. Nevertheless, 
other parameters need to be also considered [ 7 , 
 23 ]. 

 Our current prenatal management of PUVs 
includes: detailed serial US study of renal paren-
chyma, anteroposterior diameter of the renal pel-
vis and calices, amniotic fl uid volume, bladder 
size and wall thickness, and ureteral dilatation. A 
detailed morphological examination of all other 

extra-urinary system is done with the help of fetal 
MRI if needed. The case is discussed in the mul-
tidisciplinary weekly meeting, and then decision 
is taken whether there is a need for further inva-
sive investigations as urine or blood biochemical 
markers analysis (beta-2 microglobulin, calcium, 
sodium, phosphorus). Fetal blood analysis is fea-
sible in cases after 22 weeks of gestation. The 
prognosis is based on the combined results of 
all the investigations and adapted to the age of 
gestation.  

18.2.2     Prenatal Treatment and Fetal 
Surgery 

 PubMed, Medline, and Embase database 
included 22 articles about fetal surgery for 
PUVs. The last review article published in 2011 
by Casella et al. describes fetal surgery as case 
reports, small series with poor outcomes [ 32 ]. 
Research on vesico-amniotic shunt on fetal lamb 
models showed that the possibility of relieving 
the obstruction could improve the amniotic fl uid, 
prevent pulmonary hypoplasia and bladder and 
renal damage, and recover nephrogenesis with 
an affordable loss of nephrons (5 % versus 20 % 
with persistent obstruction) [ 33 – 36 ]. Historically 
the fi rst prenatal procedure consisted of fetal 
ureterostomies and cutaneous vesicotomies 
[ 37 ]. Because of high risk of open fetal surgery 
on maternal morbidity and future reproductive 
function, minimally invasive procedures as in 
utero vesico-amniotic shunt by a percutaneous 
approach under US guidance have been devel-
oped [ 38 – 42 ]. 

 Vesicocentesis (puncturing the bladder and 
aspirating the urine) has to be performed several 
times and has disappeared nowadays [ 43 ]. A tro-
car was introduced into the fetal bladder in which 
a double-j catheter was placed to drain the fetal 
urine into the amniotic cavity. Fetal mortality 
and complication rates including preterm labor, 
preterm rupture of the membranes, and infec-
tions were 4.6 and 44 %, respectively, in the fi rst 
5-year review [ 44 ] and were considered too high 
to let vesico-amniotic shunt as a daily procedure. 
In 1997, Coplen et al. reported a survival rate of 
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47 % for 169 vesico-amniotic shunts, but 40 % 
of newborn infants presented an ESRD [ 45 ]. Mc 
Lorie et al. reduced obstetric complication rate 
by placing the catheter between 20 and 28 weeks 
of gestation [ 46 ]. Several meta-analysis showed a 
higher survival rate but a stable postnatal ESRD 
rate [ 47 ,  48 ]. 

 Another procedure is fetal cystoscopy through 
an abdominal trocar. It has been fi rst described in 
1995 [ 49 ]. A valve ablation was performed in a 
few cases [ 50 ] without any difference on survival 
rate between vesico-amniotic shunt and cystos-
copy [ 51 ]. Survival rates for shunting and cys-
toscopy are 40 and 75 %, respectively, whereas 
postnatal renal function rates are 50 and 65 %, 
respectively [ 34 ]. 

 Even if fetal surgery for PUVs has been devel-
oped since 25 years, series are small without any 
randomized controlled trials, and outcomes need 
to be analyzed carefully. Morris et al. reported 20 
studies in the last two decades with 261 interven-
tions on 369 fetuses including vesico-amniotic 
shunt and fetal cystoscopy [ 48 ]. Prenatal surgery 
seems to be more effective than no intervention 
on survival rate but postnatal renal function is 
worst in the fetal surgery group. To summarize, 
results after vesico-amniotic shunting are poor 
because of poor patient selection, technical com-
plications, US misdiagnosis (between 58 and 
67 %) [ 43 ,  52 ,  53 ], and lack of good renal func-
tion predictors. Technical complications are quite 
high between 40 and 48 % [ 38 ,  45 ,  54 ], and fetal 
mortality rate is close to 50 %. 

 Long-term outcomes have not been improved 
by fetal surgery. Prenatal intervention may not 
change the prognosis of renal function or may not 
be a predictor for possible urinary diversion [ 55 ]. 
Despite all of these patients having favorable uri-
nary electrolytes, this did not seem to have any 
implication postnatally. When counseling fami-
lies about fetal intervention, efforts should be 
focused on that intervention may assist in deliv-
ering the fetus to term and that the sequelae of 
PUVs may not be preventable. Fetal surgery for 
obstructive uropathy should be performed only 
for the carefully selected patient who has severe 
oligohydramnios and “normal”-appearing kid-
neys [ 55 ]. There is clinical evidence that relief 

of obstruction may improve postnatal pulmonary 
function, but there is no evidence that it improves 
renal function [ 34 ]. 

 In consequence pediatric urologists expected 
soon to read outcomes of PLUTO (percutane-
ous shunting in lower urinary tract obstruction) 
trial which began in 2008. This study design is 
to compare 150 fetuses with LUTO undergo-
ing vesico-amniotic shunting or observation. It 
could lead fi nally to standardize fetal surgery 
with appropriate indications [ 56 ]. But PLUTO 
randomized controlled trial stopped prematurely 
because of poor recruitment. Conclusions are 
hard to be defi ned: the relative effectiveness of 
vesico-amniotic shunting is uncertain with poor 
prognosis at 1 year. Normal liquid volume and 
age at diagnosis seem to be good predictor fac-
tors. For the time being, patients who are selected 
for fetal surgery are fetuses with a normal karyo-
type and with severe LUTO (dilated bladder with 
key-hole sign and bilateral hydronephrosis), oli-
gohydramnios, or any hydramnios and favorable 
fetal urinalysis [ 29 ,  34 ,  57 ].   

18.3     Postnatal Management 

 A multidisciplinary approach is necessary to 
improve short- and long-term outcomes for 
patients born with PUVs. Metabolic disorders 
have to be managed by pediatric nephrologists 
to avoid any added damage to the renal function. 
Micturating cystourethrogram (MCUG) remains 
today the most reliable tool to confi rm the diag-
nosis of PUVs and to study the morphology of the 
bladder and the bladder neck (Fig.  18.1 ). MCUG 
can be done either retrograde through urethral 
catheter or by suprapubic puncture (Fig.  18.2 ). 
Our preference goes to suprapubic puncture. We 
believe that the urethra should be kept intact with-
out any trauma till valve ablation. In fact there 
is no evidence to advocate for one or another 
method. As most of the patients with PUVs are 
managed in our center after prenatal referral, it 
is feasible for us to manage the newborn in the 
fi rst 24 h without the need for urinary drainage. 
Suprapubic insertion of intravenous catheter is 
done under US guidance. If the diagnosis is con-
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fi rmed, the newborn is managed in few hours at 
the operating room for valve ablation.

    Surgical treatment aims at relieving obstruc-
tion. It could be done by urinary diversion or 
valve ablation (Fig.  18.3 ) under general anes-
thesia. Low diversion includes vesicostomy or 
bladder catheterization [ 58 – 60 ]. Complications 
of catheter drainage are more frequent with 
infection, bladder contraction, and ureterovesical 
obstruction. Vesicostomy reproduces bladder fi ll-
ing and contraction and eases bladder reconstruc-
tion in comparison to supravesical diversion. In 
our current practice, it is used for children less 
than 2 kg. High drainage as pyelostomy or ure-
terostomy did not improve renal function out-
comes and decreased bladder cycling function 
[ 61 ,  62 ]. In some instance, a refl uxing unilateral 
lateral ureterostomy can be an option to relieve 
the obstruction in severely sick children.

   Different options of ablation have been 
described. Blind methods have disappeared and 
must be kept as historic, because of poor results 
and severe complications [ 63 ,  64 ]. The devel-
opment of pediatric endoscopes since 1970 and 
Hopkins and Storz has been the best techni-
cal progress. Valve ablation could be done by a 
Bugbee, a cold knife (Fig.  18.4 ), or a laser [ 13 ]. 
These techniques need experienced pediatric 
urologists to minimize urethral trauma, operative 
time, and irrigation. Cold knife is preferred than 
resectoscope with diathermy loop to reduce post-
operative retention and strictures. No routine pre-
operative and postoperative drainage is needed in 
our experience.

   Several studies have investigated the best tim-
ing and approach in treatment of patients with 
PUVs [ 4 ,  9 ,  11 ]. Smith et al. stated that PUVs 
should be treated with primary valve ablation, 
and vesicostomy should be reserved for patients 
in whom valve ablation is not technically possi-
ble [ 10 ]. Regardless of whether a vesicostomy or 
a high urinary diversion is performed, eventually 
the valves have to be resected or incised. 

 Currently, with the advance in endoscopes 
and fi ber optics, better instruments have 
allowed surgeons to treat valves endoscopically 
using different modalities under direct vision 
with minimal incidence of complications [ 4 ]. 

  Fig. 18.1    Micturating cystourethrogram: posterior ure-
thral valves with posterior urethral dilatation, bladder 
neck hypertrophy, and bilateral high-grade vesicoureteral 
refl ux       

  Fig. 18.2    Micturating cystourethrogram by suprapubic 
puncture. Note the refl ux in the ejaculatory ducts associ-
ated with typical aspect of posterior urethral valves, ure-
thra, and bladder neck       
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Complications after valve ablation have been 
reported to be between 5 and 25 % [ 18 ,  65 ]. 
Sarhan et al. published an incidence of compli-
cations of 7.5 % which is nearly similar to that 
reported by Nijman et al. in 1991 who reported 
an incidence of only 5 % complication rate in a 
group of 85 boys undergoing electroincision of 
urethral valves [ 19 ,  20 ]. 

 Stricture formation after valve ablation occurs 
infrequently ranging from 0 to 25 % [ 4 ,  18 ,  19 , 
 21 ,  65 ,  66 ]. Urethral strictures were reported 
after fulguration in 7 of 28 patients (25 %) by 
Myers et al. in 1981 [ 18 ], 3 of 36 patients (8 %) 
by Crooks et al. in 1981 [ 21 ], 4 of 30 patients 
(13 %) by Bruce et al. in 1987 [ 66 ], and 3 of 82 
(3.6 %) by Lal et al. in 1999 [ 65 ]. On the other 

a b

  Fig. 18.3    ( a ) Endoscopy view of posterior urethral valves. ( b ) Endoscopic view of neonatal aspect of PUV, before any 
endoscopic or catheter introduction, notice the verumontanum visible in the background       

a b

  Fig. 18.4    ( a ) Cold knife hook used to perform valves ablation under cystoscopy. ( b ) The hook localizes the fi rst point 
of section at 12 o’clock, followed by 5 and 7 o’clock       

 

 

A. El Ghoneimi and M. Peycelon



215

hand, Nijman et al. in his series of 85 patients 
including newborn and infants reported no inci-
dence of urethral stricture [ 19 ]. 

 Prevention of urethral stricture after valve 
ablation depends on many factors. These are 
gentleness in surgical technique, avoidance of 
oversized instrumentation in a small caliber ure-
thra especially since patients with PUVs are usu-
ally small for age, minimizing fulguration time, 
avoiding excessive and deep fulguration, fulgura-
tion under direct vision, and shortening the dura-
tion of preoperative catheterization and use of 
nonreactive small-sized catheters [ 20 ,  65 ]. 

 Sarhan et al. retrospectively reviewed  database 
of 291 patients with PUVs treated by primary 
valve ablation from two separate centers between 
1987 and 2006 [ 20 ]. Primary valve ablation was 
performed in all patients regardless of serum cre-
atinine level or upper tract confi guration. A hot 
loop resectoscope was used in 122 patients, cold 
knife urethrotome in 108, a hook diathermy elec-
trode in 18, and a diathermy coagulation Bugbee 
in 20, while stripping using Fogarty catheter was 
performed in 23. The follow- up duration ranged 
from 1.5 to 20 years (median = 6.5). Early post-
operative complications occurred in 22 patients 
(7.5 %). The most common complication was 
urine retention in 16 patients (5.5 %). Urinary 
extravasations occurred in three cases, signifi -
cant hematuria from urethral bleeding occurred 
in two, and obstructive anuria developed in one 
patient. The majority of cases were treated con-
servatively. Urethral strictures developed in six 
patients (2 %) mainly after endoscopic loop 
resection (four of six). All were treated by visual 
internal urethrotomy and urethral dilatation 
with successful results without the need of open 
urethroplasty. 

 Risk factors for the development of postop-
erative complications were studied by a uni-
variate analysis by Sarhan et al. in 2010 [ 20 ]. 
The incidence of complications was signifi -
cantly related to preoperative catheter drainage. 
Postoperative complications developed in 16 out 
of 130 patients (12.3 %) in whom preoperative 
draining catheter was fi xed, while it occurred 
in only 6 out of the 161 patients (3.7 %) with 
no preoperative drainage ( p  < 0.05). This may 

be due to the fact that patients who needed pre-
operative drainage were actually of poor gen-
eral condition with uremia that make them at 
risk of development of postoperative complica-
tions. None of the 41 patients who did not have 
postoperative catheter developed any compli-
cations, while all the 22 patients who devel-
oped complications had postoperative drainage 
( p  < 0.05). Patient age at valve ablation had no 
signifi cant relation with the occurrence of post-
operative complications. Also, technique of 
valve ablation had no statistically signifi cant 
impact on complications although the incidence 
was more with resection group (12.3 %) than 
other groups, but the difference was not statisti-
cally signifi cant ( p  = 0.08). Multivariate analy-
sis showed that preoperative catheter drainage 
was the independent risk factor for the devel-
opment of postoperative complications. On the 
univariate analysis, stricture formation does not 
have statistically signifi cant relation with either 
age at ablation, technique of valve ablation, or 
presence or absence of pre- or postoperative 
drainage. Although four out of the six cases 
with stricture urethra developed after electro-
resection, the difference from other techniques 
was not statistically signifi cant. The same fi nd-
ing was noted with preoperative catheter drain-
age which was associated with more incidence 
of stricture formation (four out of six) espe-
cially when the suprapubic catheter drainage 
was maintained after endoscopic incision.  

18.4     Outcomes 

18.4.1     Bladder Function 

 It has been documented that there is a window 
for bladder healing that is limited to the fi rst 
few months of life [ 23 ]. Primary valve ablation 
allows bladder cycling without obstruction, thus 
setting up the milieu for resumption of bladder 
function. Urinary incontinence has been a com-
mon problem in boys after valve ablation [ 65 , 
 67 ]. Although numerous related causes exist, 
post-obstructive bladder dysfunction has gained 
recognition as the principal factor in the etiol-
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ogy of incontinence after valve surgery [ 67 ]. The 
reported incidence of signifi cant voiding dys-
function in boys after valve surgery varies from 
13 to 38 % [ 65 ,  67 ]. Sarhan et al. evaluated the 
incidence of voiding dysfunction at 41 % in toi-
let-trained children [ 7 ]. Using their criteria, blad-
der dysfunction could be overestimated because 
all children who had symptoms of voiding dys-
function were included. The most severe cases 
requiring clean intermittent catheterization (CIC) 
or bladder augmentation comprised only 4.6 % of 
the study population. 

 Others advocate for routine drainage of the 
bladder before valve ablation [ 5 ], which may add 
morbidity to the treatment of these children [pro-
longed hospital stay, risk of nosocomial infec-
tion]. Sarhan et al. rarely had to divert the urine 
before or after valve ablation, and initial serum 
creatinine level was not a parameter to drain or to 
start valve ablation [ 7 ]. These results are overall 
comparable to others and may indicate that rou-
tine urine drainage should be reconsidered. 

 Early management of children born with 
PUVs is to reduce the rate of “valve bladder 
syndrome” fi rst described by Hoover et al. in 
1982 [ 68 ]. The most frequent urodynamic pat-
terns found in these dysfunctional bladders 
are bladder overactivity, poor compliance, and 
myogenic failure. The incidence of these three 
types of bladder dysfunction varies mark-
edly among authors and may be related to the 
patient’s age at time of urodynamic study. It 
has become apparent that bladder function is 
a dynamic process and puberty has specifi c 
effects on these bladders [ 69 ]. High pressure 
in a noncompliant bladder alters upper urinary 
tract, increases hydronephrosis, reduces glo-
merular fi ltration rate, and leads to polyuria 
and tubulopathy. To avoid bladder dysfunc-
tion, bladder surgery and indwelling catheters 
should be avoided. Bladder has to be evaluated 
by MCUG, US, and post-voiding residual and 
video-urodynamics studies (Fig.  18.5a–c ). For 
children with not toilet-trained bladder, 4-h 
observation will give an idea about post-void 
residual (PVR) and the average bladder capac-
ity. For toilet-trained children, urodynamics 
and voiding diary are mandatory. Voiding diary 

includes amount of liquid intake, frequency of 
voiding, amount of voiding, and quantifi cation 
of urinary leaks. Urodynamics is composed of 
fl owmetry associated with electromyogram and 
PVR and video-urodynamics. Video-imaging is 
interesting in valves bladder specially if there 
is VUR. This exam will defi ne if the refl ux is 
either a low-pressure or a high-pressure refl ux. 
Bladder capacity at the onset of the VUR will 
be also evaluated. Urodynamics is mandatory to 
distinguish the two categories of valves bladder: 
the poor compliant overactive bladder with high 
risk for the upper urinary tract and the compliant 
large capacity bladder with detrusor myogenic 
insuffi ciency (Figs.  18.5a–c ). The last group is 
synonym of urinary incontinence and urinary 
tract infections, treated usually by either regular 
voluntary voiding and if insuffi cient CIC either 
by the urethra or through a Mitrofanoff channel.

   The fi rst-line treatment is anticholinergic 
medications with progressive increasing dose. 
This treatment is monitored by evaluation of 
PVR and upper tract dilatation then urodynam-
ics studies. This can be associated with alpha- 
blocker treatment to decrease the outlet pressure. 
If these treatments are insuffi cient and the child 
had high-pressure voiding, CIC is added to the 
management. Night drainage can be an option 
to avoid overdistention of the bladder during the 
long hours of night. There are a few sets of data 
that suggest overnight bladder drainage can bring 
about profound improvements in the degree of 
upper-tract hydronephrosis, renal function, or 
bladder function [ 70 ]. 

 Bladder augmentation is an option that 
needs to be discussed as an ultimate treatment 
and only if all other measures had failed. In our 
experience with over 200 patients with PUVs, 
only two children needed bladder augmenta-
tion, and these children were born with severe 
damage of the bladder and ESRD at birth. 
Ureterocystoplasty should be considered when 
augmentation is needed and one of the kidneys 
is not functioning [ 71 ]. Indications for augmen-
tation is limited to few cases of extremely small 
low compliance bladder with no response to 
anticholinergic and CIC and with upper urinary 
tract deterioration.  
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18.4.2     Renal Transplantation 

 In children with ESRD secondary to PUVs, 
bladder evaluation before renal transplanta-
tion remains a challenging task to avoid the 
risk of graft deterioration secondary to bladder 
dysfunction. In our recent study on long-term 
evaluation of bladder function in patients with 
PUVs after renal transplantation, we found an 
improvement of bladder dysfunction. This is 
probably the result of reduction of pretrans-

plantation polyuria. Fifteen children aged 
between 3 and 15 years were transplanted with 
PUVs between 1989 and 2006 at Robert Debré 
Children University Hospital. Three children 
were excluded from the study: one had blad-
der augmentation before transplantation, and 
two were lost of follow-up. Mean follow-up 
after transplantation was 13.1 years [ 5 – 20 ]. The 
evolution was favorable in these children with a 
graft survival of 63 % at 10 years. Patients were 
divided into three groups: (1) group I with no 

  Fig. 18.5    ( a ) Ten-year-old boy treated in infancy for 
posterior urethral valves. Current symptoms: increasing 
hydronephrosis, incontinence, and recurrent febrile uri-
nary tract infection. The video-urodynamics study showed 
bladder capacity at 320 mL, overactive bladder, and poor 
compliance. Parents and the child were advised bladder 
management by clean intermittent catheterization and anti-
cholinergics. ( b ) The family did not come back, and they 
did not follow the advised management; 20 months later, 
they came for follow-up. The child had no febrile urinary 
tract infection and became dry between voiding. The ultra-
sonography showed improvement of the hydronephrosis. 
Video-urodynamics showed signifi cant improvement with 
a normoactive low-pressure bladder (10 cmH 2 O/300 mL) 

with a voiding detrusor pressure at 50 cmH 2 O and without 
post-voiding residual. Management was advised by void-
ing diary every 3 h and to avoid over distended bladder. 
( c ) Eighteen months after the last video-urodynamics, his 
clinical status was stable with regular voiding, dryness, and 
stable normal renal function at 50 μmol/L and without any 
anticholinergics. Urodynamics showed a bladder capacity 
of 400 mL, hyposensitive bladder, and effi cient voiding 
without residual. Note that the morphology of the blad-
der and the bladder neck did not change over this period 
of puberty; meanwhile a signifi cant improvement was 
achieved in bladder function         

a

b
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voiding disorders ( n  = 3), (2) group II with void-
ing disorders who received pharmacological 
treatment ( n  = 6, three hyperrefl exic bladders, 
two myogenic failures, one poor compliant blad-
der), and (3) group III with severe bladder dys-
function requiring intermittent catheterization 
( n  = 3), all had small overactive poor compliant 
bladders. After transplantation, in group II, fi ve 
of six patients had improved their voiding dis-
orders, and bladder treatment was stopped. In 
group III, two of three patients had improved 
their bladder function, and CIC was no more 
needed (Fig.  18.6 ). In borderline cases, bladder 
augmentation before transplantation must be 
reconsidered under condition of having prudent 
post-transplantation follow-up [ 72 ].

18.4.3        Renal Function 

 Prenatal diagnosis has allowed categorizing 
newborns with high risk of renal failure. When 
negative parameters were absent and fetal urine 
biochemistry predicted good outcome, there 
were no cases of ESRD in early infancy [ 23 ]. 
Gestational age at diagnosis and volume of amni-
otic fl uid are signifi cant predictors of long-term 
renal function [ 7 ]. But other parameters like renal 
parenchyma or presence of renal cysts need to be 
also considered. Fetal urine includes sodium and 
beta-2 microglobulin measurements [ 7 ,  23 ,  29 ]. 
It is diffi cult to compare the results of different 
published series because of wide variation in 
regard to the availability of obstetrical service to 

c

Fig. 18.5 (continued)
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account for in utero mortality, the routine prac-
tice of early prenatal US in all pregnant women, 
postnatal indicators of renal function, duration 
of follow-up, type of surgical procedure, and 
patient age at treatment. Mortality has dropped 
from 50 to 3 % thanks to medical management 
and the reduction of urinary sepsis and electro-
lyte complications. Renal failure ranged from 
10 to 60 % in the literature. Serum creatinine 
above 80 μmol/L 7 days after valves ablation and 
at 1 year is predictive of ESRD [ 73 ,  74 ]. Renal 
transplantation is possible for boys with PUVs 
and ESRD. Good allograft survival is good if 
valve bladder is well managed before and after 

transplantation in using adequately anticholiner-
gic and CIC thanks to video-urodynamics data.  

18.4.4     Fertility 

 Different factors may contribute to the impair-
ment of fertility in adolescents with treated PUVs. 
Libido and potency can be already affected by the 
renal failure in PUVs patients. Sexual function 
and fertility remain a matter of speculation and 
require further investigation owing to the scar-
city of studies on these issues and the discrep-
ancies in some of the results of semen  analysis 

a

b

  Fig. 18.6    Case of a boy 
included in group III. ( a ) 
Before transplantation, he 
had a small overactive poor 
compliant bladder. ( b ) Eight 
years after transplantation, he 
had a normocompliant 
bladder with normal capacity 
and without overactivity       
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observed in the published series with small 
number of patients [ 69 ]. However, in the recent 
review by Lopez-Pereira et al., it would seem that 
these patients have normal sexual function (some 
with slow ejaculation). They have normal semen 
counts, but viscosity, pH, and liquefaction time 
can be increased, and there may also be abnor-
mal sperm agglutination. The ability to father 
children appears to be more dependent on renal 
failure than on PUVs.   

    Conclusion 

 Prenatal diagnosis of PUVs has been a major 
factor of postnatal management of these 
children with this congenital bladder out-
let obstruction. Gestational age at diagnosis 
and volume of amniotic fl uid are signifi cant 
predictors of long-term renal function. 
Nevertheless, other parameters need to be also 
considered. Early valve ablation can be con-
sidered as the primary treatment in the major-
ity of cases without the need of preoperative 
drainage or diversion. Endoscopic treatment is 
feasible safely in the neonatal period if expe-
rienced surgeons use specifi c minimally sized 
pediatric cystoscopies. Early bladder manage-
ment is the best option even if bladder progno-
sis seems unpredictable but could be possibly 
improved in a long-term period. Any early 
bladder surgery should be avoided. In fact the 
surgical management of PUVs became mini-
mally  interventional but intensively focused 
on bladder evaluation and closed follow-up. 
In conclusion, multidisciplinary approach is 
advocated for the long-term management of 
patients with PUVs.     
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19.1            Introduction 

 The urethra is very often presenting acquired or 
congenital abnormalities, the latter being more 
frequent in newborn and pediatric age, especially 
in males [ 1 ,  2 ]. Hypospadias, with a prevalence 
evaluated as 1:300–700 live male newborns, 
and posterior urethral valves (PUV), which are 
found in 1: 1,000–2,000 male newborns [ 3 ], are 
the most frequent urethral abnormalities and 
are described in different chapters. 

 Although we exclude PUV and the hypospadias- 
epispadias complex, congenital anomalies of the 
male and female urethra are most common and 
present a wide spectrum of anatomical variants. 
 Urethral congenital abnormalities  are often asso-
ciated with complex or multiple malformations 
and often could present diagnostic and therapeu-
tic diffi culties for the pediatric urologist. 

 To better defi ne urethral abnormalities, a short 
reminder of the embryology and anatomy of 
the urethra could be welcomed. A classifi cation 
is proposed, to allow an organic view of this 
group of congenital diseases of the urinary tract, 
not infrequently observed in pediatric urology 
(Fig.  19.1 ).

19.2        Embryology 

    During the sixth week of gestation, the  urogenital 
sinus  cavity extends onto the surface of the geni-
tal tubercle and gives rise to urethral development. 
This  endodermal derived groove  becomes a solid 
plate of cells, which eventually tubularizes in prox-
imal-to-distal fashion to form the phallic urethra. 
This developing process happens after the ninth 
week of gestation until when there exist no differ-
ences between male and female urethral buds. 

 Four distinct regions have been identifi ed 
in male mature urethra:  prostatic and membra-
nous urethras , derived from the urogenital sinus, 
proximally, and  bulbar and pendulous urethras , 
derived from the urethral plate, distally [ 4 ]. 

 The two proximal regions are totally com-
posed of delicate transitional epithelium chang-
ing to simple squamous epithelium in the context 
of the two distal portions. These proximal regions 
are not completely androgen dependent, as they 
are responsible for the development of the female 
urethra. However, the bulbar and pendulous ure-
thras are completely androgen dependent and are 
only present in males [ 5 ]. 

 Unlike its proximal counterpart, the urethra 
which forms within the glans is lined by a stratifi ed 
squamous epithelium and has a more controversial 
development. Some authors argue that an ectoder-
mal ingrowth of epidermis canalizes the glandular 
urethra [ 6 ]; however, recent papers suggested, with 
immunohistochemical support, that the entire ure-
thra, including the glans portion, was formed by 
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dorsal extension and disintegration of the urethral 
plate combined with ventral growth and fusion of 
the urethral folds [ 7 ]. All these different hypotheses 
on the structural anomalies of the urethra may be 
related to the complexity of its embryology and 
may represent the reasons for the number and fre-
quency of urethral abnormalities in children.  

19.3     Atresia 

 A very severe and very uncommon malformation, 
atresia occurs early in the embryonic fetal life, 
and it is due to a fl awed canalization of the endo-
dermic groove around the ninth week of gestation. 

  Fig. 19.1    Classifi cation of congenital urethral abnormalities       
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 As a result of the developmental defect, the 
kidney does not continue to mature. This condi-
tion is often not compatible with life. The kid-
ney maturation is possible only if an alternative 
communication with the bladder, such as a pat-
ent  urachus, exists [ 8 ]. The few living newborns 
show dysplastic kidneys, renal cystic malforma-
tions, and prune-belly syndrome.  

19.4     Anterior Urethral Valve 

  Anterior urethral valve  (AUV) is a rare entity, 
with the largest series reporting 17 patients [ 9 ]; 
it is reported to be seven times less common 
than posterior urethral valve (PUV); however, 
it can be equally devastating [ 10 ] .  AUV may 
occur in every portion of the anterior urethra.   
 It seems to have a unique pathophysiologic 
spectrum from valvular diseases to anterior 
urethral diverticula according to the degree of 
dilation due to the obstruction, so a urethral 
diverticulum should be considered in every 
case of AUV. 

 The etiology of these anomalies is still not 
completely clear. Williams and Retik suggested 
that they may arise from congenital cystic dila-
tion of normal or accessory periurethral glands 
that communicate with the urethra, resulting in 
a fl aplike valve [ 9 ]. Firlit referred AUV as con-
sequence of an incomplete development of the 
corpus spongiosum [ 10 ]; recently Kajbafzadeh 
proposed that they seem to represent an incom-
plete fusion of a segment of urethral plate [ 11 ]. 

 Clinical presentation of patients with AUV is 
similar to those with PUV.    The spectrum ranges 
from  mild urethral dilation  to  severe bilateral 
hydronephrosis  with renal failure, according to 
the degree of urinary obstruction; luckily only 
fewer than 5 % of patients with AUV progress 
to chronic renal failure [ 12 ] .  In 2010, JC Routh 
et al. asserted that congenital anterior urethral 
obstruction in children has a generally good 
prognosis but may occasionally result in a poor 
renal outcome. The combination of pretreatment 
azotemia, vesicoureteral refl ux, and urinary tract 
infection is highly predictive of a poor renal out-
come [ 13 ]. 

 An anterograde cystourethrogram has to be 
performed when anterior urethral obstruction is 
suspected; cystoscopy or retrograde urethrog-
raphy may fail to detect the valve as it remains 
open with retrograde fl ow. Renal sonography and 
serum creatinine complete the diagnostic pro-
cess evaluating the presence and degree of renal 
impairment (Fig.  19.2 ).

   Management of AUV may be endoscopic 
or open. Endoscopic procedure consists in 
electrocauterization of valve tissue. When per-
forming this procedure, the surgeon must be 
careful not to injure the urethral wall: it can 
be very thin and terminal injury may result in 
urethral strictures and urethrocutaneous fi stula. 
A urethroplasty and open resection of the valve 
are recommended in patients with massive ure-
thral diverticula to pack an adequate urethral 
caliber.  

  Fig. 19.2    Voiding cystourethrogram in a 3-year-old boy 
with vesicoureteral refl ux and trabeculated bladder, wide 
bladder neck secondary to anterior urethral valve ( arrow )       
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19.5     Congenital Anterior Urethra 
Diverticula 

 Congenital  anterior diverticula of the urethra  
are not frequent in the male. The wide-mouthed 
(saccular) diverticulum and the small-mouthed 
peduncolate    (globular) diverticulum are two 
 well-recognized varieties of the lesion [ 9 ]. 
Diagnoses of these conditions are usually per-
formed in patients with lower urinary tract symp-
toms such as dysuria, frequency, and postvoid 
dribbling. 

 The most common congenital anterior diver-
ticula are syringoceles that arise from cystic 
dilation of the Cowper’s gland duct on the ven-
tral midline and  lacuna magna , a dorsal urethral 
diverticulum of the fossa navicularis.  

19.6     Syringoceles 

 These anomalies consist in dilation of  Cowper’s 
gland duct  within the bulbous urethra. Maizels 
et al. divided these conditions in four groups 
depending on their radiographic appearance 
[ 14 ]: (1)  simple syringocele , only a minimally 
dilated duct; (2)  perforate syringocele , a spatu-
lous duct that drains into the bulbous urethra and 
appears as a diverticulum; (3)  imperforate syrin-
gocele , a submucosal cyst, stocked by the duct, 
appearing as a radiolucent mass protruding into 
the urethra at voiding cystourethrogram; and 
(4)  ruptured syringocele , a membrane remain-
ing after the rupture of dilated duct [ 14 ]. Based 
on building luminal pressures within the ducts, 
syringoceles may follow a standard maturation 
from simple to imperforate to either perforated 
or ruptured, but more data is needed to confi rm 
this hypothesis [ 15 ]. 

 More recently Bevers et al. proposed a simpli-
fi ed classifi cation dividing the diverticula in  open 
syringoceles  and  closed syringocele ; the fi rst can 
cause postvoid incontinence, and the second, 
infravescical obstruction [ 16 ]. 

 Usually types 2 and 4 have the urethroscopic 
appearance of a diverticulum. Their typical pre-
sentations are urethral infections, hematuria, dys-
uria, and urinary dribbling. Types 1 and 3 cause 

urethral obstruction resulting in voiding diffi cul-
ties. More rarely, it is possible to observe in these 
patients a perineal mass or hydronephrosis. 

 The initial evaluation of Cowper’s syringocele 
typically involves a thorough voiding history. 
A high index of suspicion justifi es noninvasive 
imaging. Ultrasonography (US) sometimes visu-
alizes closed cystic lesions in the anatomic region 
of Cowper’s gland. Final diagnosis can be gained 
by cystourethroscopy or by retrograde urethrog-
raphy (Fig.  19.3a, b ).

   Cystic dilations of Cowper’ gland ducts are 
frequently asymptomatic in children; they may 
be more common than currently realized [ 16 ]. 
Although many symptomatic ones eventually 
require  surgical intervention , a period of  con-
servative management  seems prudent, as spon-
taneous resolution of symptoms over time is 
not uncommon. Bevers et al. described several 
cases of confi rmed both open and closed syrin-
goceles whose symptoms resolved on their own: 
one case resolved after successful treatment for 
a UTI; others resolved with no intervention [ 16 ]. 
Treatments have to be considered in cases of 
repeated infection or severe obstruction. Careful 
clinical, radiologic, endoscopic, and urodynamic 
evaluations are mandatory before treatment to 
avoid unnecessary surgery. 

 The treatment of choice, when necessary, 
is  endoscopic unroofi ng of the diverticulum  by 
transurethral incision, thereby marsupializing it 
into the urethra. However, current opinion rec-
ommends open intervention for certain popula-
tions, such as children with large diverticula and 
inadequate spongiosum. In such cases, diverticu-
lectomy should be considered [ 17 – 19 ].  

19.7     Lacuna Magna or Sinus 
of Guerin 

 This entity, initially described by Morgagni    in 
1719, consists in a septum that persists between 
the canalized glandular ingrowth of ectodermal 
tissue and the distally advancing urethra [ 20 ], 
giving origin to a diverticulum in fossa navicu-
laris. Sommer and Stephens reported its associa-
tion with urological symptoms for the fi rst time, 
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in 1980 [ 20 ] .  Since then, only few cases of lacuna 
magna have been reported in the literature. It 
may be present in a considerable number of boys, 
Bellinger et al. described a prevalence of 30 % 
[ 21 ]; however, only a few become symptomatic 
due to a valvelike effect of the septum. 

 The diagnosis of  lacuna magna  can be accu-
rately made if this condition, though less com-
mon, is kept at the back of the mind. Diagnosis 
may be gained by voiding cystourethrography 
and cystoscopy. 

 The main goals in the treatment of lacuna 
magna are relief of symptoms, control of infec-
tion, and elimination of any obstruction. Most 
pediatric urologists now agree that treatment of 
choice consists in endoscopic incision with cut-
ting current of the septum and fulguration of the 
base of the diverticulum [ 21 – 23 ].  

19.8     Cobb’s Collar 

  Congenital stricture of the urethral bulb  has 
become a controversial issue and may in fact 
represent what may be more accurately termed 

a perforate congenital urethral membrane or dia-
phragm [ 2 ]. 

 Cobb et al. described in 1968 26 cases of 
proximal urethral bulb strictures in patients 
without history of urethritis, urethral or peri-
neal trauma, previous urethroscopy, or ure-
thral surgery [ 24 ]. This congenital stricture 
differs from acquired types of stricture in that 
there is a distinct lack of periurethral fi brosis 
or any abnormal tissue surrounding the ure-
thra (Fig.  19.4 ). It is important to differentiate 
 Cobb’s collar , also called  Moormann’s ring  
[ 25 ], from type III posterior urethral valve as 
described by Young et al. [ 3 ]: in some cases 
the posterior urethral membrane may prolapse 
until the bulbar urethra, making these two con-
ditions similar; however, the fold is attached 
to the verumontanum in all cases of posterior 
urethral valve.

   Three different types of Cobb’s collar have 
been identifi ed. All these forms of obstruction are 
located just below the external sphincter. Type I 
appears as a ridge of tissue; type II represents a 
well-defi ned stricture of the bulbar urethra, while 
type III is a very tight pinhole [ 26 ]. 

a b

  Fig. 19.3    Syringocele. ( a ) Endoscopic view of a closed syringocele. ( b ) Voiding cystogram: the urethral lesion is 
observed at the bulbous urethra       
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 The clinical presentation is related to various 
degrees of urinary obstruction; other described 
symptoms are enuresis, urinary tract infec-
tion, hematuria, and failure to thrive [ 24 ,  25 ]. 
In adulthood, these patients may manifest poor 
 ejaculation [ 27 ]. 

 Ultrasound showed a  thickened bladder  wall 
with a signifi cant postvoiding residual. Voiding 
cystourethrography may detect the stricture, but 
defi nitive diagnosis is available by cystoscopy. 
Treatment of choice is endoscopic dilation or, in 
case of ineffectiveness, incision of the stricture 
walls. A cold knife is preferable to electrocautery 
for incising this fi ne anterior lesion.  

19.9     Megalourethra 

 The term “ megalourethra ” was suggested origi-
nally by Nesbitt to describe a very rare congenital 
malformation characterized by diffuse dilation of 
the penile urethra [ 28 ]. It consists of a urogenital 
malformation of the anterior urethra secondary to 
a mesodermal defect. 

 Megalourethra is characterized by dilation 
and elongation of the penile urethra, associated 
with  absence or severe hypoplasia of the corpora 
spongiosa and cavernosa . Postnatal complica-
tions include voiding and erectile dysfunction 
as well as renal insuffi ciency and pulmonary 
hypoplasia. Congenital megalourethra is caused 
by abnormal development or hypoplasia of the 
penile erectile tissue which has been related to 
distal urethral obstruction in the prenatal period. 
In fact, it is often responsible for a serious out-
fl ow obstruction during fetal life which can lead 
to oligo- or anhydramnios, bilateral renal failure, 
and Potter syndrome-like manifestations in the 
newborn. 

 Megalourethra can be subdivided into two dif-
ferent types:  fusiform  megalourethra and  scaph-
oid  megalourethra. In the fusiform variety, the 
corpora cavernosa and the corpus spongiosum 
are absent; in the scaphoid type, only the corpus 
spongiosum is absent (Fig.  19.5a–c ). Fusiform 
dilation of the megalourethra may result from 
underdevelopment of the corpus spongiosum and 
support structures of the urethra. This condition 
has been related commonly to p rune-belly syn-
drome . The characteristic association of defi cient 
abdominal muscles, undescended testes, and 

  Fig. 19.4    Cobb’s collar or Moormann’s ring: a ring is 
observed by urethroscopy at bulbar urethra level. External 
sphincter is observed proximally to the ring, without peri-
urethral fi brosis       

a b c

  Fig. 19.5    ( a ,  b ) Morphological appearance of the fusiform type of megalourethra. ( c ) Radiological appearance at void-
ing cystogram       
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 urinary tract abnormalities probably results from 
severe urethral obstruction in fetal life [ 29 ].

   If the amniotic fl uid volume is normal dur-
ing prenatal ultrasound, survival is possible. 
However, all live-born infants manifest voiding 
and renal dysfunction as well as sexual disorders. 
Megalourethra should be considered in all male 
fetuses presenting prenatally with megacystis. 
A detailed fetal ultrasound scan should show an 
elongated and/or distended phallic structure as 
well as any associated anomalies. 

 Diagnosis is by voiding cystourethrogra-
phy (Fig.  19.5c ). Early bladder outlet obstruc-
tion removal is necessary soon after birth. 
Reconstructive surgery is required. Surgical 
treatment of scaphoid type of megalourethra 
 consists of a Nesbitt’s urethroplasty. The opera-
tive technique for fusiform megalourethra with 
genital malformation has to be tailored to each 
individual case, depending on the intraoperative 
and endoscopic fi ndings [ 28 ,  29 ].  

19.10     Congenital Urethral Polyps 

  Urethral polyps  are rare congenital lesions; they 
usually arise from the verumontanum; anterior 
ones are extremely rare and may be piping out    
into the bladder neck, causing bladder outlet 
obstruction (Fig.  19.6a, b ).

   Urethral polyps are benign lesions, not to 
be confused with protuberant polypoid mass of 
sarcoma botryoides. The histologic examination 
reveals a fi broepithelial core with transitional 
epithelium; sometimes squamous metaplasia is 
found (Fig.  19.6c ). 

 Possible etiologies include abnormal protru-
sion of the urethral wall and metaplastic changes 
secondary to maternal estrogens [ 2 ,  12 ]. 

 Urethral polyps in children occur exclusively 
in boys; average age is 5.2 years. Clinical presen-
tation is related to variable degrees of obstruc-
tion: dysuria, incontinence, diminished stream, 
incomplete emptying, and hematuria are the typi-
cal presenting symptoms. 

 Physical examination is usually not help-
ful for diagnosis except for larger lesions that 
can be felt at rectal examination. Defi nitive 

diagnosis can be gained with cystourethrogra-
phy or endoscopy. 

 Treatment of choice is endoscopic resection 
with fulguration of the base of the lesion; in case 
of displacement of the polyp into the bladder, a 
transvesical approach could be an acceptable 
alternative.  

19.11     Urethral Meatal Stenosis 

 Congenital  stenosis of the distal urethral meatus  
is a rare condition compared with acquired ones. 
Meatal stenosis could be suspected in boys less 
than 4 years of age if the meatus measured less 
than 8 F and in boys over ten if the meatus cali-
brated to less than 10 F [ 2 ]. 

 Daily meatal dilation by parents, using a lubri-
cant for 2 weeks, sometimes helps to assure a sat-
isfactory result [ 1 ]. In refractory cases, surgical 
meatotomy has to be considered the treatment of 
choice [ 12 ].  

19.12     Urethral Duplication 

  Urethral duplication  is an extremely rare con-
genital disease which mostly affl icts male popu-
lation. It is often associated with genitourinary 
and gastrointestinal anomalies including hypo-
spadias, epispadias, imperforate anus, congenital 
heart disease, etc. Less than 300 cases have been 
reported in literature. Clinical presentation var-
ies because of the different anatomical patterns of 
this abnormality. Typical manifestations include 
deformed penis, twin stream, urinary tract infec-
tion, urinary incontinence, outfl ow obstruction, 
and symptoms related to the associated anoma-
lies [ 30 ,  31 ]. 

 The embryonic origin of urethral duplication 
is uncertain and various hypotheses exist. It can 
be caused by abnormal  Mullerian duct  termina-
tion and growth arrest of the urogenital sinus or 
misalignment of the termination of the cloaca 
membrane with the genital tubercle. The male 
urethra develops mostly or completely from the 
endoderm except the distal most glandular part 
which is of ectodermal origin. 
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  Fig. 19.6    ( a ) Ultrasonographic appearance of a congeni-
tal urethral polyp, plongeant into the bladder. ( b ) Voiding 
cystourethrogram of the same case: wide and not empty-

ing bladder with obstruction under the bladder neck 
( arrow ). ( c ) Macroscopic specimen of the lesion, after 
transurethral resection         

a

b
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 The forms of urethral duplications are com-
pletely different in males and females. 

 In males, urethral duplication is classifi ed into 
three types ( Effman’s classifi cation ) [ 30 ]:
    Type I:  blind-ending accessory urethra (incom-

plete urethral duplication):
•     IA Distal—duplicated urethras opening on 

the dorsal or ventral surface of the penis 
but not communicating with the urethra or 
bladder (the most common type)  

•    IIB  Proximal—accessory urethra opening 
from the urethral channel but ending 
blindly in the periurethral tissues (rare)     

   Type II:  completely patent accessory urethra. It is 
divided into two parts—A (two meatuses) and 
B (one meatus):
•     IIA —two noncommunicating urethras aris-

ing independently from the bladder  
•    IIB— second channel arising from the fi rst 

and coursing independently into a second 
meatus (Y-type)  

•    IIIC wo urethras arising from the bladder or 
posterior urethra and uniting into a com-
mon channel distally     

   Type III:  accessory urethras arising from dupli-
cated or septated bladders: 

 In females, urethral duplication is classifi ed into 
the following types [ 31 ]:
    I.    Double urethra and double bladder   
   II.    Double urethra, single bladder   
   III.    Accessory urethra posterior to the normal 

channel   
   IV.    Double proximal urethra and single distal 

urethra   

   V.    Single proximal urethra and duplicated 
distal urethra    

     Onofre et al. [ 31 ] describe two types of urethral 
duplication based on the presentation: sagittal 
and coronal. Each group, sagittal or coronal, has 
a few similarities that may be helpful in their 
management. 

 MRI should be preferred to voiding cystoure-
thrography due to the superior contrast resolution 
and multiplanar capability. MRI delineates the 
exact urethral anatomy much better. Effectively, 
voiding cystourethrography can diagnose 
whether there is a duplication or not but cannot 
diagnose the precise relation of the duplicated 
urethras with other pelvic structures [ 32 ]. 

 The fi rst purpose is to identify the  orthotopic 
urethra . It can be identifi ed because the main 
urethra shows the presence of verumontanum; it 
is related to the sphincter and it maintains con-
tact with the prostate bundle. Furthermore, the 
main urethra is often dysplastic and hypoplastic 
and can be found in association with genitouri-
nary anomalies like  bifi d scrotum or diphallus . 
Even bladder duplications have been described, 
but never a duplication of the prostate has been 
observed (Fig.  19.7a, b ).

   Once identifi ed, the main urethra is often 
treated with the  PADUA technique , which con-
sists in a procedure for the treatment of severe 
urethral hypoplasia. The PADUA acronym means 
 progressive augmentation by dilating the urethra 
anterior  [ 33 ]. 

 The ancillary urethra can be removed or not. 
This is a choice made by the surgeon based 
on the individual clinical presentation of each 
patient, taking into consideration the procedure’s 
advantages and disadvantages, the coexistence 
of incontinence, or the presence of urinary tract 
infections. 

 Skin grafts and urethroplasty usually com-
plete the process. 

 Urethral duplication is a complex anom-
aly and the different manifestations probably 
have different embryological origins. Every 
diagnosed case presents a unique anatomy, 
and surgical treatment must be individualized 
depending of the structural and functional 
context.     

c

Fig. 19.6 (continued)
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20.1            Introduction 

 The term “disorder of sex development” (DSD) 
was introduced at a consensus meeting in Chicago 
in 2006 [ 1 ]. It replaces titles such as “hermaph-
rodite ” and “intersex ” which were thought to be 
pejorative to patients. At the same time, the clas-
sifi cation of the disorders was altered so that the 
diagnostic labels refl ected the molecular genetic 
abnormality rather than the clinical appearance. 
The Chicago proposals are shown in Table  20.1 . 
Although they have been generally accepted by 
specialists in the fi eld, modifi cations are still 
being made. For the nonspecialist and for those 
attempting to review past literature, DSD remains 
a most confusing fi eld. Indeed, students and post-
graduates may well fi nd the subject so diffi cult 
that they pass it by altogether. Medical exams sel-
dom have questions on DSD, and patients are not 
common in general urologic clinics.

   Although there are advantages in the new 
nomenclature, some older terms are still com-
monly used. For example, the commonest DSD is 
still called  congenital adrenal hyperplasia   (CAH) 
which, in females, would be classifi ed as 46XX 
DSD. While the nomenclature is in a state of fl ux, 
it is important to avoid the older terms,  particularly 

“hermaphrodite” and the very imprecise diagno-
ses such as  male pseudohermaphrodite  .  

20.2     Fetal Development 

 To understand the clinical syndromes that are 
seen, it is helpful to have an outline of the way in 
which the fetus develops. 

 The default development for the fetus is 
female. Although this statement is not strictly 
true, it is accurate enough for a starting point. 
In the absence of some positive developmental 
infl uence, a fetus will be born with a substantially 
female phenotype. Conversely, with androgenic 
infl uence, a 46XX fetus will be born with a sub-
stantially male phenotype. 

 The  Y chromosome  encodes a testis determin-
ing factor, the  gene SR - Y  . A genetic abnormality 
may produce the wrong gonad, a mixed gonad, or 
a different gonad on each side. 

 Testes produce testosterone,  anti-Mullerian 
hormone   (AMH) [also known as Mullerian inhib-
iting substance  (MIS)], and Insulin-like growth 
factor . 

  Testosterone   acts on receptors to produce 
most aspects of male development. But, there is 
a  masculinizing programming window   between 8 
and 12 weeks of fetal life. Failure of testosterone 
action at this time will, therefore, lead to some 
feminization of an otherwise male individual. 

 Some testosterone is converted to  dihydrotes-
tosterone   by the action of  5 - alpha reductase   
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(5-AR). Five-AR is needed for testicular descent 
and phallic and  prostatic growth   .  

 AMH is secreted by  Sertoli cells   of testis. It 
causes regression of the uterus, Fallopian tubes, 
the lining of ovaries, and the upper third of 
vagina. Its highest concentration is at birth, and 
its function stops completely at puberty. It acts 
unilaterally so it is possible for the genitalia in 
the two sides of the pelvis to be different. 

  Insulin - like growth factor   is secreted by 
 Leydig cells   and acts bilaterally. It is required for 
development of the  penis  and for general fetal 
growth. Absence will cause  microphallus  , but 
no other genital anomalies, and possibly  growth 
hormone  -resistant maldevelopment. 

 Although these are the most important infl u-
ences on the fetus, there are other factors that 
contribute. 

 SR-Y and other sex determining genes (not all 
on the sex chromosomes, e.g.,  WT1  ,  SOX9  ,  SF1  ) 
contribute to regression of  Mullerian  structures , 
general male development, and, perhaps most 
importantly, brain sexual differentiation. In par-
ticular, the  Gadd45g gene   has been identifi ed as 
an important determinant of testis and male sex 
development and fertility [ 2 ]. Their absence in 
a 46XY fetus will push development towards 
a female pathway, and the gonads will be little 
streaks or dysgenetic. Because the gonad is not 
a testis, it does not produce MIS, and so female 
genitalia develop. 

 Hormones unrelated to the genital system 
are also relevant.  Congenital adrenal hyper-
plasia   is due to blocks in the development of 
steroids in the adrenal. This leads to the accu-
mulation of steroid precursors that are andro-
genic in action. They cause masculinization 
of androgen-sensitive structures including the 
brain and retention of  Mullerian  structures. In 
a 46XY fetus, the effect may pass unnoticed 
except in severe cases with salt wasting. In the 
46XX fetus, there is genital ambiguity (another 
term to be avoided) due to androgenization of 
the  clitoris   and the  brain  . 

  Androgens  are only able to exert their effect if 
they are bound to receptors in the target organs. 
Complete or partial failure of the receptors pre-
vents the androgens working. This means that the 
target will maintain its default, female appear-
ance and function. This produces the  androgen 
insensitivity syndromes   – complete (CAIS) and 
partial (PAIS). 

 If the androgens are bound to the receptors, 
male development and function occur. The vas 
deferens, seminal vesicles, and epididymes 
develop from the  Wolffi an duct  . In the brain, 
androgens fi rst undergo aromatization to the 
estrogen 17-β-oestrodiol and then bind to estro-
gen receptors.  

20.3     Clinical Effects of DSD  

20.3.1     The Penis 

 The penis is the most obvious manifestation 
of maleness in the neonate. In the past, a  small 
phallus  , regardless of other factors, sometimes 
mandated a female sex. Such an assignment 
was based on the view that gender development 
could be directed by administration of appro-
priate hormones and external infl uences and 
that it was easier to create a vagina than a penis 
by surgery. 

 It has now become clear that the most impor-
tant infl uence on gender-specifi c thoughts and 
behavior is the hormone milieu in the brain dur-
ing fetal development. An androgenized brain is 
diffi cult to divert from male-type function. 

   Table 20.1    Proposed nomenclature from Chicago con-
sensus meeting [ 1 ]   

 Previous  New 

 Intersex  Disorder of sex 
development 

 Male pseudohermaphrodite  – 
 Undervirilization of XY male  46 XY DSD 
 Undermasculinization 
of an XY male 

 – 

 Female pseudohermaphrodite  – 
 Overvirilization of an XX female  46 XX DSD 
 Masculinization of an XX female  – 
 True hermaphrodite  Ovotesticular DSD 
 XX male or XX sex reversal  Ovotesticular DSD 
 XY sex reversal  46 XY complete 

gonadal dysgenesis 
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 The penis grows at puberty under the infl u-
ence of  testosterone . Testosterone given before 
puberty produces some growth, but probably 
no more than would occur at puberty anyway. 
 Dihydrotestosterone cream   may give some 
penile development after puberty. However, in 
practice, a baby born with a  small penis   (more 
than two standard deviations below the mean 
stretched length) will grow up with a small penis 
(Fig.  20.1 ). There are few data on the sexual 
function of a small penis. However, that which is 
available indicates that it is satisfactory, at least 
to the man (Table  20.2 ). The attitude of sexual 
partners is unknown.

     In practice, it may be diffi cult to convince 
an adolescent that his small penis is compatible 
with normal  sexual function  . There are so many 
images on the  Internet  and so much public dis-
cussion that those who feel their penis is inad-
equate may seek reconstructive surgery. They 
are also aware that such surgery is possible, 

especially using the techniques available for 
female to male gender reassignment [ 3 ]. It is 
possible to incorporate the small natural penis 
in the reconstructed one so that some of the 
original sexual function is preserved. Although 
sexual sensation is reported in the reconstructed 
phallus, there are no long-term data in patients 
with DSD.

20.3.2         The Clitoris  

 The clitoris has no known function other 
than to provide sexual pleasure. If exposed 
to androgens in utero it will enlarge. This is 
most commonly seen in  CAH  . Even the most 
precise endocrine control does not make the 
clitoris shrink, though it may prevent further 
hypertrophy. 

 Surgery to reduce the size of the clitoris, bury 
it or even to amputate it, has been used exten-

a b

  Fig. 20.1    ( a ) Clinical photograph of prepubertal micropenis. ( b ) Clinical photograph of an adult with micropenis       
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sively in CAH in the past. Burial of the clitoris 
is no longer practiced because it results in pain-
ful erections with sexual arousal. Amputation of 
the clitoris is now recognized as a crime in most 
countries. 

  Clitoral reduction   may be requested by the 
parents of a CAH neonate. They perceive a prob-
lem in child care by nonfamily members. It is 
also felt that school-age children may be embar-
rassed by a visible clitoris. Unfortunately, clitoral 
surgery both in infancy and in adults reduces, or 
may even abolish,  sexual sensation   and  orgasm  
[ 4 ,  5 ]. In a study of the fi ne clitoral sensation in 
women with CAH who had or had not had  clito-
ral reduction  , only 22 % of the operated patients 
were normal compared to 80 % of the unoperated 
ones [ 4 ]. 

 Furthermore, women who have had clitoral 
reduction in infancy, obviously without their 
consent, often feel that they have been muti-
lated and have considerable psychological 
problems as a result [ 6 ]. It is, of course, pos-
sible that women who did not have surgery and 
grew up with a conspicuous clitoris may also 
have psychological issues, but data are lack-
ing. The  Chicago consensus   recommended that 
 clitoral reduction   should only be performed for 
gross enlargement [ 1 ]. However, some support 
groups advocate that such surgery should not be 
performed until the woman can give informed 
consent [ 7 ].  

20.3.3     The Vagina  

 In  CAH   with a 46XX genotype, the vagina and 
 urethra   form a single  urogenital sinus  . The level 

of confl uence is variable but always below the 
bladder neck so they are continent. 

 The timing of  vaginal reconstruction   appears 
to have been a matter of contention for at least 
25 years. It would seem that only a minority 
of children are reconstructed in a single opera-
tion in infancy or early childhood [ 8 ]. In look-
ing at the long-term follow-up of 16 women (of 
an original 32 children), Lattimer’s group con-
cluded in 1976 that the results of  vaginoplasty   
were so poor that the operation should not be 
done before puberty [ 9 ]. 

 There is some confl ict about the wisdom of 
routine  dilatation of the vagina   after  genitoplasty   
in infancy. Krege et al. suggest that it should not 
be a routine if only because of the  psychological 
problems   that it may cause (though they offer no 
evidence for this fear) [ 10 ]. Gearhart and, even 
more strongly, Hendren recommend dilatation 
to prevent postoperative stenosis [ 11 ]. In spite of 
this, all of Hendren’s patients required further, 
albeit minor, surgery at puberty to allow  inter-
course . Nonetheless,  feminizing vaginoplasty   is 
commonly done in infancy though there contin-
ues to be pressure to delay it. 

 More complex vaginal reconstructions may 
use self-dilatation or surgical reconstruction with 
skin, bowel, or grafted tissues (Figs.  20.2  and 
 20.3 ). There is general agreement that such sur-
gery should be reserved for the time of puberty 
or later. 

 Follow-up of complex  vaginoplasties  is lim-
ited and often has been confi ned to establishing 
that  intercourse   takes place without undue dif-
fi culty (Table  20.3 ). For example, up to 70 % of 
women who had an  intestinal vagina   formed 
report the ability to have intercourse with a 

   Table 20.2    Literature review of sexual function in men with micropenis   

 Reference  [ 29 ]  [ 30 ]  [ 31 ]  [ 32 ]  [ 33 ]  [ 34 ]  [ 35 ]  Total 

 Patients  20  19  9  20  13  8  3  92 
 GID  0  –  2  0  0  0  0  2 
 Erections  20  15  9  20  13  –  3  80 (95 %) 
 Heterosexual  20  –  6  19  10  –  3  58 
 Homosexual  0  –  3  –  1  –  –  4 
 Bisexual  0  –  –  1  2  –  –  3 
 Regular SI  15  6  –  12  –  6  3  42 

   GID  gender identity disorder,  SI  sexual intercourse  
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10 % incidence of  dyspareunia   [ 12 ]. Schober, 
in an extensive review of the literature, found 
that follow-up assessment was usually confi ned 
to the observation that penetrative  intercourse   
was possible with no attempt to measure its 
quality [ 7 ]. There was little critical evaluation 
of  female sexuality  . 

 Although it is correct to evaluate the qual-
ity of intercourse as well as possible to decide 
which technique is the best, it must be remem-
bered that such surgery is only done to enable 
penetrative intercourse to take place – it might 
be said that poor intercourse may be better than 
none at all.  

Obstructed vagina

  Fig. 20.2    Sagittal view of an 
MRI of the pelvis showing an 
obstructed vagina that has 
been dilated by repeated 
menstruation       

  Fig. 20.3    Diagram to show 
how the obstructed upper 
vagina can be opened with 
an inferiorly based fl ap 
which is folded down to 
reach the perineum 
(Courtesy of D.N.Wood)       
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20.3.4     The Gonads  

 The gonads can be the most diffi cult part of 
DSD conditions to understand, especially as they 
may be different on each side. In females with 
 CAH , the gonads are  ovaries   which are structur-
ally normal though with reduced function [ 13 ]. 
Conversely, patients with complete  androgen 
insensitivity  , by defi nition 46XY, have gonads 
that are testicular with  Sertoli cells   but very few 
germ cells and are usually undescended. In PAIS, 
up to 64 % may have one descended  testis  [ 14 ]. 

 As a  Y chromosome   is necessary to form a 
 testis  , syndromes in which it is absent will have 
gonads that are ovarian-like in structure with 
very variable function. Even if there is a Y chro-
mosome present, absence or defect of the tes-
tis determining genes may lead to a  dysgenetic 
gonad  , a mixed gonad, or a different one on each 
side. In some, germ cells may be present. 

 Abnormal gonads are at increased risk of  neo-
plasia   ,  and this has an impact on the management. 
The majority are  germ cell neoplasms   ,  and so some 
germ cells must be present in the gonad, even though 
primitive and small in number. The more dysplastic 
the germ cells, the higher the risk of neoplasia. 

 The highest risk is with  dysgenetic gonads   
in individuals who are 46XY. The commonest 
example of this rare group has  Swire ’ s syndrome  . 
The babies are phenotypically female without 
genital ambiguity with normal internal female 
structures. With  mixed gonadal dysgenesis   ,  the 
genitalia are ambiguous, and there is usually 
some fairly normal testicular tissue on one side. 

The gonads are either streaks or contain some tes-
ticular tissue and may be different on each side. 

 The usual tumor is a  gonadoblastoma  . This 
is a mixed tumor of  Sertoli cells  and  germ cells  , 
with occasional  Leydig cells  . The gonadoblastoma 
never metastasizes and may even regress, but in 
a third of cases, the germ cell portion becomes 
malignant. The endocrine cells may secrete active 
hormones, especially  testosterone  [ 15 ]. The tumors 
may occur, though rarely, in utero or childhood 
[ 16 ]. The incidence rises rapidly after puberty and 
is highest at the usual age for germ cell tumors in 
the second and third decades [ 15 ,  17 ]. 

 Primary,  malignant dysgerminoma   may occur 
occasionally in dysgenetic gonads. This is the 
name given to a  seminoma   in a gonad thought to 
be an  ovary  or of indeterminate type. 

 In androgen insensitivity, especially in its 
complete form seminomas occur. They are rare 
in childhood but commoner in the second and 
third decades. 

 On testicular biopsy, abnormal cells can be 
seen which precede the development of  carcinoma 
in situ   which has been taken as an indication for 
gonadectomy [ 18 ]. However, some patients wish 
the gonads to remain in situ as  aromatization  of 
the  androgens   produced are thought to give more 
normal femininity than the synthetic replacement 
estrogen that would be given after gonadectomy 
[ 19 ]. The problem then is in determining when 
the gonads are becoming malignant.  Carcinoma 
in situ  has been identifi ed in gonads that by MRI 
criteria look benign [ 20 ] (Fig.  20.4 ).

   46XX individuals are at relatively low risk of 
germ cell neoplasia. This is particularly true of 
the commonest condition –  CAH . 

 It is also important to note that 46XY patients 
with CAH may develop scrotal masses. They 
may be large and bilateral. They are not neo-
plasms but due to  hypertrophy of adrenal rests  . 
They will resolve with proper adrenal suppres-
sion. The testes should not be removed [ 21 ].  

20.3.5     Internal Genitalia 

 The female internal genitalia will be present to 
some extent if there is a failure of the  Mullerian 

   Table 20.3    The table shows the number of women who 
have a patent vagina after primary surgery (1 year patency) 
and the additional number patent after revision surgery 
(2 year patency)   

 Reference  [ 8 ]  [ 11 ]  [ 36 ]  [ 10 ] 

 Number  42  28  13  27 
 1-year patency  5  6  0  14 
 2-year patency  33  18  2  8 
 Intercourse  33  11  0  6 of 15 a  

  In the paper by Alizai et al.[ 36 ], the mean age of the patients 
was 13.1; although all were postpubertal, all were thought 
to be too young for intercourse to be considered. In Krege 
et al.’s [ 10 ] paper, intercourse was only considered in 15 a  
patients over 15 years who completed a questionnaire  
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inhibiting substance  , regardless of the genotype. 
This is illustrated in Fig.  20.5 . The structures 
are usually small and nonfunctional. Cystic or 

tubular structures on the back of the prostate in 
otherwise normal men are reasonably common. 
They are not usually functional and are found by 
chance. They do not have to be removed unless a 
symptomatic complication arises.

20.4         Gender  

 In the past, the birth of a baby with indeterminate 
gender was considered to be an emergency. A 
gender of rearing was quickly decided on the best 
evidence then available and maintained. Current 
practice is to postpone a decision until a complete 
diagnosis can be made. Some clinicians advocate 
leaving a decision until suffi cient social develop-
ment of the child occurs to give a clue to internal 
gender identity. Although such practice has obvi-
ous advantages, it is very diffi cult for most families 
to cope with a child who is neither boy nor girl. 

 The major infl uences in the decision are the 
genotype, the likely hormonal environment of the 
brain in fetal life, and the prospects for fertility. 
The appearance of the genitalia is less infl uential. 
However, it is recognized that election to change 
gender or even to live in an in-between state may 
well occur in later life. 

 This means that the decision in the common-
est diagnosis is relatively easy. Babies with  CAH  

  Fig. 20.4    Photomicrograph 
showing intratubular germ 
cell neoplasia in a Sertoli cell 
nodule which had benign 
characteristics on MRI scan. 
The dark brown cells are 
stained with antibody against 
placental alkaline phospha-
tase confi rming their 
malignant nature (Courtesy 
of Dr Alex Freeman)       

Bladder Large Seminoma
of the right
gonad

Uterus

  Fig. 20.5    MRI scan, sagittal view of a 46XY male with fail-
ure of Mullerian regression. He presented with an abdominal 
mass which was found to be a gonadal seminoma. A uterus 
is seen to be present attached to the  top  of the prostate       
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will almost always be raised in gender of their 
genotype unless the diagnosis is delayed. The 
brain in 46XX CAH individuals is androgen-
ized in utero which leads to some “male-type” 
imprinting. 

  Undervirilized   babies with 46XY genotype 
but some functioning testes will usually be raised 
male. The former view that an inadequate penis 
was an indication for female assignment is no 
longer accepted. Most will continue to live as 
males. 

 On the other hand, babies found to have CAIS 
are always raised female and continue to live 
as such. In partially affected babies (PAIS), the 
decision is based on the degree of virilization, 
and the long-term outcome is unpredictable.  

20.5     Fertility  

20.5.1     Congenital Adrenal 
Hyperplasia  

 Fertility is diminished in CAH patients of both 
sexes. In males, providing the steroid control is 
meticulous, the problem is much less. 

 Women with 21-hydroxylase defi ciency, 
11-beta-hydroxylase defi ciency, and 3-beta- 
hydroxylase defi ciency are potentially fertile. 
However, infrequent ovulation compounded by 
poor compliance with steroid replacement ther-
apy reduces the likelihood of  pregnancy  . The 
ovulation rate per cycle is only about 40 % with 
a good correlation between plasma testosterone 
and 17-hydroxyprogesterone levels [ 22 ]. 

 Up until the 1980s, although the fertility rate 
was known to be about 60 % reports of success-
ful pregnancy in salt losers were uncommon [ 23 ]. 
In a relatively large and unselected series of 80 
women (half being salt losers), 40 were having 
heterosexual  intercourse . Fifteen of twenty-fi ve 
with simple virilization had 25 pregnancies pro-
ducing 20 normal children. In contrast, only 1 of 
15 salt losers became pregnant, and she had an 
elective termination [ 24 ]. 

 It would seem that better steroid management 
has improved prospects for salt losers. In a more 
recent series, three of fi ve with salt wasting CAH 

and two of three with simple virilizing CAH who 
were sexually active had eight successful preg-
nancies [ 22 ].  

20.5.2     Other Female Conditions 

 In the rarer conditions, pregnancies have been 
reported. Unfortunately, even if there are use-
ful ova, the uterus may be so hypoplastic that 
a pregnancy cannot be supported. Nonetheless, 
“ reproductive technology”   is becoming progres-
sively more sophisticated which, combined with 
greater acceptance of surrogacy, is improving 
the prospects. Pregnancies have been reported 
in  Swire ’ s syndrome   and in some 46XX/46XY 
mosaics.  

20.5.3     Males 

 The techniques that have been developed to allow 
the direct injection of a single sperm into an 
ovum (ICSI) have revolutionized the prognosis 
of diffi cult male factor infertility. Most countries 
allow the use of  sperm   retrieved from ejaculate, 
 epididymis   ,  or testis. The use of sperm precursors 
is more controversial both because of poor results 
and for ethical considerations. 

 In  Klinefelter ’ s syndrome   (47XXY) and in  5 - 
alpha   reductase defi ciency   ,  occasional paternity 
has been reported [ 25 ,  26 ].   

20.6     Impact of Adult Outcomes  
on Future Management 
of Infants  

 The observation that adult outcomes of babies 
born with DSD are not uniformly satisfactory 
does not, in any way, imply that earlier manage-
ment was wrong, let alone malevolent. Medical 
protocols are based on the best evidence available 
at the time. They are adapted, slowly, as more 
information becomes available from science and 
from the patients themselves. It is always diffi cult 
to predict the future and particularly so when a 
“right answer” appears to be so elusive. 
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 It should also be remembered that it is only 
recently that children born with intersex were 
informed of their diagnosis. There may be many 
adults living perfectly fulfi lled lives, unaware 
that they had an intersex condition. 

 In some intersex conditions,  intercourse  may 
be impossible without surgery. If the outcome 
of surgery allows intercourse to take place but is 
unsatisfactory, it might be that it is better than no 
intercourse at all. 

 At one end of the spectrum, there is the view 
that babies could be raised in an indeterminate 
gender until they are old enough to make their 
own decision. In a limited way, such a policy is 
followed in  Papua New Guinea   where babies 
with  5 - alpha reductase defi ciency   are recog-
nized as a third gender. In most countries, espe-
cially where DSD babies are very rare, society 
may not be sophisticated enough to cope with 
an  indeterminate gender. Indeed, anecdotally, 
families in whom there has been a reassign-
ment of gender of a baby have had diffi culty 
in coping – often having to relocate to a new 
neighborhood. 

 Individuals cannot be divorced from the cul-
ture in which they live. In some countries male 
children are economically more valuable than 
female; in others, the prospects for sexual  inter-
course  are infl uential.  Gender assignment   may 
be governed by factors that impress the parents 
and doctors but might be rejected by the child 
when an adult. It would be virtually impossible 
to escape from the views of the parents and the 
wider society in deciding on the management of 
infants. Nonetheless, it would be hoped that inter-
ests of the child could be put above all others. 
The patient pressure group, the  Intersex Society 
of North America   advocates, at the very least, 
withholding of genital surgery until the children 
are old enough to identify their own sexuality. 
Such a view seems even more correct when the 
possibilities for fertility are considered. 

 It would seem prudent to manage children 
on the basis that  fertility   will be possible so 
that gonadal tissue and the reproductive organs 
should be preserved. 

 In girls with poor development of the  uterus   
or absent  Fallopian tubes  , the uterus should be 

 preserved. There have even been anecdotal cases 
of pregnancy running to term outside a uterus 
[ 27 ,  28 ]. In future, a uterus may not be a prereq-
uisite for a pregnancy. 

 In some cases the initial management might 
involve the removal of germinal tissue. It is now 
possible to store this material in case the decision 
is later reversed. The practicalities are experi-
mental, and the ethical aspects are unresolved. 
Nonetheless, if storage is not undertaken, the 
present generation of patients will lose any pos-
sibility of parenthood. 

 Testicular tissue can be preserved from prepu-
bertal boys but should only be done as part of an 
approved research project at present.  Spermarche   
is at a mean age of 13.4. At present, it is not 
known to what use the tissues could be put, and 
there are considerable ethical dilemmas both in 
raising expectations which may not be fulfi lled 
and in predicting the outcome of research yet to 
be done.     
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21.1            Introduction 

 There is no topic in pediatric urology/surgery that 
generates as much controversy as surgery for  dis-
orders of sexual development  (DSD). Furthermore 
it is one of the most complex surgical problems 
this specialty will encounter. While there is less 
disagreement in the treatment of children with 
 congenital adrenal hyperplasia  (CAH) than with 
other forms of DSD, it certainly has its own share 
of controversies. Historically most parents have 
elected early surgery (infancy) to “normalize” 
their child’s ambiguous genitalia. This has been 
thought to be of psychological benefi t to the 
child, parents, and caregivers, but there is little 
data to support this. Both Lloyd et al. [ 1 ] and 
Akbiyik and Kutlu [ 2 ] have now shown there to 
be tremendous variability in genital proportions 
of “normal” adults and children who do not have 
a DSD. Advocacy groups and some physicians 
have challenged the wisdom of early surgery 
with some even calling for a moratorium on any 
DSD genital surgery until the patient is old 
enough to decide for themselves whether or not 
they want surgery [ 3 ]. Creighton et al. have 
noted that the thought of “doing nothing” can be 

 stressful for families [ 4 ]. The ethical consider-
ations of parental versus child rights to make 
decisions about surgery remain unresolved in the 
United States. This is an extraordinarily diffi cult 
time for young parents who give birth to a child 
with DSD. We feel strongly that the parent should 
know of all pros and cons of both having surgery 
and not having surgery. No parent should ever be 
talked into having surgery. The parents should 
also be an integral part of the gender assignment 
team and participate in all decisions. Families 
should be supported regardless of decision for or 
against surgery. Advocacy groups can be of great 
help to the families, and we would recommend 
that the families have access to the CARES 
Foundation (caresfoundation.org), Accord 
Alliance (accordalliance.org), and the Magic 
Foundation (magicfoundation.org) prior to ever 
seeing the surgeon. 

 The overwhelmingly most common cause of 
genital ambiguity occurs secondary to CAH, and 
therefore the vast majority of those undergoing 
feminizing genitoplasty do so for CAH. We there-
fore will concentrate our discussion on CAH, but 
the principles described herein are applicable to 
all DSD patients undergoing surgery to feminize 
the genitalia regardless of their age. For the pur-
poses of this chapter, we will address the manage-
ment and surgical options of these anomalies 
under the assumption that  everyone involved in 
the decision-making  process, including the 
patient, family, and the multidisciplinary medical 
team, agree that  surgery is  appropriate. If surgery 
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is elected, options for the precise timing of 
 surgery and their particular advantages and 
 disadvantages need to be discussed.  

21.2     Anatomy 

 With virilization found in CAH, there is almost 
always some degree of clitoral hypertrophy, vary-
ing degrees of a  urogenital sinus  (UGS), and the 
labia majora tend to have varying amounts of 
fusion and are anteriorly displaced. The labia 
minora are absent. The urethra and vagina nor-
mally exit the pelvis separately between the labia. 
This does not happen in cases of persistent UGS, 
where a communication persists between the uri-
nary tract and the vagina and the common channel 
exits on the perineum (Fig.  21.1 ). UGS anomalies 
generally occur in two main forms, those with 
ambiguous genitalia and those with pure UGS 
abnormalities. It is our belief that a pure UGS is 
forme fruste of a cloacal anomaly and much dif-
ferent from those with CAH. In the CAH group, 
the Prader scale is useful for assessing external 
genitalia, but external appearance does not always 
correlate with internal appearance [ 5 ].

   Although the  confl uence of the vagina with the 
urethra  is usually described as “low” (near the 
perineum) or “high” (near the bladder neck), it 
actually occurs in a spectrum of presentation 
 [ 6 – 8 ]. We are in agreement with Ganesan that the 
distance from the bladder neck to the vagina is 
relatively constant in CAH [ 9 ]. Overall, three 
 elements contribute to an appearance of a higher 
confl uence: (1) a longer distance from the vagina 
to the UGS meatus; (2) the virilization of the 
UGS gives an appearance of a male-like external 
sphincter, verumontanum, and prostatic-like tis-
sue [ 10 ]; and (3) a more compact, android pelvis. 
While it may be unclear if a true high confl uence 
exists in patients with CAH, patients with a lon-
ger UGS certainly appear to be more virilized 
and are much more diffi cult to repair.  

21.3     Evaluation 

 Management of patients with CAH begins with 
medical stabilization, making the appropriate diag-
nosis and assembling the multidisciplinary  gender 

assignment team . The team consists of specialists 
in neonatology, genetics, endocrinology, pediatric 
urology/surgery, and psychiatry [ 11 ]. Making the 
correct diagnosis is mandatory, but once done, the 
anatomy needs to be defi ned. Historically, this has 
been done by genitography and endoscopy. In cer-
tain situations, pelvic and abdominal ultrasound 
and, rarely, MRI may be benefi cial. At a high-vol-
ume tertiary institution like ours, routine genitog-
raphy for patients with CAH may not be benefi cial 
[ 12 ], but it remains helpful in patients with cloacal 
anomalies and other forms of DSD. 

 One of the critical, and often missed, parts of 
the evaluation of patients with DSD and UGS 
anomalies is a thorough assessment and appro-
priate management of any  associated anomalies . 
This is particularly true in the setting of cloacal 
anomalies that have genital ambiguity. Associated 
abnormalities include upper urinary tract, car-
diac, spinal cord, limb, and lumbosacral spine 
anomalies [ 13 – 17 ].  

a

b

  Fig. 21.1    High ( a ) and low ( b ) UGS       
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21.4     Surgical Approach 

 The surgical issues in the setting of CAH, as 
noted above, typically include (1) clitoromegaly, 
(2) labial abnormalities, and (3) the common 
UGS and how to manage the vagina. Consequently, 
surgical management involves (1) clitoroplasty, 
(2) labioplasty, and (3) vaginoplasty. Without 
question, the most controversial aspect regarding 
surgery for DSD is the timing of surgery. These 
 controversies  have been well covered in other 
publications but revolve around whether the par-
ents have the right to make the decision for sur-
gery or should these decisions always be made by 
the patient when they are old enough to do so. 
Another controversy revolves around whether the 
results are better in infancy or at puberty, particu-
larly when considering the potential for postop-
erative vaginal stenosis. It is important to 
remember the differences between gender assign-
ment, gender role, and gender identity. In general, 
the options are doing all three surgical compo-
nents in infancy, which has been the norm in the 
United States, or waiting until puberty. There is a 
hybrid of these two approaches, which has many 
proponents around the world, where the clitoro-
plasty and labioplasty are performed in infancy 
and the vaginoplasty is delayed until puberty. We, 
and others, believe that surgery after puberty is 
more diffi cult [ 4 ]. For now, the controversy will 
continue, as unfortunately, there is no clear evi-
dence to help us determine whether infantile or 
pubertal surgery has better long-term results.  

21.5     Operative Technique 

 Preoperatively, the patient should be metabolically 
stable, particularly if the child has CAH. All chil-
dren receive preoperative broad-spectrum antibiot-
ics. Most children with CAH require only an enema, 
but a complete bowel preparation with a polyethyl-
ene glycol-electrolyte solution (GoLYTELY) may 
be warranted in a setting of a high confl uence. 
Children with CAH should receive “stress dose” 
steroid replacement at the time of surgery. 

 After general anesthesia, endoscopy is per-
formed. We initially place a Fogarty catheter into 
the vagina; its balloon is infl ated, and the catheter 
is clamped and left indwelling. A Foley catheter is 

then anchored in the bladder (Fig.  21.2 ). Although 
some prefer to place the child in a lithotomy posi-
tion, we fi nd that this position  limits vision to only 
the surgeon, hinders  teaching, and prevents repo-
sitioning if a prone or abdominal approach is 
required. We prepare the lower body, from the 
nipples to the feet, with povidone- iodine, wrap 
the legs in stockinette, and pass the lower part of 
the body through the aperture in the drapes 
(Fig.  21.3 ). This allows the surgeon access to the 
abdomen and genitalia, as well as permit exposure 
in the supine or prone position. In postpubertal 
patients, total body preparation may be diffi cult, 
and the lithotomy position may be necessary.

21.6         Clitoroplasty 

 Historically, patients with clitoromegaly under-
went clitoral amputations [ 18 ,  19 ]. Later, clitoral 
recession was used [ 20 ], but the procedure was 

a

b

  Fig. 21.2    A Fogarty catheter is placed into the vagina and 
a Foley catheter into the bladder ( a ) high UGS, ( b ) low UGS       
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associated with painful erections. Subsequent 
approaches were developed to expose the neuro-
vascular bundles and amputate the corporal bod-
ies, techniques which are still in use [ 21 – 25 ]. We 
believe a better approach involves excising erectile 
tissue alone [ 26 ]. Based on the work by Baskin and 
coworkers [ 27 ], we have modifi ed the original lat-
eral incisions described by Kogan to bilateral ven-
tral incisions in order to prevent any injury to the 
neurovascular bundles [ 8 ]. We now preserve all of 
the preputial skin, which has been shown to be the 
second most sensitive area on the female perineum 
[ 28 ], to use in the construction of a clitoral hood. 

 The operation begins with placement of a trac-
tion suture in the glans clitoris. Proposed inci-
sions are outlined with a skin scribe and injected 
with 0.5 % lidocaine with 1:200,000 epinephrine 
subcutaneously (Fig.  21.4 ). The initial incision is 
carried out dorsally at the junction of the inner 
preputial surface with the outer clitoral skin. The 
entire clitoris is degloved along the plane between 
the Buck fascia and the Dartos circumferentially. 
Ventrally, the incision is carried around the UGS 

meatus. The omega-shaped perineal fl ap should 
extend to near the meatus [ 29 ]. Parallel incisions 
on either side of the UGS plate will allow for the 
sinus to be preserved for later use in the 
reconstruction.

   The perineal fl ap is elevated with its underly-
ing subcutaneous and adipose tissue to expose 
the UGS. The bifurcation of the corporal bodies 
is exposed ventrally. A vertical ventral midline 
incision is made along the entire length of each 
corporal body from near the glans to near the 
bifurcation of the corporal bodies (Fig.  21.5 ). 
The erectile tissue is exposed and excised. Care 
must be taken not to injure the Buck fascia, the 
tunica albuginea, the  neurovascular bundle,  or 
glans. The proximal end of each bundle of erec-
tile tissue is oversewn with 5-0 polyglycolic acid 
sutures. Buck’s fascia is then folded, and the 
glans is secured to the corporal stumps with 5-0 
polydioxanone sutures. Suturing the glans to the 
pubis prevents the glans from being appropriately 
concealed. In situations where the glans is quite 
large, one should resist aggressive glans 
 reduction. If any reduction of the glans is done, it 

  Fig. 21.4    Preposed incisions       

a

b

  Fig. 21.3    Patient’s preparation: front ( a ) and back ( b )       
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should only occur on its ventral aspect in order to 
prevent loss of sensation, as has been shown by 
Baskin [ 11 ,  27 ]. It is of note that no paper has 
shown that having a large clitoral glans is a 
 medical problem. Salle’s clitoroplasty involves a 
separation of the erectile bodies, concealing them 
in the labia [ 30 ]. This approach allows for a 
 possible reassembly in the event of gender dys-
phoria. In conclusion, we only excise the erectile 
tissue, remain ventrally away from the neurovas-
cular bundle, preserve all tunics, and avoid an 
aggressive glansplasty. It must be remembered 
that the clitoris is a sexual organ so every effort is 
made to preserve clitoral sensation and function, 
but even with modern techniques, some authors 
have concerns of sensory loss [ 31 – 33 ].

21.7        Vaginoplasty 

 The vaginoplasty is the most complex surgical 
component in feminizing genitoplasty. Adequate 
exposure is of utmost importance. The vagina can 

be accessed through the perineum, abdomen, or 
rectum. Importantly, any surgical dissection 
should avoid the area of the urethral sphincter 
and aims to preserve sensation and function. The 
multitude of vaginoplasties which have been 
described can be divided into four types: (1) cut-
back vaginoplasty, (2) fl ap vaginoplasty, (3) pull- 
through vaginoplasty, and (4) complete vaginal 
replacement. The choice of approach is guided 
by the level of the confl uence between the UGS 
and the vagina. We believe that the distance 
between the bladder and the vagina is the most 
critical aspect of choosing management [ 34 ,  35 ]. 

 While  cutback vaginoplasty  has recently been 
reported to have successful outcomes [ 36 ], we 
have signifi cant concerns with this technique. 
Simply “cutting back” to the level of the confl u-
ence does not allow the surgeon to enter into the 
normal caliber of the proximal vagina, past the 
distal stenotic segment. Failure to do so results in 
apparent vaginal stenosis. The technique involves 
a midline vertical incision that is closed 
 transversely in a Heineke-Mikulicz fashion. We 
use this only for simple  labial fusion . 

  The fl ap vaginoplast y is used in cases of low 
vaginal confl uence. Originally, the U-shaped fl ap 
was wide based, from one ischial tuberosity to 
the other. It has been shown that an omega-shaped 
fl ap with a narrower base avoids the appearance 
of a triangular introitus without compromising 
cosmesis [ 29 ]. In a fl ap vaginoplasty, the perineal 
fl ap is inserted into the opened ventral wall of the 
urogenital sinus and posterior vagina. It is imper-
ative that the incision be carried through the nar-
rowed distal vagina into the normal caliber 
proximal vagina in order to prevent later  vaginal 
stenosis . Avoiding any dissection of the anterior 
and lateral aspects of the vagina decreases the 
risk of vaginal ischemia, thus avoiding stenosis. 

 It must be noted that the fl ap vaginoplasty 
simply opens the introitus to expose the vagina. It 
will always leave a somewhat hypospadiac ure-
thra, and the posterior vaginal wall will be made 
of skin. The fl ap vaginoplasty is by far the most 
common procedure for UGS anomalies and has 
the least risks. In general, if the fl ap reaches into 
the normal caliber of the proximal vagina in a 
tension-free fashion, the risk of vaginal stenosis 

a

b

  Fig. 21.5    Vertical ventral midline incision made along 
the entire lenght of each corporal body ( a ,  b )       
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should be signifi cantly lessened over historical 
vaginoplasty reports. Importantly, redundancy of 
the fl ap should be avoided, as it will create a lip 
or mound of tissue at the introitus. 

 The fl ap vaginoplasty technique is contraindi-
cated in patients with a high vaginal confl uence, 
since it will result in a short, severely hypospa-
diac urethra, potential injury to the continence 
mechanism and add to vaginal pooling of urine. 
Hendren and Crawford [ 6 ] realized this problem 
and proposed the  pull-through vaginoplasty , 
where the vagina is taken off the UGS and moved 
to the perineum. The initial portion of this proce-
dure is identical to the fl ap vaginoplasty. It is 
critical to divide the bulbospongiosus muscle and 
sweep the rectum posteriorly in order to expose 
the entire posterior wall of the vagina. The vagina 
is opened in the midline, exposing the Fogarty 
balloon. At this point, we fi nd it helpful to rotate 
the patient to the prone position and elevate the 
posterior wall of the vagina with a malleable 
retractor, providing excellent exposure of the 
anterior vaginal wall and its confl uence with the 
urethra, although others have not found this to be 
necessary [ 37 ]. The dissection of the anterior 
wall of the vagina from the urethra and bladder 
neck is the most diffi cult part of the procedure. If 
not performed with excellent exposure and care, 
the urethra or sphincteric mechanism can be 
injured. With the vagina separated from the ure-
thra and sinus, the opened UGS is closed in lay-
ers over a Foley catheter to create a urethra. The 
catheter remains in the urethra, and a Penrose 
drain is left in the vagina. 

 In reality, the pull-through vaginoplasty is a 
misnomer, since in most cases the vagina does 
not reach the perineum despite complete circum-
ferential vaginal mobilization. Historically, this 
has required perineal skin fl aps posteriorly and 
preputial or labial fl aps anteriorly. Hendren’s 
original work was a monumental contribution but 
represented a diffi cult surgical approach, which 
left an isolated perineal vaginal opening and reli-
ance on multiple skin fl aps. A number of articles 
addressed the complexity of exposure of this 
approach. In 1997, three groups reported on ways 
to improve exposure to aid in complex pull- 
through vaginoplasties. Our group reported the 
posterior prone approach as noted above [ 37 ]. 

Domini et al. reported an even more aggressive 
anterior sagittal approach splitting the anterior 
rectal wall (known as ASTRA) [ 38 ]. This tech-
nique of opening the rectal wall is very helpful in 
improving exposure in patients with a very high 
vaginal confl uence. In that same year, Peña et al. 
described total UGS mobilization [ 39 ]. 

  Total urogenital mobilization  (TUM) involves a 
complete circumferential dissection of the intact 
UGS, urethra, and vagina from the pubis (Fig.  21.6 ). 
While this approach was originally proposed for 
cloacal anomalies, it has been  successfully used in 
patients with UGS. TUM allows a midlevel vagina 
to be moved to the perineum easily, avoiding a 
pull-through vaginoplasty. Even in situations 
where the high confl uence vagina may still require 
a pull-through vaginoplasty, TUM allows for the 
separation of the vagina from the urinary tract to be 
performed more easily.

a

b

  Fig. 21.6    Sagittal illustration of total urogenital mobili-
zation – TUM ( a ) and partial urogenital mobilization – 
PUM with the dissection stopping at the pubourethral 
ligament ( b )       
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   TUM is a means of exposure but is not, in and 
of itself, a vaginoplasty. The above techniques 
can be used in conjunction with the TUM. The 
initial incisions in TUM are similar to those 
described above, with the exception that the UGS 
is mobilized intact from the corporal bodies. The 
anterior dissection is carried out between their 
bifurcation, through the pubourethral ligament, 
to above the pubis. The dissection is continued 
posteriorly in the midline, separating the rectum 
from the posterior wall of the vagina. After pal-
pating the Fogarty balloon within the vagina, an 
incision is made into the vaginal wall posteriorly 
near the confl uence (Fig.  21.7 ). If the vagina 
reaches the perineum at this point, it is sewn to 
the to the perineum. We believe it is benefi cial to 
use a perineal fl ap to prevent later stenosis.

      In the event that the vagina does not reach the 
perineum, it can be separated from the sinus as 
described for a pull-through vaginoplasty (Figs.  21.8  
and  21.9 ). We fi nd this separation is more easily 
accomplished by placing the patient prone.

    Peña originally described simply amputating 
mobilized sinus tissue [ 39 ]. Our group has shown 
that this important tissue can be used for further 
reconstruction. The sinus tissue can be split 
 ventrally to make a mucosa-lined vestibule  [ 40 – 42 ] 
(Fig.  21.10 ), dorsally for an anterior vaginal wall, 
similar to the Passerini technique [ 43 ], or laterally 
for a posterior vaginal wall [ 42 ,  44 ] (Figs.  21.11  
and  21.12 ). In this latter technique, the sinus acts 
as the “fl ap” for the vaginoplasty, thus avoiding a 
skin fl ap, which is potentially hair bearing. 

 While recent reports state there has been no 
incontinence with TUM [ 35 ,  45 ], we have been 
concerned that this aggressive retropubic dissection 
raises the potential for later stress urinary inconti-
nence or injury to clitoral innervation. For this rea-
son, Rink et al. [ 41 ] described  partial  urogenital 
mobilization  (PUM), where the anterior dissection 
stops at the pubourethral ligament. We believe this 
procedure reduces potential risks while preserving 

  Fig. 21.7    The vagina is opened near the confl uence       

a

b

  Fig. 21.8    Vaginoplasty in case of insuffi cient vaginal 
length to reach the perineum. The excess of the sinus is 
used after TUM or PUM. Sinus may be split ventrally ( a ) 
to create a mucosa-lined vestibule ( b )       
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the ability to use mobilized  tissue for improved 
function and cosmesis similar to the TUM. In most 
CAH children, PUM adequately exteriorizes the 
vagina when  combined with a fl ap vaginoplasty. 
For a high UGS, PUM does not prevent proceeding 
with a more extensive TUM. Reviewing our own 
experience with 50 patients who underwent vagi-
noplasties, 44 had some UGS mobilization tech-
nique: either PUM ( n  = 26) or TUM ( n  = 18) 
(unpublished data). Patients after PUM were all dry 
and voiding. Of the patients who underwent TUM, 
44 % were dry and voiding spontaneously, while 
the rest required intermittent catheterizations to be 
continent. Preoperatively, this latter group had neu-
rologic impairment. The most important  predictor 
of spontaneous voiding was not the surgical tech-
nique but rather preoperative neurological status. 

  Fig. 21.11    The vestibule is obtained by dorsal sinus 
 tissue split        

  Fig. 21.10    The vestibule is obtained by ventral sinus 
 tissue split       

a

b

  Fig. 21.9    Vaginoplasty in case of insuffi cient vaginal 
length to reach the perineum. A lateral incision helps 
completing the vaginoplasty ( a ). The incised sinus is then 
rotated in a spiral fashion to extend the vagina ( b )       
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Patients with normal neurological status prior to the 
TUM did well, while patients with a neuropathic 
bladder prior to the procedure continued to have 
one afterwards, possibly requiring clean intermit-
tent catheterizations.  

21.8     Labioplasty 

 In the setting of CAH, the labia minora are miss-
ing, and the labia majora are often fused and 
anteriorly displaced. The goal of surgery is to 
create labia minora and move the labia majora 
inferiorly, allowing the vagina to come out 
between them. Bilateral Y-V-plasties dramati-
cally help in the appearance of the labia majora. 

 The clitoroplasty and vaginoplasty are  followed 
by labial reconstruction. The phallic skin is unfurled 

and divided in the midline  longitudinally, similar to 
Byar fl aps. The incision should stop short of the 
base to allow creation of a clitoral hood. We then 
create a clitoral hood by securing the split clitoral 
skin to the preserved preputial skin. For improved 
cosmesis, we fi nd it helpful to plicate the clitoral 
skin in the midline prior to suturing it to the inner 
prepuce. These preputial skin fl aps are then sutured 
in place inferiorly along either side of the vagina to 
create labia minora. Incisions in a Y-V fashion are 
used to mobilize the anteriorly displaced labia 
majora posteriorly (Fig.  21.13 ). The mobilized 
labia majora are sutured to the labia minora medi-
ally and to the perineal skin laterally.

21.9        Challenges and Future 
Direction 

 All parents want their child to be normal, including 
children born with disorders of sexual develop-
ment [ 28 ]. In an excellent paper looking at pre-
menopausal women without urological problems, 
it appears that there is a wide range of normal 

a

b

  Fig. 21.12    The sinus is split ventrally ( a ) in order to 
 create a vestibule and to complete the vaginoplasty ( b )       

  Fig. 21.13    Y-V incisions used to create the labia majora       
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external female anatomy, including clitoral length 
and width, labial length, width, and rugations as 
well as vaginal length [ 1 ]. Recently, a report from 
Turkey has shown a similar range of phenotypes in 
healthy children [ 2 ]. 

 Little long-term data exists, and the published 
experience is typically assessed from the surgeon’s 
viewpoint, which has signifi cant limitations. 
Surgeons focus on cosmetics, vaginal size, and 
continence, while patients center on sexual sensa-
tion, orgasm, and pain-free intercourse. There is a 
need to move toward patient-reported outcomes 
when assessing the results in feminizing genito-
plasty. No data exists that surgery improves psy-
chological outcomes. However, there is also no 
data on psychological outcome of raising a child 
with ambiguity [ 46 ]. Furthermore, no papers dis-
cuss long-term endocrine control, which is critical. 

 Published data on feminizing genitoplasty is 
limited, nearly always retrospective with small 
numbers of patients, reviewed from the surgeon’s 
view point and often reviews outdated or unre-
ported surgical techniques. We will not have mean-
ingful data until long-term, multi- institutional 
reports that include the degree of virilization, level 
of confl uence, type of procedure, and the hormonal 
control are carried out. In fact, our current data is 
so poor that Braga and Salle noted that it was “sci-
entifi cally pointless” to try to make sense of the 
current available literature [ 47 ]. Because of the 
above, we will not review all of this data as one can 
fi nd reports to justify the bias of either early or late 
surgery. It is, however, important for the reader to 
know that published results are often poor. Vaginal 
stenosis following vaginoplasty has been reported 
in up to 98 % of patients. Further surgery on the 
clitoris after clitoroplasty has been noted in up to 
40 % with reports of decreased thermal and vibra-
tory sensation. Cosmetic outcomes have also been 
variable, but some have reported poor results in up 
to 40 %. While there has been tremendous progress 
in this fi eld surgically, we still have to do better. 

 In the future, not only do we have to continue 
to seek new techniques but also continue to 
improve the results of the techniques we currently 
have. One exciting area of study is the impact of 
estrogens on healing. We must also understand 
the impact of not correcting genital ambiguity. 
Surgical outcomes must focus on issues important 

to the patient. We still need to defi ne the ethical 
issues involved, who has the right to decide on 
surgery, the parents or the child [ 48 ], acknowledg-
ing that surgery does not “cure” intersexuality.  

    Conclusions 

 Given the complexity of fi eld of surgical man-
agement of DSD, certain general conclusions 
can be drawn. We believe that endoscopy is bet-
ter than genitography at reliably assessing 
internal anatomy. We believe that the vaginal 
confl uence in CAH is nearly always the same 
location. The “high vagina” appearance in 
CAH is due to elongated common UGS chan-
nel surrounded by “prostatic-like” tissue and 
the appearance of an external sphincter in a nar-
row pelvis. Most CAH children do not need a 
TUM and will do well with PUM. There is vir-
tually never a need to skeletonize the neurovas-
cular bundles. One should never talk a family 
into surgery. Genital appearance varies greatly, 
even in healthy children. Parents should be pro-
vided with all the advantages and disadvan-
tages of surgery versus no surgery [ 49 ]. While 
we have generally performed clitoroplasty, 
labioplasty, and vaginoplasty during infancy, 
vaginoplasty in the child with a very small 
vagina is probably best left until puberty. 
Cloacal anomalies are often easier to repair 
than a high UGS, because the rectum is com-
pletely moved out of the area, greatly improv-
ing exposure. Lastly, we strongly believe that 
one should never dilate the vagina in prepuber-
tal children and examinations of the genitalia 
should only rarely be done following surgery. 
In the rare situation where examination is 
required, child life specialists should be used to 
alleviate the child’s anxiety whenever possible.     
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22.1            Introduction 

 The wide spectrum of hypospadias anomalies 
and the many options available for hypospadias 
reconstruction continue to challenge the urologi-
cal, pediatric surgical, and plastic surgical skills 
of the pediatric urologist. Since the beginning of 
the modern era of hypospadiology in the 1980s, 
there have been many scientifi c studies reporting 
on the causes of hypospadias, but the assessment 
and management of this condition have remained 
quite subject to bias and preference. Although 
new information from evidence-based outcomes 
has made us look more critically at our decision- 
making process for choice of repairs, contro-
versies in nearly every aspect of hypospadias 
management still exist. It is the aim of this chap-
ter to review the areas of ongoing controversy, 
to provide a simple and reliable algorithm for 
choice of procedure that we have found useful, 
and to create a keener awareness about the need 
to base the choice of technique on intraoperative 
anatomical fi ndings rather than on the preop-
erative location of the meatus. Finally, the need 
of long-term follow-up into the postadolescent 

years and the importance of outcomes studies 
from the patient’s point of view are emphasized.  

22.2     Incidence, Prevalence, 
and Cause 

 In the early 1990s, Paoluzzi et al. reported an 
increase in the incidence of hypospadias from 
the commonly quoted 1:500 live male births to 
1:250 male live births in the period 1968–1993 in 
the United States. An environmental factor 
 (contamination) was proposed [ 1 ]. Further studies 
emphasized the increase in incidence [ 2 ] while a 
multicenter European paper showed that the posi-
tive trend had stopped in the last years [ 3 ]. Two 
further papers from the United States reported an 
increase in penile anomalies, but the incidence of 
true hypospadias remained stable [ 4 ,  5 ]. 

 There is growing evidence of environmental 
factors contributing to the onset of hypospa-
dias. Of 37 papers that discussed the etiology 
of hypospadias written during 2007–2012, 25 
confi rmed the etiological role of environmen-
tal factors: nutrition, hormones, and chemicals 
(endocrine- disrupting chemicals, valproic acid, 
and organochlorine pesticides) which represent 
the vast majority [ 6 ]. The complex mechanisms 
by which these environmental interactions cause 
hypospadias are thought to be controlled by sev-
eral factors rather than a single process (i.e. envi-
ronmental factors can result in hypospadias in an 
individual with predisposing genetic factors). 
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 Recent attention has been focused on the 
ventral aspect of the hypospadic penis indicat-
ing that this tissue may be lacking in specifi c 
growth factors that may be required for normal 
development. Kojima et al. reported how a cas-
cade of several factors both in early (androgen- 
independent) and late (androgen-dependent) 
gestational age is related to the formation of a 
complete virilized penis. The authors conclude 
that there is no single factor that can be identifi ed 
for causing hypospadias [ 7 ]. Kalfa et al. high-
lighted the relationship between the environmen-
tal and the genetic factors and proposed a model 
of how they may interact in cases of hypospadias 
and disorders of sexual development [ 8 ].  

22.3     Preoperative Assessment 
and Management 

22.3.1     Adjuvant Hormonal Therapy 

 Preoperative androgen stimulation is com-
monly used in proximal hypospadias to obtain 
an increase in penile size, reduce ventral curva-
ture, and improve vascularity of the preputial and 
penile skin, though no standardized protocol is 
presently available. 

 The only randomized trial compared patients 
with both distal and proximal hypospadias 
receiving preoperative topical dihydrotestos-
terone cream (2.5 %) versus no treatment. The 
authors found fewer urethroplasty complications 
in the treated group [ 9 ]. 

 More recent studies, based on dermatologi-
cal literature, showed a potential negative effect 
on the wound healing process and an increase in 
surgical complications in patients hormonally 
treated [ 10 ]. In a multivariable analysis, Bush 
and Snodgrass examined outcomes in patients 
who received preoperative testosterone (glans 
diameter increased from mean of 11 to 15.7 mm) 
versus untreated patients whose glans width was 
already ≥14 mm. They found that testosterone 
treatment was an independent factor for devel-
oping glans dehiscence [ 11 ]. Accordingly, these 
authors have completely stopped the use of tes-
tosterone for preoperative penile stimulation. 

 A very recent and excellent systematic review 
and meta-analysis by Braga has evaluated the 
effect of preoperative hormonal stimulation on 
operative outcomes after posterior hypospadias 
repair. He concluded that the published literature 
is of low quality and lacking standardized report-
ing, making it impossible at the present time to 
draw any strong conclusions about the value of 
hormonal stimulation. Clear documentation of 
the agent and dose and timing of stimulation, 
along with rigid criteria in patient selection, are 
needed for future randomized studies [ 12 ]. 

 We recently analyzed the correlation between 
hormonal stimulation and hypospadias complica-
tions at our medical center. Although we found 
no statistical difference in the complication rate 
between treated and untreated patients, a differ-
ence was found in the number of complications 
in relationship to the timing of the stimulation. 
Among patients who received hormonal stimula-
tion within 3 months of surgery, we had a much 
higher rate of dehiscence (seven dehiscences and 
three fi stulas), compared to those stimulated ear-
lier (one dehiscence and four fi stulas) [ 13 ].  

22.3.2     Timing of Surgery 

 There has been a progressive reduction in age at 
surgery over the years. The principal factors to 
consider include anesthetic risk, psychosexual 
factors, and potential risk of urethroplasty com-
plications at different ages. 

 From an anesthetic point of view, only the 
fi rst month of life has an increased risk for elec-
tive surgery in healthy children [ 14 ]. It has been 
reported that hypospadias repair can be safely 
performed in the ambulatory surgical setting, in 
otherwise healthy full-term babies, starting from 
the age of 3 months [ 15 ]. 

 Recently, an additional factor has been high-
lighted that might encourage surgical correction 
at an early age. The levels of cytokines present in 
the foreskin are different according to age with 
lower levels in the fi rst months of life. This may 
explain why wound healing in younger children 
seems to be associated with less scar formation 
and better cosmetic results [ 16 ]. 
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 The ideal age for genital surgery from the psy-
chological point of view has been clearly high-
lighted by Schultz and later by the American 
Academy of Pediatrics [ 17 – 19 ] with the window 
between 6 and 18 months of age being reported 
as the best period. Others, who challenged these 
conclusions, using questionnaires and standard-
ized interview, did not fi nd signifi cant differ-
ences in health-related quality of life (HRQoL), 
psychological adjustment, gender role behavior, 
or penile self-perception in patients who had 
genital surgery before or after 18 months of age 
[ 20 ]. It seems therefore that guidelines for surgi-
cal treatment are based on psychological asser-
tions that have not been empirically confi rmed. 
The assumption that a surgical correction of a 
hypospadias at the earliest age in order to mini-
mize the adverse effects on the boys development 
deserves particular attention. 

 Penile dimensions can have some impact on 
surgical timing only before the age of 6 months, 
the crucial period where penile growth can be 
observed. As stated in Aaronson’s nomogram 
[ 21 ], further signifi cant growth is seen only at 
puberty. 

 Although studies have tried to correlate the 
impact of age on urethroplasty complications, 
different conclusions were reached, and it is 
therefore diffi cult to determine if age is an inde-
pendent variable predicting the fi nal outcome 
[ 22 – 25 ].   

22.4     Intraoperative Assessment 
and Management 

22.4.1     Spectrum of Anatomical 
Defects 

 The surgeon facing with a hypospadias repair 
must pay particular attention to all the anatomi-
cal elements involved into the defect. A careful 
analysis of each individual component (skin, ure-
thral plate and degree of ventral curvature) is of 
paramount importance for the subsequent surgi-
cal strategy. 

 The old concept of classifying a hypospadias 
based on the position of the meatus is, in fact, 

obsolete, since it is evident that the true  severity 
of the defect can be only defi ned  intraoperatively  
after complete degloving of all tethering  layers 
(skin, dartos, and Buck’s fascia) and careful 
examination for the location of diverging corpus 
spongiosum. The quality of the urethra and of 
the spongiosum will also determine the severity 
of the anatomical defect and the surgical strat-
egy (Fig.  22.1 ). An apparently distal form may 
become an obvious more proximal defect in 
which case the original surgical reconstruction 
plan would have to be modifi ed accordingly.

   The term “ chordee”  is a nonspecifi c word for 
bending of the penis during an erection. It has 
been used in a clinical sense to describe ventral 
penile curvature associated with hypospadias 
implying that there is abnormal tissue present, 
variously described as “fi brous,” “dysplastic,” or 
“dysgenetic” that causes the ventral curvature. 
The term “ chordee”  is used quite interchangeably 
with ventral penile curvature, but it also suggests 
that abnormal tissue formation is responsible for 
curvature. Its etiology is unknown, and only the-
ories have been proposed. Some authors reported 
that chordee is a normal state of penile develop-
ment at the 16th week of gestation but that the 
curvature resolves spontaneously by the 25th 
week. According to this theory, the presence of 
curvature could be explained as an arrest in the 
normal penile development [ 26 ,  27 ]. 

 Patients with a nearly normally positioned 
meatus who have ventral curvature and often 
other features common in hypospadias are said to 
have “chordee without hypospadias.” We believe 
that this term should be eliminated, and these 
cases should more appropriately be referred to as 
“hypospadias variants.” These patients present at 
an early age and usually have some “stigmata of 
concealed hypospadias” such as an incomplete 
foreskin, a defi cient and poorly developed ven-
tral shaft skin, and in some cases, a dysplastic 
urethra. 

 The evaluation of both the penile and preputial 
skin for quality and quantity will help to deter-
mine the options of surgical reconstruction and 
the complexity of the repair. Occasionally, the 
urethral reconstruction may be the easiest part 
of the procedure compared to the much more 
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demanding penile skin resurfacing where plastic 
surgical imagination and creativity become nec-
essary (Figs.  22.2  and  22.3 ).

    We are all indebted to John Duckett and the 
Philadelphia school for the concept of the “ure-
thral plate” which some argue defi nes the origin 
of modern  hypospadiology . He taught the plate 
should be preserved whenever possible [ 28 ]. 

 The width and quality of the urethral plate must 
be assessed to determine if it can be preserved and 
used for the reconstruction. The optimal width 
has been proposed by Orkiszewski et al. [ 29 ] but 
remains a subjective issue since many papers do 
not provide exact measures. Some authors use 
terms as “soft” or “elastic,” while others describe 
the diameter of the catheter around which the ure-
thral plate should be rolled [ 30 ]. 

 A similar concept may apply to the glans 
confi guration and to the glans width measured 
at its widest point. Snodgrass has recently pro-
vided convincing data comparing measurements 

of glans width in normal (circumcised) boys 
with those boys who have distal and proximal 
hypospadias. He confi rmed that the smallest size 
glans occurred in patients with proximal hypo-
spadias [ 15 ]. 

The approach to the preoperative anatomi-
cal assessment is one of the most controversial 
aspects of the hypospadias discipline in which 
we are still relying on subjective evaluations and 
decisions rather than on a more scientifi c and 
standardized methodology for our choice of sur-
gical procedures.  

22.4.2     Glanular (“Minimal”) 
Hypospadias 

 Glanular hypospadias, where there is some 
glans tissue between the meatus and the coronal 
 margin, involves mainly cosmetic implications 
compared to coronal, middle and proximal forms 

10 Fr

a b

  Fig. 22.1    Urethral true assessment after complete degloving. ( a)  Note absent spongiosum in distal urethra. ( b ) Urethra 
opened up to the point of normal spongiosum (note abnormal plate)       
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where there is an obvious impairment of urinary 
or sexual functions. Although most parents prefer 
to have surgical correction for a meatus that is 
proximal to the glans, most coronal repairs are 
performed more for cosmetic than functional rea-
sons. The defi nition of a “distal hypospadias” is 
often quite generic and lack of precise anatomi-
cal defi nition may generate confusion and unjus-
tifi ed psychological pressure for the parents of an 
affected child. It is therefore mandatory to dis-
tinguish all “minimal” hypospadias, which rep-
resent the very mild end of the spectrum, where 
the true anatomical involvement is very limited to 
a preputial or a meatal variant (Fig.  22.4 ). These 
children do not represent the classic hypospadias 
population, where an early surgical correction is 
indicated. An honest and conservative attitude 
seems more appropriate and should always be 
discussed with the family. The worse and most 
devastating scenario is represented by a sequence 
of interventions initiated by a failed and inappro-

priate initial repair for “minimal hypospadias” 
which could have been avoided or postponed to 
an older age.

   The increase in surgical indications for distal 
hypospadias in the pediatric patients has been 
highly discussed by adult urologists. They report 
studies where adult patients, with uncorrected 
distal variants, showed no psychological or func-
tional impairment [ 31 ,  32 ].  

22.4.3     Urethroplasty 

 Despite the multiple reconstructive techniques 
available, the authors feel that a very simple and 
reliable protocol can be applied, which is based 
on the quality and development of the urethral 
plate, rather than the preoperative location of 
the meatus [ 33 ]. The choice of the technique is 
 therefore determined intraoperatively by the ana-
tomical characteristics previously described. 

a b c

d e f

  Fig. 22.2    ( a ,  b ) Distal hypospadias with signifi cant penile torsion and abnormal penile skin distribution ( c ) skin 
degloving ( d ) TIP repair ( e ,  f ) fi nal aspect       
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a

e

h i

f g

b c d

  Fig. 22.3    ( a ) Penoscrotal hypospadias with abnormal 
skin distribution and hypoplastic urethra. ( b – d ) Skin 
design for repair (three portions: ( b ) inner prepuce, ( c ) 
outer prepuce, ( d ) penile shaft skin). ( e – g ) The two 

 preputial portions are developed with a single vascular 
pedicle for OIF and ventral shaft covering (double faced). 
( h ,  i ) Final aspect       

a b c

  Fig. 22.4    ( a ) Meatal variant. ( b ) Navicular form (substenotic meatus). ( c ) Preputial variant (normal meatus)       
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 In our institution, the following surgical pro-
cedures are applied when dealing with primary 
hypospadias (   Table  22.1 ).

   Meatal advancement with glanuloplasty is 
indicated for cosmetic purposes and with no risks 
of fi stulas or stricture formation. The correct 
indication will not result in a retrusive meatus. 

 TIP repair represents the most common solu-
tion for almost all distal forms and Snodgrass’s 
opinion is that the urethral plate width does not 
represent a limiting factor. His data suggest that 
a pre-incision plate width less than 8 mm is not 
a risk factor for complications [ 43 ] although 
this is a very controversial issue [ 44 ,  45 ]. There 
is still an open debate as to whether an “aug-
mentation” (i.e. inlay) is required in TIP repairs 
because of the potential risk of neo-urethral func-
tional obstruction. The functional obstruction 
is thought to be due to a noncompliant urethra 
that may not become clinically evident until the 
young boys become continent and off nappies 
(see Sect.  22.5.1 ). 

 Even more controversial (but not the purpose 
of this chapter) is the debate between performing 
a two-stage reconstruction or a more demand-
ing and technically challenging single-stage 
repair. Anatomical abnormalities, progressively 
revealed during the dissection, may sometime 
require a different surgical strategy than origi-
nally anticipated. This situation may particularly 
apply to the most severe end of the spectrum, 
such as the perineal forms, associated with 
variable degrees of penoscrotal transposition 
(Fig.  22.5 ).

22.4.4        Ventral Curvature Correction 

 The optimal approach to correct ventral curva-
ture is one of the most debated and controversial 
issues in hypospadias surgery [ 46 ]. 

 The incidence of signifi cant ventral curva-
ture associated with distal hypospadias is quite 
limited. In an extensive review of a very large 
series, Snodgrass reported only an 11 % inci-
dence and always <30° [ 43 ] indicating that a 
dorsal correction is suffi cient to solve the prob-
lem. Conversely, in proximal forms, following 
a sequential approach (degloving and ventral 
 dartos dissection), nearly 50 % will demonstrate 
a >30° persistent ventral curvature. 

 In a recent paper, Snodgrass reported the 
 questionable utility of an extensive urethral 
plate dissection. He feels that this led to areas of 
 ischemia and stricture formation in some patients, 
and therefore he has abandoned this dissection, 
concluding that it is safer to transect the plate and 
provide a staged urethral reconstruction [ 47 ]. 

 The option whether a ventral lengthening or a 
dorsal plication is more appropriate is still open 
to endless debate. Different options are available 
with regard to the degree of corporeal dispro-
portion correction. Ventral corporotomies with-
out [ 48 ] or with grafting (dermal, SIS, or tunica 
albuginea) [ 49 – 51 ] versus dorsal plication are 
performed according to the surgeon’s preference. 
Unfortunately, no long-term data are presently 
available to corroborate one choice versus the 
other both in terms of erection outcome or effec-
tive shortening of the shaft in the postpubertal age.   

22.5     Postoperative Management 
and Assessment 

22.5.1      TIP “Functional Obstruction” 

 After its introduction in 1994, the tubularized 
incised plate urethroplasty has gain popularity 
among hypospadias surgeons. Its capacity to cre-
ate a wide neo-urethra by increasing the width of 
the urethral plate, thanks to a reepithelization of 
its dorsal portion, has been welcomed as a major 
advance. Since its fi rst publication by Snodgrass 

   Table 22.1    Primary hypospadias: surgical options      

 Advancement 
•  MAGPI [ 34 ] and modifi cations [ 35 ] 

 UP tubularization 
•  TIP [ 30 ]/GAP [ 36 ] 

 1-stage UP augmentation 
•  Dorsal (inlay TIP) [ 37 ] 
•  Ventral (OIF and modifi cations) [ 38 ,  39 ] 

 1-stage UP substitution 
•  TPIF and modifi cations [ 40 ,  41 ] 

 2-stage UP substitution 
•  Bracka [ 42 ] 

22 Hypospadias Repair: The Ongoing Challenge



266

in 1994, 243 papers can be retrieved in PubMed® 
accounting for more than 20 publications per year 
and from every geographical area worldwide. 

 Despite the popularity of the TIP repair, an 
increased awareness regarding the fl uid  dynamics 
across this tract of neo-urethra carrying a scar 
has grown since some studies showed changes in 
urofl ow patterns in operated patients [ 52 ]. Both 
clinical and experimental studies revealed that 
this neo-urethra has a different urodynamic prop-
erty than the normal urethra showing a tendency 
for an obstructive pattern despite its adequate 
caliber. 

 There are opposing reports on this issue of 
functional obstruction of the TIP repair. While 
some authors observed that this impaired fl ow 
is present only for a limited period of time [ 53 ], 
other  experimental studies revealed that changes 
in structural and mechanical properties are perma-
nent [ 54 ]. In our center, there were three symptom-
atic cases that resolved only after augmentation of 

the neo-urethra by incorporating additional tissue 
as either grafts or fl aps [ 55 ] (Fig.  22.6 ).

   Future studies and longer follow-up will deter-
mine how frequently this complication occurs 
and if it is related to a variation in technique or to 
improper patient selection.  

22.5.2     Outcome 

 Little is known about the real prevalence of 
uncomplicated repairs that fail because of 
patient dissatisfaction, perhaps owing to an 
 unsatisfactory cosmetic outcome. Certain aspects 
of the outcome are highly subjective and, there-
fore, diffi cult to assess. 

 Instead, most studies report the prevalence of 
failed hypospadias by number of complications 
that require an additional operation [ 56 ]. 

 Some attempts were also performed to iden-
tify factors that may increase the incidence [ 57 , 

a b c d

e f g h

i j

  Fig. 22.5    Perineal hypospadias with complete peno-
scrotal transposition: staged repair originally planned ( a , 
 b ). After intraoperative assessment ( c ,  d ) and curvature 
correction, ( e ,  f ) the available skin allowed to perform a 

single-stage urethra repair ( g ,  h ), penile shaft resurfac-
ing, and complete correction of penoscrotal transposi-
tion ( i ). Four-year follow- up aspect and adequate voiding 
pattern ( j )       
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 58 ] or to calculate the improvement process of a 
single institution [ 59 ]. Reportedly, overall com-
plication rates after hypospadias repair range 
from about 5 % in cases of distal hypospadias 
without associated curvature to 70 % in the most 
severe cases [ 60 ,  61 ]. A detailed recent review of 
complications in hypospadias failures is reported 
in Table  22.2  [ 62 ].

   A key consideration in the evaluation of com-
plication rates is the duration of follow-up assess-
ment. In the 1980s, many urologists thought 
that long-term outcomes of hypospadias repair 
could be predicted after just 2 years of follow-
up assessment [ 63 ]. However, it is now evident 
that this is not the case, indicating the need for 
long-term follow-up when reporting outcomes of 
a hypospadias repair [ 64 ]. In one study to assess 
the timing of presentation of urethrocutaneous 
fi stulas after hypospadias repair in 26 patients, 
one- quarter of fi stulas were detected more than 
2 years after the initial surgery [ 65 ]. Another 

study of 126 patients who had undergone a one- 
stage hypospadias repair at a mean age of 7 years 
(ranging from 1 to 14 years) reported that 17 % 
of the complications were detected after the fi rst 
5 years of follow-up assessment [ 66 ]. 

 Very few studies have reported outcomes of 
hypospadias repairs after puberty, which seems 
to be the most critical period for the develop-
ment of some complications, such as recurrent 
curvature [ 67 ]. Several surveys have reported an 
increasing number of patients with failed hypo-
spadias as they pass into adult care [ 68 – 70 ]. 

 All these papers, however, rely on the fact that 
every complication that does not need further 
surgery is not to be considered as a true compli-
cation. There is a lack of consensus about asses-
ment of results in hypospadias-operated patients. 

 Some specifi c tools have been proposed con-
sidering only an objective evaluation by the sur-
geon [ 71 ,  72 ], but the patient’s and surgeon’s 
points of view are often not the same [ 73 ]. Thus, 

a

d e f

b c

  Fig. 22.6    TIP functional obstruction (symptomatic 
patient): preoperative VCUG showed obstruction of distal 
urethra ( a ), but EUA demonstrated calibration up to 12 Fr 

( b ) and adequate meatal aspect ( c ). Neo-urethra was 
opened ( d ) and urethral plate augmented by OIF ( e ). Six-
month follow-up with normalized micturition ( f )       
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a subjective evaluation by the patient himself was 
proposed utilizing validated [ 70 ,  74 ,  75 ] or unval-
idated questionnaires [ 76 ,  77 ]. According to these 
papers, it seems that patients surgically treated 
for hypospadias (principally the more proximal 
forms) are less satisfi ed than their peers in terms 
of urinary function. In the same way, there is a 
higher dissatisfaction with genital appearance 
and avoidance of sexual relationships. A very 
recent systematic literature review demonstrated 
that there is lack of evidence regarding psychoso-
cial adjustment, psychosexual development and 
HRQoL of children and adolescents with hypo-
spadias [ 78 ]. 

 So far, it is almost impossible to effectively 
measure the exact impact of every factor that 
infl uences sexual behavior and experience 
because these cannot be examined separately 
[ 79 ]. The sexual quality of life (QoL) is affected 
by many factors (psychological, biological, 
genetic, social) in an interactive and dynamic 
 bio-psychosocial model. This may affect the 
future of the patients’ development of autonomy 
and self-confi dence. Any attempt to consider a 
linear model in which psychosexual and social 
outcomes are hypothesized to be directly deter-
mined by the genital deformity and reconstructive 
surgery seems therefore an oversimplifi cation.      

   Table 22.2    Type of complication after hypospadias repair and proposed correction in literature   

 Complication  % Incidence  Treatment  % Success 

 Glans dehiscence  5  TIP redo  74 
 GTIP  95.5 
 Flaps  70 

 Fistula  4–28  Fistula closure  75–100 
 Redo urethroplasty  n.d. 

 Urethral dehiscence  Not reported  Redo urethroplasty  n.d. 
 Meatal stenosis  0–14  Meatotomy  100 
 Urethral stricture  6–12  DVIU (stricture <1–1.5 cm)  21–40 

 Overlap anastomosis  n.d. 
 Augmentation urethroplasty  n.d. 
 Substitution urethroplasty  n.d. 

 BXO  15–16 (when prepuce in 
urethroplasty) 

 Augmentation urethroplasty  n.d. 
 Substitution urethroplasty  n.d. 

 Symptomatic functional
obstruction (non compliant urethra) 

 Symptomatic not reported
(low Q values in 32 %) 

 Augmentation urethroplasty  n.d. 

 Hairy urethra  8 % after skin tube fl aps  Endoscopic grasping  n.d. 
 Laser  100 
 Electrolysis  n.d. 
 Depilatory cream  100 
 Tricholysis  100 
 Substitution urethroplasty  n.d. 

 Urethral ballooning (not associated
to stenosis) 

 4–12  Urethral tapering  100 

 Penile skin complications  55.2  Penile resurfacing  n.d. 
 5 % relevant skin loss  Free grafts  n.d. 

 Staged reconstruction
with tissue expanders 

 n.d. 

 Residual curvature  9.3–31.6  Dorsal plication  n.d. 
 Ventral lengthening  n.d. 
 Skin de-tethering  n.d. 

  Reproduced with permission from: Cimador et al. [ 62 ]  
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23.1            Introduction 

 The term cryptorchidism refers to the condi-
tion of abnormal testicular descent (TD). In this 
situation the testis is “hidden” and it cannot be 
identifi ed in its normal position that is inside the 
scrotum. In fact the term “cryptorchidism” liter-
ally means “hidden testicle” and is often used 
interchangeably with the term “undescended 
testicle” [ 1 – 3 ]. A normal testicular function is 
guaranteed by its full descent into the scrotum. 
Undescended testes carry the risk of malignant 
transformation and loss of fertility. It is thus man-
datory to recognize this condition in order to plan 
the surgical correction. 

 The importance of undescended testes (UDT) 
has been known since ancient times. Indeed 
the term testis derives from the Latin “witness” 
because Romans used to hold the testicles during 
an oath [ 4 ]. The condition was fi rst described by 
Hunter in 1786, but the fi rst successful surgical 
orchidopexy was performed only by Annandale 
in 1877 [ 5 ].  

23.2     Classifi cation 

 The lack of a unitary classifi cation and the vari-
ability of nomenclature have always caused 
diffi culties in comparing treatment results. The 
fi rst distinction is between the non-palpable 
and the palpable testes that could be obtained 
after a physical examination. Palpable testis 
represents 92 % of cases. The term refers to the 
testes that arrest along its normal descending 
path. It is further divided into palpable UDT, 
ectopic, and retractile. Non-palpable testes 
represent 8 % of cases: in 53 % of cases the 
testes are absent (agenesis – blinding ending) 
or vanishing (atrophy), and in 47 % of cases 
although impalpable it is present (intra-abdom-
inal or near the inguinal canal) [ 1 ,  2 ,  5 ,  6 ,  7 ]. 

23.2.1     Palpable Testes 

23.2.1.1     Retractile Testes 
 A retractile testis is a normal testis that is not in 
the scrotum but it can be tractioned in it without 
diffi culties or tension. It will remain in place at 
the end of the maneuver. It is the result of a crem-
asteric massive contraction.  

23.2.1.2     Palpable Undescended Testes 
(UDT) 

 It is the most frequent condition. There are three 
semeiologic varieties:
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    1.    Falling (high inguinal position): the gonad 
stays at the internal inguinal ring and it can be 
manipulated in an elusive way at the begin-
ning of the inguinal canal.   

   2.    Medial inguinal position: the gonad is in the 
center of the inguinal region and it can be 
pushed toward the external inguinal ring.   

   3.    Emergent: the gonad is near the external ring, 
and it can be squeezed out of the inguinal 
canal but it does not remain in the scrotum.      

23.2.1.3     Ectopic Testes 
 The ectopic UDT has deviated the normal path 
of descent. It is not very frequent. There are fi ve 
different localizations:
    1.    Inguinal region: it is the most common vari-

ety. The testes are palpable in the inguinal 
region, over the inguinal canal and between 
the external oblique muscle aponeurosis and 
the subcutaneous fascia.   

   2.    Perineum: the gonad appears in the perineal 
region laterally to the ano-scrotal raphe.   

   3.    Peno-pubic area: the gonad is at the bottom of 
the penis or near the pubic symphysis.   

   4.    Femoral region: the gonad has made its way 
through the femoral canal and it is palpable in 
Scarpa’s femoral triangle.   

   5.    Controlateral scrotum (transverse ectopia): it 
is a rarity. The ectopic gonad migrates contra-
laterally during the abdominal descent. Both 
gonads are in the same scrotum in the com-
plete forms (exceptional). More frequently 
(incomplete forms) one testis is found retained 
in the inguinal canal while the other is in the 
scrotum.       

23.2.2     Non-palpable Undescended 
Testes 

23.2.2.1     Agenesis or Atrophy 
 The term anorchia refers to testicular absence and 
it can be caused by lack of formation (congeni-
tal cause – agenesis) or by an acquired damage 
(atrophy). The reasons of anorchia are embryo-
logical alterations that lead to  blind ending ves-
sels and vas  and intrauterine or perinatal vascular 
accidents that lead to  vanishing testes .  

23.2.2.2     Intra-abdominal Testes 
(True Cryptorchidism) 

 It is a normal testis laparoscopically found in the 
abdomen. It is further classifi ed as  close ring  or 
 open ring  depending on the status of the internal 
inguinal ring. 

 There is also another entity known as  acquired 
UDT . A previous palpable testis cannot longer be 
brought down into the scrotum. It can be due to 
iatrogenic causes (inguinal surgery).    

23.3     Epidemiology 

 Cryptorchidism is the most frequent abnormal-
ity of the urogenital tract and it represents the 
most common congenital malformation. In pro-
spective studies using similar defi ned criteria 
of cryptorchidism, the birth rate varies between 
1.6 % and 9 % [ 8 ]. Preterm infants have a higher 
rate of cryptorchidism (up to ten times higher). 
However, gestational age is not an independent 
risk factor and low birth weight seems to be the 
principal determinant. Cryptorchidism repre-
sents 3.4 % of term infants weighing more than 
2,500 g, 30.3 % of premature infants weighing 
less than 2,500 g, and 100 % of babies weighing 
less than 900 g (Table  23.1 ) [ 2 ]. Other factors that 
predispose to cryptorchidism include genetic pre-
disposition, small size for gestational age, twin-
ning, and maternal exposure to estrogen during 
the fi rst trimester. The bilateral cryptorchidism 
has an incidence of 5 %. The left size is affected 
more than the right one. [ 2 ].

   Studies have suggested that there are geo-
graphical and ethnic differences along with an 
increasing trend in the incidence of congeni-
tal cryptorchidism. This increment is related to 
unknown reasons and it is of concern given the 
long-term adverse health effects of UDT. In fact 

    Table 23.1    Associated anomalies   

 Patent vaginal duct 
 Hypospadia 
 Abdominal wall defects 
 Müllerian remnants 
 Mental retardation 
 Wilms’ tumor 
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cryptorchidism has been proposed to be part of a 
“testicular dysgenesis syndrome” which includes 
hypospadias, reduced semen quality, and testicu-
lar cancer [ 9 ]. These conditions seem to have a 
common origin in prenatal testicular maldevelop-
ment. Familiarity has been demonstrated in 14 % 
of cases of UDT. The congenital cryptorchidism 
is usually followed by spontaneous testicular 
descent that occurs during the fi rst few months 
of life (approximately 70–77 % of testes will 
descend by 3 months). Spontaneous descent is 
more likely in infants with low birth weight, pre-
term birth, or bilateral cryptorchidism. The inci-
dence of cryptorchidism declines to 0.7–1 % at 
the end of infancy. Furthermore, although crypt-
orchidism has been described among school- aged 
boys, approximately 75 % of these cases show 
spontaneous descent during puberty. Bilateral 
presentation is found in 10–20 % of cases. The 
left side is more common in unilateral cases.  

23.4     Associated Anomalies 

 Cryptorchidism can appear isolated or in a con-
text of syndromes (Table  23.1 ) and nonchromo-
somal or chromosomal disorders. In many of 
these syndromes, there are ambiguous genitalia, 
hypospadias, or abnormalities of the internal 
genitalia, such as the persistence of Müllerian 
remnants that characterize intersexual states 
(Fig.  23.1 ) [ 1 – 3 ,  10 ].

   Therefore, a complete screening is indicated 
in case of cryptorchidism, including: clinical and 
instrumental evaluation of the urinary tract, ultra-
sound, and/or abdominal and pelvic MRI to study 
the gonads. 

 The prune belly syndrome (absence or severe 
defi ciency of the anterior abdominal wall mus-
culature, urinary tract anomalies, bilateral 
cryptorchidism) deserves a special mention as 
it is associated with intra-abdominal testicles in 
almost all cases [ 1 – 3 ,  11 ]. 

 UDTs are normal in 70 % of cases (forms, 
volume, trophism, didymus-epididymis connec-
tion). Ipotrophy is more frequent in high reten-
tion. Surgical anomalies are described but they 
are diffi cult to quantify. Inguinal hernia is often 
present and when symptomatic requires early 
surgical correction.  

23.5     Embryogenesis 

 The testis originates early in fetal life. The testis for-
mation is included in a process called sex determi-
nation during which the testis produces hormones 
that initiate and sustain normal male sexual differ-
entiation with simultaneous regression of Müllerian 
duct structures [ 12 – 15 ]. The SRY gene on the Y 
chromosome seems to be responsible for male dif-
ferentiation, and it initiates testicular development. 

 At 4–6 weeks’ gestation, primordial germ cells 
migrate from the caudal wall of the embryonic 

a b c

  Fig. 23.1    Anomalies that may be associated with crypt-
orchidism. ( a ) hypospadias and bilateral cryptorchidism 
( b ) laparoscopic identifi cation of a crossed testicular ecto-

pia with UDT ( c ) laparoscopic identifi cation of UDT with 
Müllerian remnant       
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yolk sac to the genital ridges. At 7 weeks germ 
cells differentiate into gonocytes upon enter-
ing the testicular cords. In the same period the 
gubernaculum appears on mesenchymal tissue 
condensation. It connects the lower pole of the 
testes to the inguinal canal. Just before testicular 
descent, the gubernaculum grows in length and 
mass. The role of the gubernaculum in descent 
of the testes is still unclear, but it is important 
for testis fi xation to the inguinal canal. There is 
another mesenchymal structure that anchors the 
testis cranially. It is called the cranial suspensory 
ligament (CSL) and it regresses during fetal life. 
It has no signifi cant role in testicular descent. The 
testis is initially located between the CSL and 
the gubernaculum, near the kidney. Androgens 
seem to mediate regression of the CSL and tes-
tis descent. In particular testosterone is produced 
by Leydig cells that originate at 9 weeks’ gesta-
tion. At 8 weeks the inguinal canal develops as a 
caudal evagination of the abdominal wall that is 
occupied by a herniation of the peritoneum (pro-
cessus vaginalis). 

 Testicular descent occurs in 10 % at 
24 weeks’ gestation, in 50 % at 27 weeks’, in 
75 % at 28 weeks, and in 80 % at 34 weeks to 
birth. The descent can be illustrated in three dif-
ferent phases: transabdominal (that seems to be 
under AMH regulation), transinguinal (under 
androgen regulation), and extracanalicular (that 
includes the descent from the external ring to the 
scrotum).  

23.6     Etiopathogenesis 

 The etiopathogenesis of undescended testis is 
still unknown and it involves many factors [ 16 ].
•     Endocrine : the integrity of the hypothalamic-

pituitary- gonadal axis is fundamental for tes-
tis descent. Alterations include gonadotropin 
production, androgen biosynthesis, or andro-
gen action. Androgens appear to be important 
for the inguinal scrotal phase of testicular 
descent (phase 2). Other endocrine factors are 
MIF (that is more a mediator), estrogens, and 
an androgen-independent factor that stimu-
lates the growth of gubernaculum.  

•    Gubernaculum : it has been associated with 
different roles such as the dilator of the ingui-
nal canal to obtain testicular passage, a struc-
ture that tractions the testis pulling it into the 
scrotum, the guide for testes, etc.  

•    Epididymis : this factor was proposed on the 
base of the evidence that epididymal abnor-
malities in patients with undescended testes 
approach 90 %.  

•    Intra-abdominal pressure : it probably affects 
phase 2 in association with androgen 
secretion.     

23.7     Diagnosis 

 Cryptorchidism has specifi c features that make 
history and clinical examination suffi cient to 
diagnose the condition [ 17 – 19 ]. Imaging and lab-
oratory evaluation are rarely indicated and they 
are generally used for surgical planning. 

23.7.1     History, Physical Examination, 
and Laboratory Tests 

 The evaluation of a patient with cryptorchidism 
starts with a complete history (medical, surgical, 
and familiar) and a physical examination. Parents 
should be questioned regarding previous history 
of normal descended testes during the fi rst year 
of life or during different moments of the day 
(e.g., when the patient is relaxed in the bathtub 
that may suggest excessive cremasteric refl ex or 
retractile testes) and previous inguinal surgery 
(iatrogenic cryptorchidism). A family history 
may be present too. 

 Cryptorchidism is usually an asymptomatic 
condition, and only rarely it gives the feeling of 
mild pain or discomfort at the level of the ingui-
nal region. The onset of symptoms may indicate 
the onset of complications. 

 The clinical examination (Fig.  23.2 ) is the 
most accurate test to diagnose this situation, and 
it is reliable and less invasive. The aim of the 
clinical examination is the identifi cation of a pal-
pable gonad and of the lowest position that can 
be reached and where the testicle can be placed 
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without tension. The evaluation should be per-
formed in a warm environment with the child 
relaxed over the table. Relaxation is fundamental 
as evidenced by the fact that 20 % of nonpal-
pable testes become palpable when the patient 
is under anesthesia. Children are fi rst examined 
supine with legs in the frog-like position and 
then straight or curled in orthostatism. External 
genitalia are inspected for the appearance of 
the scrotum and to identify inguinal swellings 
(high testis or associated hernia). The presence 
or absence position and size of each testis are 
evaluated as well as the aspect of the scrotum 
(asymmetry, hypoplasia) and the presence of 
surgical scars.

   The aspect of the scrotum varies with age: 
neonates have a thin and pendulous scrotum 
while children have a small and puckered one. 

An empty scrotum after a previously normal 
exam correlates with testicular ascent or a vascu-
lar event (atrophy). It may also be iatrogenic or 
primary (retraction of the processus vaginalis or 
muscular spasticity). A hypoplastic scrotum has 
probably never held testicles. 

 Testes may be visible in an empty scrotum by 
gentle cranial retraction of the suprapubic skin. 
The palpation of the inguinal region with a fl at 
hand is effective in detecting a testis. A palpa-
ble testis is usually squeezed out of the inguinal 
canal by pressing on the abdominal wall laterally 
near the anterosuperior iliac spine and downward 
toward the scrotum (fi ngertips are slide through 
the inguinal canal to appreciate the testis). Once 
the gonad appears at the external inguinal ring, 
one hand attempts to push it while the other 
attempts to grasp it through the scrotum. This 

a b

c d

  Fig. 23.2    Clinical pictures: 
( a ,  b ) inhabited right 
scrotum; ( c ,  d ) bilateral 
cryptorchidism (Note 
scrotal hypotrophy and 
abnormal folds)       
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maneuver permits to determine the lowest level 
reached by the testis (Fig.  23.3 ).

   The evaluation of the contralateral gonad 
is important in case of unilateral undescended 
testis. A hypertrophied gonad (volume >2 mL) 
may be present when the other testis is absent 
(atrophy). 

 The cremasteric refl ex is not present in new-
borns but it later helps identifying the testicle (it 
is more active between 3 and 9 years). 

 If the testis is above the scrotum in newborns, 
the child should be re-evaluated at 3 months of 
age. If the situation is the same by that age, a 
diagnosis of UDT can be made; otherwise, close 
observation should be planned as re-ascent is fre-
quent in these cases. 

 Clinical examination is important to dif-
ferentiate normally retractile testes from UDT 
(Table  23.2 ).

   Common sites of ectopic testis should be 
examined if the gonad is not found (most com-
monly the testis lies superfi cial to the inguinal 
canal but might be in front of the pubis, in the 
perineum, or in the upper thigh). 

 Clinical examination should include obser-
vation of the penis to search for hypospadia or 
ambiguous genitalia and inspection for syn-
dromic features and pubertal signs. 

 The follow-up laboratory tests should be per-
formed in case of unilateral cryptorchidism asso-
ciated with hypospadia and in case of bilateral 
cryptorchidism (suspected anorchia) [ 20 ,  21 ]:
•    LH  
•   FSH  
•   17-OH progesterone  
•   Testosterone with or without hCG (human 

chorionic gonadotropin) stimulation  
•   Inhibin B  
•   Karyotype    

 Positive response after hCG stimulation, low 
levels of FSH, and normal levels of inhibin B 
mean a functioning testicular tissue is present.  

23.7.2     Radiological Evaluation 

 There are various imaging techniques that have 
been proposed to identify the position of the testis 
including: ultrasonography (US), computerized 
tomography (CT) scanning, routine magnetic 
resonance (MR) imaging and MR angiography, 
and venography [ 22 ,  23 ]. Some of these tech-
niques require sedation or anesthesia and they are 
not free from risks. In addition their overall accu-
racy is 44 % [ 23 ]. Radiological evaluation is not 
superior to a physical examination in detecting 
the gonad and thus planning surgery. The rate of 
false negatives and false positives of ultrasound, 
computed tomography, and magnetic resonance 
is signifi cant. Accuracy varies by location of the 
testicles, with less invasive methods demonstrat-
ing poor accuracy for abdominally located tes-
ticles and those that are atrophied. 

 Laparoscopy has now become the most 
common way to identify the position of an 
intra- abdominal testis, and it permits a direct 
observation of the spermatic cord. Surgical 
exploration is mandatory and it is a key element 
in differentiating agenesis – atrophy and intra- 
abdominal testes. No specifi c imaging technique 
is able to completely identify anorchia or descent 

  Fig. 23.3    Clinical examination       

   Table 23.2    Normally retracted testes   

 Easily brought to the bottom of the scrotum 
 They remain in the scrotum 
 They are normal in size 
 They are spontaneously in the scrotum (history) 
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of the testicles and thus eliminate the need for 
further surgical evaluation. Therefore, imaging is 
an unnecessary expense, and it should be limited 
to cases of ambiguous genitalia to evaluate the 
presence of Müllerian remnants and renal altera-
tions (frequently associated with testicular agen-
esis or vassal agenesis).   

23.8     Therapy 

 The goal of any intervention for cryptorchidism 
is to move the undescended testicle to a nor-
mal position in the scrotum, in as safe and least 
invasive way possible [ 24 – 40 ]. Clinical decision 
making about treatment is infl uenced by many 
factors such as bilateralism, palpability, age at 
presentation, and associated anomalies of medi-
cal conditions. In boys under 1 year of age, it 
may be diffi cult to distinguish between “true” 
cryptorchidism and a retractile testicle as the tes-
ticle is close to but not quite inside the scrotum. 
It may be useful to observe the patient until he 
is 1 year old. 

 There are different kinds of therapeutic strat-
egies once cryptorchidism is diagnosed: con-
servative treatment (wait and see), hormonal 
treatment, or surgery. The type of clinical path-
way should be selected through results of hor-
monal stimulation testing, imaging, and above 
all clinical evaluation, particularly when the tes-
ticle is non-palpable. Hormonal stimulation helps 
determining the presence of testicular tissue in 
case of bilateral nonpalpable cryptorchidism. In 
particular, hormones (such as hCG) stimulate the 
testes to secrete testosterone. Increased levels of 
testosterone after administration of hCG suggest 
that there is at least one viable testicle, while no 
hormone response suggests anorchia. 

23.8.1     Complications 
of Cryptorchidism 

 Undescended testes represent an important cause 
of  infertility . Unfortunately assessment for fer-
tility is inexact because most studies are retro-
spective and the ability to have children does not 
correlate with semen quality. Patients with bilat-

eral cryptorchidism have less sperm cells than 
the general population (percentage of men with 
normal semen analysis 25–30 %) and paternity 
rates at 45–65 %. Germ cell hypoplasia seems 
to happen early during gestation in patients with 
undescended testes, and it is related to low cell 
proliferation and cell destruction. In fact two 
important prepubertal steps (the transformation 
of the gonocytes into the adult stem cell pool at 
2–3 months and the transformation of spermato-
gonia into spermatocytes at 4–5 years) are defec-
tive in patients with undescended testes. Bilateral 
cryptorchidism damages fertility more than uni-
lateral cryptorchidism. The long-term prognosis 
for fertility is better when judged by paternity. 
Paternity has found to be signifi cantly compro-
mised in men with previous bilateral but not 
unilateral cryptorchidism (unilateral: paternity 
rates 80–90 % with normal semen in 55–95 %). 
Recently biopsy studies have shown an improve-
ment in fertility that is probably related to early 
orchiopexy (under 2 years of age). 

 Cryptorchidism has an important association 
with  testicular malignancies  (the relative risk 
seems to be 3.8 times greater than normal when 
orchiopexy had been performed after 9 years 
of age). The most common tumor developed in 
undescended testes is seminoma. It is yet incon-
clusive whether early orchiopexy will protect 
against the development of malignancies. 

 Sometimes the undescended testis develops 
multiple small echogenic foci of calcifi cation in 
adult age ( microcalcifi cation ). It has been sug-
gested that microcalcifi cation might be a tumor 
marker when associated with cryptorchidism, 
infertility, and testicular atrophy. Isolate asymp-
tomatic microcalcifi cation is an incidental fi nd-
ing that requires only ultrasound surveillance. 

 The undescended testis has an increased sus-
ceptibility to rotate around the spermatic cord 
( testicular torsion ) because there is a development 
abnormality between the testis and its mesentery.  

23.8.2     Medical Therapy 

 Human chorionic gonadotropin (hCG) with 
LH-like action and gonadorelin (GnRH) are the 
main hormones used in the medical treatment of 
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cryptorchidism. These hormones have been used 
alone or in combination with other drugs. 

 Hormonal therapy is associated with some 
temporary harms of treatment. The hCG may 
cause scrotal hyperemia, swelling of the genitals, 
frequent erections (as a result of the increase in 
testosterone circulating levels), and restlessness 
which usually subside a few weeks after discon-
tinuation of therapy. The GnRH usually has a vir-
ilizing side effect and it is rarely responsible for 
restlessness. 

 With regard to the effectiveness of hormone 
therapy in inducing permanent descent of the tes-
tis into the scrotum, it seems that:
•    Different regimens offer similar results with a 

reported success rate between 6 and 75 %.  
•   The gonad location is the main factor that 

infl uences the positive response to hormonal 
therapy. In particular, the higher the position 
of the testicle, the lower the rate of response.  

•   Effectiveness of hormonal therapy is not infl u-
enced by patients’ age.    
 Unfortunately there are not defi nitive conclu-

sions regarding the expected effect rate for any 
hormonal or combined medical therapy as most 
scientifi c studies are of poor quality.  

23.8.3     Surgical Therapy 

 The optimal therapeutic option is still a matter 
of debate. Considering the effi cacy and the side 
effects of the various options, surgery is con-
sidered the primary choice. The success rate of 
surgery, defi ned as scrotal testis position without 
atrophy, depends on three elements: the type of 
UDT, the type of procedure chosen, and the age 
at time of surgery. It is estimated to be between 
74 % (abdominal testes) and 92 %. In the past 
decade percentages have increased up to >85–
90 % for abdominal testes and >95 % for ingui-
nal testes. Surgery seems also to improve sperm 
cell count in uni- and bilateral cases and Leydig 
cell function, especially if it is performed in early 
childhood. 

 There are different surgical strategies 
(Fig.  23.4 ). In particular primary orchiopexy with 
creation of a subdartos pouch is used in lower 

testes (closer to the scrotum). The Bianchi single 
high scrotal incision technique may be an option 
in case of testes distal to the external inguinal 
ring. The retroperitoneal dissection is crucial for 
the success of both techniques. Bilateral cases 
can be done during the same procedure. Fowler- 
Stephens orchiopexy (whether 1 or 2 stage) is 
reserved for higher testes which are more diffi -
cult to treat and have higher rates of after sur-
gery retraction. In the context of minimally 
invasive surgery, laparoscopy has been recently 
widely used in children because of technological 
advances and postoperative advantages in terms 
of toleration and cosmesis. If both testes are 
nonpalpable, the patient should be immediately 
referred to endocrinologic evaluation. In these 
cases laparoscopy is used to determine surgical 
therapy (Fig.  23.3 ). Two or more stage proce-
dures are performed in order to do one side at a 
time and to evaluate the result before proceeding 
to the other side. Testicular biopsy is usually not 
performed, and it is reserved in case of ambigu-
ous genitalia or chromosomal disorders.

   The optimal age for treatment should be estab-
lished on the base of its infl uence on future sper-
matogenesis, hormonal production, and risk for 
tumors. Actually there are not certain data but 
many studies report that early intervention is the 
most benefi cial (<1 years of age). Orchiopexy 
in patients born with UDT should not be per-
formed before 6 months in order to give the pos-
sibility to the testes to descent. In addition it is 
generally accepted that truly retractile testes 
require no therapy as fertility potential is normal. 
Unfortunately some retractile testes are outside 
the scrotum for most of the time during child-
hood, and they descend only during puberty. This 
situation may lead to impaired function that can 
be prevented by early intervention. 

23.8.3.1     Orchiopexy: Palpable UDT 
 Multiple operative techniques have been 
described and they are associated with various 
success rates. The surgical procedure has four 
key steps: complete mobilization of the testes 
and spermatic cord, repair of the processus vagi-
nalis, tension-free placement of the testis in the 
scrotum, and creation of a superfi cial pouch to 
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place and fi x the gonad. Inguinal orchiopexy is 
the most common surgical approach. 

 A transverse skin incision is performed in 
the midway between the pubis and the anterior- 
superior iliac spine (Fig.  23.5 ).

   The dermis and subcutaneous tissues are 
opened with electrocautery; Scarpa’s fascia is cut 
with cold scissors that are used for blunt dissec-
tion. Retractors are used to improve the view over 
the external oblique muscle fascia. Care should 
be taken to avoid damages of the gonad in case of 
superfi cial ectopies. The inguinal canal is entered 
by opening the external oblique fascia in case of 
intracanalicular testes (be careful to avoid the ilio-
inguinal nerve). The testicular tunics are grasped 
and the gubernaculum is dissected  distally 
(be careful not to damage the vas deferens and 
remember that the vas can have unconventional 
pathways). Fibers and the cremasteric muscle 
are dissected to mobilize the spermatic cord to 

Retractile
it can be pulled into scrotum
and it remains there when
retraction is released

Follow up (annualy) Spontaneous descent

Later ascent

EctopicPT

UDT
it can be pulled into scrotum but
it returns at once upon release /
it cannot be pulled into  scrotum

Low

High

Vanishing

Agenesis

Abdominal

Blind ending Stop

VLS orchiectomy

Primary orchiopexy
6 – 12 months

VLS ATTR /
Fowler-Stephens
...

Criptorchidism

Unilateral
NPT

Normal
penis

Bilateral
NPT

DSD team
(if micropenis, hypospadia)
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  Fig. 23.4    Surgical management of children with cryptorchidism       

  Fig. 23.5    Skin incision       
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the internal inguinal ring. The tunica vaginalis is 
then opened over the testis that is exposed and 
evaluated (shape, dimensions, integrity, presence 
of embryological remnants). 

 The tension-free placement is obtained by 
complete mobilization f the spermatic cord that 
should not damage paratesticular structures or 
devitalize the vascular supply. During this part 
of the operation, the patent processus vaginalis is 
divided from the elements of the spermatic cord. 

 Once the hernia sac is completely isolated, it 
is twisted, suture ligated at the level of the inter-
nal inguinal ring, and amputated (Fig.  23.6 ).

   The division of the processus vaginalis and 
cremasteric muscle attachments (with cotton 
tipped applicators, sponge, etc.) usually provides 
adequate length (Fig.  23.7 ). In all other cases dis-
section continues in the retroperitoneal space and 
the Prentiss maneuver may be necessary (the tes-
tis and spermatic cord are moved medial to the 
inguinal canal).

   Once the desired length is obtained, the sur-
geon uses its fi nger or a large surgical clamp to 
create a tunnel for the gonad that extends from 
the inguinal canal to the scrotum. A transverse 
scrotal incision is then performed. A clamp is 
anchored to the surgeon’s glove and its tip is 
guided into the inguinal canal by withdrawing 
the fi nger. The clamp is then used to grasp the 

tunica vaginalis and to locate the testis into the 
scrotum (Fig.  23.8 ). The position of the sper-
matic cord should be tested to avoid torsions. 
There are two distinct surgical techniques to 
fi x the testis. The classical one (transfi xation 
orchiopexy) provides for a suture to be passed 
through the tunica albuginea to fi x it to the 
scrotum (with or without external pledget). The 
other one (dartos pouch) consists in the creation 
of a pouch under the scrotal skin that extends 
inferiorly from the scrotal incision. The testes 
are placed within the dartos pouch avoiding the 

  Fig. 23.6    The patent vaginal duct is isolated, ligated, and 
dissected at the internal inguinal ring       

  Fig. 23.7    At the end of the dissection, the testis can be 
brought down without tension       

  Fig. 23.8    A scrotal incision allows the testes to descend       
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suture of the tunica  albuginea (it causes signifi -
cant testicular infl ammation although it prevents 
later testicular torsion).

   Scrotal skin is closed with 4/0 interrupted 
absorbable suture. The external oblique fascia 
is closed with running absorbable suture and the 
inguinal canal is re-created. Above tissues are 
closed with intradermal absorbable suture for 
the skin. 

 Another common operation is the prescrotal 
(Bianchi) orchiopexy that involves making an 
incision along the edge of the scrotum, mobilizing 
the testis and spermatic cord, repairing the ingui-
nal hernia, and placing the testis in the scrotum. It 
is ideal for the ascending or retractile testis.  

23.8.3.2     Laparoscopy: Unilateral 
Nonpalpable UDT 

 Laparoscopy is useful to determine which sur-
gical approach should be taken. The patient is 
placed in supine decubitus with distended legs 
and arms. The sterile fi eld extends between the 
xiphoid region to the perineum (external genita-
lia are included) and laterally below the anterior- 
superior iliac spine. The Trendelenburg position 

aids in better visualization of the lower abdomen 
and pelvis and a Foley catheter draining the blad-
der maximizes the operating space. A 5 mm port 
is inserted through the umbilicus for the 0° optic 
and pneumoperitoneum is created with 0.5–1 L/
min of fl ow and 8–10 mmHg of pressure. The 
abdominal cavity is explored starting from the 
internal inguinal ring. It is important to have 
the comparative image of the opposite side. The 
exploration proceeds to the pelvis and the iliac 
regions to the origin of the internal spermatic 
vessels. This is important especially in case of 
testicular agenesis where a second or third tro-
car can be inserted to search for rare anatomical 
anomalies as spleno-gonadic fusion. 

 Laparoscopic fi ndings can be different:
    1.     Low abdominal testis  (<2 cm from the ingui-

nal ring) (Fig.  23.9a–c ): the testis is normal 
and it is near the internal inguinal ring ( iuxta - 
canalicular    ); the ring is usually patent and the 
testis can enter intermittently the ring ( peep-
ing testis ). In these cases the inguinal pressure 
pulls the testes in the abdomen while the scro-
tal traction takes it down in the canal. Inguinal 
orchiopexy is performed at the same time.

a b c

d e f

  Fig. 23.9    Laparoscopic view of intra-abdominal testes: low iuxta-canalicular testes ( a – c ); high iliac and pelvic testes 
( d – f )       
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       2.     High abdominal testis  (>2 cm from the inter-
nal inguinal ring) (Fig.  23.9d, e ): the testis 
usually lies on the posterior abdominal wall 
(retroperitoneal-iliac); rarely it is behind the 
bladder (pelvic). The internal inguinal ring is 
usually closed.   

   3.     Abdominal atrophy  of the testes (Fig.  23.10 ): 
hypoplastic vas and vessels are seen to end in 
a small unformed testis (abdominal  vanishing 
testis ). If the testis is hypotrophic or atrophic, 
an orchiectomy should be performed.

       4.     Abdominal agenesis  of the testes (Fig.  23.11 ): 
the internal spermatic vessels are absent or 
hypotrophic and they end blindly in the abdo-
men (abdominal  blind ending ). The terminal 
part of the deferential artery is serpiginous and 
the vas is narrow. Pathological evaluation of 
the tip of the vessels may show remnants of 
testicular tissue or hemosiderin that are indic-
ative of testicular resorption.

       5.     Intracanalicular atrophy / agenesis  of the tes-
tes: there are hypoplastic vas and vessels 
going into the internal inguinal ring (intracan-

alicular “vanishing testis”). In these cases the 
need of an inguinal exploration may be useful 
to remove the atrophic testes and to reduce the 
risk of cancer even if the need of this opera-
tion is still debated. The complete absence of 
the vessels is typical of the intracanalicular 
testis agenesis (intracanalicular “blind ending 
testis”) that does not require an open inguinal 
exploration.     
 The inguinal exploration after laparoscopy 

is recommended in case of obese children, in 
opened internal inguinal ring (insuffl ations may 
have pushed the testis downward), and, as pre-
viously said, when the presence of an atrophic- 
hypotrophic testis is suspected. 

 The inguinal approach is unsuccessful in 
case of high abdominal testes. A two stage 
orchiopexy is preferred when the vessels are too 
short. This procedure consists of mobilization 
and fi xation of the testes as low as possible (e.g., 
at the pubic tubercle or inguinal ligament) fol-
lowed by the second stage after 6–12 months. 
The advantage is that the testicular artery is 

a b c

  Fig. 23.10    Laparoscopic view of intraperitoneal vanishing testes: the spermatic vessels appear slender, tortuous, and 
almost vanishing at the internal inguinal ring that is closed ( a – c )       

a b c

  Fig. 23.11    Laparoscopic view of testicular agenesis: spermatic vessels are absent and the vas is hypotrophic ( a – c )       
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 preserved; the disadvantage is that some ele-
ments (the vas deferens, the epididymis, and the 
testicular blood supply) may be injured during 
the second stage.  

23.8.3.3    Fowler-Stephens Orchiopexy: 
Unilateral Nonpalpable UDT 

 The Fowler-Stephens orchiopexy is used in case 
of high nonpalpable testis (testes located more 
than 3 cm from the ipsilateral internal inguinal 
ring), and it consists of ligation of the spermatic 
vessels leaving the testicular vascularization to 
the vassal, cremasteric, and gubernacular arter-
ies. The technique requires integrity of these 
collateral vessels, and for this reason, it is not a 
good option after inguinal exploration that may 
have led to vascular impairment. The technique 
is usually performed in two steps: vessels are fi rst 
ligated laparoscopically or by laparotomy. The 
second stage involves the section of the vessels 
and the completion of the orchiopexy. A waiting 
period of at least 6 months is required between 
the two steps in order to allow the collateral cir-
culation to develop.  

23.8.3.4    Koff-Sethi: Unilateral 
Nonpalpable UDT 

 The Koff and Sethi procedure is an alternative 
to the Fowler-Stephens (also called one-step 
Fowler-Stephens). The ligation of the sper-
matic vessels takes place in a lower position (at 
least 3–4 cm away from the testes) decreasing 

 tension and enhancing viability. This maneuver 
is allowed thanks to the singular testicular vascu-
lar anatomy. Orchiopexy is thus performed in a 
single- step procedure. Sometimes the testes may 
be mobilized through a retroperitoneal dissection 
starting from a high suprainguinal incision. The 
main disadvantage is the risk of testicular atrophy 
due to possible vasospasm of small deferential 
vessels. The surgeon may also decide to leave the 
testes at the lower position reached and to con-
clude the procedure after a year, during a second 
operation.  

23.8.3.5    Laparoscopic-Assisted 
Orchiopexy 

 This technique has been developed to preserve 
the spermatic vessels. Patient and trocar posi-
tion is the same as for a standard laparoscopy. 
The testicular vessels and the vas are mobi-
lized from the posterior peritoneum in order 
to free the testes leaving the tissue between 
spermatic vessels and vas intact. The testis is 
brought down to the scrotum through the inter-
nal inguinal ring or a neo-ring created between 
the umbilical artery and the inferior epigastric 
vessels (Fig.  23.12 ). The creation of a neo-
ring may be useful also in case of short cord 
(Prentiss maneuver: a 12 mm expandable port 
or a blunt clamp is introduced through the base 
of the scrotum and it is used to create a neor-
ing medial to the epigastric vessels) because it 
shortens the path to the scrotum.

a b

  Fig. 23.12    The gonad is brought near the internal inguinal ring once the laparoscopic mobilization is completed ( a ); a 
clamp through the scrotum is used to catch the gonad and to place it in the scrotal pouch ( b )       
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23.8.3.6       Microvascular Orchiopexy 
(Silber-Kelly): Unilateral 
Nonpalpable UDT 

 This technique was developed in order to preserve 
a better vascular testicular supply. It requires 
long operative times, special skills, and dedi-
cated instrumentation. This procedure should be 
performed around 3 years of age. Testicular ves-
sels are divided and a microvascular anastomo-
sis between the testicular artery and vein and the 
inferior epigastric vessels is performed. It has a 
success rate of 80 %. 

 An alternative procedure is the “ATTR” (liter-
ally “testicular wastewater autotransplantation”) 
proposed by Lima and colleagues. It provides for 
the section of the vascular spermatic pedicle and 
the microsurgical venous anastomosis between 

the spermatic vein and the inferior epigastric 
vein. The gonad is then freed and brought down 
to the scrotum. The effectiveness of this tech-
nique is related to the fact that the deferential cir-
cle is able to offer a good supply of arterial blood 
but not an adequate venous drainage when the 
spermatic circle is excluded. The venous anasto-
mosis permits to overcome this problem, and it is 
safer than the Fowler-Stephens and simpler than 
the Silber-Kelly. 

 ATTR procedure: 
 Figures  23.13 ,  23.14 ,  23.15 , and  23.16 

23.8.3.7          Complications of Surgery 
 Wound infection and hematoma are rare but are 
described as immediate complications after orchi-
opexy. Recurrent cryptorchidism is possible, and 

a b c

  Fig. 23.13    Laparoscopic step: identifi cation of the gonad ( a ) and its isolation ( b ) followed by vascular section after 
clip ligation ( c )       

a b

  Fig. 23.14    Inguinal step: vessels are isolated ( a ) and prepared for microvascular anastomosis ( b ). The yellow circle in 
b shows the extremities that will be anastomosed.        
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it is often related to inadequate inguinal hernia 
repair, to insuffi cient retroperitoneal dissection, 
or to patent processus vaginalis. Testicular atro-
phy and hypotrophy are the most important com-
plications. They are related to ischemic injuries. 
Clinical follow-up should be done 12 months 
after surgery with ultrasound evaluation to 
defi ne testicular volume. Re-evaluation at early 
puberty is necessary in bilateral cases. Patients 
with retractile testis require evaluation at 3, 5, 7, 
and 10 years old to detect later ascent. A close 
follow-up is required also in patients with sponta-
neous descent. Success of surgery is assessed by 

testicular position, presence of testicular atrophy, 
and, later in life, by fertility and risk of cancer.       
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24.1            Introduction 

 The adrenals are small retroperitoneal glands, 
located on the upper pole of kidneys within the 
fascia of Gerota. Each gland is composed of two 
functional endocrine sections, the adrenal  cortex  
and  medulla , essential to normal physiologic 
functioning. 

 The adrenal cortex is divided into three zones 
with distinct endocrine function: zona glomeru-
losa, zona fasciculata, and zona reticularis that 
produce mineralocorticoids, glucocorticoids, and 
androgens, respectively. 

 The cortex is derived from mesothelial cells of 
the primitive coelom adjacent to the mesonephric 
tubules and gonadal ridges [ 1 ]. By the second 
week of life, the inner part, called “the fetal 
 cortex,” that is hormonally active during preg-
nancy involutes [ 2 ]. At birth zonae glomerulosa 
and  fasciculata are already formed, while zona 
 reticularis is completed during the fi rst 3 years of 

life [ 3 ]. The normal adrenal cortex is 80–90 % of 
the volume of the normal gland. The adrenal 
medulla synthesizes and secretes catecholamines; 
it derives from  neural crest  and develops with 
 sympathetic nervous system. 

 Adrenal tumors are rare in childhood and the 
classifi cation could be made by their origin 
(medulla or cortex) and function (hyperfunction-
ing or nonfunctioning tumors). Cancers arising 
from the medulla originate from the neural crest, 
and for this reason they may be found also along 
the sympathetic neural chain. This group of 
tumors, defi ned as peripheral neuroblastic tumors 
(PNTs), includes neuroblastoma (NBL), ganglio-
neuroma (GN), ganglioneuroblastoma (GNB), 
and pheochromocytoma. The adrenocortical 
tumors (ACTs) include both adrenocortical carci-
noma and adenoma.  

24.2     Epidemiology 

 In children, NBL is the second most common 
abdominal neoplasm, after Wilms’ tumor, repre-
sents 90 % of adrenal cancers, and, after leuke-
mia and central nervous system tumors, is the 
third most common cancer, accounting for 10 % 
of all pediatric malignancies. 

 The large part of patients is diagnosed 
between 1 and 5 years of age, but NBL is the 
most frequent malignancy diagnosed in the fi rst 
month of life (30–50 %), and it is the most 
 common cancer among infants of less than 
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12 months of age [ 4 ]. In Italy, 130 new cases per 
year are reported (AIEOP   http://www.aieop.org/
index.php?q = node/370    ). 

 GNs are rare tumors and in children <15 years 
of age the incidence in the USA is one case per 
million/year. The median age at diagnosis is 
7 years. Approximately only 20 % of GNs occur 
in the adrenal gland [ 5 ]. 

 Pheochromocytomas are rare (less than 5 % of 
incidence) in childhood, often occurring in the 
adrenal gland (80 %) [ 6 ], and in 25 % of cases 
both glands are involved; these tumors are often 
familial and inherited as autosomal dominant 
trait. Pheochromocytomas could be associated in 
a minor number of cases with multiple endocrine 
neoplasia syndromes (type II), neurofi bromato-
sis, hemihypertrophy, and Von Hippel-Lindau 
syndrome. The tumors are usually diagnosed in 
older children (mean age 11 years) and, from 
10 % up to 30 % of cases (in the inherited cancer 
syndromes), could be multiple [ 7 ]. 

 According to the National Registry of 
Childhood Tumors, the incidence of benign and 
unspecifi ed pheochromocytomas is 0.11 per mil-
lion children, whereas the incidence of the malig-
nant form is 0.02 per million children [ 8 ]. 

 Adrenocortical neoplasms that include both 
carcinomas and adenomas are very rare in chil-
dren (0.2 % of pediatric cancers) [ 9 ], with a 
worldwide incidence of 0.3/1 million/year below 
15 years of age. These tumors are less frequent 
than NBL but more common than pheochromo-
cytoma. In the pediatric population these cancers 
are typically diagnosed below 5 years of age, 
with a small predominance of female sex; a sec-
ond peak of incidence is reported during adoles-
cence [ 10 ]. 

 In Southern Brazil the incidence of ACTs is 
15 times higher than worldwide and most cases 
show a p53 germline mutation [ 11 ].  

24.3     Etiology and Pathogenesis 

24.3.1     Medullary Tumors 

 The etiology of neuroblastic tumors is poorly 
understood. Preconceptual or gestational 
 environ ment events as exposure to drugs or 

viruses, maternal factors as gestational diabetes 
mellitus [ 12 ], folate defi ciency [ 13 ], or opiate 
consumption [ 14 ] have been considered as pos-
sible etiologic factors, since the early age of onset 
of these cancers. NBLs are in the large part of 
cases of sporadic tumors; however, they could be 
found in patients with neurofi bromatosis type 1, 
Turner’s syndrome [ 15 ], suggesting some genetic 
etiology. Familial NBL accounts for <2 % of 
all cases and is associated with a younger age 
at diagnosis [ 16 ]. Activating mutations in the 
tyrosine kinase domain of the anaplastic lym-
phoma kinase ( ALK ) oncogene and loss-of-func-
tion mutations in the homeobox gene  PHOX2B  
have been reported as the two major predisposi-
tion mutations in familial NBL [ 17 ,  18 ]. About 
6–10 % of sporadic NBLs show somatic  ALK  
oncogene activating mutations, and an additional 
3–4 % have a high frequency of  ALK  oncogene 
amplifi cation [ 18 ], indicating that ALK is an 
oncogenic driver gene in both familial and spo-
radic NBLs [ 19 ]. Despite the clear involvement 
of  ALK  oncogene in the development of NBL, 
the most common focal genetic lesion in sporadic 
NBL is the amplifi cation of  MYCN  oncogene. 
Located on 2p24,  MYCN  amplifi cation occurs in 
25 % of newly diagnosed NBLs and represents a 
powerful biomarker for an aggressive phenotype 
and poor outcome [ 20 ]. 

 Recently GN and GNB have been found in 
children with rapid-onset obesity with hypotha-
lamic dysfunction, hypoventilation, and auto-
nomic dysregulation as a manifestation of a 
global disorder of neural crest-derived cells [ 21 ]. 

 Adrenal pheochromocytoma arises from 
catecholamine- producing cells in the adrenal 
medulla. It is an uncommon hormon producing 
neoplasm, which is potentially curable, shows an 
identifi able germline mutation in 60–70 % of cases. 
These mutations predispose to pheochromocytoma 
interfering with normal cell life cycle of sympa-
thetic neuronal cell  precursor [ 22 ].  

24.3.2     Adrenocortical Tumors 

 In more than 50 % of cases in USA and Europe, 
and in 95 % of Brazilian cases, predisposing 
genetic factors are implicated in the etiology and 
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pathogenesis of ACTs in children. The molecular 
mechanism of tumor genesis of these cancers is not 
completely understood; however,  TP53  germline 
mutations seem to be always involved in ACTs eti-
ology. The high incidence of adrenocortical tumor 
in Beckwith-Wiedemann syndrome (imprinting 
defects in the 11p15 genomic region) and hemihy-
pertrophy syndromes [ 23 ] suggests the importance 
of a deregulation of the insulin growth factor sys-
tem (IGF 2 and IGF receptor) in the development 
of these tumors. Overexpression of the steroido-
genic factor-1 transcription factor seems to be 
another pathogenic factor of ACTs [ 24 ].   

24.4     Classifi cation and Clinical 
Features 

24.4.1     PNTs 

 Peripheral neuroblastic tumors, originating from 
the primordial neural crest cells of the sympa-
thetic nervous system, are histologically related 
and are classifi ed according to the prevalence of 
neural-type cells and Schwann-type cells. These 
tumors show different degrees of  differentiation  
and a broad spectrum of  clinical phenotype , from 
benign to extremely aggressive. They are classi-
fi ed as NBL, which is the most common and 
malignant type; GNB, which is subclassifi ed in 
two distinct forms (nodular and intermixed) both 
with malignant potential behavior; and GN, 
essentially the most differentiated and benign 
form that could arise de novo or follow a sponta-
neous or treatment-induced differentiation of 
NBL or GNB [ 25 ]. 

 The degree of differentiation and stromal 
component of PNTs can be predictive of outcome 
and is used in the determination of Children’s 
Oncology Group (COG) risk category for 
treatment. 

24.4.1.1     Neuroblastoma 
 NBL staging is necessary in order to defi ne prog-
nosis and to design the best treatment for the 
patient. The International NBL Staging System 
(INSS) is used to stage patients with NBL after ini-
tial surgical resection. However, because surgical 
approaches differ from one institution to another, 

INSS stage for patients can vary substantially. 
Therefore, a new International Neuroblastoma 
Risk Group Staging System ( INRGSS ) was devel-
oped [ 26 ]. Currently, the risk assessment of NBL 
according to INRG classifi cation schema includes 
the criteria INRGSS stage, age, histologic cate-
gory, grade of tumor differentiation, MYCN status, 
presence/absence of 11q aberrations, and tumor 
cell ploidy. However, despite the advances made 
by the INRG committee, further insight in NBL 
biology will improve the classifi cation of patients 
into classes of risk and directing them toward more 
effi cient treatment. 

 About 70 % of primary NBLs occur within the 
abdomen, with half of these arising in the adrenal 
glands. Most of the remainder originates in the 
paraspinal sympathetic ganglia. The clinical pre-
sentation is highly variable, ranging from a mass 
that causes no symptoms to a primary tumor that 
causes critical illness as a result of local invasion, 
widely disseminated disease, or both [ 27 ]. About 
50 % of children with NBL show a disseminated 
disease at diagnosis. Metastatic spread, which is 
more common in children younger than 1 year at 
diagnosis, occurs via local invasion or distant 
hematogenous or through the lymphatic system. 
The most frequent sites of metastasis are the 
regional or distant lymph nodes, bone marrow, 
long bones and skull, liver, and skin. Metastases 
in the lung and brain are rare (<3 %) [ 28 ]. 
Metastatic disease is usually associated with 
aspecifi c symptoms, including fever, pallor, irri-
tability, anorexia, and bone pain [ 29 ]. Hallmarks 
of disseminated NBL include periorbital ecchy-
moses, proptosis, or both.  

24.4.1.2     Ganglioneuroma 
 GN is the most differentiated PNT and is pre-
dominantly composed of Schwannian cells stud-
ded with maturing or fully mature ganglion cells. 
This tumor is generally diagnosed in children 
5–7 years of age and shows benign characteristic 
although it can disseminate [ 30 ]. 

 De novo GN is often asymptomatic and affects 
older children more than malignant PNTs, and 
the production of catecholamines is normal or 
slightly elevated. Symptoms can result from the 
compressive effect of the tumor on neighboring 
tissues [ 30 ]. 
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 Signifi cant clinical differences between GN 
and the other malignant PNTs are the predomi-
nance of female sex (62 vs 45 %), older age at 
diagnosis (79 vs 21 months), tumor localization 
(thorax, 42 vs 17 %), and dissemination (50 vs 
100 %) [ 25 ].  

24.4.1.3     Ganglioneuroblastoma 
 GNB has mixed histological features and border-
line malignant behavior and is classifi ed into two 
forms, “intermixed stroma rich” and “nodular 
stroma rich” according to the grade of neuroblastic 
differentiation and Schwannian stromal develop-
ment. The neuroblasts are clustered together and 
have a more mature appearance than in NBL [ 31 ]. 
As suggested by the International NBL Pathology 
Classifi cation (INPC), the GNB intermixed stroma 
rich has a favorable histology, whereas the prog-
nosis of the nodular form depends on the charac-
teristics of the neuroblastic component [ 32 ]. There 
is no difference in sex distribution. The localiza-
tion of tumor is predominantly in the adrenal 
medulla (1/3 of cases), retroperitoneum (1/3), and 
posterior mediastinum (1/3), while other extra-
adrenal sites as neck and pelvis are less frequent. 
GNB is most commonly diagnosed in young chil-
dren <10 years of age [ 5 ]. Clinical features at diag-
nosis of patients with adrenal GNB are related to 
the presence of a growing abdominal mass, with 
abdominal distension and pain caused by either 
the primary tumor or metastatic disease (mainly in 
bones, liver, and skin).   

24.4.2     Pheochromocytoma 

 The clinical features of pheochromocytoma are 
determined by tumor mass and production of hor-
mones that usually are epinephrine and norepi-
nephrine or in rare case vasoactive intestinal 
peptide (VIP). Symptoms are hypertension, tachy-
cardia, hypertensive encephalopathy, sweating, 
headaches, visual blurring, papilla edema, fl ush-
ing, diarrhea, weight loss, and chronic diarrhea. 

 In a study by Pham et al., 30 % of children 
with pheochromocytoma showed abdominal pain 
and distension or back pain caused by the mass 
effect of the tumor, while 64 % had hypertension 
[ 33 ]. In the majority of cases, hypertension is 

sustained rather than paroxysmal [ 34 ]; malignant 
hypertension can occur [ 35 ]. 

 Malignant form of pheochromocytoma in 
children and adolescents (up to 47 % of cases) is 
more frequent than in adults (10 %) [ 33 ]. 
Unfortunately benign and malign forms show the 
same histological and biochemical features, and 
the only difference is regional invasion or distant 
metastases that could occur later (up to 20 years) 
after surgery [ 36 ].  

24.4.3     Adrenocortical Tumors 

 In children the distinction between adrenocorti-
cal adenoma (10–20 % of cases) [ 37 ] and carci-
noma is diffi cult. Macroscopically, adenomas 
tend to be smaller and not invasive, whereas car-
cinomas are >200 cm 3  of volume with lobulation, 
hemorrhage, and areas of necrosis. Morphological 
criteria and histopathological features are not 
suffi cient to discriminate benign and malignant 
behavior, and other variables have been pro-
posed, as mitotic rate, IGF2 expression, venous, 
capsular, or adjacent organ invasion. In the large 
part of cases, pediatric adrenocortical tumors are 
hormonally active, and the clinical features are 
determined by endocrine abnormalities. In these 
patients diagnosis is made early after the onset of 
the fi rst signs [ 38 – 40 ]: most children (50–80 % 
of cases) with ACTs show virilization and 
pseudo-precocious puberty, hirsutism, and clito-
ridomegaly or penis enlargement; in 20–40 % of 
cases patients may develop Cushing’s syndrome, 
secondary to glucocorticoid overproduction often 
associated with hyperandrogenism. In less than 
10 % of pediatric cases, these tumors are hor-
monally inactive [ 41 ].   

24.5     Diagnosis 

24.5.1     Introduction 

 Physical examination and history of children with 
clinical signs of functioning tumors ( virilization, 
hirsutism, acne, hypertension, headache, and 
sweating) or abdominal pain and distension 
should be carefully performed. In smaller  children 
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adrenal masses could be palpated, but biochemi-
cal (adrenal steroids, vanillylmandelic acid, 
homovanillic acid, and urinary or serum catechol-
amines) and imaging studies as abdominal 
 computerized axial tomography scans, ultra-
sounds, magnetic resonance imaging studies, and 
metaiodobenzylguanidine ( MIBG ) scintiscans 
are necessary to characterize the mass and evalu-
ate tumor size, organ of origin, tissue invasion, 
vascular encasement, adenopathy, and calcifi ca-
tions [ 42 ]. Imaging has fundamental importance 
in the diagnosis and follow-up of NPTs, and 
ultrasonography (US) is the fi rst-line method in 
children. Computed tomography and magnetic 
resonance imaging are needed when more accu-
rate descriptions are required on location, tumor 
relation to neighboring organs and vessels, and 
eventual spinal invasion and obviously to accu-
rately plan surgery. 

 Age at  diagnosis , related symptoms, and bio-
chemical and imaging results should be integrated 
for a correct interpretation of the adrenal mass. 
Furthermore, positron emission  tomography 
(PET), single-photon emission CT (SPECT), and 
1–4 PET-CT can be used for diagnosis and fol-
low-up of recurrences or metastasis [ 43 ].  

24.5.2     NBL 

 The diagnosis of NBL is based on the presence of 
characteristic histopathological features of tumor 

tissue or the presence of tumor cells in a bone 
marrow aspirate or  biopsy , accompanied by 
raised concentrations of urinary catecholamines 
(HVA and VMA). Presence of tumor-specifi c 
genetic markers and histopathological assess-
ment are crucial factors of treatment planning. 
Therefore, tumor biopsies are highly recom-
mended at the time of diagnosis. Computed 
tomography (CT), magnetic resonance imaging 
(MRI) (Fig.  24.1 ), and 99mTc-diphosphonate 
scintigraphy (bone scan) (Fig.  24.2 ) are usual 
methods for assessment of NBL. Enhanced sensi-
tivity and specifi city for detecting possible mul-
tiple sites of disease, including bone and soft 
tissue, are provided by MIBG scintigraphy [ 44 ].

24.5.3         Adrenal Ganglioneuromas 

 Adrenal GNs are generally diagnosed in older 
asymptomatic children, often as incidental 
 fi ndings. However, in a minor number of cases, 
they could be symptomatic, as palpable masses, 
with diarrhea, hypertension, or back pain if they 
invade the vertebral spine. Urinary catechol-
amine levels are usually in normal range. The 
mass shows on US a homogeneous solid struc-
ture. On CT, GNs are well-defi ned masses with 
mild enhancement after contrast injection. In 
50 % of cases calcifi cations are seen [ 45 ]. On MR 
imaging, GNs show low signal intensity on T1 
and often heterogeneous high signal intensity on 

  Fig. 24.1    MRI of a right 
adrenal neuroblastoma       
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T2-weighted images [ 46 ]. However, despite these 
radiological features, they cannot be securely dif-
ferentiated from NBL, and histology should be 
evaluated for defi nitive diagnosis.  

24.5.4     Adrenal 
Ganglioneuroblastomas 

 Adrenal GNBs are diagnosed in symptomatic 
younger children (mean age of onset 2 years) that 
may show abdominal pain, distension, hyperten-
sion, and  cushingoid  features or incidentally dur-
ing abdominal US performed for other reasons. 
CT and MRI are required to characterize these 

masses that appear mainly solid, predominantly 
cystic, or heterogeneous with in some cases 
irregular margins. These tumors tend to produce 
catecholamines (vanillylmandelic acid and 
homovanillic acids) that are important diagnostic 
markers. 

 GNs and GNBs appear radiologically 
 identical, as well-circumscribed, smooth, or 
 lobulated masses with or without calcifi cations. 
The presence of distant metastases could help 
differentiate malignant GNBs from GNs [ 5 ,  46 ]. 
At histological evaluation the presence of mature 
ganglion cell is the most striking feature of GN; 
on the contrary immature ganglion cells, necro-
sis, mitosis, neuropil, and  calcifi cations  are 

  Fig. 24.2    99mTc-diphosphonate scintigraphy in a patient with right adrenal neuroblastoma       
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 present in ganglioneuroblastoma and NBL. In 
differential diagnosis of PNTs, fi ne-needle aspi-
ration biopsy or core biopsy may fail to detect 
immature components of GNB. Obviously a 
complete resection of the mass is mandatory, 
completed by immunohistochemistry and elec-
tron microscopy studies [ 47 ].  

24.5.5     Pheochromocytoma 

 The diagnosis of adrenal pheochromocytoma 
relies on detection of overproduction of cate-
cholamines or vasoactive intestinal peptide 
(rare) in combination with imaging.    The  cate-
cholamines  collection in a 24-h urine or plasma 
fractionated metanephrines determination are 
the most appropriate fi rst-line biochemical 
assays [ 48 ]. On US, the pheochromocytomas 
appear as a soft tissue mass, with possible areas 
of hemorrhage or necrosis and calcifi cations. 
MIBG scanning is recommended for its diagnos-
tic sensitivity and for detecting multifocal dis-
ease, while CT and MR image studies should 
precede surgery. Typically pheochromocytomas 
have reduced low signal intensity on T1-weighted 
MRI images and markedly high signal intensity 
on T2 [ 49 ].  

24.5.6     Adrenocortical Tumors 

 In children the majority of adrenocortical 
tumors are symptomatic, and the diagnosis of 
these masses should be made on the basis of 
 biochemical/endocrine assessment and adrenal 
imaging. In children with virilization, urinary 
17 ketosteroids and serum levels of adrenal ste-
roids (DHEA, DHEA-S, androstenedione) are 
elevated. Patients with Cushing’s syndrome 
lose serum cortisol circadian rhythm and show 
blunted adrenocortical hormone levels along 
with  elevated 24-h urinary free cortisol. In sus-
picious cases of adrenocortical tumor, US eval-
uation of adrenal glands should be fi rstly 
performed,  followed by CT and MRI, to study 
focal tumor invasion or spread. US is recom-
mended to evaluate tumor invasion of vena 

cava. Lung CT should be always performed at 
diagnosis of ACTs because lungs are the most 
common site for distant metastasis. Imaging 
and even histologic characterization do not 
always clearly defi ne the malignity or benignity 
of the ACTs. Size greater than 5–10 cm, weight 
more than 200 g, aggressive growth features, 
and the presence of local and distant  metastases  
(lung, liver, bone) suggest the malignity of the 
tumor [ 49 ].   

24.6     Therapeutic Management 
and Outcome 

 As reported by the consensus statement of 
National Institute of Health (2002),  adrenalec-
tomy  should be considered both in patients with 
clinically unapparent functional adrenal tumors 
and in those with nonfunctional adrenal inciden-
talomas >6 cm. Adrenalectomy should be strongly 
recommended if imaging fi ndings suggest that the 
lesion is not an adenoma with rapid growth rate 
and decreased lipid content [ 50 ]. 

 In children, a higher proportion of adrenal 
tumors are malignant. Since the size of masses or 
the imaging cannot safely discriminate malignant 
from benign forms, it is recommended to remove 
all adrenal masses discovered in children older 
than 3 months [ 51 ]. 

24.6.1     Medullary Masses 

24.6.1.1     Neuroblastoma 
 Different therapeutic approaches (surgery, radio-
therapy, and chemotherapy) can be applied on 
children with NBL, according to the risk group 
assigned to the tumor. The treatment for low-risk 
NBL is surgery with cure rates over 90 % without 
further therapies [ 52 ]. In low-risk stage 4S/MS 
cases, the NBL usually undergoes spontaneous 
regression without any therapy. However, 
 chemotherapy and low-dose radiotherapy could 
be required for patients with large tumors or 
 massive hepatomegaly causing mechanical 
obstructions, respiratory insuffi ciency, or liver 
dysfunction [ 53 ]. 
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 The intermediate-risk group encompasses a 
wide spectrum of conditions with an overall 
survival probability of about 90 %. The chal-
lenge is to identify patients for whom the inten-
sity of treatment could be safely reduced. 
Moderate- dose multi-agent chemotherapy, fol-
lowed by surgical resection of the tumor, is the 
typical treatment for this group of patients, 
although for invasive locoregional tumors with 
unfavorable biological features, intensive  mul-
timodal therapy  is often needed to achieve a 
cure [ 54 ]. 

 Despite recent advances, the outcomes for 
high-risk NBL remain poor, with a long-term sur-
vival around 40 % [ 55 ] and 50–60 % of patients 
who have a relapse [ 27 ]. These children are gen-
erally treated with dose-intensive multi-agent 
chemotherapy [ 56 ], and, whether the conditions 
allow it, chemotherapy is followed by surgical 
resection of the primary tumor plus consolidation 
phase with myeloablative cytotoxic agents fol-
lowed by stem cell rescue. However, despite that 
most high-risk NBLs initially respond to therapy, 
relapse is a frequent occurrence. To date, relapsed 
NBLs still remain a clinical challenge, and in the 
last years several novel agents and therapeutic 
approach, such as targeted radiotherapy, immu-
notherapy, retinoids, and angiogenesis, MYCN 
and tyrosine kinase inhibitors [ 57 ] have been 
developed in order to improve the prognosis of 
this group of NBLs.  

24.6.1.2     Ganglioneuroma 
 Total resection of adrenal ganglioneuroma in 
children is mandatory since preoperative diagno-
sis of benignity is diffi cult. Careful image moni-
toring alone is advisable in asymptomatic patients 
in which complete resection of large tumor is 
impossible. Biopsy should be promptly per-
formed when any change in size or appearance 
would suggest malignant transformation [ 46 ].  

24.6.1.3     Ganglioneuroblastoma 
 The prognosis of these cancers has been recently 
well described, and it is strictly related to 
 histology (criteria of the INPC). Tumors with 
favorable histology are often localized and could 
be  completely resected with excellent prognosis. 

However, patients with unfavorable histology 
have often distant metastases at diagnosis and 
poor prognosis [ 32 ].  

24.6.1.4     Pheochromocytomas 
 Surgery is the treatment of choice for patients 
with  pheochromocytoma . However, medical 
treatment is mandatory before surgery. This 
should include alpha-adrenergic blockade with 
the nonselective irreversible medication phenoxy-
benzamine (2 weeks before surgery), followed by 
beta-adrenergic blockade (to blunt refl ex tachy-
cardia) and fl uid volume correction. Laparoscopy 
is often used for tumors <10 cm of maximum 
diameter, although total adrenalectomy is per-
formed for unilateral tumors or cortex-sparing 
bilateral adrenalectomy for bilateral adrenal 
pheochromocytomas. Intraoperative careful 
monitoring and meticulous anesthesia are needed 
to early detect and treat unpredictable  hyperten-
sive  crisis, stroke, and arrhythmias due to tumor 
manipulation [ 58 ]. High-dose  131 I-MIBG may be 
used in patients who develop metastatic disease. 

 Histological evaluation unfortunately cannot 
help discriminate malignant forms of these can-
cers that can be diagnosed with documented 
metastases [ 59 ]. The resolution of symptoms 
generally follows the removal of a benign 
 pheochromocytoma; persistent hypertension 
(beyond 24 h after surgery) suggests retained 
tumor [ 60 ]. 

 Follow-up (blood pressure and catecholamine 
assay every 6 months and later every year) of 
these cases is lifelong to detect the possible 
development of metachronous tumors and tumors 
at other sites. Pediatric endocrinologist and clini-
cal geneticist should be early involved in the 
management of these children, since the endo-
crine implications (i.e., adrenal insuffi ciency 
after bilateral adrenalectomy) and the genetic 
syndromes may affect the patient as a predispos-
ing condition to develop further tumors [ 8 ].  

24.6.1.5     Adrenocortical Tumors 
 The therapeutic approach to the ACTs is 
 multidisciplinary. Surgery in combination with 
systemic therapy is the treatment of choice [ 61 ]. 
In children with localized disease (2/3 of cases at 
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diagnosis), surgery is curative in 70–75 % of 
cases, while chemotherapy with  mitotane  and 
cisplatin-based regimens, usually incorporating 
doxorubicin and etoposide, should be reserved to 
patients with advanced disease [ 62 ,  63 ]. 

 An aggressive approach (that may involve 
neighboring organs to reach radical curative 
results) is recommended, bearing in mind tumor 
 friability  and the chance of capsule rupture and 
spillage (20 % of initial resections, 43 % of sub-
sequent resections) [ 38 ]. 

 Thus, open adrenalectomy is the gold standard 
surgical approach, whereas fi ne-needle aspiration 
biopsy and laparoscopic approach are not recom-
mended to avoid tumor rupture and peritoneal 
carcinomatosis [ 64 ]. Radiotherapy is not gener-
ally utilized in these tumors since they are con-
sidered  radioresistant . Moreover, ionizing 
radiations could increase the risk of secondary 
tumors in those patients who carry germline 
TP53 mutations. 

 After surgery these patients should be care-
fully monitored with regular biochemical and 
imaging (US/MRI/radiography) follow-up. 
Metastases usually involve liver, lungs, bones, 
and locoregional lymph nodes. Adrenal insuffi -
ciency after surgery should be prevented with 
regular administration of  corticosteroids  from the 
day of surgery for 3–4 days with adequate dose 
tapering.       
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25.1           Introduction 

 Renal tumors represent more than 6 % of total 
cancer diagnoses among children younger than 
15 years of age and comprise a spectrum of 
 several histologic subtypes that in recent years 
have been recognized as distinct pathologic 
 entities. Wilms tumor, also called nephroblas-
toma, is the most frequently occurring (87 %); 
the other rare histologic types are classifi ed as 
non-Wilms tumor category and encompass clear 
cell sarcoma of the Kidney, rhabdoid tumor of the 
kidney,  congenital mesoblastic nephroma, multi-
locular cystic renal tumor, renal cell carcinoma, 
angiomyolipoma, renal medullary carcinoma, 
and leukemia/lymphomas (Table  25.1 ) [ 1 ,  2 ]. 
Due to their histological heterogeneity and vari-
able grade of malignancy, renal neoplasms in 
children may have a different response to thera-
pies and mortality. Multimodality therapies have 

resulted in a signifi cant improvement in outcome 
from approximately 30 % in the 1930s to more 
than 85 % in the modern era, representing a 
 successful example of tumor treatment.

25.2       Epidemiology 

 Renal tumor epidemiology in childhood is 
 notably age dependent (Table  25.2 ), being more 
frequent in younger children and representing 
9.7 % of malignancies diagnosed among children 
younger than 5 years of age, 5.4 % in children 
5–9 years of age, 1.1 % in children 10–14 years 
of age, and only 0.6 % in adolescents 15–19 years 
of age. Incidence rate is slightly higher for black 
population and substantially lower in Asians. 
Male-to-female ratio is 0.92:1.00 and 0.6:1.00 
for unilateral and bilateral disease, respectively. 
   The average age at diagnosis of unilateral renal 
tumor is 3 ½ years, whereas bilateral forms are 
generally diagnosed in younger children [ 3 ,  4 ].

25.3       Histology and Pathogenesis 

 Histologic characteristics are the most powerful 
prognostic indicators for renal tumors. The 
National Wilms Tumor Study Group (NWTSG) 
and the International Society of Pediatric Oncology 
(SIOP) studies have shown a strong relationship 
between response, recurrence rate, and the histol-
ogy of tumor [ 5 ,  6 ]. It is possible to identify 
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patients with different risk distribution (Tables  25.3  
and  25.4 ) according to the presence of anaplasia 
and histologic variants as clear cell sarcoma of the 
kidney or rhabdoid tumor of the kidney. 
Identifi cation of patient histology risk, together 
with tumor stage, may guide to select children hav-
ing a greater survival rate to receive a less intense 
chemotherapy regimes, while those at higher risk 
to benefi t from more intensive chemotherapy and, 
in selected cases, radiotherapy (Table  25.5 ).

25.3.1        Wilms Tumor 

 Wilms tumor (WT) is the most frequent renal 
tumor in children accounting for 87 % of renal 

neoplasms. The vast majority of patients with WT 
have a good prognosis with current  treatment, but 
approximately 10 % have histopathologic  features 
that are associated with a poorer prognosis. WT 
can be separated into prognostic groups on the 
basis of histopathology: favorable histology, ana-
plastic histology, and nephrogenic rests.
•     Favorable histology : WT cell mimics develop-

ment of a normal kidney with three cell types: 
blastemal, epithelial (tubules), and stromal. 
Nevertheless not all tumors are triphasic, and 
monophasic patterns may present  diagnostic 
diffi culties. Even if associations between his-
tological features and prognosis or responsive-
ness to therapy have been suggested, with the 
exception of anaplasia, none of these features 
have reached statistical signifi cance and there-
fore they do not direct the initial therapy [ 7 ].  

•    Anaplastic histology : Anaplastic histology 
accounts for about 5–10 % of WT, usually 

   Table 25.3    Risk distribution according to histology of 
untreated tumor   

 Low risk  Congenital mesoblastic nephroma 
 Cystic partially differentiated 
nephroblastoma and variants 

 Intermediate risk  Wilms tumor without anaplasia 
 Wilms tumor with focal anaplasia 

 High risk  Wilms tumor with diffuse anaplasia 
 Clear cell sarcoma of the kidney 
 Rhabdoid tumor of the kidney 

   Table 25.2  
  Age distribution 
renal neoplasms   

 Renal neoplasm  Age range  Peak age 

 Wilms tumor 
  Unilateral  1–11 years  3½ years 
  Bilateral  2 months–2 years  15 months 
 Nephroblastomatosis  Any age  6–18 months 
 Renal cell carcinoma  6 months –60 years  10–20 years a  
 Congenital mesoblastic nephroma  0–1 year  1–3 months 
 Clear cell sarcoma of the kidney  1–4 years  2 years 
 Rhabdoid tumor of kidney  6 months–9 years  6–12 months 
 Multilocular cystic renal tumor  3 months–4 years  1–2 years 
 Angiomyolipoma  6–41 years  10 years b  
 Lymphoma 
  Hodgkin  >10 years  Late teen 
  Non-Hodgkin  Any age  <10 years 

   a von Hippel–Lindau syndrome 
  b von Hippel–Lindau syndrome; neurofi bromatosis; tuberous sclerosis  

   Table 25.1    Renal tumors histologic distribution in children   

 Histology  Percentage (%) 

 Wilms tumor  87 
 Congenital mesoblastic nephroma  3 
 Clear cell sarcoma of the kidney  3 
 Rhabdoid tumor of kidney  2 
  Miscellaneous   5 
  Metanephric stromal tumor 
  Papillary renal carcinoma 
  Angiomyolipoma 
  Renal medullary carcinoma 
  Lymphoma 
  PNET 
  Other rare tumors 
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with a higher incidence in older children (aged 
10–16 years) [ 8 ]. Diffuse anaplasia is the 
 single most important histologic predictor of 
response and survival in patients with WT; it is 
an indicator of chemotherapy resistance and 
correlates with a marked increase of recurrent 
disease. The impact of anaplasia is more 

remarkable when it is diffusely distributed, but 
less important when anaplasia is only focal [ 9 ].  

•    Nephrogenic rests : Nephrogenic rests are 
embryonic kidney precursor cells that abnor-
mally persist in postnatal life. They are found 
in almost 35 % of kidneys with unilateral 
Wilms tumors and in nearly 100 % of kidneys 
with bilateral Wilms tumors. When nephro-
genic rests are diffused confi gure a condition 
called nephroblastomatosis. Patients with any 
type of nephrogenic rest in a kidney removed 
for WT may have an increased risk for tumor 
formation in the remaining kidney tissue [ 10 ].    
 WT arise from the same tissue of normal kid-

ney, the primitive metanephric blastema; particu-
larly, WT may contain tissues not usually present 
in the developing normal kidney, as skeletal 
muscle, cartilage, and squamous epithelium. 
WT is usually monolateral, even if in more than 
10 % of cases it has a multicentric origin. Almost 
7 % of children indeed have a bilateral WT at 
diagnosis. 

    Table 25.4    Risk distribution according to histology of 
pretreated tumor   

 Low risk  Congenital mesoblastic nephroma 
 Cystic partially differentiated 
nephroblastoma 
 Completely necrotic Wilms tumor 

 Intermediate risk  Wilms tumor epithelial type 
 Wilms tumor stromal type 
 Wilms tumor mixed type 
 Wilms tumor regressive type 
 Wilms tumor with focal anaplasia 

 High risk  Wilms tumor blastemal type 
 Wilms tumor with diffuse anaplasia 
 Clear cell sarcoma of the kidney 
 Rhabdoid tumor of the kidney 

   Table 25.5    Staging systems   

 NWTSG staging (pre-chemotherapy)  SIOP staging (post-chemotherapy) 

 Stage I  The tumor confi ned within one kidney and 
completely resected 

 Tumor limited to the kidney, complete resection 

 No penetration of the renal capsule or involvement 
of renal sinus vessels 

 No previous biopsy 
 Vessels of sinus clear 
 Hilar lymph nodes examined and negative 

 Stage II  Tumor extends beyond the kidney but fully resected 
(negative margins and lymph nodes) 

 Tumor extending outside the kidney, complete 
excision 

 At least one of the following has occurred  Invasion beyond the capsule, perirenal/perihilar 
  Penetration of renal capsule  Invasion of regional lymph nodes. Invasion of 

extrarenal vessels or ureter 
  Invasion of renal sinus vessels 
  Tumor biopsy 
   Tumor thrombus in vessels outside the kidney is 

stage II if the thrombus is removed en bloc with 
the tumor 

 Stage III  Gross or microscopic residual tumor remains 
postoperatively, including 

 Incomplete excision, without hematogenous 
perioperative or preoperative tumor rupture 

  Inoperable tumor  Invasion of extra- regional nodes 
  Positive surgical margins 
  Diffuse tumor spillage 
  Regional lymph node metastases 
  Transected tumor thrombus 

 Stage IV  Distant metastases  Distant metastases 
 Stage V  Bilateral renal tumor at diagnosis  Bilateral renal tumor at diagnosis 
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 A germline mutation is thought to be the cause 
of about 10–15 % of Wilms tumor. The Wilms 
tumor suppressor gene ( WT1 ) on chromosome 
11p13 was identifi ed in 1990, and it encodes a 
transcriptional factor containing a domain of four 
zinc fi nger motifs; it was among the fi rst tumor 
suppressor genes cloned, and it is involved in kid-
ney and gonadal development. The specifi c role 
of  WT1  in early urogenital development and in 
kidney differentiation can be deduced from its 
expression pattern in fetal kidneys and various 
cells of the genital system. It has been reported 
that a germline mutation in  WT1  predisposes to 
the development of tumors with stromal predom-
inant histology [ 11 ].  WT1  irregularities are esti-
mated to account for less than 20 % of sporadic 
tumors. Indeed it is known that up to 10 % of 
newly diagnosed WT occurs in children with 
congenital anomalies, as urinary tract anomalies, 
cryptorchidism, hypospadias, and hemihypertro-
phy; moreover,  WT1 -associated syndromes, such 
as WAGR and Denys–Drash syndrome, have 
been strongly associated with Wilms tumor. 
   There are several defi nite syndromes where it is 
known that a genetic abnormality correlates with 
tumor development; these syndromes may be 
with or without phenotypic prenatal and postna-
tal overgrowth [ 12 ,  13 ].
  Overgrowth Syndromes 
•   Beckwith–Wiedemann syndrome (macroglos-

sia, gigantism, midline abdominal wall defects 
as omphalocele/exomphalos, umbilical her-
nia, diastasis recti, ear creases or ear pits, and 
neonatal hypoglycemia)  

•   Sotos syndrome (characterized by cerebral 
gigantism)  

•   Simpson–Golabi–Behmel syndrome (charac-
terized by macroglossia, macrosomia, renal 
and skeletal abnormalities, and increased risk 
of embryonal cancers)  

•   Perlman syndrome (characterized by fetal 
gigantism, renal dysplasia, Wilms tumor, islet 
cell hypertrophy, multiple congenital anoma-
lies, and mental retardation)  

•   Isolated hemihypertrophy (asymmetric 
regional body overgrowth due to differences 
in the growth of bone, soft tissue, or both)   

  Syndromes Without Overgrowth 
•   Genitourinary anomalies including hypospa-

dias, undescended testis, and others are 

 associated with  WT1  gene mutations (preva-
lence is over 6 % of children with Wilms 
tumor) [ 14 ]. Children with pseudo-hermaph-
roditism and/or renal disease (glomerulone-
phritis or nephrotic syndrome) who develop 
Wilms tumor may have the Denys–Drash or 
Frasier syndrome (characterized by male her-
maphroditism, primary amenorrhea, chronic 
renal failure, and other abnormalities), both of 
which are associated with mutations in the 
WT1 gene. Specifi cally, germline missense 
mutations in the WT1 gene are responsible for 
most Wilms tumors that occur as part of the 
Denys–Drash syndrome [ 15 ,  16 ].  

•   WAGR syndrome (aniridia, genitourinary 
anomaly, and mental retardation). Prevalence is 
about 0.4 % of children with Wilms tumor, and 
incidence of bilateral Wilms tumor in children 
with WAGR syndrome is about 15 % [ 17 ,  18 ].  

•   Isolated aniridia.  
•   Bloom syndrome.  
•   Alagille syndrome.  
•   Trisomy 18.  
•   Li–Fraumeni syndrome     

25.3.2    Clear Cell Sarcoma 
of the Kidney (CCSK) 

 CCSK is not a WT variant, but it is an important 
primary renal tumor (3 % of renal neoplasms in 
children) associated with a signifi cantly higher 
rate of relapse and death than favorable histology 
WT [ 19 ]. The mean age of patients at onset of 
CCSK is 36 months; however, CCSK is rare in 
children below 6 months. In several studies 
CCSK has been reported a male predominance 
ratio of about 2:1 [ 20 ]. 

 Unfortunately clinical presentation of CCSK 
does not differ from WT symptoms of patients 
and includes abdominal distension, abdominal 
pain, constipation, hypertension, fever, and gross 
hematuria. When bone pain or masses are pres-
ent, they may be due to bone metastases. CCSK 
may present metastases also to the lungs, lymph 
nodes, liver, and brain [ 7 ,  20 ]. 

 Even if historically CCSK had an inferior 
 survival compared to WT, in the recent years the 
use of more intensive chemotherapy regimens, 
including multiagent chemotherapy and radio-
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therapy, combined with nephrectomy dramati-
cally improved outcomes on CCSK patients [ 20 ]. 

 Relapses occur in about 20–40 % of children, 
with a large variability across studies [ 20 ]. With 
current therapies, relapse of CCSK after 3 years is 
uncommon even if in the past it has been reported 
up to 10 years after frontline chemotherapy; 
moreover, the pattern of relapse has changed from 
the historical data where bone, followed by lungs, 
represented the most frequent site recurrence, but 
more recently cooperative studies identifi ed brain 
as the more frequent site of recurrence [ 20 ]. 

    To date, as CCSK lacked a specifi c diagnostic 
immunohistochemical pattern or reproducible 
genetic aberrations able to reliably distinguish it 
from other renal tumors, diagnosis has been only 
based on histological features [ 21 ]. 

 Only little is known about the biology of 
CCSK, and recently t(10;17)(q22;p13) has been 
identifi ed in near 12 % of cases. t(10;17)
(q22;p13) results in rearrangement of  YWHAE  on 
chromosome 17 and a member of the  FAM22  
gene family on chromosome 10. Elucidation of 
molecular mechanisms for development of spe-
cifi c tumor may lead to identify potential thera-
peutic targets and open chance to design targeted 
therapy-based protocols. Furthermore identifying 
genetic mutations, characteristic of rare kidney 
tumors as CCSK, will improve their diagnosis 
otherwise more diffi cult solely on histology [ 21 ].  

25.3.3    Rhabdoid Tumor 
of the Kidney (RTK) 

 Rhabdoid tumor of kidney is rare in children 
accounting for 2 % of kidney neoplasms; even if it 
does not demonstrate muscle differentiation, it 
took this denomination because of the resem-
blance to rhabdomyoblasts of its tumor cells. RTK 
occurs in young children, median age is 11 months, 
and up to 80 % of tumors are diagnosed within the 
fi rst 2 years of life. Unlike other renal tumors with 
predilection of infant as congenital mesoblastic 
nephroma, RTK is highly lethal. Typical clinical 
presentation includes fever, hematuria, and high 
tumor stage at diagnosis; RTK tends to metasta-
size to brain and lungs; indeed more than 10 % of 
patients with RTK have also CNS lesions [ 22 ]. 
Relapses occur early (median time from diagnosis 

is 8 months) [ 23 ]. Some characteristic molecular 
abnormality, as well as morphologic delineation, 
has helped to better differentiate RTK from CMN; 
indeed  rhabdoid tumors, in all anatomical loca-
tions, show a common genetic abnormality with 
the mutation and/or deletion of the SMARCB1 
(also called hSNF5 or INI1) gene located at chro-
mosome 22q11 [ 24 ,  21 ].  

25.3.4    Congenital Mesoblastic 
Nephroma (CMN) 

 CMN is a low-grade fi broblastic sarcoma of 
 kidney. CMN represents 5 % of childhood kid-
ney tumors, it is the most frequent kidney tumor 
diagnosed in infant between 1 and 3 months of 
age, 90 % of CMN are diagnosed within 1 year, 
and it is extremely rare after the 2 years. CMN 
carries an excellent prognosis, when diagnosed in 
the fi rst 7 months of life, the 5-year event-free 
survival (EFS) rate is 94 % and the overall sur-
vival (OS) rate is 96 %; indeed relapse and hema-
togenous metastases are very rare. The risk of 
relapse may be due the diffi culties experienced in 
obtaining radical margin. Moreover this tumor 
can generally be cured by complete surgical exci-
sion with no need of chemotherapy. The recent 
recognition of distinctive tumors that mimic 
CMN in older children and adults (such as meta-
nephric stromal tumor, mixed epithelial stromal 
tumor, and renal synovial sarcoma) has reaf-
fi rmed that CMN essentially never occurs after 
the age of 3 years [ 25 ]. 

 At imaging CMN appears as unilateral masses, 
indistinguishable from nephroblastoma.  

25.3.5    Renal Cell Carcinoma (RCC) 

 While RCC represents the most common primary 
malignancy of the kidney in adults, it occurs 
rarely in children younger than 15 years (2–5 % 
of renal tumor). In the oldest age group of 
 adolescents (aged 15–19 years), approximately 
two- thirds of renal malignancies are RCC [ 26 ]. 
Pediatric patients with RCC typically present 
as the adult cases of frank hematuria, palpable 
abdominal mass, and abdominal pain; how-
ever, up to one-fourth of cases are totally 
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 asymptomatic. Metastatic disease may involve 
the lungs, liver, bone, and brain. RCC may be 
associated with other conditions, including the 
following: von Hippel–Lindau (VHL) disease 
and tuberous sclerosis [ 27 ]. RCCs have been 
described as second malignant neoplasm in 
patients previously treated for pediatric malig-
nancies such as neuroblastoma, rhabdomyosar-
coma, and leiomyosarcoma. RCC in young 
patients has a different histological, genetic, and 
morphologic spectrum than that seen in older 
adults. Childhood RCCs are more frequently of 
the papillary subtype (20–50 % of pediatric 
RCCs), and they can sometimes occur in the set-
ting of Wilms tumor, metanephric adenoma, and 
metanephric adenofi broma. Although the two 
main morphological subgroups of papillary and 
clear cell can be identifi ed, about 25 % of RCCs 
show heterogeneous features that do not fi t into 
either one of these categories [ 26 ].  

25.3.6    Multilocular Cystic Nephroma 

 Multilocular cystic nephroma is benign lesions 
consisting of cysts lined by renal epithelium. It 
arises from an error in embryogenesis, but its 
pathogenesis is still debated. These lesions can 
occur bilaterally and a familial pattern has been 
rarely reported. Multilocular cystic nephroma 
has been associated with pleuropulmonary blas-
tomas, so radiographic imaging studies of the 
chest should be followed in patients with multi-
locular cystic nephroma. 

 Although only benign lesions have been 
described, it is diffi cult to differentiate MCN from 
more aggressive neoplasms by imaging studies 
alone. For this reason, radical nephrectomy has 
been the standard of care. Recurrence has been 
reported following tumor spillage at surgery [ 28 ].  

25.3.7    Cystic Partially Differentiated 
Nephroblastoma (CPDN) 

 CPDN is a rare cystic variant of Wilms tumor 
(1 %) with unique pathologic characteristics; 
indeed the tumor mass is surrounded by a pseu-
docapsule, and it is composed of cysts with thin 

septa as the solid portion of the tumor. The septa 
contain blastemal cells in any amount with or 
without embryonal, stromal, or epithelial cell 
types also resembling mature renal tubules. 

 These histopathologic features distinguish 
CPDN from other cystic neoplasms as cystic 
nephroma (multilocular cystic nephroma), multi-
locular cystic renal cell carcinoma, cystic hamar-
toma, and cystic atypical mesoblastic nephroma. 
The clinical presentation of CPDN is similar to 
WT and represented by large, palpable abdomi-
nal mass, usually reported before the age of 
2 years. Patients with stage I disease have a 
100 % survival rate with surgery alone. Patients 
with stage II have an excellent outcome with 
tumor resection followed by postoperative vin-
cristine and dactinomycin [ 29 ].   

25.4    Clinical Aspects 

 Frequently renal neoplasms are asymptomatic 
and the majority of children with renal neoplasms 
are brought to medical attention because of 
abdominal swelling or the presence of an abdom-
inal mass, often noted by parents occasionally 
while bathing or dressing the child. However, 
in up to a third of all newly diagnosed children, 
the abdominal mass can lead to abdominal pain, 
gross hematuria, fever, anorexia, and hyperten-
sion probably due to increased renin activity. At 
physical exam it appears as a large fl ank mass not 
moving with respiration. It is important to specif-
ically note the presence of congenital abnormali-
ties typical of renal tumor-associated syndromes 
as aniridia, BWS-associated facial dysmorphism, 
partial or complete hemihypertrophy, genitouri-
nary abnormalities including hypospadia, crypt-
orchidism, and pseudohermaphroditism reported 
in almost 30 % of cases [ 5 ,  30 ].  

25.5    Diagnosis 

 The workup of a child with suspected renal tumor 
begins with appropriate diagnostic imaging stud-
ies to defi ne the extent of disease and to help plan 
the surgical intervention, but even if imaging 
studies are fundamental to defi ne the anatomy of 
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the renal mass and the involvement of contiguous 
organs and vessels, they do not substitute histo-
logical diagnosis. Indeed imaging cannot reliably 
distinguish non-WTs such as RTK, CCSK, prim-
itive neuroectodermal tumor (PNET), and RCC 
from WT [ 31 ]. 

 Ultrasonography represents the fi rst test for 
children suspected of having renal tumor because 
it provides a panoramic view of the abdomen, 
including the patency of the inferior vena cava. 
Moreover, it carries no risk for radiation 
exposure. 

 Computed tomography (CT) produces a 
higher-resolution image of the pelvic and abdom-
inal structures as well as lymph nodes. 

 Magnetic resonance imaging (MRI) is not a 
routine component of the evaluation of renal 
tumor, although MRI is being used with increas-
ing frequency because it does not involve radia-
tion exposure. MRI may facilitate the distinction 
between Wilms tumor and nephrogenic rests. 

 Positron emission tomography (PET) is not a 
routine component of the initial evaluation of 
renal tumor, though most Wilms tumors take up 
the radiotracer fl uorodeoxyglucose. PET may 
play a role in the detection of occult metastatic 
sites at recurrence [ 32 ]. 

25.5.1    Staging 

 Two major staging systems are currently used, the 
fi rst is developed by the National Wilms Tumor 
Study Group (NWTSG staging system) and con-
sists in a pre-chemotherapy, surgery- based sys-
tem; the second developed by the International 
Society of Pediatric Oncology (SIOP staging sys-
tem) is a post-chemotherapy- based system 
(Table  25.4 ). Both staging systems have proven 
valuable in predicting outcomes and designated 
fi ve tumor stages, where higher stages are associ-
ated with greater recurrence risk [ 4 ,  33 ,  34 ].   

25.6    Therapeutic Management 

 Remarkable progress has been made in the 
 treatment and understanding of children with 
renal tumors. Particularly for WT patients, 

 multidisciplinary cooperative groups, conduct-
ing large clinical trials, have developed mul-
tiagent chemotherapy regimens that improved 
survival dramatically. Treatment for patients 
with renal tumor includes surgery, chemother-
apy, and radiotherapy. 

 Management of renal tumor differs substan-
tially between protocols developed by the two 
major international study groups, NWTSG and 
SIOP. The US protocols developed by the 
NWTSG recommend primary surgery with 
nephrectomy, followed by chemotherapy basing 
on pathologic tumor stage. There are some 
exceptions as bilateral tumors, extension of 
tumor thrombus in the suprahepatic cava or 
heart, and extensive metastatic disease causing 
respiratory distress, where up-front surgery 
should be avoided. Major advantages of this 
approach consist in the accurate and complete 
staging of untreated tumor, collection of tumor 
specimen adequate for histology, and biological 
studies for prognostic evaluation. NWTSG pro-
tocols thus may provide appropriate chemora-
diotherapy program according to stage from the 
beginning of treatment. However, there is a 
higher incidence of tumor rupture and intraop-
erative spillage and higher rate of surgical com-
plications [ 31 ]. 

 Instead the International Society of Pediatric 
Oncology protocols suggest up-front chemother-
apy followed only later by nephrectomy. The 
rationale behind presurgical chemotherapy is to 
reduce the incidence of intraperitoneal tumor 
spillage thus obtaining a more favorable stage 
distribution and reducing the treatment burden as 
confi rmed by reduced tumor rupture frequency in 
SIOP-5 study [ 35 ]. The other advantage of pre-
operative chemotherapy is to evaluate tumor 
responsiveness to the standard chemotherapy. On 
the other side the main disadvantages of this 
management are the possibility to administer an 
incorrect chemotherapy for the little group of 
non-Wilms renal neoplasm and to overtreat 
benign tumors or to undertreat high-risk tumors 
as CCSK or RTK [ 31 ]. 

 Thus the NWTSG approach provides a better 
pathological view of the untreated tumor, while 
the SIOP approach elicits information on the 
tumor’s response to chemotherapy [ 36 ]. 
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 Despite the different approaches, overall 
 survival is similar in patients managed according 
to European and US protocols. Modern treatment 
regimens yield OS rates of 90 for patients with 
Wilms tumor. Therefore, current goals aim to 
reduce the morbidity associated with therapy. 
Chemotherapy includes for both approaches the 
use of vincristine and dactinomycin for stage I 
and II favorable histology Wilms tumor and vin-
cristine, dactinomycin, and doxorubicin for stage 
III and IV favorable histology disease. Treatment 
for anaplastic Wilms tumor or high-risk patients 
includes vincristine, dactinomycin, doxorubicin, 
cyclophosphamide or ifosfamide, etoposide, and 
carboplatin [ 31 ]. 

 Despite these good results, there are still a 
group of patients where treatment is not satisfac-
tory as anaplastic or bilateral WT or patient at 
relapse. Nevertheless   , substantial progress has 
been made in the cure of relapsed patients, where 
intensive-dose chemotherapy regimens may lead 
to 60 % of survival [ 34 ,  37 ]. 

 The goals of surgery include complete 
removal of the tumor with avoidance of tumor 
rupture or injury to contiguous organs. The stan-
dard procedure for unilateral Wilms tumor is the 
radical nephrectomy with a transverse abdomi-
nal transperitoneal approach to properly assess 
extrarenal tumor extension, whereas fl ank inci-
sion should be avoided. Inspection of abdominal 
cavity is suggested to identify possible perito-
neal implants, intravascular invasion, and 
metastasis as well as the exploration of the con-
tralateral kidney with the aim of excluding bilat-
eral disease before nephrectomy. A sampling of 
regional lymph nodes should be included (hilar 
and ipsilateral para-aortic or caval nodes) to 
consent an accurate staging of disease. No intra-
operative biopsies of the primary tumor are per-
formed unless the tumor is deemed unresectable. 
Some possible postoperative complications are 
represented by bowel obstruction (5.1 %), 
extensive hemorrhage (1.9 %), wound infection 
(1.9 %), extensive vascular injuries (1.4 %), and 
injuries to other visceral organs (1 %). These 
occur less in patients treated with chemotherapy 

front line (SIOP protocols) than in those where 
surgery is done up front (NWTSG studies); this 
is probably due to the decreased tumor size after 
chemotherapy [ 31 ]. 

 The advanced minimally invasive techniques 
have been applied for nephron-sparing surgery 
(NSS) [ 38 ], which represents the treatment of 
choice for selected cases of renal tumor as chil-
dren with bilateral WT, WT occurring in patient 
with a single kidney, or in case of benign tumors. 
Moreover, laparoscopic approach for NSS is an 
interesting alternative for patients at risk of meta-
chronous WT, as child with predisposing genetic 
syndrome [ 39 ]. However, to date, the indication 
of laparoscopic nephroureterectomy (Fig.  25.1 ) 
is debated, even if it may be advocated to decrease 
postoperative complications [ 40 ]. Also NSS 
remains a controversial approach for children 
with WT and a normal contralateral kidney; also 
knowing it may reduce the risk of hyperfi ltration 
injury and late renal failure [ 41 ]. Further con-
trolled trials are needed to better identify patients 
who may take advantage of these less invasive 
techniques.

   Although fl ank or whole-abdomen radiother-
apy (RT) represents an important therapeutic 
tool in the multimodality therapy of renal tumors, 
the improved response to modern chemotherapy 
regimens led to the identifi cation of subgroup of 
children, basing on age, stage, and histology, 
where RT gives a therapeutic advantage. This 
enables us to decrease the number of patients 
treated with RT and thus to minimize treatment- 
related morbidity and mortality. Indeed radio-
therapy may cause both acute and late toxic 
effects. Most important acute side effects involve 
gastrointestinal tract with nausea, vomiting, 
diarrhea, and abdominal pain; hemopoietic sys-
tem with leucopenia, anemia, and thrombocyto-
penia, also worsened by concomitant use of 
chemotherapy; and liver with ascites, hyper-
transaminasemia, and radiation hepatitis. Late 
effects include renal toxicity, gastrointestinal 
complications, gonadal damage, musculoskele-
tal abnormalities, respiratory disease, and sec-
ond malignancies [ 42 ,  43 ].     
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  Fig. 25.1    Transperitoneal laparoscopic-assisted nephro-
ureterectomy. ( a ) Laparoscopic view of the kidney. ( b ) 
Ureter identifi cation and dissection after clip ligation. ( c ) 
Tumor mass detail. ( d ) Placement into endobag of affected 

kidney. ( e ) Port placement for transperitoneal laparo-
scopic-assisted nephroureterectomy and Pfannenstiel 
incision needed for endobag extraction       
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26.1            Introduction 

 Gonadal tumors  raise the challenge to pediatric 
surgeons and pediatric oncologists to cure the 
tumor while preserving fertility. The fi rst issue is 
to discriminate between benign and malignant 
tumor, considering that risk of malignancy is esti-
mated as 50 % in males and about 10–25 % in 
females, including both solid and cystic lesions. 

 A conservative surgical procedure, such as 
tumorectomy with gonadal preservation, should 
be attempted when possible in benign tumors. 
With the introduction of recent international pro-
tocols patients diagnosed with malignant tumors 
have good prognosis after adequate surgical 
treatment and, possibly, chemotherapy [ 1 ]. 
Current chemotherapy protocols, based on plati-
num and bleomycin, have demonstrated to be 
very effective, even for advanced-stage tumors 
[ 2 ,  3 ]. Thus, with the improvement of chemother-
apy and the recognition that many of these tumors 

respond in a similar manner, the management of 
gonadal tumors is being clarifi ed. 

 The main consequences of the treatment of 
gonadal tumors are the sterility due to the failure 
of gamete production and the lack of sex hor-
mone production which prevents the progression 
of natural puberty and the development of sec-
ondary sexual characteristics. This latter effect 
can be managed by lifelong hormonal substitu-
tion, while sterility may result important psycho-
logical consequents [ 4 ]. 

 Improvements in discovery, diagnosis, mini-
mally invasive surgery management and chemo-
therapy have required changes in clinical practice, 
which is aimed at reducing morbidity without 
compromising cure rates. However, because of 
the low incidence of these tumors, cooperative 
group studies will be necessary to extend future 
therapeutic advances.  

26.2     Epidemiology 

 Gonadal tumors are rare in childhood, with a rate 
of 0.5–2.0 cases per 100,000 children and repre-
senting approximately 2–3 % of tumors diag-
nosed in persons younger than 15 years [ 5 ], with 
an incidence slightly higher in male. 

 The peak of incidence of ovarian tumors is at 
8–9 years and at 19–20 years [ 6 ]. As for testicular 
tumors , the frequency of ovarian germ cell tumors 
increases with the gonadotropin release, impli-
cating hormonal factors in their etiology [ 7 ]. 
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Differently from adult ovarian tumors, about 
60 % of pediatric ovarian tumors  are of germ cell 
origin, while tumors of epithelial and stromal ori-
gin are less frequent [ 8 ]. In order of decreasing 
frequency, the categories are dysgerminoma , 
endodermal sinus tumor  (yolk sac carcinoma ), 
immature teratoma , mixed germ cell tumor , and 
embryonal carcinoma  (Table  26.1 ).

   Pediatric testicular tumors resemble those seen 
in adults, but they differ with respect to incidence, 
clinical manifestations, histopathology, and prog-
nosis [ 8 ]. Approximately three-quarter of child-
hood testicular tumors are of germ cell origin, as 
compared with more than 90 % of those found in 
the adult population [ 9 ]. More than half of the 
germ cell tumors are endodermal sinus tumors and 
a smaller portion are teratomas. Rarely, a mixture 
of germ cell and stromal components (gonado-
blastoma) is noted in a phenotypic female patient 
with dysgenetic gonads and male karyotype.  

26.3     Ethiology and Pathogenesis 

 The gonads contain three cell types that have 
neoplastic potential. Germ cells give rise to germ 
cell tumors, the cells of the sex cords that rarely 
may develop into stromal tumors (testicular 
Sertoli or Leydig cell tumors, ovarian granulosa 
cell tumors, or mixtures of these components) 

and last, coelomic epithelium covering the ovary 
may evolve into epithelial neoplasms, found most 
often in adults. 

26.3.1     Germ Cell Tumors 

    Germ cell tumors  result from arrested or aber-
rant migration of common progenitor cells. 
These primitive cells originate near the allantois 
of the embryonic yolk sac endoderm and migrate 
to the genital ridge at 4–5 weeks gestational age. 

 The localization of the tumor in extragonadal 
locations is due to the abnormal deposition of 
these cells and includes the central nervous sys-
tem, neck, mediastinum, retroperitoneum, and 
sacrococcygeal region. Most childhood germ cell 
tumors are benign, and include mature and imma-
ture teratomas. Teratomas  contain elements from 
one or more of the embryonic germ layers and 
contain tissue foreign to the site of origin [ 10 ]. 
Immature teratomas contain primitive neuroepi-
thelium and are graded between I and III [ 11 ]. 

 In infancy and childhood, Yolk sac tumors, 
also called endodermal sinus tumor, are the most 
common malignant histologic variants. For this 
subtype of tumor, the main sites of metastases are 
lymph nodes or lungs. Other malignant histo-
logic types include choriocarcinoma and embry-
onal carcinoma. 

   Table 26.1    Classifi cation of pediatric gonadal tumors   

 Ovarian  Testicular 

 Germ cell 
  Teratoma  Endodermal sinus tumor (yolk sac tumor) 
   Mature (solid, cystic)  Embryonal carcinoma 
   Immature (Grade 0–3)  Teratoma 
    Associated with malignant germ cell tumor component  Teratocarcinoma 
    Associated with malignant somatic component  Gonadoblastoma 
  Dysgerminoma  Others (seminoma, choriocarcinoma, mixed 

germ cell)    Endodermal sinus tumor (yolk sac tumor) 
   Mixed malignant germ cell tumor 
  Choriocarcinoma 
  Gonadoblastoma 
 Non-germ cell 
   Epithelial (serous, mucinous)  Sex cord stromal (Leydig cell, Sertoli cell) 
   Sex cord-stromal cell (granulosa, Leydig cell, Sertoli cell) 
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 Germinoma  (seminoma and dysgerminoma) 
are not usual in infancy and childhood. In the ado-
lescent age germinoma are typically localized in 
the central nervous system and mediastinum as 
well as at the gonadal sites. Malignant elements 
coexist in approximately a quarter of pediatric 
germ cell tumors [ 12 ] and benign elements (tera-
toma) are often present with malignant tumors par-
ticularly in the mediastinum [ 13 ] and ovary [ 14 ].  

26.3.2     Gonadal Stromal Tumors 

 Gonadal stromal tumors  (sex cord tumors) are 
rare in children (5–10 % of cases). They arise 
from stromal components and frequently produce 
hormones, such as estrogen or androgen. The hor-
mone production can cause clinical apparent 
changes in the patient. Two types are distin-
guished according to the initial cell: granulosa–
theca cell tumors and the Sertoli–Leydig cell 
tumors (arrhenoblastoma). Both of them are fre-
quently benign. In these tumors hormonal produc-
tion and potential malignancy are not correlated.  

26.3.3     Epithelial Tumors 

 Epithelial tumors  are specifi c for the ovary and 
account for 15 % of gonadal tumors. They are 
typically benign (serous and mucinous cystade-
noma), bilateral and tend to spread locally within 
the pelvis. Few cases are malignant (serous or 
mucinous adenocarcinoma). An elevation of 
serum levels of CA-125 tumor antigen is typi-
cally found in these tumors.  

26.3.4     Gonadoblastoma 

 In gonadoblastoma  tumors both germ cells and 
stroma cells can be found. They are considered a 
pseudotumoral dysgenetic gonad rather that a true 
tumor, usually associated with an intersex disorder 
with a Y-chromosome or evidence of some 
Y-chromatin. Mixed gonadal digenesis, pure 
gonadal digenesis, WAGR syndrome, true her-
maphroditism, DRASH syndrome, Turner and 

Turner-like syndromes, and FRASER syndrome 
are associated to gonadoblastoma. The typical age 
of onset is in post puberty, but sometimes they may 
be seen also in childhood. They are well encapsu-
lated, slow-growing tumors; bilateral in the 40 % of 
cases. Usually they are asymptomatic, but should 
be removed prophylactically in infancy or early 
childhood for the high risk of malignant transfor-
mation, that is estimated from 10 to 50 %.  

26.3.5     Genetic and Risk Factors 

26.3.5.1     Testicular Tumors 
 Children with intersex disorders, such as unde-
scended testes and Klinefelter’s syndrome  are asso-
ciated with thoracic teratoma. These children have 
also an increased risk of germ cell tumors. 
Gonadoblastoma , in situ lesion with the capability 
of transforming into dysgerminoma, yolk sac tumor, 
immature teratoma, or choriocarcinoma [ 15 ], has an 
increased frequency in children with intersex disor-
ders. The presence of a Y chromosome is thought to 
be the risk factor and thus includes male pseudoher-
maphrodites (under- androgenized males) with lack 
of testosterone, androgen insensitivity syndrome, or 
5α reductase defi ciency as well as mixed gonadal 
dysgenesis [ 16 ]. The risk of malignancy in com-
plete androgen insensitivity varies around 3 % at 
age of 20–22 % at 30 [ 17 ]. In these children is rec-
ommended a gonadectomy. 

 Undescended testes are also a universally recog-
nized risk factor for the occurrence of testicular can-
cer in boys. The incidence of undescended testes in 
general population is approximately 0.4 %; how-
ever, the incidence among males with testicular can-
cer is 3.5–12 % [ 18 ]. The seminal study of Campbell 
and coworkers [ 19 ] demonstrated the risk appears 
even higher with intra- abdominal testes, so they 
fi rstly notes that this site accounts for only 14.3 % of 
undescended testes, but 48.5 % of the tumors in 
undescended testes. In these patients also the contra-
lateral testes are at increased risk of developing a 
tumor, as 20 % of tumors in patients with unde-
scended testes occur in the controlateral scrotal tes-
tes [ 20 ]. Seminomas occur with an increased 
frequency in the undescended testes compared with 
descended testes [ 21 ], and though some authors 
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have reported a decreased rate of seminoma after 
orchiopexy [ 22 ], the exact effect of orchiopexy on 
the frequency of testicular cancer is not known.  

26.3.5.2     Ovarian Tumors 
 The genetic biology of ovarian germ cell tumors  
is more complex than that of testicular germ cell 
tumors. 

 The cytogenetic assessment of ovarian mature 
teratomas demonstrates that 95 % have a normal 
karyotype. In only 5 % of mature teratomas gains 
of single whole chromosomes have been found, 
the identity of which differs from case to case 
[ 23 ]. Studies of molecular loci have revealed that 
most of mature ovarian teratomas have entered 
but not completed meiosis [ 23 ,  24 ]. Thus, these 
tumors are diploid, genetically unique, due to the 
fact the majority of their genome is isodisomic. 

 Ovarian immature teratomas  are heterogeneous: 
some have a meiotic stem-cell origin, while others 
show a mitotic origins, suggesting failure of early 
meiotic arrest [ 25 ]. The frequency of chromosomal 
abnormalities in immature teratoma is higher than 
in mature teratoma, but no recurrent abnormalities, 
have been found. Apparently a correlation exists 
between the histologic grade of immature teratoma 
and DNA content: grades 1 and 2 are diploid, and 
grade 3 tumors are aneuploidy [ 26 ]. 

 Most malignant ovarian germ cell tumors are 
aneuploid. The main frequent genetic lesions are 
i(12p), gains of chromosomes 21 and 1q and loss 
of chromosomes 13 and 8. The same lesions can 
be detected in malignant testicular germ cells 
tumors with a lower rate. In conclusion, though 
malignant ovarian germ cell tumors appear to have 
the same origin of their adolescent testicular coun-
terparts, immature and mature ovarian teratoma 
remain unique subcategories of germ cell tumors 
likely to have a different mechanism of origin.    

26.4     Clinical Aspects 

26.4.1     Ovarian Tumors 

 The possibility of an ovarian tumor should be 
always carefully considered in a girl presenting 
with pelvic pain, an abdominal mass, precocious 
puberty or virilization, [ 12 ,  13 ,  14 ,  27 ,  28 ]. 

 The benign nature of the tumor is highly prob-
able as in pure cystic lesions and also in neonatal 
tumors that represent the most part of cases. 
Benign or functional cysts (follicular cyst , corpus 
luteum cyst , simple cyst ) may be often discov-
ered occasionally in the fetus during the last tri-
mester of pregnancy or postnatally or around 
puberty. Their fi nding is much more frequent 
now that ultrasound scanning is readily available 
and, so they currently represent more than half of 
all ovarian cysts in children and adolescents. 
These benign cysts may regress spontaneously or 
may cause complications such as intracystic 
bleeding and adnexal torsion. Benign mature ter-
atomas, including dermoid cysts , which represent 
a monophasic teratoma, generally are easily iden-
tifi ed with instrumental evaluation and tumor 
markers are within normal limits. They can occur 
at any age. 

 Large (>10 cm) and rapidly growing solid 
tumor associated with signs of local invasion, 
ascites or metastases are highly suspicious for 
malignancy since the presentation. One third of 
ovarian masses are discovered because of torsion 
and nearly three-quarters of twisted ovaries con-
tain an underlying cystic or solid mass [ 29 ]. 
Preoperative ultrasonography is a poor discrimi-
nant of simple ovarian torsion and torsion of an 
ovarian mass.  

26.4.2     Testicular Tumors 

 A testicular mass is the typical presentation fi nd-
ing of a testicular tumor (Fig.  26.1 ). It may be 
noted by the patient himself or detected during a 
routine examination. Occasionally, a hydrocele is 
found and may delay the diagnosis. Otherwise, 
the patient may present with an acute scrotum due 
to a bleeding or a torsion or, more rarely, with pre-
cocious puberty or gynecomastia. Benign tumors 
are more likely in these situations: the neonatal 
period, when they are associated to an endocrine 
disorder, or in patients with a micro/multicystic 
lesion associated with homolateral renal agenesis. 
This last situation is highly suggestive of cystic 
dysplasia of the rete testis [ 15 ,  30 ].

   An emergency presentation is quite rare in 
boys, but relatively frequent in girls, and include 

R. Masetti et al.



321

cases of acute torsion or bleeding of a gonadal 
tumor. These presentations should be carefully 
evaluated, because they can be quite misleading 
and the diagnostic delay may compromise the 
long-term outcome.   

26.5     Diagnosis 

26.5.1     Tumor Markers 

 Most germ cell tumors secrete either serum alfa- 
Fetoprotein   (AFP) and beta subunit of Human 
Chorionic Gonadotropine  (hCG) and levels of 
both substances should be obtained prior to 
 surgical exploration. AFP is normally elevated 
during the fetal life, decrease gradually after birth 
and should reduce to normal after 9 months of 
age: the AFP plasmatic half-life is 5 days [ 31 ]. 
Serum AFP levels are increased in patients with 
yolk sac tumors and correlate with the clinical 
course of patients. Indeed, after surgical excision 
of the tumor, serum AFP levels decrease progres-
sively: failure to return to normal levels or subse-
quent elevation of this marker may indicate the 
presence of residual, recurrent or progressive dis-
ease, respectively [ 32 ]. Serum AFP levels may be 
increased when there are foci of yolk sac tumors 
in teratomas. 

 Serum beta hCG levels are always increased in 
infant or neonate with choriocarcinoma: the syn-
cytiotrophoblastic component of the tumor pro-
duced the protein whose [ 33 ] half-life is of 16 h. 

 Lactate dehydrogenase isoenzyme-1 (LDH-1) 
is a non-specifi c marker which increases in 
patients with germ cell tumors including yolk sac 

tumor, dysgerminoma, and choriocarcinoma 
[ 34 ]: high serum levels correlate with tumor mass 
(i.e. metastasis) and response to treatment lead to 
a gradual reduction of the protein levels.  

26.5.2     Pre-operative Staging 

 Ultrasonography is the technique of choice for 
the initial evaluation of patients with abdominal, 
pelvic or scrotal masses and will differentiate 
cystic from solid lesions. In the suspect of testic-
ular tumor, ultrasonography is useful for distin-
guishing a simple hydrocele from a reactive 
hydrocele associated with the tumor. In case of 
teratoma ultrasound evaluation showed a sonolu-
cent cystic area with intermixed solid portions. 

 Computed tomography (CT) of the abdomen 
and pelvis is helpful in identifying the site of ori-
gin, the extent of tumor and metastatic disease. 
Because patients with ovarian or testicular tumors 
can develop metastatic disease to the thoracic 
lymph nodes, lung and bone, staging evaluation 
should include chest CT and scintigraphy with 
99mTC-pertechnetate.  

26.5.3     Surgical Staging 

 The goal of initial surgery in patients with 
gonadal tumors is to evaluate the extent of dis-
ease (staging) and to resect all tumor if feasible, 
while sparing uninvolved reproductive organs. 
The exploration consist of a thorough examina-
tion of the omentum, peritoneal surfaces and 
liver, with removal of any suspicious lesions or 

a b c

  Fig. 26.1    ( a ) A right testicular mass noted by the parents 
of a 5-years old boy. ( b ) The patients underwent radical 
inguinal orchiectomy with en bloc excision of spermatic 

cord structures and testis. ( c ) The surgical specimen. The 
histological examination showed endodermal sinus tumor 
(yolk sac tumor)       
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any enlarged retroperitoneal or pelvic lymph 
nodes. Additionally, if malignant germ cell tumor 
is suspected, bilateral retroperitoneal lymph node 
sampling are required. Ascitic fl uid, if present, or 
peritoneal washings are to be sent for cytologic 
examination. 

 If the initial surgical procedure did not include 
an exploration of the omentum, peritoneal sur-
faces or liver and there is evidence of residual 
tumor, it should be considered to perform a re- 
exploration with resection of any visible residual 
disease. In Tables  26.2  and  26.3  the Pediatric 

Oncology Group/Children Cancer Group (POG/
CCG) Staging System for ovarian germ cell and 
testicular tumors are reported.

26.6          Therapeutic Management 

26.6.1     Surgery 

 Surgical resection alone is the therapy of choice 
in benign tumors, such as mature teratomas. In 
the presence of malignant tumors, removal is 
indicated if possible, but resection should not be 
undertaken up to sacrifi cing vital structure. In 
this situation, only biopsy or debulking followed 
by adjuvant chemotherapy are recommended. 

26.6.1.1     Ovarian Tumors  
 Teratomas  are benign lesion that are treated by 
surgical excision alone. Rarely, mature or imma-
ture teratomas may have peritoneal and omental 
implantation of mature glial tissue, also called 
“gliomatosis peritonei” [ 35 ]. In this case, sam-
pling of the lesions should be performed in order 
to confi rm the diagnosis. 

 For malignant ovarian tumors the Children 
Oncology Group guidelines recommend to col-
lect ascitic fl uid or peritoneal washings for cytol-
ogy, to examine entire peritoneal surface and 
liver and excise suspicious lesions. The tumoral 
resection consists of unilateral oophorectomy 
and, only if suspected, wedge biopsy of contro-
lateral ovary is indicated. Omental inspection is 
recommended and omentectomy is indicated if 
adherence or nodules are observed; biopsy of 
suspicious or enlarged retroperitoneal or pelvic 
lymph nodes is suggested. In case of bilateral 
tumors, in the attempt to preserve residual ovar-
ian function it is possible to consider the resec-
tion of the least involved ovary, particularly if a 
clear demarcation is evident between the tumor 
and normal ovarian tissue. 

 Laparoscopy has been widely utilized in the 
management of ovarian lesions in childhood 
(Fig.  26.2 ). The main controversy surrounds the 
possibility to perform an adequate oncologic 
surgical procedure in cases where the benign 

   Table 26.2    Pediatric Oncology Group/Children Cancer 
Group (POG/CCG) staging system for pediatric ovarian 
germ cell tumors   

 Stage 

 I  Limited to the ovary (ovaries) Peritoneal washing 
negative. No clinical, radiographic, or histologic 
evidence of disease beyond the ovaries 

 II  Microscopic residual or positive lymph nodes 
(<2 cm); peritoneal evaluation negative. Tumor 
markers positive or negative 

 III  Lymph node involvement (>2 cm); gross 
residual or biopsy only; contiguous visceral 
involvement (omentum, intestine, bladder); 
peritoneal evaluation positive for malignancy. 
Tumor markers positive or negative 

 IV  Distant metastases, including liver 

   Table 26.3    Pediatric Oncology Group/Children Cancer 
Group (POG/CCG) staging system for pediatric testicular 
germ cell tumors   

 Stage 

 I  Limited to testis (testes). Completely resected by 
high inguinal orchiectomy. Tumor markers 
normal after appropriate half-life decline (AFP, 
5 days; hGC 16 h). Patients with normal or 
unknown tumor markers at diagnosis must have a 
negative ipsilateral retroperitoneal node sampling 
to confi rm Stage I disease if radiographic studies 
demonstrate lymph nodes >2 cm 

 II  Transcrotal orchiectomy: microscopic disease 
in scrotum or high spermatic cord (< 5 cm from 
proximal end); retroperitoneal lymph node 
involvement (<2 cm) and/or increased tumor 
markers after appropriate half-life decline 

 III  Retroperitoneal lymph node involvement, but 
no visceral or extra-abdominal involvement. 
(Involvement means lymph nodes >4 cm by CT 
or >2 and <4 cm with biopsy proof) 

 IV  Distant metastases, including liver 
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or malignant nature of the lesion cannot be 
 determined pre-operatively. If the lesion is pri-
marily solid or if the serum markers are elevated, 
an open procedure is indicated whereas if the 
serum markers are normal and the lesion is pri-
marily cystic a less invasive technique may be 
 considered; however, avoidance of tumor spill 
must be assured.

26.6.1.2        Testicular Tumors  
 The surgical approach for both diagnosis and 
treatment of a solid testicular mass is radical 
inguinal orchiectomy with en bloc excision of 
spermatic cord structures and testis. If the mass 
appears to involve a portion of the testis or has 
cystic feature consistent with a teratoma, it can 
be treated with enucleation. An extemporane-
ous histological examination should be per-
formed in this case in order to confi rm the 
diagnosis.   

26.6.2     Chemotherapy 

 Before the advent of multimodal therapy, children 
with malignant germ cell tumors could expect 
poor outcomes [ 36 ,  37 ]. On the basis of a paucity 
of clinical trials in pediatric patients, subsequent 
therapy was based on the larger adult experience 
with gonadal cancer. Cyclophosphamide-based 
therapy improved the outcome for patients with 
localized malignant germ cell tumors [ 38 ], but 
for patients with advanced disease, outcome 
remained poor. The subsequent introduction of 
cisplatin-based therapy, dramatically improved 
the survival for all- stage disease [ 39 ]. 

26.6.2.1     Ovarian Tumors 
 Malignant germ cell tumors are treated using dif-
ferent protocols in Europe and the USA. In 
Europe (SIOP protocol TGM55 and TGM90), in 
patients with localized non-seminomatous 
tumors (stage I and II) that has been completely 
removed no further therapy is needed. The 
Associazione Italiana Ematologia Oncologia 
Pediatrica (AIEOP) recommends treating stage I 
malignant ovarian germ cell tumor with surgery 
followed by a close observation, considering the 
relatively low risk of recurrence [ 40 ]. However, 
the use of chemotherapy in localized tumors is 
still controversial since in the prospective study 
POG9048/CCG 8891 the POG/CCG proposed to 
treat patients with stage I ovarian tumor with four 
cycles of cisplatin-etoposide-bleomycin (PEB) 
[ 41 ]. Both in european and in POG/CCG proto-
cols the therapeutic approach for stage III - IV 
tumors consist of four PEB cycles followed by 
the surgical excision of the residual mass and 
metastasis in stage IV disease [ 40 ,  42 ]. 

 Considering ovarian sex cord stromal tumor , 
among which the Sertoli-Leydig cell tumor  was 
the most aggressive variety, a cisplatin-based 
chemotherapy was useful in patients with resid-
ual disease after surgery or metastatic spread; 
however, the optimal role of chemotherapy is still 
to be defi ned [ 43 ]. 

 For non-secreting malignant tumors such as 
immature teratoma with some foci of yolk sac 
tumor surgical resection is the primary treatment. 
The prognostic signifi cance of gliomatosis peri-
tonei in patients with teratomas remain unclear. 
Although having peritoneal implants does not 
up-stage the patient’s disease, some author have 

  Fig. 26.2    Laparoscopic resection of ovarian teratoma. The sequence showed the gonadal sparing surgery that allow to 
remove the tumor while preserving ovarian tissue       
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reported malignant transformation of these ele-
ments and adverse outcome [ 35 ]. However, the 
experience in the intergroup study from the  POG/
CCG [ 44 ] supports to treat patients affected by 
teratoma with complete resection only, followed 
by close observation of serum tumor markers and 
diagnostic imaging. Chemotherapy with its 
potential side effects can be reserved for patients 
who develop recurrent disease.  

26.6.2.2     Testicular Tumors 
 In case of complete excision of germ cell tumor 
and no evidence of disease outside the scrotum 
(Stage I) the tumoral markers can be followed to 
assure a normal decline. If a normal decline 
occurs, the child can be treated with observation 
alone. Some case of relapse in patients with stage 
I disease were reported but the salvage rate with 
chemotherapy was extremely high [ 44 ,  45 ]. For 
stage II-III disease POG/CCG recommend to 
proceed with four PEB cycles after surgery. Stage 
IV disease is treated with four neoadiuvant PEB 
cycles followed by surgical removal of residual 
disease [ 40 ,  42 ]. 

 Considering testis sex cord stromal tumor, 
platinum-based chemotherapy is suggested when 
residuals are left after surgical excision and in 
those rare cases with metastatic spread [ 46 ].    

26.7     Results and Aftercare 

26.7.1     Prognosis 

 The introduction of cisplatinum chemotherapy 
and current advances in the surgical treatment 
have resulted in a dramatic improvement of the 
prognosis of children with gonadal tumors. 

 The survival for stage I germ cell gonadal 
tumors and all immature teratomas at any site is 
excellent and these are mainly managed by surgi-
cal excision alone and subsequent observation. 
The results of POG 9048/CCG 8891 protocol are 
testimony to the excellent outcome of gonadal 
tumor, especially in the localized form: for stages 
I and II ovarian and stage II testicular malignant 
germ cell tumors the 6-year EFS was 94.5 % and 
the OS was 95.7 % [ 41 ]. 

 For high risk patients, such as stage III - IV 
malignant gonadal germ cell tumors, the results 
of the last POG/CCG Intergroup trial showed 
good prognosis after treatment with PEB cycles 
and surgery: the 6-years EFS and OS for stage III 
tumors were 94–96 and 98–100 %, whereas for 
stage IV tumors the EFS and OS were 86–88 and 
90–93 %, respectively [ 42 ]. 

26.7.1.1     Malignant Tumors 
 In case of secreting tumors, follow-up includes 
measurement of serum markers every 2 weeks 
for 3 months, then strictly for 2 years. Marker 
levels must return to normal within 3 months of 
surgery. As mentioned above, failure to return to 
normal levels or subsequent elevation of serum 
markers may indicate the presence residual, 
recurrent or progressive disease and impose to 
perform further diagnostic evaluations. 

 Abdominal CT scan or ultrasound evaluation is 
required every 3 months during the 1st and the 2nd 
year since therapy interruption. During the 3rd 
year is recommended to evaluate the patients twice 
or three times a year and subsequently once a year 
until the 5th year since therapy suspension.  

26.7.1.2     Benign Tumors 
 After removal of a benign tumor, an appropriate 
follow up comprises testes evaluation by palpa-
tion and regular ultrasound scans and ultrasound 
scan of ovaries in order to fi nd possible ipsilateral 
recurrence or development of controlateral tumor. 
There is no consensus on follow up but an annual 
check up can be proposed at least in the early 
years after the enucleation.   

26.7.2     Gonadal Function 

 The improvement of the prognosis in patients 
diagnosed with ovarian or testicular tumors raises 
the problem of preservation of gonadal function. 
After tumor enucleation without gonadectomy, 
gonadal function is usually normal wheres after 
unilateral gonadectomy without chemotherapy, 
gonadal function is slightly impaired in both 
sexes. Moreover, in synchronous or metachro-
nous bilateral tumors, or in advanced disease 
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treated with gonadectomy followed by chemo-
therapy, gonadal function can be markedly 
impaired. The pubertal age is considered to be at 
high risk of chemotherapy-induced damage in 
gonadal function due to the high vulnerability of 
ovarian and testicular germ cell which, during 
this period, cease to be on quiescent state. 
Gonadotropin releasing hormone analogs sup-
press the hypothalamic-pituitary-gonadal axis 
and render the gonad quiescent, decreasing the 
germ cell vulnerability to therapy. Therefore, 
although the effectiveness of this intervention is 
still controversial, it can be considered in puber-
tal adolescent that undergo chemotherapy for 
gonadal tumors [ 47 ]. Another option to be con-
sidered to preserve the fertility can be sperm 
cryopreservation in pubertal patients and ovarian 
tissue cryopreservation that could be realize also 
in pre-pubertal children [ 48 ]. 

 Surgery continues to play a crucial role in the 
treatment of gonadal tumors. Benign tumors are 
treated only with conservative surgery and, when 
possible, the laparoscopic approach is the treat-
ment of choice. 

 For malignant tumors, the aim of current treat-
ments is to improve survival rates on the one 
hand and reduce treatment-induced adverse 
effects on the other. Future progress can be 
achieved by improving the understanding of 
tumor biology, the risk-stratifi cation of patients, 
the modulation of chemotherapy and the use of 
laparoscopic techniques.      
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27.1            The Kidney During the Fetal 
Period 

27.1.1        Introduction 

 The embryological development of the urogeni-
tal system, which includes two embryologically 
and anatomically interconnected units, the uri-
nary tract and genital tract, has been well under-
stood from decades. Only in the last few years, a 
signifi cant amount of data on the genetic regula-
tion of these developmental processes has been 
produced, largely through studies of mutant 
mouse models and a growing number of human 
studies [ 1 ]. Among the most recent concepts, the 
nephron endowment is of particular interest for 
its signifi cance in the relationship between the 
effects of changes in fetal microenvironment on 
renal development on one hand and the risk of 
renal and cardiovascular disease in the adult kid-
ney on the other hand [ 2 ]. In fact, adverse events 
during fetal development may predispose an indi-
vidual to increased cardiovascular risk in adult-
hood, establishing what is referred to by many 
researchers as “fetal programming” of adult car-
diovascular disease. Indeed current literature 

refl ects a growing interest on the relationship 
between the reduced number of nephrons at birth 
and the consequences it entails in terms of car-
diovascular risk [ 3 ]. In the human species, the 
number of nephrons at birth is extremely vari-
able, mirroring the extreme variability of the 
development of the kidney and urinary tract and 
different effectiveness in responding to the chal-
lenges of postnatal life.  

27.1.2     Kidney Development Stages 

 The normal development of the urinary tract con-
sists of three different stages, all derived predomi-
nantly from intermediate mesoderm but also with 
some contribution from paraxial mesoderm. They 
develop in a temporal and craniocaudal sequence:
•     Pronephros  or “primitive kidneys,” a transient 

not functioning structure that develops from the 
cervical region of the intermediate mesoderm 
and regresses at the embryonic age of 4 weeks.  

•    Mesonephros  or “middle kidneys,” a structure 
that replaces the pronephros from the fi fth 
gestational week and that develops from the 
paravertebral mesoderm. 
 At the beginning of the 4th week of intrauter-
ine life, during the regression of the proneph-
ric kidney, the primitive mesonephric tubules 
appear. They quickly lengthen, forming an 
S-shaped body, and acquire a tuft of capillaries 
that constitute a glomerulus at the medial end. 
Around the glomerular tuft tubules forms the 
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Bowman’s capsule, resulting in the formation 
of the renal corpuscle. The side of the tubule 
is connected to a longitudinal collecting tubule, 
the mesonephric duct or Wolffi an duct. The 
mesonephros as a whole produces urine from 
the 6th through the 10th week of development. 
Between the 6th and 8th weeks, cranial tubules 
and glomeruli undergo degenerative processes, 
while the caudal ones are still in the phase of 
differentiation and in the male persist to form 
together with the mesonephric duct the genital 
system. In the female, instead, these structures 
disappear at the end of the 8th week.  

•    Metanephros  or “permanent kidneys,” the 
ureteric bud, an outgrowth of the mesoneph-
ric duct, invades the metanephric blastema 
leading to the formation of the metanephros 
or defi nitive kidney. Growing within the meta-
nephric blastema, the ureteric bud gives rise to 
the pelvis and calyceal system. The advance 
of the bud also induces mesenchymal cells 
of the blastema to differentiate into epithe-
lial cells to form glomeruli and renal tubules. 
Metanephric development is the result of the 
expression of numerous genes in the ureteric 
bud cells and metanephric blastema: they both 
send signals that induce organogenesis. From 
about the 10th week of gestation through-
out intrauterine life, the kidney produces 
urine that becomes part of the amniotic fl uid. 
However, at the intrauterine level, the kidneys 
do not play a fundamental role in maintaining 
fetal homeostasis. Around the 36th    week, the 
formation of nephrons ends, even if “nephro-
genesis” seems to continue for a few weeks 
of extrauterine life in preterm infants. It is not 
clear if extrauterine preterm nephrogenesis is 
able to lead to full nephron completion. The 
development of metanephric kidney instead 
continues beyond the end of nephrogenesis 
with signifi cant growth, differentiation, and 
remodeling of the renal tissue [ 4 ].     

27.1.3     The Kidney Ontogeny 

 The process of renal ontogeny is given mainly to 
the complex interaction between two key factors: 

the ureteric bud and the metanephric blastema. 
A primary defect of one of the two elements inev-
itably leads to an altered development of the other. 

 The molecular basis of renal embryogenesis is 
largely still to be identifi ed. It is well known, 
however, that this process requires an interaction 
between molecules such as transcription factors, 
growth factors, cell adhesion molecules, and 
extracellular matrix proteins that are essential for 
the control of the cell cycle, proliferation, differ-
entiation, and morphogenesis during embryonic 
development. 

 There are a large number of genes involved in 
this process, including those coding for proteins 
that control differentiation and cellular transcrip-
tion (signaling molecules), apoptosis (survival 
cells), growth factors, and structural genes regu-
lating the extracellular matrix [ 5 ]. 

27.1.3.1     Ureteric Branching 
Morphogenesis 

 The fi nal collecting tubules of the kidney develop 
from the ureteric bud, a protrusion that originates 
from the mesonephric duct (Wolffi an duct). Its 
localization is regulated by BMP4 (bone morpho-
genetic protein 4), expressed by a subpopulation 
of mesenchymal cells adjacent to the mesoneph-
ric duct. This factor inhibits ureteric branching, a 
process controlled by the expression of GREM1 
(gremlin 1). It is by the action of these two fac-
tors that the normal development of the kidney 
and urinary tract is determinated [ 1 ]. The epithe-
lium of the ureteric bud invades the metanephric 
blastema that is shaped like a cap on its distal 
end. The mesenchyme can respond to induction 
by the expression of several transcription factors 
such as EYA1, PAX2, ODD1, and WT1. WT1, 
expressed by the same mesenchyme, regulates 
the production of GDNF (glial cell line- derived 
neurotrophic factor) as well as other factors. 
These factors stimulate ureteral branching, form-
ing several generations of tubules through the 
interaction with the receptors c-RET and GFRα1, 
expressed from the ureteric bud, establishing 
a signaling pathway between the two tissues to 
prevent the risk of ectopic ramifi cations [ 1 ,  6 ]. 

 Subsequently, the ureteric bud widens, form-
ing the primitive renal pelvis, and divides into a 
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cranial and a caudal portion, constituting the 
future major calyces. The peripheral develop-
ment of more tubules, which continues until the 
20th week, will lead to the formation of minor 
chalices with the establishment of the renal pyra-
mid through the elongation and convergence in 
the minor chalices of collecting tubules of the 
fi fth and the following generations. The ureteric 
bud thus creates the ureter, the renal pelvis, the 
major and minor chalices, and the collecting 
tubules, by means of successive branches that are 
realized only at the periphery of the kidney, in the 
so-called nephrogenic zone. This area, in the 
course of kidney development, becomes more 
and more distant from the medullary portion of 
the kidney and renal pelvis [ 1 ].  

27.1.3.2     Nephrogenesis and Nephron 
Endowment 

 Nephrogenesis is the process of generating new 
nephrons, which is realized in the nephrogenic 
zone, at the end of the precursor structure of the 
system of collecting ducts. Nephron endowment 
represents the number of nephrons at the end of 
the nephrogenesis process. During the late stages 
of ureteral branching, about four nephrons are 
induced by each ureteral end, thus increasing 
exponentially renal endowment [ 3 ]. 

 The cells of the metanephric mesenchyme 
condense at the ureteral ends to form the mesen-
chymal cap structures responsible for the forma-
tion of all the epithelial components of the 
nephron. The mesenchymal cap differs following 
the sequence: pretubular aggregates→epithelial 
renal vesicles→S-shaped bodies→ renal corpus-
cles and tubules. The mesenchymal cap cells that 
express the factors GDNF, PAX2, and WT1 to 
promote ureteral branching ramifi cations can be 
classifi ed into distinct subpopulations based on 
the expression of specifi c genetic markers. All 
mesenchymal cells express SIX2 factor, markers 
of renal stem cells; CITED1, EYA1, FLK-1, and 
WNT4 are additional genetic markers of mesen-
chymal cap subpopulations. The loss of expres-
sion of SIX2 determined by exposure of the 
mesenchymal cap to the action of the epithelial- 
derived factors WNT9B, TGFβ2, FGF-2, and 
LIF initiates the phase of epithelialization of the 

pretubular aggregates, which begins the forma-
tion of all cell types of the kidney epithelium [ 1 ]. 

 The fi rst sign of the process of epithelializa-
tion is represented by the conversion from a mes-
enchymal cell phenotype into a columnar 
phenotype, in order to form the kidney vesicles, 
which in turn give rise to small S-shaped tubules. 
These tubules, together with their glomeruli, 
which arise from a pocket at one end of the 
tubule, originate the nephrons or excretory units. 
The proximal portion of each nephron forms the 
Bowman’s capsule. The distal portion is opened 
in one of the collecting tubules, thereby estab-
lishing a passage between the Bowman’s capsule 
and the connection unit [ 6 ]. 

 The continuous extension of the excretory 
tubule leads to the formation of the proximal 
convoluted tubule, the loop of Henle, and the 
distal convoluted tubule. This process is called 
segmentation and its molecular regulation is 
poorly understood. Recent studies have high-
lighted the role of gamma secretase, and other 
factors are currently under investigation, includ-
ing the expression of PAX2 in the distal portion 
of the renal vesicle, the expression of WT1 and 
NOTCH2 for the differentiation of podocytes 
and of the epithelium of the proximal tubule, and 
the function of genes BRN1 and IRX3 in the 
loop of Henle. 

 The modifi cations of the extracellular matrix 
are also complex. Fibronectin and collagens I/
III are replaced by laminin and collagen IV; 
the cell adhesion molecules, the syndecans and 
E-cadherins, that are essential for the condensa-
tion of mesenchymal cells in the peripheral epi-
thelium are synthesized. If in the past the renal 
stroma was considered an inert support structure 
for the development of nephrons, now it is con-
sidered as an essential part of the process of ure-
teric branching. The kidney stroma in addition 
to expressing the retinoic acid receptors α and 
β2, essential for the expression of c-RET, also 
secretes cytokines with stimulatory and inhibi-
tory action on glomerulogenesis and tubulogene-
sis. Furthermore, the cells of the renal stroma are 
necessary for the formation of the renal capsule 
and the defi nition of the sites in which the devel-
opment of the kidney takes place [ 6 ]. 
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 There is still a lack of knowledge about renal 
vascularization. In contrast to the previous extra-
renal vascular cell hypothesis, at present there is 
increasing evidence to indicate that a population 
of progenitor cells endogenously expressing 
FLK-1, localized at the level of the metanephric 
mesenchyme, are responsible for all the renal 
vasculature and the development of glomerular 
capillaries [ 1 ,  6 ]. 

 Nephron endowment can be considered a mea-
sure of the success of kidney development. The 
studies of the last 25 years have highlighted the 
role of genetic and environmental regulation in 
the establishment of nephron endowment and 
consequences in adult life of its depletion at birth. 
Among the fi rst studies, an important contribution 
was given by Brenner et al. who pointed out that 
the reduction in the number of nephrons at birth 
represents a major risk factor for the development 
of hypertension in adult life [ 2 ,  7 ]. Furthermore, 
the results of a study by Barker et al. have dem-
onstrated an inverse relationship between birth 
weight and systolic blood pressure in adulthood, 
thus supporting the important role of intrauterine 
development on cardiovascular risk in adulthood. 
This correlation is known as the Barker hypothesis 
of fetal programming of adult hypertension. The 
inverse relationship is applicable to infants with 
an unfavorable intrauterine environment to nor-
mal fetal development and therefore is small for 
their gestational age, as happens, for example, in 
cases of restriction of dietary protein or exposure 
to high levels of glucocorticoids and alteration of 
the renin–angiotensin system. A suboptimal intra-
uterine environment is likely to reduce the ability 
of human adaptation to the challenges of extra-
uterine life, thus increasing the risk for diseases in 
adult life. This setting has been recently referred 
to as “developmental origins of adult health and 
disease” hypothesis [ 7 ].    

27.2     The Kidney During Neonatal 
Period and Adulthood 

 At birth, each human kidney contains about one 
million nephrons that cannot be regenerated. 
Each nephron consists of:

    1.    A glomerulus   
   2.    A renal tubule     

 The glomerulus arises from specialized capil-
laries adherent to the mesangium, wrapped by an 
invagination of the tubule, the Bowman’s capsule, 
in turn formed by two layers that are refl ected at 
the level of the vascular pole: the visceral layer is 
adherent to the glomerulus and consists of the 
podocytes and the parietal one that continues with 
the proximal convoluted tubule [ 8 ]. 

 The basal membrane develops at the interface 
between the capillaries and the glomerular 
mesangium from one side and the layer of podo-
cytes from the other side. The space between the 
two epithelial cell layers of Bowman’s capsule is 
the urinary space that at the level of the urinary 
pole is in continuity with the tubular lumen. 

 The capillaries together with the mesangium 
are covered by epithelial cells (podocytes) form-
ing the visceral epithelium of Bowman’s capsule. 
At the level of the vascular pole, the visceral epi-
thelium is refl ected to become the parietal epithe-
lium of the capsule. The basal membrane 
develops at the interface between the capillaries 
and the mesangium at one side and the layer of 
podocytes on the other side (glomerular base-
ment membranes, GBM). The space between the 
two layers of epithelial cells of Bowman’s cap-
sule constitutes the urinary space and, at the level 
of the urinary pole, is in continuity with the tubu-
lar lumen [ 8 ]. The wall of the glomerular capil-
laries is formed by three layers. 

27.2.1     The Endothelium 

 The endothelial cells of the glomerular capillar-
ies contain numerous pores or fenestrations. 
They occupy about 20 % of the endothelial sur-
face. The glomerular fi ltration rate depends on 
the area of the section (fractional area) of the fen-
estrations, and the restriction of protein passage 
is enabled through the glycocalyx contained in 
them. Another feature of glomerular endothelium 
is the presence, at the luminal surface, of a coat-
ing of negative electric charges, thanks to a 
 glycoprotein called podocalixina   . Any dysfunc-
tion of glomerular endothelial fenestrations can 
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 trigger renal failure or proteinuria; the patho-
physiological importance of fenestration is well 
characterized in conditions such as preeclampsia 
or diabetic nephropathy [ 9 ].  

27.2.2     Glomerular Basement 
Membrane 

 The glomerular basement membrane is much 
thicker than the other basement membranes and 
seems to be drawn from both capillary endothe-
lial cells and podocytes. The principal compo-
nents of the GBM are type IV collagen, laminin, 
and proteoglycans. The main feature of the GBM 
is the specifi c spectrum of isoforms of type IV 
collagen and laminin [ 8 ]. The mature form of 
GBM is made of type IV collagen that consists of 
chains α3, α4, and α5 (those found in other types 
of basal membrane composed of chains α1 and 
α2) and laminin 11, formed by chains α5, β2, and 
γ1. Congenital or acquired abnormalities of 
members    of the GBM determine glomerular 
nephropathies such as Goodpasture’s disease (an 
autoimmune disease in which the target antigen 
is type IV collagen) or Alport syndrome (muta-
tions in the genes that encode the chains α3, α4, 
and α5 of type IV collagen). 

 Electron microscopy reveals that the glomeru-
lar basement membrane consists of three layers:
•    The lamina rara interna, adjacent to the 

endothelium  
•   The lamina densa, placed centrally  
•   The lamina rara externa, in contact with the 

outer layer of podocytes  
•   Both lamina rara interna and externa are 

charged negatively and together constitute the 
primary fi lter for plasma proteins larger than 
7–10 nm.     

27.2.3     The Podocytes 

 These monostratifi ed epithelial cells wrap the 
glomerular capillaries and have long cytoplas-
mic extensions called primary processes, which 
in turn give rise to short secondary processes 
(pedicels) that intersect the primary processes. 

The secondary processes rely directly on the 
lamina rara externa [ 10 ]. The spaces between the 
interdigitations are called fi ltration slit and pres-
ent uniform dimensions (30–40 nm). They are 
closed by a thin diaphragm (slit diaphragm) 
4 nm thick, highly permeable to water and small 
solutes, limiting the passage of larger proteins 
owing to their small openings (5–15 nm) at the 
level of the diaphragm. The latter is formed as 
the main component of nephrin, linked to actin 
cytoskeleton by CD2AP (CD2-associated pro-
tein), podocin, and several other structural pro-
teins [ 8 ]. For each glomerulus, there are 
approximately 500–600 glomerular podocytes. 
Thanks to an extended actin cytoskeleton, the 
podocytes have contractile properties to oppose 
the hydrostatic pressure of the glomerular capil-
lary (~60 mmHg), of greater intensity than other 
capillary beds. The main functions performed by 
the podocytes are not limited to a structural role 
or to the composition of the glomerular fi ltration 
barrier. The podocytes are also able to synthesize 
and repair the GBM, as well as to secrete growth 
factors that contribute to endothelium integrity 
or the differentiation and chemotaxis of mesan-
gial cells within the mesangium. Furthermore, 
the podocyte plays another important role in 
terms of immunological function, as a compo-
nent of the innate immune system due to its pos-
sible involvement in the surveillance against 
pathogens or abnormal proteins at the level of 
urinary space [ 8 ]. 

 By the process of selective fi ltration, the free 
hemoglobin (65 kDa) and smaller molecules 
pass freely through the glomerular fi lter, while 
albumin (68 kDa) and larger molecules are 
retained [ 11 ]. 

 There are three factors that determine the per-
meability to macromolecules:
•    The electric charge  
•   The size  
•   The three-dimensional confi guration    

  The mesangium  forms the central portion 
of the renal glomerulus with a support function of 
the renal corpuscle. It consists of a cellular com-
ponent, the mesangial cell, wrapped in the 
mesangial extracellular matrix. The mesangium 
contained in the renal corpuscle, intraglomerular 
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mesangium, is related to the extraglomerular 
mesangium and to the juxtaglomerular apparatus 
[ 8 ,  10 ,  11 ]. 

 The mesangial cells constitute 30–40 % of the 
cell population of the renal glomerulus. They 
contain actin and myosin, presenting contractile 
properties, which allow them to reduce the capil-
lary lumen and to alter the blood fl ow within the 
renal glomerulus, thus infl uencing the fi ltration 
process. One of the most noteworthy features of 
mesangial cells is their ability to remove circulat-
ing immune complexes and to produce infl amma-
tory mediators and growth factors and to regulate 
the synthesis of mesangial matrix [ 12 ]. 

 The extraglomerular cells constitute a conical 
mass, whose apex is in continuity with the intra-
glomerular mesangium. From a functional point 
of view, they are part of the juxtaglomerular 
apparatus, consisting of a vascular component, 
the juxtaglomerular cells, and of a tubular com-
ponent, the cells of the macula densa. The mesan-
gial extraglomerular cells participate to a complex 
feedback mechanism between the tubule and the 
glomerulus, through which changes of the con-
centration of sodium, at the level of the macula 
densa, evoke regulatory signals of glomerular 
blood fl ow. The cells of the macula densa and 
endothelial cells act, respectively, as chemore-
ceptors and mechanoreceptors, detecting the fi rst 
variations of the sodium concentrations and sec-
ond variations of blood glomerular pressure [ 11 ]. 
The juxtaglomerular cells, containing granules of 
renin, and the cells of the tunica muscularis of the 
afferent arterioles, under both paracrine and 
endocrine stimulation, behave as effector cells in 
the regulation of vascular tone and renin secre-
tion. This physiological response is indicated by 
the term renal autoregulation. 

  The renal tubule  is divided into several seg-
ments: the proximal convoluted tubule, the loop 
of Henle, the distal convoluted tubule, the col-
lecting tubule, and the collecting duct (although 
the latter segment for embryological reasons can-
not be fully considered as a part of the nephron) 
[ 13 ]. The loop of Henle includes the straight por-
tion of the proximal tubule (thick descending 
branch), the descending and ascending thin 
branch, and the thick ascending branch [ 8 ]. The 

distal convoluted tubule is sited in continuity 
with the thick ascending branch, which together 
with the collecting tubule, histologically similar 
to it, constitutes the distal portion of the nephron. 
The collecting duct begins in the renal cortex and 
penetrates deep into the medullary, gathering sev-
eral collecting tubules of most nephron units. At 
the level of the renal pyramids, the collecting 
ducts converge at an acute angle between them to 
form larger ducts, papillary ducts (of Bellini) 
which, in number of 15–30, open at the apex of 
each renal papilla [ 13 ]. 

 The renal tubules are lined by a monolayer 
epithelium resting on its basement membrane. At 
the apical (luminal) side, tubular epithelial cells 
are connected by junction systems represented 
most frequently by tight junctions (tight junction, 
zonula occludens), adherens junctions, and des-
mosomes, less commonly [ 8 ]. The result of such 
an organization is the formation of two different 
ways of transport through the epithelium: trans-
cellular transport which occurs through the cell 
membrane and the cytoplasm and the paracellu-
lar pathway which occurs through the occluding 
junctions (tight junctions) of the lateral intercel-
lular spaces. This transport modality has func-
tional characteristics determined by the type of 
tight junctions expressed at various levels of the 
renal tubule. Conversely, transcellular transport 
is achieved through the expression of specifi c 
channels, carriers, and transporters localized to 
the apical and basolateral cell membranes. The 
various segments of the renal tubule differ mark-
edly for the type of function and distribution of 
transport proteins [ 14 ].   

27.3     Renal Function Development 

27.3.1        Glomerular Filtration Rate 

 Renal function is measured or estimated by deter-
mining or calculating the glomerular fi ltration 
rate (GFR) or the total rate at which fl uid is fi l-
tered into all the nephrons [ 8 ]. 

 Because the homeostasis in the fetus is 
almost entirely maintained by maternal–fetal 
exchanges that take place through the placenta, 
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fetal GFR is low, but it increases progressively. 
Within the last months of gestation, there is a 
progressive rise in GFR with gestational age 
until the 36th week, which is due to an expan-
sion in the number and size of nephrons. 
Thereafter, GFR develops more slowly up to the 
time of birth. At birth, GFR is still relatively 
low: measured by inulin clearance, it is almost 
20 mL/min/1.73 m 2  in term neonates [ 15 ,  16 ]. In 
term infants, there is a large increase in GFR 
during the fi rst 2 weeks of life. There are many 
factors that contribute to the important increase 
of GFR in the fi rst weeks of life: increases in 
systemic blood pressure and consequently 
hydrostatic pressure of glomeruli, pore size of 
glomerular capillary wall (as well as glomerular 
capillary surface area) and ultrafi ltration coeffi -
cient, and plasma fl ow rate secondary to increase 
in caliber of afferent and efferent arterioles and 
the decrease in these arterioles’ resistance. All 
these factors play some role in maturational 
increase in early postnatal GFR [ 15 ]. 

 Although the weight of each factor on the 
increase in postnatal GFR is still to be determined 
[ 17 ,  18 ], it is known that GFR doubles during the 
fi rst 2 weeks of life and reaches 50 ± 10 mL/
min/1.73 m 2  between the second and fourth post-
natal week. After the 1st month of life, GFR 
increases progressively and reaches adult levels 
between 1 and 2 years of life [ 15 ,  19 ]. This occurs 
in conjunction with changes in the tubular func-
tion (see Table  27.1 ). The most accurate tech-
nique for measuring GFR is the direct methods, 
which involve injection of a tracer, characterized 
by being fi ltered freely in the glomeruli, without 
renal reabsorption, secretion, or metabolization 
in the kidneys as inulin. They are also relatively 
invasive and expensive.

   Therefore, much simpler methods are applied 
when estimating renal function: among them, cre-
atinine clearance is a widely used test to estimate 
the glomerular fi ltration rate (GFR) [ 20 ]. Due to 
the small size and lack of protein binding, creati-
nine passes the glomerulus freely. However, it is 
also actively secreted by the proximal tubules at 
an unpredictable rate related to the level of renal 
function and/or type of renal disease [ 21 ,  22 ]. 
With decreasing GFR, the fraction of tubular cre-
atinine secretion increases, which leads to a GFR 
overestimation of 10–40 % compared to inulin 
clearance [ 21 ]. In patients with glomerulopathies, 
the overestimation may be even higher [ 22 ]. 
A decrease in GFR is refl ected by an increase in 
plasma creatinine. Moreover, plasma creatinine 
levels may change independently of glomerular 
function in case of dietary intake of meat, malnu-
trition, muscle atrophy, hepatic disease, or 
increased tubular creatinine secretion [ 23 ]. 

 In order to fi nd a more accurate and precise 
method for GFR estimation function, cystatin C 
was investigated. CysC is a low-molecular- weight 
protein with a function of a potent inhibitor of 
cysteine proteinases. Because of its low molecular 
weight and positive charge, at physiological pH, 
CysC is practically freely fi ltered in the glomer-
uli. A study of radiolabeled human CysC per-
formed in rats showed a 94 % renal plasma 
clearance of 51Cr-EDTA and a subsequent tubu-
lar reabsorption and complete catabolization 
without any tubular secretion [ 24 ,  25 ]. Serum 
CysC has proved to give a better estimation of 
GFR in comparison with plasma creatinine [ 26 ]. 

 In children the estimation of GFR from plasma 
creatinine can be particularly diffi cult. One rea-
son is the constant and muscle-mass related 
increase in plasma creatinine levels in children 

   Table 27.1    Kidney function in different intra- and extrauterine life period   

 Intrauterine life  Extrauterine life 

 Fetal period (weeks)  GFR (mL/min)  Life period  GFR (mL/min) 

 4–5 (pronephros)  Not functioning  At birth  20 
 6–10 (mesonephros)  Not functioning  2–4 weeks  40–60 
 From 10 (metanephros)  0–20  1–2 years  120 

   GFR  glomerular fi ltration rate  
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above 2 years, with a constant GFR of 104 mL/
min/1.73 m 2  (measured by 51Cr-EDTA) [ 23 ,  27 –
 30 ]. The direct creatinine clearance method 
involves precise urine collection for 24 h, which 
is hard to obtain in children, time-consuming, 
and impractical for routine use. This imprecision 
is exemplifi ed by a high day-to- day variation in 
children of 13.8 %, compared to only 4.8 and 
6.9 %, respectively, for venous and capillary 
blood samples for determination of    51Cr-EDTA 
plasma clearance [ 31 ,  44 ,  45 ]. 

 As for the adults, also for the pediatric popula-
tion, alternative formulas have been proposed to 
achieve a more reliable estimation of glomerular 
fi ltration rate. 

 The most widely used formula for estimating 
glomerular fi ltration rate (eGFR) in children is 
the Schwartz formula, published in 1976 [ 32 ]. As 
the endogenous 24-h creatinine clearance is less 
precise than the Schwartz estimate [ 33 ], creati-
nine clearance is better estimated from the plasma 
level of creatinine using the Schwartz formula 
taking the mentioned limitations into account. 

 As several studies in children have shown, dif-
ferently from creatinine, the levels of CysC 
remain stable after the fi rst year of life [ 27 – 29 ]. 
Furthermore, CysC has been proven to be 
 independent of gender, height, and weight in both 
pediatric and adult population [ 27 – 29 ,  34 ] indi-
cating that CysC is a robust biomarker, especially 
applicable not only in children but also in elderly 
patients and other populations with low muscle 
mass, where serum creatinine measurements do 
not perform well. So CysC has been largely used 
to measure children’s GFR, and accordingly, 
Schwartz formula has been recently revised using 
a combination of creatinine and CysC [ 35 ]. 

 Moreover, many other formulas have been 
proposed: they intended to be more reliable in the 
estimation of glomerular fi ltration rate. None of 
these, however, have been introduced in the cur-
rent routine clinical practice [ 35 ,  36 ].  

27.3.2     Tubular Function 

 The renal tubule is classically divided into proxi-
mal tubule, loop of Henle, distal tubule, and col-
lecting duct. 

 The  proximal tubule  as a whole is responsible 
for the bulk of Na+, K+, Cl−, and HCO3− reab-
sorption and almost complete reabsorption of 
glucose, amino acids, and low-molecular-weight 
proteins (e.g., retinol-binding protein, α- and 
β-microglobulins) that have penetrated the fi ltra-
tion barrier. Most other fi ltered solutes are also 
reabsorbed to some extent in the proximal tubule 
(e.g., ~60 % of calcium, ~80 % of phosphate, 
~50 % of urea). The proximal tubule is highly 
permeable to water, so no quantitatively signifi -
cant osmotic gradient can be established; thus, 
most fi ltered water (~65 %) is also reabsorbed at 
this site. In the fi nal section of the proximal 
tubule, there is some secretion of weak organic 
acids and bases [ 8 ]. 

 Animal studies have been very useful for the 
assessment of the maturation of tubular func-
tion, which is the focus of a recent comprehen-
sive review on this topic [ 37 ]. Initials studies 
indicated that the overall transport rate of vol-
ume reabsorption in the neonatal rabbit was 
about one-fourth of the adult transport rate [ 38 ]. 
In addition, bicarbonate and glucose transport 
rates were also found to be one-fourth to one-
third of the adult rate. Further investigations, 
using in vitro perfusion techniques that allowed 
measurement of the Na–H exchange rate, have 
shown that the activity of this transporter in 
the neonatal tubule was about one-third of the 
adult rate [ 39 ]. The paracellular permeability for 
bicarbonate in the neonatal tubule was also found 
to be extremely low; thus, the low reabsorption 
rate in the neonate was due to a decrease in the 
active transport of bicarbonate and not to passive 
backleak [ 40 ]. Molecular studies then revealed 
that the expression of NHE3 in the neonatal 
proximal tubule had a maturational increase mir-
roring the functional data. On closer examina-
tion, the sodium–proton exchange activity in the 
neonatal proximal tubule was always higher than 
expected in comparison with the NHE3 expres-
sion data. This raised the question of whether or 
not there could be a different NHE isoform in 
the neonatal tubule. Molecular studies of NHE8 
expression indicated that this might be the iso-
form in the luminal membrane of the neonatal 
proximal tubule [ 41 ]. Although NHE8 is also 
found in the adult tubule, it is primarily located 
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in the intracellular compartment, whereas in the 
neonate, it is found primarily on the luminal 
membrane, where it can function in bicarbonate 
reabsorption. The tubular reabsorption of glu-
cose is also lower in the neonate as compared 
with the adult [ 38 ]. This is refl ected clinically by 
the fact that infants born before 30 weeks of ges-
tation can show a renal glucosuria [ 42 ,  43 ]. The 
tubular control of phosphate is different from 
that of other solutes because the neonatal renal 
tubules seem to have an increase in reabsorption 
of phosphate. Thus, the fractional reabsorption 
of phosphate is much higher in the neonate than 
in the adult [ 44 ]. The paracellular pathway for 
passive transport was also proven to undergo 
extensive changes during development. The 
permeability of the neonatal proximal tubule to 
bicarbonate is very low and the chloride perme-
ability is almost zero [ 40 ,  45 ]. 

 The  loop of Henle  is defi ned anatomically as 
comprising the pars recta of the proximal tubule 
(thick descending limb), the thin descending and 
ascending limbs, the thick ascending limb, and 
the macula densa. Besides its role in the continu-
ing reabsorption of solutes (Na+, Cl−, K+, Ca2+, 
Mg2+), this part of the nephron is responsible for 
the kidney’s ability to generate a concentrated or 
diluted urine [ 8 ]. 

 The  distal tubule  and the collecting duct sys-
tem are made up of the straight part or thick 
ascending limb of the loop of Henle and distal 
convoluted tubule, where thiazide-sensitive NaCl 
reabsorption occurs; the connecting tubule, whose 
function is essentially intermediate between that 
of the distal connecting tubule and that of the next 
segment; and the collecting duct. Two cell types 
compose the cortical collecting duct. The pre-
dominant type is the principal cell, responsible for 
Na+ reabsorption and K+ secretion (as well as for 
water reabsorption); the other cell type, the inter-
calated cell, is responsible for secretion of H+ (by 
α-intercalated cell) or HCO3− (by β-intercalated 
cell) into the fi nal urine [ 8 ]. 

 The serum potassium concentration in the pre-
term infant can be very high [ 42 ]. The excretion 
of potassium tends to be much lower in the neo-
nate than in the adult because the infant needs to 
remain in positive potassium balance for growth. 
Studies have shown that this is because of a 

decrease in the expression of potassium channels 
in the collecting duct principal cells. In particu-
lar, the maxi-K channel has little or no expression 
in the neonate and then increases to the adult 
level. This channel is activated by a rise in fl ow 
through the tubule to produce a “fl ow-mediated” 
response. Perfusion of collecting ducts from neo-
natal rabbits showed no fl ow-mediated increase 
in potassium secretion [ 37 ]. As a result, it is criti-
cal to limit the amount of potassium given to 
these neonates [ 42 ].  

27.3.3     Water Balance 

 The kidney regulates water homeostasis either by 
excreting excess free water or by conserving free 
water through urine concentration. The genera-
tion of free water is dependent upon the delivery 
of tubular fl uid to the diluting segment, which 
comprises the thick ascending limb and the dis-
tal convoluted tubule. In the neonate, free water 
excretion is generally limited by the low GFR and 
the subsequent limited delivery of fl uid distally. 
The diluting segment is capable of reabsorbing 
solute to dilute the urine so that the neonate can 
excrete urine with an osmolality of 50 mOsm/kg 
water [ 45 ]. The ability of the neonate to concen-
trate the urine is limited, and it does not reach 
the adult level until about 2 years of life [ 46 –
 48 ]. The implicated factors include the medul-
lary osmotic gradient and the tubular response 
to antidiuretic hormone (ADH). The fetal and 
neonatal pituitary gland can respond to osmotic 
changes and secrete adequate amounts of ADH 
[ 49 ]; however, the collecting duct principal cells 
have a blunted response to ADH. Initial studies 
indicated that the reduced response might be due 
to the effects of prostaglandins. When neonatal 
tubules were incubated with indomethacin, the 
production of cAMP in response to ADH was 
enhanced [ 50 ]. However, the osmotic water per-
meability response in the neonatal tubules was 
not augmented by indomethacin, suggesting a 
defect that was distal to cAMP production [ 51 ]. 
A more recent study showed that overexpres-
sion of phosphodiesterase in the neonatal tubule 
was the major contributing factor to the declined 
ADH response. When the neonatal tubules 
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were incubated with isobutylmethylxanthine 
or rolipram (a specifi c type 4 phosphodiester-
ase inhibitor), the water permeability response 
to ADH was corrected to the same level as the 
adult tubules [ 52 ]. The limitation in the ability to 
excrete free water is due to the low GFR of the 
neonate, preventing the delivery of fl uid to the 
diluting segment. Infants drink milk that is natu-
rally low in sodium, but typically have no prob-
lems in excreting free water. When the milk or 
formula is watered down, the infant will drink a 
far greater amount as the caloric density is much 
lower. The increased intake exceeds the ability 
of the neonatal kidney to excrete free water and 
leads to hyponatremia.  

27.3.4     Kidney Function in Preterm 
Neonates 

 The condition of the preterm infant (gestational 
age <37 weeks) is characteristic. In these infants, 
an increase in creatinine blood values has been 
described in the fi rst 24–48 h of life. This increase 
was also inversely related to infant’s gestational 
age. Only after this period, the creatinine values 
tend to decrease and reach values comparable to 
term infant (0.4–0.5 mg/dl). This reduction, how-
ever, is slow and progressive and can take up to 
4 weeks for complete normalization [ 53 ,  54 ]. 

 The rise in serum creatinine that occurs in the 
fi rst hours of life refl ects the balance between the 
release of creatinine from muscle deposits and 
renal clearance of the molecule. Infants are 
known to have a small muscle mass, and then it is 
feasible that the increase in serum creatinine in 
the fi rst days of life is due to a reduced clearance, 
attributable to a delay in reaching the normal fi l-
tration process secondary to a still incomplete 
nephrogenesis or to a resorption process charac-
teristic of immature tubule, as found in animal 
models [ 55 ]. 

 In the preterm neonates, the changes in tubular 
transport explain also some of the fi ndings. For 
example, the serum bicarbonate in term neonates 
averages 22 mEq/L and can be much lower in 
preterm infants (14–18 mEq/L) [ 56 ,  57 ]. The low 
bicarbonate is due to the low reabsorption rate by 

the proximal tubule that can make it diffi cult to 
correct [ 26 ]. Due to the immaturity of the proxi-
mal tubule, the glucose reabsorption rate can be 
less than the fi ltered load. This will result in renal 
glycosuria, which is common in preterm infants 
born before 34 weeks of gestation [ 28 ,  29 ]. 
Moreover, sodium entry into the collecting duct 
principal cell is via the epithelial sodium channel 
(ENaC). The preterm infant has been shown to 
have a high fractional excretion of sodium [ 42 , 
 43 ]. Part of the reason for the excess excretion of 
sodium seems to be resistance to the effect of 
aldosterone on sodium transport in the tubule 
[ 58 ]. Transport of sodium has been shown to be 
low in the neonatal collecting duct and to increase 
with maturation [ 59 ,  60 ]. This is refl ected by an 
increase in the expression of EnaC as the infant 
matures [ 61 ].      
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28.1            Defi nitions 

     1.    Febrile urinary tract infection (fUTI) or pyelo-
nephritis or upper UTI: infection of the renal 
parenchyma associated with systemic 
 symptoms of infl ammation, mainly fever   

   2.    Nonfebrile UTI or cystitis or lower UTI 
(lUTI): infection limited to the urethra and the 
bladder in association with localized symp-
toms (dysuria, frequency, malodorous urine, 
daytime and night time urinary incontinence)   

   3.    Asymptomatic or covert bacteriuria (AB): any 
growth of bacteria in the urine in the absence 
of symptoms or specifi c abnormalities on 
urine screening tests (presence of leucocituria 
and nitrites)      

28.2     Introduction 

 Diagnosis of UTI is common in every day pediat-
ric clinical practice. During the fi rst 6 years of 
life, the annual incidence is around 1.7/1,000 for 
boys and 3.1/1,000 for girls, while approximately 
6–7 % of girls and 2.5 % of boys will develop a 

UTI during this period [ 1 ]. In the fi rst 2 years of 
life, fUTIs prevail in both sexes, and then the rate 
of non febrile UTI increases, particularly in girls 
[ 1 ,  2 ]. The rate of bacteriuria is more diffi cult to 
ascertain. Screening studies have demonstrated a 
prevalence of 1.9 % in schoolgirls and 0.2 % in 
schoolboys aged 5–18 years [ 3 ,  4 ]. During the 
follow-up period of the Italian Renal Infection 
Study 2 [ 5 ], a randomized controlled study (RCT) 
carried out in order to determine the effectiveness 
of 12-month antimicrobial prophylaxis in pre-
venting UTI recurrences, 2,052 urinalyses and 
urine cultures were performed in children of both 
sexes, aged between 2 and 36 months. In this 
cohort of children, considered to be at risk 
because of a previous fUTIs, with or without 
associated vesicoureteral refl ux, a 1.5 % rate of 
asymptomatic bacteriuria was detected (personal 
series). 

 The management of children with a UTI has 
always been a matter of debate as far as diagno-
sis, imaging, and antibiotic prophylaxis are con-
cerned. While some recent trials have succeeded 
in leading to agreement on certain issues, other 
important points of contention remain. Here we 
focus on several of the most controversial.  

28.3     Urine Collection 

 When a UTI is suspected, a sterile urine speci-
men should be collected for urinalysis and urine 
culture before antibiotic therapy is initiated. 
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Methods of urine sample collection can be either 
invasive or noninvasive. Invasive techniques 
include suprapubic bladder aspiration (SPA) and 
urethral catheterization (U-CATH), while nonin-
vasive methods include the clean-voided method 
(midstream and clean catch) and the sterile bag 
(Table  28.1 ). The cutoff point for the growth of a 
single pathogen necessary for a positive urine 
culture test varies according to the collection 
method used; it is lower for invasive methods due 
to the lower risk of contamination. Considering 
that urine is sterile when it leaves the bladder, 
some authors suggest that any growth should be 
evaluated as positive when a specimen is col-
lected using SPA [ 6 ], whereas others prefer to 
account for a hypothetical risk of skin contamina-
tion and suggest a cutoff growth of more than 10 3  
colony forming unit/ml (CFU) [ 7 ]. The threshold 
reported for U-CATH is, instead, higher than 
10 4  CFU/ml [ 8 ]. As regards the noninvasive 
methods, which are considered to carry a higher 
risk of contamination from organisms not present 
in the bladder, a growth of more than 10 5  CFU/ml 
is generally considered acceptable [ 9 ,  10 ].

   Essentially, the choice of method depends on 
whether or not the child is able to control his/her 
bladder. For toilet-trained children, it is generally 
agreed that clean-voided midstream collection, 

obtained after thorough perineal/genital cleaning, 
is the best method. Washing the perineum and 
genitalia with soap signifi cantly reduces the rate 
of contamination, which is described as around 
20 % [ 11 ]. In children who are not toilet trained, 
collecting a clean sample is more diffi cult and 
this is why the use of invasive methods is consid-
ered (Table  28.2 ). The authors of the American 
Academy of Pediatrics (AAP) guidelines [ 12 ] 
recommend collecting urine samples by invasive 
methods only. They suggest SPA as the standard 
method and U-CATH as an alternative, except in 
boys with phimosis or girls with tight labial adhe-
sions. Both methods are reliable with a low con-
tamination rate (2 % for SPA and 12.5 % for 
U-CATH) [ 13 ,  14 ], but their execution requires 
expert personnel and, as well as having variable 
success rates, the experience is painful for the 
child. In addition, some authors warn that during 
catheterization, bacteria can be introduced into 
the urinary tract and cause local or systemic 
infection and therefore suggest an antibiotic ther-
apy following the procedure [ 15 ].

   The success rate for obtaining a sample using 
SPA ranges widely from 20 to 90 % and is lower 
than that reported for U-CATH, which is between 
72 and 100 % [ 12 ,  16 ,  17 ]. Two RCTs involving 
infants younger than 2 months of age were  carried 

   Table 28.1    Methods of urine collection, their relative advantages and disadvantages and cutoff points for bacterial 
growth   

 Urine collection method  Pros  Cons  Cutoff growth 

 SPA  Low risk of contamination  Invasive, painful, variable rate of success  ≥10 3  CFU/ml 
 U-CATH  Low risk of contamination  Invasive and painful (but less than SPA), risk 

of infection 
 ≥10 4  CFU/ml 

 Clean voided  Comfortable for child, cheap  Time consuming  ≥10 5  CFU/ml 
 Sterile bag  Easy and cheap  High risk of contamination, discomfort, time 

consuming 
 ≥10 5  CFU/ml 

   Table 28.2    Urine collection methods in non-toilet-trained children: a comparison of recent guidelines   

 Guidelines  SPA  U-CATH  Clean catch  Sterile bag 

 NICE [ 20 ]  Second option a   First choice  Not recommended b  
 AAP [ 12 ]  First choice  Not considered  Under no circumstances 
 ISPN [ 21 ]  Not considered  In severely ill children  First choice  Second option c  

   a If other noninvasive methods (pads) are not possible 
  b If clean catch is not possible, other noninvasive methods (pads) are recommended 
  c If febrile children are in good clinical condition  
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out in order to understand which of the invasive 
methods caused more discomfort [ 18 ,  19 ]. 
Results confi rmed that SPA was more painful 
than U-CATH. In particular, Kozer et al., using 
the Douleur Aigue du Nouveaune Score (DAN), 
a neonatal acute pain scale that scores pain from 
0 (no pain) to 10 (maximum pain), demonstrated 
a mean score of 7 (±1.9) in children randomly 
assigned to SPA vs 4.5 (±2.1) in those who were 
assigned to U-CATH (difference between means, 
2.5; 95 % confi dence interval, 1.4–3.7) [ 18 ]. 

 The National Institute for Clinical Excellence 
(NICE) [ 20 ] and Italian Society of Pediatric 
Nephrology (ISPN) guidelines [ 21 ], unlike those 
recommended by the AAP, suggest clean catch as 
the method of choice, while invasive techniques 
are recommended only in specifi c clinical 
 situations (e.g., a febrile child in poor general 
health or severely ill in appearance). The clean-
catch method is associated with acceptable diag-
nostic accuracy when compared to SPA, with a 
sensitivity range between 75 and 100 % and 
specifi city ranging from 57 to 100 % [ 22 – 27 ]. 
The contamination rate for this technique is about 
15 % [ 13 ,  14 ] and is mainly due to errors in col-
lection (contamination of the container by com-
mensal bacteria) and in catching (initial stream). 
The major drawback of this technique is that try-
ing to obtain a sample from a child can be time 
consuming [ 28 ]. Recently, Fernández et al. 
reported a safe procedure that permitted the col-
lection of a midstream clean-catch urine sample 
in newborns in a mean time of about 1 min [ 29 ]. 
The described technique consisted in three steps: 
(1) feed the baby and clean the genitals 25 min 
after feeding; (2) stimulate the bladder by tap-
ping the suprapubic area at a frequency of 100 
taps per minute for 30 s, while someone holds the 
baby under their armpits with their legs dangling; 
and (3) massage the paravertebral lumbar area 
with light circular movements for 30 s. 

 The other noninvasive collection method, the 
sterile bag, has been repeatedly criticized for var-
ious reasons including discomfort, the length of 
time it takes to obtain a sample and, mainly, for 
the associated high risk of contamination, which 
varies between 37 and 63 % compared to SPA, 
especially in children at low risk for UTI [ 13 ,  14 , 

 22 ,  30 – 34 ]. Shroeder et al. reported that despite 
ambiguous cultures being more common in bag 
specimens compared to U-CATH (7.4 % vs 
2.7 %), 21 catheterized specimens are needed to 
avoid each ambiguous bag result. In general, the 
use of bag-collected specimens is not recom-
mended [ 15 ]. Only the ISPN guidelines recom-
mend bag-collected specimens for dipstick tests 
or microscopy, and consider it for urine culture, 
as a second option, when clean-catch collection 
is unsuccessful and the child is in good general 
health. The authors consider this procedure to be 
reliable as a second option, when correctly per-
formed: (1) wash hands and wear disposable 
polyethylene gloves, (2) disinfect external geni-
talia, (3) place a sterile bag over the external gen-
italia (changing it every 30 min), and (4) remove 
the bag after urine is voided. In this case, a count 
>10 5  of the same single organism in two consecu-
tive bag specimens would indicate the likelihood 
of a real infection. 

 In a “real-life” setting, the choice of method 
varies although noninvasive methods are gener-
ally preferred to invasive ones, the latter being 
used mainly in the neonatal period [ 13 ,  14 ]. Two 
recent studies, carried out in a hospital setting, 
evaluated the preferred methods of urine collec-
tion for UTI diagnosis in children in two different 
pediatric departments, one in Turkey [ 13 ], which 
reported a population aged 0–16 years, and the 
other in Australia [ 14 ], which looked at a popula-
tion younger than 2 years of age. In the Turkish 
study, considering only the subjects aged 2 years 
and under (532), the sterile bag was the most fre-
quently used method and was used in 90 % of 
cases, followed by clean catch in 7 %. Invasive 
methods were utilized less in this setting (SPA 
2 %, U-CATH 1 %) and were mostly restricted to 
the newborn age group [ 13 ]. In the Australian 
study (599 children), the preferred methods were 
clean catch with a rate of 34 %, followed by 
U-CATH 16 %, SPA 14 %, while sterile bag col-
lection was used in only 2 % of cases (no data 
was available for the remaining 34 %) [ 14 ]. As 
far as primary care is concerned, in a recent sur-
vey of general practitioners in the West of Ireland, 
the implementation of the NICE UTI guidelines 
in children was evaluated [ 35 ]. When asked how 
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they would collect a urine sample from a child 
older than 1 year of age, 80 % of respondents pre-
ferred the use of bag, while 20 % opted for the 
clean-catch method. 

 In conclusion, all urine collection methods 
carry a risk of contamination by bacteria not 
present in the bladder. The mean contamination 
rate, which is not infl uenced by age or sex, is 
approximately 25 % [ 13 ,  14 ,  36 ]. In our opinion, 
clean-voided (midstream and clean catch) meth-
ods should be the fi rst choice as they are rela-
tively easy to perform, reliable, cost-effective, 
and acceptable to children, parents, and caregiv-
ers. We suggest using invasive methods only 
when a child is in poor general health. Finally, 
the sterile bag remains one of the most widely 
used methods, especially in primary care, and is 
often preferred by parents for home collection 
over clean catch. We believe that this method 
could be reliable when the correct procedure is 
followed and we suggest using this method as a 
second choice, when the child is in good general 
health. However, in order to obtain a reliable 
result, two consecutive specimens must be col-
lected [ 37 ].  

28.4     Imaging After Urinary Tract 
Infection 

 The need for imaging after UTI has long been 
debated, especially after a fi rst fUTI in young 
children. Over the last four decades, the con-
sensus regarding imaging has moved from 
the widespread diagnostic approach [ 38 ,  39 ], 
characterized mainly by the use of ultrasound 
(US), voiding cystourethrography (VCUG), 
and technetium-99- dimercapto-succinic acid 
(DMSA) scanning, to a less aggressive approach 
[ 12 ,  20 ,  21 ,  40 ]. 

 The more intensive procedures were justifi ed 
by the spectrum of “refl ux nephropathy” and its 
long-term sequelae (hypertension and renal fail-
ure) [ 41 ]. This pathologic entity has been directly 
related to the relationship between UTI, vesico-
ureteral refl ux (VUR), and acquired pyelone-
phritic scarring. Therefore, a complete imaging 
workup was considered essential in order to 

enable, primarily, the detection of children who 
would develop scars and ensure their long-term 
clinical follow-up and, secondly, the identifi ca-
tion of children with VUR of any grade. All this 
was done with the aim of starting antibiotic pro-
phylaxis and/or performing surgical correction of 
the refl ux, with the expectation of reducing the 
recurrence of infections and the appearance of 
renal scarring [ 42 ]. 

 The improvement and wider diffusion of 
antenatal ultrasonography and pediatric regis-
tries for chronic renal failure have highlighted 
the fact that much of the renal damage, previ-
ously related to acquired pyelonephritic scar-
ring, is in fact congenital in nature, due to 
alterations in kidney development, particularly 
hypodysplasia [ 43 – 47 ] (Fig.  28.1 ). In some 
cases, it is associated with urinary tract anoma-
lies, such as obstruction or high-grade 
VUR. Moreover, a recent systematic review con-
cerning the long-term consequences of UTI in 
children reported a low incidence of unfavorable 
sequelae. In this systematic review, Toffolo et al. 
stated that, of the 1,029 children evaluated in 
prospective studies and with normal renal func-
tion at the time of the UTI, only 0.4 % showed a 
deterioration in function during the follow-up 
period [ 48 ]. Salo et al. reported that in the 
absence of structural kidney abnormalities evi-
dent in imaging studies after the fi rst childhood 
UTI, the etiologic fraction of recurrent child-
hood UTIs as a main cause of CKD was, at most, 
0.3 % [ 49 ]. Moreover, no study has been able to 
prove the clinical effectiveness of routine imag-
ing in children with confi rmed UTI, while only 
one study has demonstrated that it has no bearing 
on recurrence of infection or renal scarring [ 40 ]. 
At the same time, the role of surgery [ 42 ,  50 ] and 
of antibiotic prophylaxis [ 5 ,  51 – 55 ] in children 
with VUR has been revaluated in recent times 
(see below).

   These new insights led the authors of the cur-
rent guidelines for the management of a fi rst 
fUTI to consider less aggressive imaging strate-
gies. However, consensus on the nature of mal-
formations, degree of refl ux and damage that 
merits detection remains controversial, so the 
approaches recommended in recent guidelines 
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are not uniform, especially as far as the execution 
of DMSA scintigraphy is concerned [ 56 ]. 

 AAP guidelines suggest performing a routine 
renal and bladder US and recommend VCUG 
execution only if hydronephrosis, scarring, or 
other anomalies are detected at the US [ 12 ]. 
Moreover, they indicate VCUG in the presence 
of “other atypical or complex clinical circum-
stances,” but these situations are not specifi ed in 
detail. In any case, a DMSA scan is not recom-
mended. NICE [ 20 ] and ISPN [ 21 ] consider the 
presence of risk factors together with the results 
of ultrasonography as the fi rst step in the selec-
tion of children for further imaging (VCUG and/
or DMSA scan) and, like AAP, discourage 
 routine imaging. However, in clinical practice 
what is known as the top-down approach (TDA) 
is often used even though it is not a formal guide-
line [ 57 ]. TDA involves performing an initial 

DMSA scan in all children during the acute phase 
of the infection and a subsequent VCUG only in 
those children whose scan shows the presence of 
localized infection in the renal parenchyma. 
Details of the imaging algorithms are summa-
rized in Table  28.3 . So these new algorithms were 
proposed in order to identify a high-risk popula-
tion, for which a full imaging workup is neces-
sary. Identifying this high-risk population allows 
for a reduction in the number of unnecessary 
imaging tests, in psychological stress, and in eco-
nomic and radiation costs.

   In a recent study [ 58 ], we retrospectively sim-
ulated the application of AAP, NICE, ISPN, and 
TDA algorithms to a cohort of children aged 
2–24 months from the Italian Renal Infection 
Study 1 [ 2 ], an RCT comparing the effi cacy of 
oral antibiotic treatment alone with initial paren-
teral treatment, in children with a fi rst fUTI. All 

  Fig. 28.1    Current understanding of febrile urinary tract infections and renal scarring (Reproduced with permission 
from Montini et al. [ 56 ])       
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recruited children underwent a complete imaging 
workup (US, VCUG, and acute and late DMSA 
scan). The missed rate of refl ux grades III–V was 
27 % for ISPN (LR + 2.1, LR- 0.4), 50 % for 
NICE (LR + 5.1, LR- 0.5), 61 % for AAP 
(LR + 3.3, LR- 0.7), and 15 % for the TDA 
(LR + 1.7, LR- 0.3), while the rate of missed scars 
was 53 % for ISPN (LR + 3.2, LR- 0.6), 62 % for 
NICE (LR + 2.4, LR- 0.7), and 100 % for AAP 
(LR not available). Obviously, the TDA detected 
the presence of all scars (LR + 2.2, LR- 0) [ 58 ]. 
So, these diagnostic approaches, as expected, 
have a low sensitivity, failing to identify a good 
proportion of VUR and scars, except for the TDA. 

 Data on missed anomalies together with the 
poor related likelihood ratio suggest that all three 
diagnostic algorithms from the formal guidelines 
are not highly reliable, either for ruling in or ruling 

out children with high-grade VUR or scarring. 
Today, the role    that these results play in the man-
agement of fUTIs is still unclear because of the 
following: (1) As far as the long-term conse-
quences are concerned, the clinical signifi cance of 
missing some of the refl uxes remains undefi ned; 
(2) The majority of recommendations require that 
children undergo full imaging workup after a sec-
ond infection, meaning that those children who 
slipped through the net the fi rst time round would 
be correctly diagnosed at this point. These chil-
dren would constitute the high-risk group open to 
recurrent infection; (3) The TDA, which identifi es 
the vast majority of VUR and renal scars, carries 
the greatest burden in terms of fi nancial and radia-
tion costs. However, the new approaches signifi -
cantly reduce the number of investigations 
performed [ 58 – 61 ], avoiding what are now 
deemed as unnecessary imaging tests in children 
after an uncomplicated fi rst febrile UTI, who are at 
low risk of signifi cant anomalies. 

 The rate of infants with any grade of VUR 
after a fi rst febrile UTI is 20–30 % but, when con-
sidering high-grade refl uxes, the rate drops to 
1–4 % for grade IV–V [ 2 ,  12 ,  62 ,  63 ]. The rate of 
infants with high-grade VUR is higher for chil-
dren with recurrent infections. The prevalence of 
VUR decreases with age of the child at the fi rst 
febrile UTI. The prevalence of renal scarring 
after a fi rst febrile UTI at late DMSA scan is 
15 %, while less than 1 % had preexisting renal 
scarring and/or dysplasia [ 63 ]. High-grade 
refl uxes (III to V) are reported as being at 
increased relative risk for developing renal scar-
ring compared to those with lower grade (RR: 2.1 
[95 % CI: 1.4–3.2]) [ 63 ]. 

 Finally, a less aggressive imaging follow-up 
leads to a substantial reduction in economic costs 
and radiation exposure [ 64 ,  65 ]. The latter is 
between 4 and 15 times lower compared to a full 
imaging workup. The radiation risks connected 
to radiographic and scintigraphic imaging should 
not be underestimated. A recent article on pediat-
ric cancer associated with exposure to diagnostic 
radiation in infancy demonstrated an increased 
risk of lymphoma (odds ratio, 5.14; 95 % CI, 
1.27–20.78) [ 65 ]. Therefore, such procedures 
have to be adequately justifi ed. 

   Table 28.3    Imaging strategies following the fi rst febrile 
urinary tract infection: comparison between different 
guidelines   

 Guidelines  Ultrasound 
 Voiding 
cystogram 

 Late DMSA 
scan 

 NICE [ 20 ]  Yes  If positive 
US and/or 
atypical 
UTI a  

 If atypical 
UTI a  

  <6 months  If atypical 
UTI a  

 If children 
with risk 
factors b  

 If atypical 
UTI a    ≥6 months 

 AAP [ 12 ]  Yes  If positive 
US 

 No 

 ISPN [ 21 ]  Yes  If positive 
US and/or 
children 
with risk 
factors c  

 If positive 
US and/or 
VUR 

 TDA [ 57 ]  No  If positive 
acute 
DMSA 

 If positive 
acute 
DMSA 

   a Seriously ill, poor urine fl ow, abdominal or bladder mass, 
raised creatinine, septicemia, failure to respond to correct 
antibiotic treatment within 48 h, infection with non  E. coli  
organisms 
  b Dilatation on US, poor urine fl ow, non  E. coli  infection, 
family history of VUR 
  c Abnormal prenatal US of the urinary tract, family history 
of VUR, septicemia, renal failure, age <6 months in a 
male infant, likely noncompliance of the family, abnormal 
bladder emptying, no clinical response to correct antibi-
otic treatment within 72 h, non  E. coli  infection  
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 In conclusion, we believe that, in light of cur-
rent knowledge, a less aggressive diagnostic 
approach should be adopted after a fi rst 
fUTI. Further diagnostic procedures should be 
limited to those children who have recurrent 
febrile infections or documented renal develop-
mental anomalies (e.g., hypo-dysplasia) that rep-
resent an independent risk factor for the 
development of chronic kidney disease. However, 
we suggest performing an US even though, as 
reported by a systematic review [ 22 ], it is 
 considered a poor test both for ruling in and for 
ruling out the localization of UTI (pooled likeli-
hood ratio was 3.11 [95 % CI 2.3–3.4] and pooled 
negative likelihood ratio was 0.62 [95 % CI 0.53–
0.73]) and VUR (pooled likelihood ratio was 1.9 
[95 % CI 1.2–2.9] and pooled negative likelihood 
ratio was 0.76 [95 % CI 0.63–0.93]). Conversely, 
US is a reasonably good test for the prediction of 
scarring (pooled positive likelihood ratio, 10.7 
[95 % CI 4.5–25.7]), while it is less useful for 
ruling it out (pooled negative likelihood ratio, 
0.40 [95 % CI 0.19–0.86]. 

 However, considering the high rate of sponta-
neous resolution of VUR with age and the good 
renal outcome for patients with scarring but 

 without major congenital renal abnormalities, we 
discourage the routine execution of VCUG and 
DMSA scans.  

28.5     Antibiotic Prophylaxis 
and Complementary 
Strategies for UTI Prevention 

 Recurrent febrile UTIs are signifi cantly associ-
ated with DMSA abnormalities at 1 year [ 66 ], as 
well as causing discomfort and psychological 
stress for children and apprehension for parents. 
This has led to an effort to identify risk factors for 
UTI recurrence and strategies that may help pre-
vent this phenomenon. 

 There is a lack of solid evidence and some con-
troversy regarding the risk factors predisposing to 
recurrence (Table  28.4 ). Panaretto et al. evaluated 
risk factors that predispose for recurrent UTIs in 
a cohort of 290 children (aged up to 5 years) fol-
lowing a fi rst symptomatic UTI, who developed 
46 relapses. The authors identifi ed age of less than 
6 months (OR 2.9) and grade 3–5 refl ux (OR: 3.5) 
as independent risk factors for recurrence [ 66 ]. 
Conway et al. identifi ed risk factors for recurrent 

   Table 28.4    Summary of risk factors relating to recurrence of urinary tract infections   

 Risk factors 

 Study 

 Panaretto 
et al. [ 66 ] 

 Shaikh 
et al. [ 69 ] 

 Stauffer 
et al. [ 70 ] 

 Bratslavsky 
et al. [ 71 ] 

 Bakker 
et al. [ 72 ] 

 Conway 
et al. [ 67 ] 

 Gender  NS  NE  NE  NS  NE  NS 
 Age  ++ a   NE  NE  NE  NE  ++ b  
 Family history  NE  NE  ++  NS  NE  NE 
 Constipation/ functional stool retention/
encopresis 

 NE  ++  ++  NS  NE  NE 

 Circumcision  NE  NE  NE  NS  NE  NE 
 Dysfunctional voiding/inadequate 
toilet habits 

 NE  ++  ++  NE  ++  NE 

 Poor fl uid intake  NE  NE  ++  NE  NE  NE 
 All grades of VUR  NS  ++  NE  NE  NE  NS 
 High grades of VUR  ++ c   NE  NE  NE  NE  ++ d  

   NE  not evaluated,  NS  not signifi cant 
  a <6 months 
  b 3–5 years 
  c Grade 3–5 VUR 
  d Grade 4–5 VUR  
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UTIs during the study of a cohort of 611 children 
under 6 years of age, recruited from a network of 
27 pediatric primary care centers, 83 of whom 
developed recurrent UTI [ 67 ]. Multivariate analy-
sis showed that factors associated with an increased 
risk of recurrence of UTI were white race (0.17 per 
person-year; hazard ratio [HR], 1.97; 95 CI, 1.22–
3.16), age between 3 and 4 years (0.22 per person-
year; HR, 2.75; 95 % CI, 1.37–5.51), age between 
4 and 5 years (0.19 per person-year; HR, 2.47; 
95 % CI, 1.19–5.12), and grade 4–5 vesicoureteral 
refl ux (0.60 per person-year; HR, 4.38; 95 % CI, 
1.26–15.29). Sex, grade 1–3 vesicoureteral refl ux, 
and no circumcision were not associated with risk 
of recurrence. A recent meta-analysis reports lack 
of circumcision as an important risk factor of UTIs 
[ 68 ]. Other described risk factors relating to recur-
rence were family history of UTI, dysfunctional 
voiding syndrome, poor fl uid intake, and func-
tional stool retention [ 20 ,  69 – 72 ].

   While some of the described risk factors are 
not modifi able (age, white race, familiarity), oth-
ers (presence of refl ux, voiding habits, phimosis, 
bladder function, constipation, and fl uid intake) 
can be modifi ed through behavioral changes and/
or medical interventions. Historically, antibiotic 
prophylaxis represented the corner stone for the 
prevention of recurrent UTI, especially if VUR 
was detected, so much so that the three most 
recent guidelines almost exclusively consider 
antibiotic prophylaxis as a preventative measure 
[ 12 ,  20 ,  21 ], but none of them actually advocate a 
routine use (Table  28.5 ). However, ISPN recom-
mends prophylaxis in children with refl ux grades 
III to V and in children with recurrent (≥3 febrile 
UTIs within 12 month) febrile UTIs [ 21 ].

   Several RCTs have been conducted in pediat-
ric settings with the aim of assessing whether or 
not long-term antibiotic prophylaxis is effective 
in reducing recurrence of UTI. Two systematic 
reviews have been published summarizing evi-
dence up to 2010 [ 73 ,  74 ]. Most of the included 
studies had limitations in methodological design, 
particularly inadequate sample size, allocation 
concealment and no blinding, and question-
able primary outcome (such as repeated posi-
tive urine culture). Both reviews showed that the 
benefi t of long-term prophylaxis is small, with a 

modest and not statistically signifi cant decrease 
in the amount of recurrence of symptomatic 
UTI. Moreover, long-term antibiotics increased 
the development of resistant bacteria to the treat-
ment drug. A signifi cant reduction (RR 0.68, 
95 % CI 0.48–0.95) with no heterogeneity was 
found only when data of the two of the later 
and larger studies with an adequate allocation 
concealment [ 5 ,  54 ] were analyzed [ 74 ]. These 
studies were reported as “the least biased and 
therefore likely to refl ect the true effect of pro-
phylactic antibiotic treatment” [ 74 ]. 

 Neither of the reviews analyzed data from the 
Swedish Refl ux Study which showed that antibi-
otic prophylaxis is capable of reducing the recur-
rence of pyelonephritis and scarring in the few 
infants and young children with high-grade (III–
IV) dilating refl ux, particularly in girls [ 55 ]. 

 Another medical option which helps to prevent 
urinary tract recurrence, mainly cystitis in girls, is 
drinking cranberry juice or taking products con-
taining cranberry. Cranberries contain a substance 
able to inhibit bacterial adhesion to the uroepithe-
lium of the bladder. Recently, a Cochrane review of 
24 studies demonstrated that cranberry products 
did not signifi cantly reduce the occurrence of 
symptomatic UTI overall (RR 0.86, 95 % CI 0.71–
1.04) or for any of the subgroups such as women 
with recurrent UTIs (RR 0.74, 95 % CI 0.42–1.31), 
children with recurrent UTI (RR 0.48, 95 % CI 
0.19–1.22), and people with neuropathic bladder or 
spinal injury (RR 0.95, 95 % CI: 0.75–1.20) [ 75 ]. 

   Table 28.5    Antibiotic prophylaxis and complementary 
strategies for UTI prevention: comparison between differ-
ent guidelines   

 Guidelines 
 Antibiotic 
prophylaxis  Others interventions 

 NICE [ 20 ]  Not for routine use  Treat dysfunctional 
elimination syndromes 
and constipation 
 Drink an adequate 
amount of fl uid 
 Do not delay voiding 

 AAP [ 12 ]  Not for routine use  Not considered 
 ISPN [ 21 ]  For refl ux III–V  Not considered 

 Recurrent febrile 
UTI a  

   a ≥3 febrile UTIs within 12 months  
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 The role of circumcision was evaluated by two 
systematic reviews with contradictory results 
[ 68 ,  76 ]. The fi rst, published in 2005, demon-
strated that circumcision reduces the risk of UTI 
but that 111 circumcisions are required to prevent 
one UTI when this intervention is applied to non 
predisposed infant boys. In boys with recurrent 
UTI or high-grade VUR, the numbers needed to 
treat are 11 and 4, respectively [ 76 ]. A more 
recent review regarding circumcision, published 
in 2013, demonstrated that lack of circumcision 
confers a 23 % chance of UTI during lifetime, 
with a lower number needed to treat of 4 [ 68 ]. 
The authors therefore favor circumcision. 

 Only NICE guidelines suggest addressing 
dysfunctional elimination syndromes and consti-
pation in infants and children who have had a 
UTI, encouraging children to drink an adequate 
amount of fl uid, and have ready access to clean 
toilets when required and not delay voiding [ 20 ]. 
These interventions have never been tested in 
randomized controlled trials. 

 In conclusion, we suggest, based on current evi-
dence, that antibiotic prophylaxis should be pro-
posed in children with refl ux of grade III and above 
and in the case of recurrent febrile UTIs; co-amox-
iclav, cotrimoxazole, cephalosporins, and nitrofu-
rantoin are the preferred antibiotics. The latter, 
although more effective, is burdened by adverse 
side effects and the risk of poor compliance [ 73 , 
 74 ]. We think that a reasonable duration for antibi-
otic prophylaxis is 2 years in young girls and 1 year 
in young boys. Circumcision should not be routine 
practice but reserved for males with recurrent UTI 
if associated with a high-grade refl ux. We recom-
mend assessing whether constipation is present or 
not and evaluating voiding habits to see whether 
any irregularities are present, which should then be 
corrected. Moreover, children should drink an ade-
quate amount of fl uid every day.     
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29.1            Introduction 

 Chronic kidney disease (CKD) is a clinical con-
dition characterized by an irreversible deteriora-
tion of renal function that gradually progresses 
to end-stage renal disease (ESRD), the termi-
nal stage of CKD, when treatment with renal 
replacement therapy (RRT) becomes necessary 
to sustain life. The Kidney Disease Outcomes 
Quality Initiative (KDOQI) working group of 
the National Kidney Foundation (NKF) defi ned 
CKD as “evidence of structural or functional kid-
ney abnormalities (abnormal urinalysis, imag-
ing studies, or histology) that persist for at least 
3 months, with or without a decreased glomerular 
fi ltration rate (GFR), as defi ned by a GFR of less 
than 60 ml/min per 1.73 m 2 ” [ 1 ]. 

 The above defi nition is not applicable to chil-
dren younger than 2 years, because they normally 
have a low GFR, even when corrected for body 
surface area. In these patients, calculated GFR 
based on serum creatinine can be compared with 
normative age-appropriate values (Table  29.1 ) to 
detect renal impairment.

   According to the KDOQI scheme, CKD is 
characterized by stage 1 through stage 5 (ESRD), 
as depicted in Table  29.2 .
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   Table 29.1    Normal GFR values for age   

 Age 
 Medium GFR ± SD 
(mL/min/1.73 m 2 ) 

    1 week (male e female)  41 ± 15 
 2–8 weeks (male e female)  66 ± 25 
 8 weeks–2 years (male e female)  96 ± 22 

  Clinical practice guidelines for chronic kidney disease: 
evaluation, classifi cation, and stratifi cation 
 KDOQI clinical practice guidelines  

   Table 29.2    NKF-KDOQI stages of chronic kidney disease   

 Stage  Description  GFR (mL/min/1.73 m 2 ) 

 1  Kidney damage with 
normal or increased 
GFR 

 >90 

 2  Kidney damage with 
mild decrease in GFR 

 89–60 

 3  Moderate decrease in 
GFR, biochemical 
abnormalities, poor 
growth and appetite 

 59–30 

 4  Severe decrease in 
GFR, more severe 
symptoms 

 29–15 

 5  Kidney failure, renal 
replacement therapy 
required 

 <15 or dialysis 

  Clinical practice guidelines for chronic kidney disease: 
evaluation, classifi cation, and stratifi cation (Reprinted from 
National Kidney Foundation [ 1 ] with permission from 
Elsevier)  
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29.2        Epidemiology and Causes 
of CKD 

 The earlier stages of CKD are both underdiag-
nosed and underreported, as patients are often 
asymptomatic. Most of the information on CKD 
in children originates from data available on 
ESRD. Epidemiological studies that have been 
performed provide evidence that ESRD only rep-
resents the “tip of the iceberg” of CKD, suggest-
ing that patients in the earlier stages of the disease 
are likely to exceed those reaching ESRD by as 
many as 50 times [ 2 ]. Incidence and prevalence 
are 20 times lower in children than in adults [ 3 ] .  
The incidence of ESRD in Europe, according to 
the ESPN/ERA-EDTA Registry, is 6.5 children 
per year per million of age-related population 
(pmarp), ranging from 2.3 in Hungary to 12.3 in 
Finland [ 3 ] .  The highest incidence of ESRD is 
in adolescence (8 pmarp/year), the lowest in late 
childhood (4.6 pmarp/year), and the intermediate 
(6.7 pmarp/year) in children younger than 5 years 
of age. The prevalence of ESRD children is around 
65 pmarp in Australia, Canada, and Europe, with 
the exception of Finland, where a higher preva-
lence of ESRD in infants is due to congenital 
nephrotic syndrome of the Finnish type. In the 
United States, prevalence is higher (85 pmarp), 
while in Japan it is much lower (34 pmarp). 
ItalKid is an Italian registry of children affected 
by chronic renal failure which collected data from 
1990 to 2000. ItalKid reported a mean incidence 
of 12.1 cases per year per million in the age-
related population and a prevalence of 74.7 per 
million [ 4 ], which are values that are signifi cantly 
lower than those mentioned above. This discrep-
ancy is probably due both to the fact that ItalKid 
selected patients using a different defi nition of 
CKD (GFR <75 mL/min/1.73 m 2 ) and patients in 
the early stages are often asymptomatic and there-
fore the condition is underdiagnosed. 

 Causes of CKD are very different in children 
compared to adults; differences exist also as far 
as the age of onset within the pediatric range is 
concerned, as depicted in Table  29.3 .

   The primary causes of CKD in adults are dia-
betic nephropathy and hypertension, which do not 
exist in pediatric patients. In children, the most 

common causes are congenital anomalies of the 
kidney and urinary tract, also known as CAKUT, 
accounting for 57.5 % of CKD children [ 4 ]. 
CAKUT include mainly renal agenesis and hypo-
dysplasia from the nephrological viewpoint and 
vesicoureteral refl ux, hydrouretero- nephrosis, 
and posterior urethral valves from the urological 
point of view. CAKUT predominates in younger 
patients and nowadays these anomalies are often 
detected at prenatal ultrasound. These conditions 
are usually associated with other comorbidi-
ties and are included in the framework of many 
genetic syndromes that also have kidney involve-
ment, as depicted in Table  29.4 . A multidisci-
plinary approach is always recommended in order 
to provide adequate counseling and prognosis.

   Other causes of CKD manifesting in the fi rst 
2 years of life are ciliopathies (Joubert syn-
drome, autosomal recessive polycystic kidney 
disease) and congenital nephrotic syndrome [ 4 ]. 
Glomerulopathies, such as IgA nephropathy and 
Alport syndrome, are the leading cause in children 
older than 12 years of age, together with nephro-
nophthisis and medullary cystic kidney disease. 

 The aforementioned diseases are well- 
established pediatric nephropathies; however, 
new conditions are emerging as causes of or pre-
disposing factors for CKD in children: low birth 

   Table 29.3    Principle CKD diseases according to most 
frequent age onset   

 0–5 years  5–18 years 

 CAKUT  IgA nephropathy 
 Autosomal 
recessive polycystic 
kidney disease 

 Henoch-Schonlein nephritis 

 Congenital 
nephrotic syndrome 

 Lupus nephritis 

 Genetic syndromes  Nephronophthisis and medullary 
cystic kidney disease 

 Hemolytic uremic 
syndrome 

 Focal segmental 
glomerulosclerosis 
 Alport syndrome 
 Membranoproliferative 
glomerulonephritis 
 Fanconi syndrome (cystinosis, 
Dent’s disease, Lowe syndrome, 
mitochondrial cytopathies) 
 Primary hyperoxaluria 
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weight and prematurity, chemotherapy-induced 
nephropathies, solid organ transplantation, and 
obesity. Low birth weight and prematurity are a 
relatively frequent condition in the current popu-
lation, considering that 13 million infants are born 
prematurely each year [ 5 ] .  People with low birth 
weight and prematurity show an increased risk of 
developing primary renal diseases and progress-
ing to CKD; the loss of nephron mass associated 
with premature birth seems to be the main expla-
nation for this. Both prenatal and postnatal factors 
are implicated: nephrogenesis reaches comple-
tion between 34 and 36 weeks of gestation, so the 
strong connection between the week of birth and 
kidney development is evident. Postnatal factors 
include the high prevalence in preterm infants of 
acute kidney injury during the perinatal period and 
the effects of perinatal drugs on kidney growth 
[ 6 ]. Raised blood pressure and decreased renal 
function, usually manifesting in early childhood, 
often progress to overt disease in adulthood [ 5 ]. 
Confi rming this hypothesis are data from a meta-
analysis of 32 studies [ 7 ], which reported the odds 
ratio for CKD (including ESRD) associated with 
low birth weight as 1.73 (95 % CI 1.44–2.08). 

 Obesity also seems to play a role, both directly 
and indirectly, in the development of CKD in 

 pediatric patients [ 8 ]: glomerular hyperfi ltration, 
hypertension, and renin-angiotensin-aldosterone 
system activation induce glomerular damage and 
progressive kidney failure, especially in patients 
with an initial renal “hit.” Furthermore, obesity- 
associated dyslipidemia contributes to progressive 
CKD promoting blood vessel infl ammation and 
endothelial dysfunction [ 9 ]. Evidence for a link 
between dyslipidemia and reduced renal function in 
children was recently noted in a population- based 
study from Turkey (CREDIT-C study), where higher 
BMI, hypertriglyceridemia, and hypercholesterol-
emia were associated with a lower GFR [ 10 ]. 

 The causes of CKD vary across races; for 
example, focal segmental glomerulosclerosis, the 
main cause of glomerular disease, is three times 
more common in blacks than in whites and espe-
cially among black adolescents [ 11 ]; primary 
hyperoxaluria type 1 is seen with higher fre-
quency in Tunisia and the Canary Islands [ 12 ]; 
congenital nephrotic syndrome with NPHS1 
mutation is predominant in Finland [ 13 ]. 

 Diagnosis of CKD in its early stages is crucial 
for achieving an adequate control of metabolic 
parameters and blood pressure in order to slow 
down the progression of the disease and avoid the 
appearance of complications and comorbidities. 
In Table  29.5 , the categories of patients who need 
to be followed (annual urine analysis and blood 
pressure measurement) as they are potentially at 
risk of developing CKD are listed. For example, 
children with solitary kidney need to be followed 
as they are at risk of developing CKD even when 
they have a normal renal function. Two important 
studies pointed out that in these patients hyper-
tension, proteinuria, and renal failure are more 
frequent than in healthy children [ 14 ,  15 ].

   Table 29.4    Genetic syndromes with renal involvement   

 Disease  Kidney abnormalities 

 William’s syndrome  Renal ipo-agenesis, 
nephrocalcinosis, renal artery 
stenosis 

 Down syndrome  Renal hypodysplasia associated to 
uropathies 

 Turner, Noonan, 
DiGeorge 

 Various structural abnormalities 

 Brachio-oto-renal 
syndrome 

 Renal agenesis, hypodysplasia 
associated to uropathies 

 Tuberous sclerosis  Renal angiomyolipomas and cysts 
 Bardet-Biedl 
syndrome 

 Cystic dysplasia 

 Meckel-Gruber 
syndrome 

 Cystic dysplasia 

 Vacter-vacterl  Renal agenesis, hypodysplasia 
associated to uropathies 

 Denys-Drash 
syndrome 

 Congenital nephrotic syndrome, 
Wilms tumor 

 Frasier syndrome  Congenital nephrotic syndrome, 
Wilms tumor 

   Table 29.5    Patients who need to be followed by a pedi-
atric nephrologist   

 Family history of chronic renal disease 
 Prematurity and low birth weight 
 Solitary kidney or major nephro-urologic 
malformations 
 Obesity 
 High blood pressure 
 Past history of acute kidney injury 
 Growth retardation and polyuria 

29 Chronic Kidney Disease



356

29.3        Progression of the Disease: 
Modifi able and Non- 
modifi able Risk Factors 

 Our aim as pediatric nephrologists is to slow 
down the progression of CKD. At present, our 
knowledge regarding the pathogenesis of chronic 
renal damage has been able to provide some 
important targets for drug therapies and diagnos-
tic tools. Two models have been suggested for the 
progression of kidney injury to CKD, focusing 
principally on both the involvement of the 

 glomeruli and the tubulointerstitium. The “fi bro-
sis hypothesis” suggests that a variety of initial 
insults to the kidney cause tubulointerstitial 
 damage, leading to infl ammation and injury that 
proceeds to CKD. The “overload hypothesis,” on 
the other hand, states that a decrease in the num-
ber of functioning nephrons leads to kidney 
injury. In response, the remaining nephrons com-
pensate for this loss by increasing their functional 
capacity. This, in turn, causes ulterior nephron 
damage and loss, generating a feedforward  circuit 
that ultimately leads to ESRD. These pathways, 

Renal injury

Decreased nephron mass

Glomerular-capillary
hypertension

Increased glomerular permeability
to macromolecules

Increased filtration
of plasma proteins Proteinuria

Excessive tubular
reabsorption of protein

Abnormal accumulation
of protein in endolysosomes
and endoplasmic reticulum

Nuclear signals for NF–kB–dependent
and NF-kB-independent vasoactive

and inflammatory genes

Release of vasoactive and
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the interstitium

Renal scarring

Increased synthesis
of type IV collagen

Interstitial
inflammatory
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Transformation
of tubular cells to

fibroblasts
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proliferation
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  Fig. 29.1    Pathophysiology of 
the kidney injury (From 
Remuzzi and Bertani [ 51 ]. 
Copyright © 1998 
Massachusetts Medical 
Society. Reprinted with 
permission from 
Massachusetts Medical 
Society)       
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depicted in Fig.  29.1 , give us two distinct ideas 
about the mechanism by which CKD progresses, 
yet they can be simultaneous [ 16 ].

   The natural evolution of the early stages is vari-
able and often unpredictable, especially because of 
the limited epidemiological data available for these 
children. Conversely, patients in the advanced 
stages of CKD will develop ESRD, either in the 
short or long term, as shown in Fig.  29.1 . Patients 
with earlier stages of CKD often have a normal 
or near-normal serum creatinine concentration. 
When a critical amount of nephron mass has 
been lost, renal function will decline more or 
less progressively, leading to the development of 
irreversible CKD, which results in ESRD. The 
abovementioned adaptive hyperfi ltration leads to 
long-term damage to the residual nephrons, which 
causes pathological proteinuria and a gradual loss 
of kidney function. The increase in urinary pro-
tein is “toxic” for tubular cells and interstitium, 
while systemic hypertension causes glomerular 
hypertension, hypertrophy, and injury. It is obvi-
ous that kidney diseases progress in different 
ways depending on their particular pathogenesis. 
Glomerulopathies progress more rapidly to ESRD 
than CAKUT, probably because proteinuria and 
hypertension are always present at onset in the 
former, while they appear later in CAKUT [ 17 ]. 

29.3.1     Modifi able Risk Factors 

 The principle modifi able risk factors for renal 
failure progression are: proteinuria, hyperten-
sion, obesity, dyslipidemia, hyperuricemia, meta-
bolic acidosis, oxidative stress, disorders of 
mineral metabolism, and hyperparathyroidism. 
In the routine clinical management of CKD chil-
dren, pediatric nephrologists strive to keep as 
many of these factors under control as possible. 

 Proteinuria and hypertension are the two prin-
cipal risk factors associated with a more rapid 
decline in kidney function [ 18 – 21 ]. They are both 
frequent and can appear in the fi rst stages of 
CKD. In a study of almost 400 children with CKD, 
the prevalence of hypertension and proteinuria 
was 70 and 11.5 %, respectively. In children with 
CKD stages IV and V, the prevalence of protein-
uria approached 40 % [ 22 ]. The ItalKid Project 

evaluated the role of proteinuria in the disease pro-
gression of children with hypodysplastic kidneys. 
Patients with a higher protein value at baseline 
(protU/creatU >0.9) had a faster decline of renal 
function and poorer kidney survival after 5 years. 
Inhibition of the renin- angiotensin system (RAS) 
has been the most extensively studied anti-hyper-
tensive and anti- proteinuric strategy for renopro-
tection in CKD and represents the mainstay of 
current preventive strategies for CKD progression. 
RAS antagonists act through several pathways, 
reducing fi ltration by lowering intraglomerular 
pressure and inhibiting vasoactive and pro-infl am-
matory signaling [ 23 ]. Interestingly, a signifi cant 
reduction in renal failure progression and protein-
uria was obtained through strict blood pressure 
control with an ACE inhibitor (ramipril) in the 
ESCAPE trial (Effect of Strict Blood Pressure 
Control and ACE Inhibition on the Progression of 
CRF in Pediatric Patients). The ESCAPE study 
enrolled 468 European children with CKD. They 
were randomized into two groups: patients sub-
jected to intensifi ed blood pressure control (mean 
24 h BP <50th percentile) and patients subjected to 
conventional blood pressure control (mean 24 h 
BP: 50–90° percentile). All patients were treated 
with ramipril. Children with hypodysplasia and 
glomerulopathies under intensifi ed BP control had 
a signifi cant reduction in relative risk (35 %) of 
losing 50 % of kidney function or progressing to 
ESRD in a long-term follow-up of 5 years. The 
anti-proteinuric effect of ramipril was observed for 
the fi rst 6 months, after which an increase in pro-
teinuria was noted, although good blood  pressure 
control persisted. In another trial, 300 CKD chil-
dren with proteinuria were treated with losartan or 
enalapril. Here, the reduction in proteinuria was 
sustained for 3 years [ 24 ,  25 ]. The use of a com-
bined therapy, ACE inhibitor and angiotensin type 
1 receptor blockers, can prolong and increase the 
anti-proteinuric effect when there is a resistance to 
ACE inhibitors alone.  

29.3.2     Non-modifi able Risk Factors 

 There are various signifi cant non-modifi able risk 
factors: genetics, ethnicity, age, low birth weight 
and/or prematurity, and gender. 
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 Puberty is the period of life during which 
CKD children are at higher risk of suffering a 
rapid decline in renal function. This has been 
well documented by the abovementioned ItalKid 
Project [ 26 ]. Figure  29.2  shows the rapid down-
ward slope of the kidney survival curve at the 
start of adolescence. This progression, observed 
also in other chronic human diseases, may be due 
to rapid growth and sex hormone activity.

   Current research is focused on the attempt to 
clarify the genetic susceptibility to CKD and the 
role of genetics in CKD progression. It is well 
known that there is a hereditability in CKD and 
research is currently being carried out into the 
involvement of several candidate genes. 

 Several population-based studies with genome-
wide association have recently been published on 
genotypic variation and kidney function. UMOD, 

for example, is the gene that encodes for uromod-
ulin, the major protein secreted in the urine. Its 
expression is linked to hypertension and 
CKD [ 27 ].   

29.4     Growth, Development, 
and Prognosis of Children 
with CKD 

 Growth failure has long been recognized in chil-
dren with CKD. Over the last two decades, the 
efforts of pediatric nephrologists have focused 
especially on improving growth and development 
in CKD children; however, growth retardation is 
still a common problem, especially in infants 
[ 28 ] .  Impairment of growth can begin when there 
is a 50 % fall in GFR, and it becomes an evident 
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  Fig. 29.2    Estimated kidney 
survival in children with CKD 
by age (From Ardissino et al. 
[ 26 ] with permission from 
BMJ Publishing Group Ltd)       
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problem once GFR falls below 25 % [ 29 ] .  The 
etiology of growth failure is multifactorial, 
refl ecting abnormalities in the growth hormone/
insulin-like growth factor axis, decreased nutri-
tion, and metabolic disturbances. In order to 
grow, these children require aggressive medical 
treatment that includes maximization of nutri-
tion, prompt correction of metabolic acidosis, 
prevention of renal osteodystrophy and hyper-
parathyroidism, correction of anemia, and salt 
supplementation as needed .  In the last decade, 
several studies have documented that growth hor-
mone therapy (rhGH) promotes catch-up growth 
in CKD children [ 30 ,  31 ] .  Advances in the man-
agement of CKD patients, and particularly in the 
treatment of the factors mentioned above, have 
produced a signifi cant improvement in the fi nal 
height of CKD children. A recent publication 
reported growth data from 1,612 patients enrolled 
in the European Registry of RRT [ 32 ] .  All the 
enrolled children started RRT before the age of 
19 years and reached adult height between 1990 
and 2011. The data showed that children who 
reached adulthood between 2006 and 2011 were 
signifi cantly taller than the children who reached 
adulthood between 1990 and 1995 (−1.33 vs. 
−2.06 SDS, respectively). This gain in height led 
to psychological benefi t and an increase in physi-
cal and social functioning together with an 
improvement in quality of life [ 33 ] .  

 Currently, the great challenge for pediatric 
nephrologists is to further increase the long-term 
survival prospects of CKD children through the 
early recognition of the known comorbidities. 
A great number of recent studies have looked at 
cardiovascular disease as it is the major cause of 
mortality in children on ESRD [ 34 – 38 ]. A retro-
spective cohort study from the United States 
Renal Data System (USRDS) analyzed data from 
more than 20,000 dialyzed children between 
1990 and 2010 and showed that cardiac arrest 
was the most common cardiovascular cause of 
death, both in children younger (53 %) and older 
(49 %) than 5 years of age [ 37 ]. In CKD, there 
are several factors that increase the pre- and post- 
cardiac load (fl uid retention, hypertension, ane-
mia, chronic infl ammation). Left ventricular 
hypertrophy is a precocious sign, it begins as a 

compensatory mechanism in order to increase the 
cardiac output, but it can be quickly associated 
with systolic and/or diastolic dysfunction. High 
systolic blood pressure, hyperparathyroidism, 
hypercalcemia, and hyperphosphatemia, as well 
as long-term dialysis, have been described as 
important risk factors for cardiovascular disease 
[ 36 ]. In 2009, a consortium of pediatric nephrol-
ogists in Europe started a prospective observa-
tional study in order to better understand the 
causes and consequences of cardiovascular 
comorbidity in children with progressive 
CKD. The trial is called the “4C” Study – 
Cardiovascular Comorbidity in Chronic Kidney 
Disease in Children – and is following 737 chil-
dren from 12 European countries as they advance 
through successive stages of CKD [ 39 ]. Patients 
undergo regular noninvasive cardiac and vessels 
examinations such as pulse-wave velocity, carotid 
intima-media thickness, echocardiography, and 
24-h blood pressure monitoring in order to detect 
when the early signs of disease appear and which 
of the possible risk factors are more heavily 
involved. 

 Over the last two decades, a reduction in mor-
tality has been observed which is probably due to 
improved pre-dialysis care and better control of 
CV risk factors. The USRDS data illustrates a 
gradual decrease in mortality rate (deaths per 
1,000 person-years of observation) in patients 
who started dialysis in four approximately equal 
time periods between 1990 and 2010. Patients 
who started dialysis in the last decade had a sig-
nifi cantly lower mortality rate than those who 
started in the previous decades [ 37 ].  

29.5     Special Issues in Management 
of End- Stage Renal Disease: 
Preemptive Transplantation 
and Best Renal Replacement 
Therapy 

29.5.1     Preemptive Transplantation 

 It is known that expected remaining lifetime is 
much lower in dialysis children compared to 
those who have undergone renal transplant [ 40 ] 
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and we have already talked about cardiovascu-
lar comorbidities and the risk of cardiac death 
in dialyzed children. Therefore, the current strat-
egy is to reduce time on ESRD and, if possible, 
avoid dialysis by performing preemptive kidney 
transplantation. Preemptive kidney transplan-
tation is indeed the gold standard treatment for 
ESRD. Children are in a privileged position as 
far as transplantation is concerned. The oppor-
tunity of preemptive transplantation due to the 
availability of living donors, particularly parents, 
and pediatric deceased donor waiting lists makes 
transplantation a real possibility in a relatively 
short time. However, there are some situations in 
which transplantation should be delayed, such as 
in very small babies or immunologically sensi-
tized children. 

 Pre-transplant assessment of the  recipient 
takes time, requires a multidisciplinary approach, 
and has to be performed “not too early and not 
too late,” in order to be ready for preemptive 
transplantation. In the context of pediatric urol-
ogy, the evaluation of patients with lower uri-
nary tract dysfunction is of particular interest, 
especially when we consider that CAKUT are 
the most frequent causes of CKD. These patients 
have to be carefully evaluated as they can have 
urological and infection-related complications 
of the graft. Before transplantation, an accurate 
urodynamic assessment is mandatory in order 
to evaluate cystometric bladder capacity and 
detrusor pressure. A voiding cystography is also 
required to detect the presence of vesicoureteric 
refl ux (VUR). VUR is present in many patients 
as an underlying diagnosis, and urinary tract 
infections could affect the native and the trans-
planted kidney. Some authors recommend native 
nephrectomies with VUR to decrease the risk of 
native- kidney UTI after transplantation, although 
no data from controlled studies are available 
[ 41 ], and, in any case, this not our current policy. 
In effect several studies have shown that pre- 
transplant antirefl ux surgery does not reduce the 
risk of febrile UTI after transplantation and VUR 
does not need to be corrected before transplanta-
tion, unless it is causing symptoms or infection 
[ 42 ,  43 ].  

29.5.2     Infants with ESRD 

 The number of infants in ESRD in the fi rst year 
of life has increased over the last decades. This 
is due to advances in prenatal diagnosis and 
early referral to specialized renal units where 
clinical care has made signifi cant developments 
as well. According to international registries, 
infants constitute 11 % of all children initiat-
ing renal replacement therapy (RRT), and their 
management represents a particular challenge 
for pediatric nephrologists [ 44 ]. They may need 
to remain on dialysis for a prolonged period, in 
order to reach a suitable weight for transplanta-
tion. The prognosis for all infants has improved 
over the last decade. Most deaths occur in the 
fi rst year of life, with a 1-year survival rate 
of around 85 % as stated in the NAPRTCS 
(North American Pediatric Renal Trials and 
Collaborative Studies report) and in the UK 
series, compared to a 95 % 1-year survival rate 
in children starting dialysis after infancy [ 44 ] .  
The majority of patients under 1 year of age in 
CKD stage 5 have either CAKUT or other con-
genital diseases, which were considered practi-
cally incurable, until a couple of decades ago, 
such as autosomal recessive polycystic kidney 
disease (ARPKD) or congenital nephrotic syn-
drome. A close collaboration between surgeons 
and nephrologists is absolutely necessary in all 
these conditions, in order to set up the best pro-
gram for RRT. Infants awaiting transplant can 
require nephrectomy of one or both of the native 
kidneys. For example, ARPKD patients may 
undergo a nephrectomy because their kidneys 
take up too much space in the abdomen, while 
children with congenital nephrotic syndrome 
often undergo a nephrectomy because their 
native kidneys are responsible for heavy pro-
teinuria, hypoproteinemia, severe edema, and 
possible thrombosis. 

 Transplantation in infants still raises a num-
ber of concerns regarding their small size. The 
target weight suitable for transplantation varies 
from center to center and is based on the experi-
ence of each individual unit. Living-related 
donor renal transplantation obviously requires 
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great expertise, as there are hemodynamic and 
technical concerns related to adult-sized kidneys 
grafted into infants and small children, the risk 
of hypovolemia and graft thrombosis. Recently, 
interesting data have been published about a suc-
cessful experience in living-related donor trans-
plantation in infants. In 2010, NAPRTCS 
reported a very high proportion of living donor 
transplantations (75 %) in infants less than 
1 year of age [ 45 ]. In 2012, pediatric nephrolo-
gists from the Karolinska Hospital in Sweden 
reported that 40 % of children from a population 
younger than 4 years of age received a living 
donor graft. The median weight at transplanta-
tion was 9.5 kg [ 46 ] .   

29.5.3     Recent Advances in Dialysis 

 Over the last decade, there have been remark-
able advances in dialysis techniques, and, as 
already mentioned, there are several situations 
in which transplantation has to be delayed and 
dialysis is the only option. There are obvious 
signs and symptoms that lead to dialysis initia-
tion, such as no controlled fl uid and electrolyte 
balance, metabolic acidosis, and hypertension. 
However, in children, dialysis is generally 
started when adequate growth and nutritional 
levels become increasingly more diffi cult to 
maintain. The choice of dialysis modality, 
peritoneal or hemodialysis, depends on several 
factors, including patient and family choice, 
distance from the renal center, and comorbidi-
ties associated with the renal disease that can 
affect one treatment compared to another. The 
aim of pediatric nephrologists is to plan dialysis 
in order to permit, as far as possible, a normal 
life for children and parents. Chronic perito-
neal dialysis (PD) represents a well-established 
dialysis modality for pediatric patients, and it is 
the preferred treatment for infants and children 
with ESRD in developed countries. Peritoneal 
dialysis has several advantages over hemo-
dialysis. Technically speaking, it is easier to 
perform, it does not require vascular access or 
anticoagulation therapy, it is better tolerated in 

terms of hemodynamic stability during the pro-
cedure, and it provides good metabolic control. 
Peritoneal dialysis can be easily performed at 
home thanks to an automatic machine, a cycler 
that delivers and drains the dialysate into and 
out of the abdomen of the patient through a 
peritoneal catheter. Automated PD is usually 
performed during the night and so children and 
their families are free to go about their usual 
daily activities. Absolute contraindications to 
the use of PD are quite rare, such as omphalo-
cele/gastroschisis, bladder exstrophy, diaphrag-
matic hernia, obliterated peritoneal cavity, and 
peritoneal membrane failure due to recent major 
abdominal surgery [ 47 ]. However, in some of 
these situations, such as in bladder exstrophy or 
abdominal surgery, peritoneal dialysis remains 
the modality of choice as hemodialysis could 
cause more complications in small infants. 
Chronic conventional hemodialysis (three times 
a week) is usually less well tolerated in ESRD 
children; they usually have poorly controlled 
blood pressure, with subsequent left ventricular 
hypertrophy and left ventricular dysfunction, 
episodes of hemodynamic instability during the 
dialysis session, and poor nutrition and growth 
control. New, intensifi ed hemodialysis proce-
dures, such as hemodiafi ltration and even daily 
hemodialysis, seem to be more successful in 
promoting growth, obtaining good phosphate 
control, and reducing cardiovascular morbidity 
[ 48 ,  49 ]. Home hemodialysis could be a good 
alternative for children for whom PD is not pos-
sible. Like PD, home hemodialysis gives the 
patient the opportunity to have a better quality 
of life, as they are able to attend school and have 
an active social life. Home hemodialysis allows 
for daily treatments which almost mimic normal 
renal function with an improvement in meta-
bolic control and fewer complications than con-
ventional hospital hemodialysis sessions. Good 
organization is obviously necessary in terms of 
dialysis equipment and parental/caregiver par-
ticipation, and there are even advantages regard-
ing cost-effectiveness, but unfortunately not 
many centers are able to provide this modality 
of dialysis for children [ 50 ].      
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30.1            Introduction 

    Urolithiasis has been known for a very long time, 
with the fi rst evidence found in Egyptian mum-
mies [ 1 ]. Hippocrates was perhaps the fi rst to 
describe stone disease [ 2 ,  3 ], yet it is still a mys-
terious pathology involving multiple etiological 
factors, including genetics, anatomy, diet, envi-
ronment, and infection, which may work alone or 
in combination, thus giving stone disease its 
complex pathogenesis [ 4 ]. In simple terms, stones 
are endemic or idiopathic, genetic (metabolic), or 
infective. Nevertheless, there is still large gap in 
our knowledge. For example, with cystine or xan-
thine stones, a kidney with no obvious or visible 
anatomical defect forms recurrent stones, while 
the contralateral kidney remains stone free. 
Therefore, the focus of the chapter    has been on 
 management rather than etiology. There have 
been tremendous advances in technology for 
diagnostic imaging. In addition, small-size pedi-
atric endoscopic instruments can be used to man-
age or remove stones by various minimally 
invasive surgical procedures. Unfortunately, the 
same level of progress has not been achieved in 
understanding the etiology of the disease, such as 
why stones form and why they recur. 

 This review provides a perspective from a 
developing country, with an overview of the pres-
ent understanding of the disease, as well as the 
principles and rationale of current management 
options.  

30.2     Epidemiology 

 There is great variation in the incidence and 
prevalence of stone disease in different regions 
of the world. Variation is also found in age, 
 gender, presentation, and stones composition. In 
Europe, infective stones prevail while in Pakistan, 
ammonium hydrogen urate (AHU) stones are 
predominant [ 5 ] – upper tract stones in the devel-
oped world and lower tract stones in the develop-
ing world [ 5 ,  6 ]. However, historically, a 
comparison of stone types in the McCarrison 
study in 1931 interestingly showed the same 
stone types in both the United Kingdom and 
India, where the main reason is malnutrition and 
dietary risk factors [ 7 ]. 

 Recently there has also been a progressive 
increase in the incidence of pediatric urolithia-
sis, especially in the developed world – the so-
called “stone wave” – with reports of a fi vefold 
increase in stone disease in North America and 
Turkey [ 8 ]. 

 The Afro-Asian stone belt region, with high 
incidence and prevalence of stone disease, 
extends from Sudan and Egypt in Africa to Saudi 
Arabia, Iran, Turkey, Pakistan, and India in Asia, 
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extending as far east as the Philippines in the Far 
East [ 7 – 10 ]. In our experience, urolithiasis 
amounts to 60 % of the pediatric urology work-
load (Fig.  30.1 ) [ 11 ].

   Advances in imaging techniques, improved 
socioeconomic conditions, obesity, and increased 
consumption of protein-rich diets and dairy prod-
ucts are some of the factors contributing to the 
increased incidence in the West, where a chroni-
cally inadequate dietary intake of proteins (mal-
nutrition), dehydration, and diarrheal disease 
have long been known and still remain the major 
contributory factor to the high prevalence of the 
disease in developing countries [ 9 ].  

30.3     Demography of Stone 
Patients 

 In all, 10,929 patients were seen in the period 
1998–2013, with a mean age at the time of pre-
sentation of 6.5 ± 3.5 years (range <1–15 years). 
There was a slight male to female predominance 
of 2.5:1. Two hundred and nine patients pre-
sented in infancy (<1 year), with a male to 
female ratio of 5:1 (Fig.  30.2 ). The youngest 
patient presented to us at the outpatient clinic 
was 53 days old; however, there are reports of 
picking up urolithiasis prenatally using ultraso-
nography [ 12 ,  13 ].

30.4        Clinical Presentation 

 The commonest presentation is abdominal pain, 
vague in young children, and more localized 
fl ank pain in older children. Other features 
include hematuria, fever, lower urinary tract 
symptoms such as frequency, urgency, and 
 dysuria, with or without urinary tract infections 
[ 14 ,  15 ]. Occasionally stones are identifi ed as an 
incidental fi nding on ultrasounds carried out for 
other pathologies. Some patients present with 
renal or ureteric colic, and others with strangury 
because of vesical calculi and even with acute 
retention of urine, secondary to small stones get-
ting stuck in the urethra. 

 In our setting, many children present with cal-
culus oligo-anuria with advanced renal failure, 
fever, tachypnoea, hypotension, severe acidosis, 
and uraemia, secondary to bilateral obstructing 
stones or solitary kidney with obstruction [ 15 ]. 
These children develop chronic renal stone 
 disease, caused by neglect and delay in seeking 
treatment, where they develop a large stone bur-
den with pyeonephrosis, xanthogranulomatous 
pyelonephritis, renal cortical atrophy, chronic 
renal failure, advanced uraemia, and even ESRD 
(end stage renal disease) [ 15 ]. Many require 
resuscitation and urgent renal replacement 
 therapy for stabilization, and further manage-
ment of the stone disease.  

Stricture urethra
(2.7 %)

Others*
(10.6 %)

Primary VUR
(3.1 %)

PUJO
(10 %)

PUV
(3.1 %)

* Exstrophy, epispadias, hypospadias, neuropathic bladder

Urolithiasis
10,929 (62 %)

  Fig. 30.1    Pediatric 
urological workload at SIUT 
from 1998 to 2013 
( n  = 17,629)       
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30.5     Diagnostic Investigation 

 Baseline investigation includes ultrasound and 
x-ray KUB complete blood picture, urea, creati-
nine, electrolytes, urine analysis and culture and 
sensitivity depending on the associated clinical 
conditions, i.e., renal failure, advanced uraemia, 
or urosepsis. The following investigations are 
undertaken on a case–by-case basis: arterial blood 
gases (ABGs), blood culture, serology of hepati-
tis B and C, clotting profi le, and chest X-ray.  

30.6     Evaluation and Management 

30.6.1     Evaluation 

 All the patients presenting to our outpatient 
department or emergency are evaluated accord-
ing to protocol (Fig.  30.3 ).

30.6.1.1       Metabolic Risk Factors 
 Metabolic analyses identify abnormalities which 
contribute to the risk of urolithiasis. This analysis 

is especially important in children because the 
risk factors identifi ed are corrected to prevent 
recurrence. Our protocol includes blood tests for 
urea, creatinine, electrolytes, calcium, phosphate, 
uric acid, and magnesium. A 24-h urine sample is 
evaluated in all children to determine volume, 
pH, protein, electrolytes, magnesium, phosphate, 
calcium, uric acid, citrate, and oxalate. It is a 
cumbersome procedure as compliance is poor in 
children, particularly because of involuntary 
voiding. In some cases we place an indwelling 
catheter and in others we collect timed urine or 
spot urine, and calculate levels by solute to cre-
atinine ratio. Metabolic studies in 2563 children 
are given in Table  30.1 . A separate analysis is 
also given for the predominant stone types AHU 
and calcium oxalate (CaOx).

   In our population, we were able to identify 
some predominant factors which contributed to 
stone formation including hyperoxaluria, hypoci-
traturia, hypovolemia, and hyperuricosuria. 

 Calcium levels in our population are not as 
high as seen in the West because of low dietary 
intake of dairy products, and this contributes to 

  Fig. 30.2    Urolithiasis in infancy       
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the high urinary oxalate levels, as little calcium is 
available to chelate the dietary oxalate, leading to 
high levels of oxalate excretion. 

 Hypocitraturia is found in 87 % of the stone- 
forming children. In a prospective analysis we com-
pared the urinary citrate levels of our  stone- forming 

children with their non-stone-forming siblings and 
found that 79 % of these siblings have lower levels 
of citrate. Hypocitraturia is reported from other 
developed countries [ 16 ], although it remains to 
be determined whether hypocitraturia has a genetic 
or dietary origin in our region. 

Patient

• Anthropometry
• History and examination
• U/S and X– ray KUB.CXR
• Emergency labs

Initial management
Resuscitation+
PD, HD, PCN, DJ stent

• Non contrast computed
      Tomography (NCCT)
• DMSA scan (optional)

Definitive surgeryStone analysis
Surgical management

MIS/Open

• Non contrast computed
      Tomography (NCCT)
• DMSA scan (optional)

Stone clinic
• Anthropometry

• History and examination
• U/S and X– ray KUB

Evaluation

• Detailed history
• Anthropometry
• Dietary history
• Haematology
• Biochemistry
• Urine analysis
• Urine C/S

Metabolic studies
24 hr urine

Emergency room (ER)

  Fig. 30.3    Evaluation protocol for pediatric stone formers       

   Table 30.1    Metabolic risk factors in 24 h urine of pediatric stone formers   

  n  = 2,563 

 Parameter  Mean ± SD  Overall  AHU stone formers  CaOx stone formers 

  n  = 2,563   n  = 232   n  = 312 

 Urine volume  965.6 ± 810  ↓32 %  ↓50 %  ↓18 % 
 Uric acid  14.2 ± 19.5  ↑27 %  ↑47 %  ↑19 % 
 Calcium  4.0 ± 10.2  ↑28 %↓21 %  ↑15 %↓31 %  ↑33 %↓14 % 
 Phosphorus  15.1 ± 27.2  ↑23 %↓19 %  ↑29 %↓18 %  ↑14 %↓14 % 
 Sodium  68.1 ± 41.1  ↑14 %↓42 %  ↑6 %↓58 %  ↑22 %↓25 % 
 Potassium  17.4 ± 10.6  ↓48 %  ↓42 %  ↓41 % 
 Magnesium  3.8 ± 11.2  ↓13 %  ↓18 %  ↓11 % 
 Ammonium  21.2 ± 28.5  ↑11 %  ↑16 %  ↑14 % 
 Protein  220 ± 331  ↑41 %  ↑44 %  ↑36 % 
 Oxalate  1.84 ± 6.2  ↑44 %  ↑61 %  ↑32 % 
 Citrate  4.2 ± 14.1  ↓87 %  ↓84 %  ↓92 % 
 pH  6.01 ± 2.5  ↓51 %↑11 %  ↑15 %↓44 %  ↑9 %↓51 % 
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 Hypovolumia is a signifi cant contributing 
 factor, as nearly half of the children with AHU 
stones had low urinary volumes with low sodium 
levels. 

 Urinary uric acid levels are the fourth most 
important contributing factor. Uric acid levels are 
higher, due    to the high intake of legumes and 
wheat grain. Other than the dietary effect, the 
role of metabolic derangement cannot be ruled 
out in uric acid stone formers. In our experience, 
a properly collected urine specimen can identify 
the risk factors in more than 90 % of stone- 
forming children with idiopathic stones. Dietary 
and medicinal intervention normalizes the risk 
factors in more than 70 % of these children.  

30.6.1.2     Stone Analysis 
 Chemical composition of stones is the hallmark 
of studies on etiology, risk factors, and manage-
ment strategies. Stone analysis is undertaken by 
Fourier Transformation Infrared Spectroscopy 
(FTIR), depending on the size of the stone and 
the fragments available by minimally invasive 
surgery (MIS) or open surgery. Separate analysis 
of the core and surface is undertaken  whenever 
possible. 

 Of 4,648 stone analyzed, 1,794 (38.6 %) were 
pure stones with single constituent and 2,854 
(61.4 %) were mixtures. The frequency of com-
pounds in stones from different sites is given in 

Table  30.2 . Calcium oxalate is the main 
 component in 69–72 % of the stones, followed by 
ammonium hydrogen urate in 52–55 %. The 
 frequency of compounds in pure stones shows an 
interesting variation with age (Fig.  30.4 ).

    Children younger than 5 years have predomi-
nantly AHU stones, whereas those older than 
6 years have mostly CaOx stones. Many of the 
children younger than 5 years present with mal-
nutrition, diarrheal disease, and dehydration, 

    Table 30.2    Frequency of compounds in pediatric stone 
formers   

 (Pure = 1,794, Mixed = 2,854) 

 Renal  Bladder  Ureter 

  n  = 2,798   n  = 1,273   n  = 577 

 Calcium oxalate  2,031 
(72 %) 

 873 (69 %)  397 
(69 %) 

 Ammonium 
hydrogen urate 

 1,482 
(53 %) 

 703 (55 %)  298 
(52 %) 

 Calcium 
phosphate apatite 

 743 
(26 %) 

 272 (21 %)  140 
(24 %) 

 Struvite  278 
(10 %) 

 187 (15 %)  49 (8 %) 

 Uric acid  207 (7 %)  130 (10 %)  32 (6 %) 
 Sodium urate  84 (3 %)  7 (0.5 %)  13 (2 %) 
 Cystine  20 (0.7 %)  7 (0.5 %)  5 (0.8 %) 
 Xanthine  49 (1.8 %)  20 (16 %)  13 (2 %) 
 Protein  18 (0.6 %)  –  – 
 Others  11 (0.4 %)  20 (16 %)  7 (1 %) 

≤ 5 years
n = 400 (40 %)

6–10 years
n = 325 (40 %)

11–15 years
n = 284(28 %)

6 %

6 %

8 %

8 %

8 %

8 %

4 %

4 %

2 %

64 %

8 %
20 %

50 %
20 %

54 %

10 %

10 %
11 %

Calcium oxalate Apatite

Uric acidStruvite

Ammonium acid urate

Others

  Fig. 30.4    Distribution of pure renal stones in different age groups ( n  = 1,009)       
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known risk factors for AHU stone formation 
(Table  30.2 , Fig.  30.5 ).

   High urinary ammonium content is caused by 
a diet rich in wheat and intracellular acidosis. 
Low citrate and potassium in the presence of high 
urate levels leads to AHU stone formation. In 
contrast, older children without these risk factors 
form calcium oxalate stones. Separate analysis of 
the core and surface of the stones showed that 
stones starting as AHU later grow by addition of 
calcium oxalate.  

30.6.1.3    Role of Diet in Urolithiasis 
 Diet plays an important role in the pathogenesis 
and management of pediatric urolithiasis. Stone 
formers routinely undergo anthropometry and 
dietary evaluation, and are given dietary protocol 
to reduce the risk factors. 

 We use a 7-day food diary and a food fre-
quency questionnaire to obtain information about 
children’s intake of food associated with uroli-
thiasis. These include animal protein, calcium, 
oxalate, phosphates, purine, sodium, potassium, 
and refi ned sugar [ 17 ]. Twenty-four-hour fl uid 
intake is assessed by number of glasses con-
sumed. Criteria to analyze fl uid intake depends 
on milliliters per kilogram as recommended. 

  Anthropometric and dietary analysis . 
Anthropometric data from 2,372 children    with 
urolithiasis revealed growth defi cit and malnutri-
tion in our patient population [ 15 ]. The normal 
Z-score for height and weight, i.e., >−1, was 
observed in 35 and 24 % of the children, respec-
tively. Of those remaining, 17 % for height and 
9 % for weight were severely defi cient (Z <−3). 

 Food frequency questionnaires and dietary 
recall were analyzed for 2,176 patients and 
showed low intake of proteins (74 %), potassium 
(43 %), fi ber (48 %), calcium (55 %), and fl uids 
(55 %). High consumption of oxalate in 57 %, 
sodium in 39 %, purine in 42 %, and refi ned 
sugar in 41 % was observed. More than half 
(60 %) of the population was taking less than the 
recommended calories [ 15 ].  

30.6.1.4    Imaging 
   Ultrasonography 
 Ultrasound KUB (kidney, ureter, and bladder) is 
considered as part of the extended physical exami-
nation in urology, and the same is true for urolithia-
sis. It has high sensitivity and specifi city for both 
opaque and non-opaque stones. Stones present as 
hyperechoic areas in the pelvicalyceal system with 
negative anechoic areas behind them (posterior 
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  Fig. 30.5    Model of ammonium hydrogen urate stone formation       
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acoustic shadowing). Ultrasonography gives an 
added advantage, in that it can tell us about kidney 
size and thickness of the cortex, echogenicity of the 
cortex, hydronephrosis, and any associated hydro-
ureter. Repeat ultrasonograms can be performed 
for follow-up of the disease.  

   X-Ray 
 Plain X-ray KUB was the very fi rst investigation 
in the evaluation of urolithiasis, although alone it 
has low sensitivity and specifi city. However, this 
increases to >90 % when sonography and X-ray 
KUB are combined, and this combination is the 
only required diagnostic imaging for most of our 
cases.  

   IVU 
 The old time gold standard IVU (intravenous 
urogram) is now performed in selective cases 
only with normal renal functions where informa-
tion regarding the pelvicalyceal system (PCS) is 
required in greater detail, and where  computerized 
tomography (CT scan) is not available or when 
CT scan requires general anesthesia. IVU has 
certain requirements, such as extensive prepara-
tion of the bowel, as in children bowel gases 
obscure key information regarding the stone site 
and pelvicalyceal anatomy. There is also a    risk of 

allergic reactions and nephropathy. It is also 
unable to delineate the anatomy of the PCS in 
renal dysfunction or severe obstruction, and radi-
ation hazards are also a disadvantage.  

   Non-contrast Computerized Tomography 
 When any further imaging is required, non- 
contrast computed tomography has replaced 
IVU, and it provides extensive details of the stone 
size, the site, and the anatomy of the PCS. It is 
the investigation method of choice for patients 
with ureteric colic, where it identifi es ureteric 
stones, especially mid-ureteric stones, which are 
almost impossible to detect by USG, X-ray KUB, 
and IVU together. 

 Non-contrast CT (NCCT) also provides infor-
mation about the surrounding tissue, excluding 
any other pathology, as the cause of acute pain in 
the surrounding viscera. NCCT can also be help-
ful in the assessment of stone composition, and 
can easily differentiate between calcium and non- 
calcium stones on the basis of attenuation values 
i.e. Hounsfi eld units (HU) (Fig.  30.6 ).

      Isotope Scan 
 An isotope scan, especially using DMSA (dimer-
captosuccinic acid – a radioactive tracer), is used 
to assess the relative function of the kidney.    
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  Fig. 30.6    Mean Hounsfi eld 
units (HU) in different stone 
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30.6.2     Management 

30.6.2.1    Medical Management 
 Medical expulsive therapy with alpha blockers is 
prescribed for ureteric stones and post–ESWL 
(extracorporeal shock wave lithotripsy). Adequate 
hydration for the whole 24 h is one of the best 
measures to prevent kidney stone formation, and 
therefore we encourage good hydration in our 
patients on a milliliter per kilogram basis and keep 
a watch on the urine color to ensure it remains 
white or light yellow. Two servings of lemon juice 
daily are recommended to provide a good oral 
citrate source. Potassium citrate- containing syrup 
is provided from the hospital for patients with cal-
cium oxalate, cystine, xanthine, and urate stones to 
maintain adequate urinary alkalinization, and uri-
nary pH is checked with litmus paper. Specifi c 
medical therapy is advised on an individual basis.  

30.6.2.2     Surgical Management 
of Urolithiasis in Children 

 Historically, all patients are managed by open sur-
gery. Advances in technology and invention of 

pediatric-size endoscopic instruments have created 
a paradigm shift from open surgical procedures to 
minimally invasive surgery (MIS) [ 18 ]. These 
include extracorporeal shock wave lithotripsy 
(ESWL), percutaneous nephrolithotomy (PCNL), 
retrograde intrarenal surgery (RIRS), ureterorenos-
copy (URS) and laparoscopy for renal and ureteric 
stones, and per urethral and percutaneous cysto-
lithoclast (PUCL/PCCL) for vesical calculi [ 14 ]. In 
developed countries, over 95 % of patients are 
managed by MIS. Although our experience is simi-
lar, we still treat 28 % of patients with open sur-
gery. The main reasons for this, besides anatomical 
abnormalities, are complex and large stones with 
atrophic cortices (Fig.  30.7 ), neglected stones with 
renal failure, and/or sepsis. Furthermore, many 
patients come from far-off places where repeat vis-
its are not possible. This compels us to perform the 
maximum possible clearance in one go with open 
surgery, with the shortest possible stay in hospital. 
From 2009 to 2012, 3,434 surgical procedures for 
stone disease were carried out on 2,861 patients, 
with a mean age of 6.5 ± 3.5 years (range 2 months 
to 15 years) (Table  30.3 ) [ 19 ].   

  Fig. 30.7    Stone burden: large stones at multiple sites       
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    Minimally Invasive Surgery: Our 
Experience 
   Extracorporeal Shock Wave Lithotripsy (ESWL) 
 Since the fi rst clinical report of ESWL in children 
by Newman et al in 1986, large size stones and 
even staghorn calculi have been treated with ESWL 
[ 11 ,  20 ]. Stone-free rates range from 44 to 84 % in 
different series but these data are diffi cult to inter-
pret because of discrepancies in the available data 
with regard to the number of shock waves adminis-
tered, retreatment rates, stone-free status, and size 
of residual fragments. ESWL outcome depends on 
type of lithotripter, operator skills, ESWL protocol 
used, stone characteristics including location, size, 
multiplicity, and composition [ 21 ]. 

 Our initial experience with ESWL published in 
2003, was very satisfactory and showed a stone-
free rate of 84 %, with a mean 1.4 sessions given 
to a stone size ranging from 1.5 to 2.5 cm [ 11 ]. 

 In a recent audit of our pediatric renal stones 
treated with ESWL, we analyzed clearance with 
renal units treated with ESWL in different stone 
positions and stone load. In the single stone group of 
158 renal units with mean size of 10 ± 2.5 mm, 121 
renal units (76 %) cleared in a single session, and 21 
units cleared in the second session, giving an overall 
clearance rate of 89 % in a mean of 1.14 sessions. 

 In the second group of 58 units comprising 
multiple stones having a mean size of 17 ± 5.3 mm, 
46 % (27 units) cleared in a single session, 
32 %(19 units) cleared in the second session, and 
7 % (4 units) cleared in the third session, giving 

an overall clearance rate of 86 % in a mean of 
1.54 sessions. These results showed an increase 
in mean ESWL sessions with an increase in stone 
burden. 

 The relationship between stone location and 
clearance showed that the best clearance rates 
following a single session of ESWL were found 
for the upper calyx (87 %) and pelvis (84 %), and 
the poorest for the lower calyx (67 %). The mean 
numbers of sessions required for clearance in the 
upper calyx, pelvis, and middle calyx were 1.1, 
1.2, and 1.3, respectively, as compared to the fi g-
ure for the lower calyx of 1.5. 

 In a small study of 58 renal units, where we 
assessed the relationship between the stone densi-
ties i.e. hounsefi eld unit (HU    on NCCT) and ESWL, 
the outcome showed that a lower HU is associated 
with good clearance for the same size of stone. 

 ESWL in the pediatric population is carried 
out under general anesthesia to minimize pain 
and stone mobility. To avoid repeated anesthe-
sia and to allay the concern of renal damage in 
the developing kidney and hypertension, we 
limit our patient population for ESWL to only 
those cases where complete clearance is 
expected in a single session. We therefore rec-
ommend a maximum stone size of 1.5 cm for 
a renal stone and, as the lower calyceal anat-
omy hinders clearance of a stone, a size of 
1 cm for lower calyceal stones being managed 
by ESWL.   

    Percutaneous Nephrolithotomy (PCNL) 
 Fernström and Johansson (1976) reported the 
fi rst case of PCNL carried out in an adult [ 22 ]. Its 
safety and effi cacy in the adult population is well 
established. Parenchymal damage, radiation 
exposure in children with its effect on the growth 
of the child, bleeding, and risk of sepsis were 
serious considerations in the pediatric age group. 
Woodside and associates in 1985 were the fi rst to 
present PCNL in the pediatric population with 
adult instruments [ 23 ]; we also initially started 
off with adult sized instruments. 

 Miniaturization of the PCNL instruments have 
facilitated its use in all age group. We usually use 
a nephroscope of 15, 18, and 20 Fr for PCNL. We 
have successfully performed more than 1,600 

   Table 30.3    Management of stone disease in the present 
era (2009–2012)   

  n  = 3,434 

 No.  % 

 Open surgery  983  28.6 
  Pyelolithotomy  735  21.4 
  Nephrectomy  82  2.4 
  Ureterolithotomy  10  0.3 
  Cystolithotomy  64  1.9 
 Minimally invasive  2,451  71.4 
  ESWL  568  16.5 
  PCNL  733  21.3 
  Lap nephrectomy  25  0.7 
  URS + laser  529  15.4 
  PUCL + PCCL  596  17.3 
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PCNL in children with a mean age of 
7.4 ± 3.41 years, 35 % of whom were up to 5 years 
of age and 10 % were less than 2 years of age. 

 Although instruments as small as 11 Fr “Mini- 
Perc” have been reported to be used [ 24 ], they go 
on to the other side of the spectrum and are only 
for selected cases. Minimal tract dilatation 
decreases blood loss, allows for increased maneu-
verability of the instruments, and leads to shorter 
hospital stays. However, use of these pediatric 
nephroscopes has to be individualized on the 
basis of stone location and burden to balance the 
benefi ts of small scopes against the concerns of 
impaired visualization, limitation with the size of 
grasping forceps, lower irrigation fl uid fl ow, and 
prolonged operative time. 

 Our indications for PCNL are stone sizes of 
1.5 cm or more with favorable anatomy, previous 
open surgery on the respective side, failed ESWL, 
or stones where more than one session of ESWL 
is expected. All the patients should undergo the 
proposed evaluation mentioned earlier. Active or 
untreated UTIs, sepsis, and bleeding diathesis are 
the few contraindications which should be men-
tioned. Spinal deformity such as scoliosis and 
kyphosis should be elucidated prior to surgery. 

 PCNL is carried out under general anesthesia, 
and operative considerations include negative 
urine culture, prophylactic antibiotics, proper 
draping, isotonic irrigation fl uid at body tempera-
ture to avoid hypothermia and hyponatremia, and 
short operative time. The patient is placed in a 
lithotomy position fi rst for the placement of a 
ureteric catheter, and then turned prone, taking 
care of the pressure points and ventilation. 

 The puncture site is chosen on the basis of the 
stone location, bulk, and pelvicalyceal anatomy. 
We prefer subcostal posteriosuperior calyceal 
punctures when suitable, as this gives access to 
the majority of the calyces with little torque on 
the kidney, and also allows access to the pelviure-
teric junction and lower calyces in the case of 
stone migration. 

 In certain situations, the supracostal approach 
also has be utilized with marginal risks of hydro-
pneumothorax, which can also be avoided in 
experienced hands. 

 The procedure involves puncturing of the col-
lecting system through the fornix, along the direc-
tion of the infundibulum, to avoid blood vessels 
adjacent to the infundibulum under ultrasonogra-
phy or fl uoro guidance using C-arm. We occasion-
ally make multiple tracts to clear stones in 
inaccessible calyces or blind calyces (Table  30.4 ).

   At our center we use an ultrasonic burr and 
pneumatic lithoclast for stone fragmentation, both 
being cost effective and reusable (Fig.  30.8 ). They 
are used either alone or in combination, depending 
on the size and hardness of the stone. The 
holmium:YAG laser is only occasionally used, with 
defl ecting fl exible nephroscope, where the stone is 
found at an acute angle or in calyceal diverticulum 
with narrow infundibulum. Electrohydraulic 
Lithoclast (EHL) is known to be very traumatic and 
therefore has not been used at our centre. We ensure 
complete stone clearance by checking both fl uoro-
scopically and endoscopically (Fig.  30.9 ).

    Tubeless PCNL has been performed in cases 
with no signifi cant bleeding, pelvicalyceal 
breach, and residual fragments. However, we 
prefer to place a 10–16 Fr nephrostomy tube 
postoperatively in the majority of our cases for 
safety reasons. 

 The variety of stones managed at our center 
with PCNL range from single pelvic or calyceal 
stones to partial or complete staghorn stones. 

 For the purpose of evaluating the results of our 
PCNL, we divide our stone burden into simple (81 %) 
and complex (19 %) stones. Simple stones (mean 
stone burden 2.7 ± 1.5 cm 2 ) were single stones in the 
pelvis or calyx or pelvic stones with a single calyceal 
stone. Complex stones (mean stone burden 

   Table 30.4    Route, calyceal access, and tracts in PCNL   

  Route  
 Subcostal  68 % 
 Supracostal  32 % 
  Calyceal access  
 Superior  65 % 
 Inferior  33 % 
 Middle  7 % 
  Tracts  
 Single tract  95 % 
 Two tracts  5 % 
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5.0 ± 5.8 cm 2 ) were staghorn, partial staghorn, or 
stones in the pelvis with two or more calyces. The 
success rate of PCNL as monotherapy is higher in 
simple stones (89 %) than in complex stones (71.5 %). 
Those with residual stones required retreatment with 
Re-PCNL, ESWL, or URS, and stone clearance 

increased to 95 % in simple stones and 86 % in com-
plex stones. 

 Preoperatively, patients’ mean hemoglobin 
was 11.1 gm/dl   . Of our patients, 14 % required 
blood transfusion, more in complex stone cases, 
where more manipulation was carried out. 

  Fig. 30.8    Instruments used for PCNL in children       

  Fig. 30.9    PCNL in progress       
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 Our mean operative time was 64.9 min for sim-
ple and 92 min for complex stones. Our mean hos-
pital stay was 4.1 ± 3 days. Our patients tend to 
overstay in hospital as they come from far-off 
areas, where follow-up facilities are not available. 

 Conversion to open surgeries (2.6 %) occurred 
in the early phase of our learning curve. 
 Post- operative complications include hydrotho-
rax in 2 % and urosepsis in 1.6 %, while intra-
peritoneal and perirenal collections are seen in 
1.5 % of cases. 

 The post-operative effects on renal functions 
have been evaluated by measuring creatinine lev-
els in all cases and by DMSA scans in selected 
cases. We did not fi nd any signifi cant deteriora-
tion in renal function post-operatively. 

 To conclude, PCNL is a safe and effective 
method of renal stone management in all age 
groups, with acceptable complication rates.  

    Ureterorenoscopy (URS) and Retrograde 
Intrarenal Surgery (RIRS) 
 Ureterorenoscopy and retrograde intrarenal sur-
gery have become the standard urological tech-
niques [ 14 ,  18 ,  25 ]. They have various diagnostic 
and therapeutic indications, and their main use is 
in the management of urolithiasis. The fi rst ure-
teroscopy was performed in 1912 by Hugh 
Hampton Young. The fi rst URS in children was 
performed by Ritchy and colleagues in 1988. 
With the development of fi ber optics, miniatur-
ization of the instruments took place, and thereby 
semi-rigid and fl exible ureteroscopes were 
developed. 

 Ureterorenoscopy with a holmium YAG laser 
is the mainstay of treatment of ureteric stones at 
our institute. Semi-rigid ureterorenoscopes of 
size 4.5/6, 6/7.5, and 8/9.8 Fr are used depending 
on the age and anatomy of the patient and size of 
the stone, considering the therapeutic require-
ments. The semi-rigid ureteroscopes are more 
durable, can access the whole ureter even as far 
as the PCS, and have better visibility, faster irri-
gation fl ow, and larger working channels. In con-
trast, banding may be diffi cult and, with large 
psoas muscles, access to the upper ureter may be 
limited in comparison to fl exible ureteroscopes, 
which we use infrequently because they are 

 fragile and expensive. The defl ectable tip of the 
fl exible scopes is more suitable for retrograde 
intrarenal surgery. 

 After complete workup we perform URS 
under general anesthesia in the lithotomy posi-
tion with antibiotic prophylaxis and negative 
urine culture. First a cystoscopy is performed, 
and a safety guide/glide wire is placed in the ure-
ter under fl uoroscopic guidance. Usually no ure-
teric (VUJ) dilatation is needed, but, in cases 
where we cannot negotiate the smallest of the 
scopes (4/6.5 Fr), we use plastic dilators over a 
guide wire to dilate the ureteric orifi ce or place a 
DJ stent for 2–3 weeks, which relieves obstruc-
tion and dilates the ureter for the subsequent ses-
sion of stone fragmentation. Balloon dilatation is 
not used at our center, being controversial in chil-
dren and very expensive. Isotonic saline is used at 
body temperature as an irrigation fl uid, and may 
be used for hydrodilatation of VUJ with caution, 
taking care to prevent any stone fragment migra-
tion and extravasation. 

 We do not use ureteral access sheaths, which 
are used with fl exible URS to aid in repeated 
entry into the ureter. The smallest diameter avail-
able is 9 Fr, which is too big for our patients. 

 EHL is too traumatic and cannot be used with 
small size URS. The pneumatic lithoclast is cost 
effective, but can only be used with minimum 
7 Fr scopes. We use a pneumatic lithoclast in 
older children with large or hard stones. 

 Our mainstay of stone disintegration and 
fragmentation has been the holmium YAG laser, 
which has revolutionized pediatric ureteric 
stone management because of its safety and 
effectiveness in fragmentation of all stone com-
positions in all age groups, including infants. Its 
safety is ensured, as most of the laser energy is 
absorbed by the irrigation fl uid, and thus does 
not damage the ureteric mucosa if the laser fi ber 
is in line with the ureter and not in close prox-
imity to the ureteric wall (0.5–1.0 mm). It pro-
duces a photothermal and photomechanical 
effect, resulting in vaporization of the stone. 
Typically, 200- to 400- µm fi bers are utilized 
during ureteroscopy. The energy is mostly 
absorbed by the irrigating solution and the inci-
dent angle is kept constant. 
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 We have used the Ho:YAG laser in our patients 
with a mean age of 6.8 ± 3.5 years, 40 % being less 
than 5 years of age. Our mean stone size was 8 mm 
(4–20 mm). The majority (80 %) is in the distal 
ureter with a stone free rate of 82 % in a single ses-
sion and 98 % in two sessions. The complications 
with URS and stone disintegration include extrava-
sation in 2.5 %, UTI in 5 %, and hematuria in 10 %.     

30.7     Stones with Renal Failure 

 About 15–20 % of our pediatric stone patients 
present with renal dysfunction. There are two 
major groups of patients presenting with this:
   First group: calculus oligo – anuric with two good 

kidneys or a solitary good/normal functioning 
kidney, which becomes acutely blocked with 
bilateral renal and/or mostly ureteric stones. 
Usually these children are younger with a 
mean age of 4.3 ± 2.9 years.  

  Second group: chronic calculus renal failure group, 
who have been harboring stones for a long period; 
these stones have slowly and gradually affected/
damaged the kidney permanently or irreversibly 
because of associated chronic obstruction leading 
to ischemic cortical atrophy, with infection on top 
of this. Most of these children are in renal dys-
function for extended periods, affecting their 
body metabolism and growth. Many present with 
extremes of disease with osteodystrophy, anemia, 
and severe malnutrition. These children are older 
than those with calculus oligo/anuria, with mean 
ages of 6.9 ± 3.4 years.    
 The majority (89 %) of these patients are from 

poor socioeconomic backgrounds, 66 % coming 
from rural areas, and live far away from our 
health facility, with a mean travel distance of 
160 ± 45 km. They therefore present late with 
advanced uremia, sepsis, fever, tachypnea, and 
respiratory distress because of fl uid overload and 
or severe acidosis and hyperkalemia. 

 The initial management in many of these patients 
requires resuscitation, ventilatory support, and mul-
tidisciplinary intensive care management, with 
immediate imaging, peritoneal or hemodialysis. 

 Management of the calculus anuria group 
after evaluation is by placement of the JJ stent 

under general anesthesia within a few hours of 
their presentation. There are 24-h services for 
anesthesia, pediatric nephrology, and urology. 
This is considered to be the best form of manage-
ment for these patients, as JJ placement results in 
relief of obstruction and urine formation   . Those 
who cannot have a JJ stent, and have some plevi-
calyceal dilatation, are treated by placement of 
percutaneous nephrostomy. 

 After evaluation, the chronic calculus renal 
failure group undergoes immediate management 
with temporary angio access with double lumen 
catheter, hemodialysis, and some with peritoneal 
dialysis. In the calculus anuria group, 90 % of 
patients had complete recovery of renal function, 
compared to 54 % in the chronic calculus renal 
failure group, whereas there was partial recovery 
in 7 % of the fi rst group and 17 % in the chronic 
calculus renal failure group. In the chronic calcu-
lus renal failure group, no recovery of renal func-
tion is observed in 21 %, of which 14 % are on 
hemodialysis, and 7 % underwent renal 
transplantation.     
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31.1            Introduction 

 The fi rst kidney transplantation was performed on 
1954, and the graft was successfully transplanted 
from one healthy twin to his brother who was 
dying of renal disease, at the Brigham Hospital in 
Boston. The operation was successful, renal func-
tion was restored in the recipient, and the donor 
suffered no ill effects [ 1 ]. Since that date, the pro-
cedure improved in the surgical and medical 
fi elds, and in particular, the immunosuppressant 
protocol including CNI (cyclosporine and tacroli-
mus) and steroids reduced drastically the risk of 
graft loss due to acute rejection. 

 The organ shortage encourages specifi c pediat-
ric allocation policies to minimize the waiting 
time for deceased donors and to achieve better 
survival for children with ESRD (end-stage renal 
disease) (  www.optn.org    ). Renal transplantation is 
the treatment of choice for young patients affected 
by ESRD. The 5-year patient survival rate for 
transplant (94–97 %) exceeds dialysis (75–87 %) 
[ 2 ]. The living kidney donation is the optimal 
source of organ with optimal recipient outcome 
and with a possibility to favor preemptive kidney 

transplantation (before starting dialysis), which 
avoids the complications related to the dialysis 
[ 3 ]. The future prospective for pediatric kidney 
transplantation includes therefore living donation, 
preemptive transplantation, and effective immu-
nosuppression with lower side effects.  

31.2     Indication to Kidney 
Transplant 

 Incidence of ESRD in children is variable in the 
different age groups. The registry from the 
European Society of Pediatric Nephrologists 
reported the highest incidence in adolescence (8/
pmarp), lowest in mild childhood (4.6/pmarp), 
and intermediate (6.7/pmarp) in children younger 
than 5 years of age [ 4 ]. Causes of ESRD in chil-
dren are different compared to adults. According 
to the report of 2010 from the NAPRTCS (North 
American Pediatric Renal Trials and Collaborative 
Studies), although the etiology of ESRD varies 
by the ethnicity and age group, the most common 
primary diagnosis is renal hypoplasia/dysplasia/
aplasia (15.8 %) followed by obstructive uropa-
thy (15.3 %) and FSGS (focal segmental glomer-
ulosclerosis) (11.7 %) which becomes the main 
cause of ESRD in black patients and increases in 
frequency with older age [ 5 ]. 

 ESRD is a major burden for children as it sig-
nifi cantly reduces survival among the young popu-
lation as well as in the adults. According to a study 
published on  NEJM  in 2004, the long-term survival 

        M.   Ravaioli ,  PhD      (*) •    A.   Amaduzzi ,  MD    
   F.   Neri ,  MD     •     A.  D.   Pinna ,  PhD       
  Department of General Surgery and Transplantation , 
 S. Orsola-Malpighi University Hospital , 
  Via Massarenti 9 ,  40138   Bologna ,  Italy   
 e-mail: matteo.ravaioli@aosp.bo.it; 
antoniodaniele.pinna@asop.bo.it  

  31      Renal Transplantation 

              Matteo     Ravaioli      ,     Annalisa     Amaduzzi     ,     Flavia     Neri     , 
and     Antonio     Daniele     Pinna     

http://www.optn.org/
mailto:matteo.ravaioli@aosp.bo.it
mailto:antoniodaniele.pinna@asop.bo.it


380

rate among children requiring renal- replacement 
therapy was 79% at 10 years and 66% at 20 years 
[ 6 ]. For pediatric patients, the advantages of renal 
transplantation over staying on dialysis are consid-
erable not only in terms of improved physical 
growth and psychological development but also for 
the overall survival benefi t which in some cases can 
reach 20 years [ 7 ]. The importance of early renal 
transplantation for children caused the adoption of 
the strategy of preemptive renal transplantation, a 
revised allocation policy to convey organs from 
younger donors preferentially to children, and 
fi nally the promotion of programs of living donors. 

 The European registry (ESPN/ERA –EDTA) 
reported 900 kidney transplantations performed 
in children in 2008, which accounted for 4.4 % 
of all the renal transplantation procedures. The 
median percentage of preemptive and living donor 
transplantation was, respectively, 17 and 43 % 
[ 8 ]. This tendency to adopt renal transplantation 
as initial renal replacement therapy for children is 
witnessed by the OPTN (Organ Procurement and 
Transplantation Network) annual report; the number 
of preemptive kidney transplantations in children 
increased from 23.8 % in the years 2000–2002 to 
28.7 % in the years 2010–2012. While the adoption 
of preemptive transplantation has spread, the diffu-
sion of LDKT (living-donor kidney transplantation) 
has not followed with the same pace. From the same 
report, it appears that while the number of total kid-
ney transplantation in children has slightly increased 
from 2000 to 2012, the percentage of LDKT has 
dropped from 57.8 % in the years 2000–2002 to 
38.5 % around the year 2005 and has remained sta-
ble since then. Although the LDKT in children has 
declined, the percentage of unrelated living donors 
has increased with respect to the related ones, prob-
ably as a refl ection of a greater participation to pro-
grams of living-donor exchanges. The recipients of 
less than 6 years underwent the highest percentage 
of LDKT (45 %) [ 9 ].  

31.3     Allocation 

 Since the year 2000, effort has been aimed to give 
relative priority to children [ 10 ], and since 2005, 
the OPTN implemented a new policy for pediatric 

kidney allocation (SHARE 35 policy). According 
to this policy, children had higher priority for 
younger donors [ 11 ] and this leads to increased 
number of PKT (pediatric kidney transplanta-
tion) from deceased donors [ 12 ]. The median 
waiting time for children was reduced from 
11.2 months in 1998 to 6.8 months in 2009 [ 13 ] 
as well as the mortality on waiting list; thanks to 
this new allocation improvement. 

 Similar allocation systems have been devel-
oped in European countries in order to reduce the 
time in waiting list and the mortality for the pedi-
atric population with ESRD. A recent survey was 
published concerning the allocation policies 
adopted in Europe and the associated rates of 
PKT. The results showed that from the adoption 
of the new allocation strategies, organs from 
younger deceased donors were allocated more 
preferentially to children, and, as a consequence, 
the rate of PKT increased and a lower proportion 
of LDKT (living-donor kidney transplantation) 
was observed. However, a great variability on 
distribution of donor sources and access to KT 
was observed among the various countries, due to 
the economic disparities and the differences in 
health-care priorities [ 8 ].  

31.4     Outcome of Kidney 
Transplant 

 Kidney transplantation in children has reached 
nowadays good results in terms of patient sur-
vival. According to the latest NAPRTCS report, 
the survival rate has improved from 90 % at 
3 years in the time period 1987–1995 to 96 % in 
the years 1996–2007; the improvement is even 
more signifi cant when considering DDKT 
(deceased-donor kidney transplantation). When 
considering the age group, the highest patient 
survival is observed in children 6–11 years old 
and the lowest for children under 5 years of age 
for both DDKT and LDKT [ 5 ]. 

 The most common causes of death in children 
after KT are infections (28.5 %), cardiopulmo-
nary diseases (14.7 %), cancer/malignancies 
(11.3 %), and complications related to dialysis 
(3.1 %) [ 14 ]. 
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 When the program of PKT started in the late 
1980s, the graft survival was inferior compared 
to adults. However, it improved signifi cantly to 
results comparable to adults in 2000 and has 
remained stable since then. When considering the 
age groups, the children under 5 years have the 
lowest 1-year graft survival for deceased donors 
(89.9 %) but the highest long-term (10 years) 
graft survival for both deceased (63.9 %) and liv-
ing donors (80.6 %) [ 13 ]. 

 An accurate estimate of long-term outcome of 
KT is calculated as half-life of the graft which is 
the time point at which 50 % of the grafts are still 
functioning; from the OPTN report, the half-life 
of PKT has increased in the last decades for both 
deceased (DD) and living donors (LD) (respec-
tively, from 8 to 12 years for DD and from 12.5 to 
15.3 years for LD   ) [ 9 ,  14 ]. 

 The most common cause of graft loss was 
chronic rejection (41 %), followed by acute rejec-
tion which occurs in 14 % of DD and 9 % of LD 
at 1 year after KT: its incidence increases with 
time from KT, always more frequent among DD 
than LD [ 9 – 14 ]. The incidence of vascular throm-
bosis as cause of graft loss has decreased to 7 % 
in the more recent years (2000–2007).  

31.5     Immunosuppression 

 From 2000, the fi eld of PKT has seen the advent 
of tacrolimus as the cornerstone of the immuno-
suppressive therapy in children as well as in 
adults since its superiority over cyclosporine in 
increasing the graft survival was proved in sev-
eral studies [ 15 ]. The use of cyclosporine and 
azathioprine has decreased consensually to the 
adoption of tacrolimus and mycophenolate [ 9 ]. 
Administration of steroids to children exerts 
growth-suppressive effects, and therefore, new 
immunosuppressive protocols have been devel-
oped in the recent years in order to avoid or mini-
mize the use of steroids in post-transplantation 
immunosuppression. A large randomized multi-
centric European study was recently conducted 
on the effects of induction with IL-2 receptor 
antibody and post-transplant rapid withdrawal of 
steroids in pediatric recipients. This study showed 

that steroid tapering was feasible without signifi -
cant increased risk of rejection and with consid-
erable advantages for metabolic profi le and 
developmental pattern in pediatric recipients 
[ 16 ]. These results supported the use of induction 
therapy which has therefore been adopted more 
extensively in the recent years. 

 Although the latest report by OPTN showed an 
increased use of T-cell-depleting agents which 
have been adopted by 56.2 % of the recipients in 
2012, their superiority over IL-2 receptor antibod-
ies on preventing rejection or in increasing graft 
survival has not been shown to be signifi cant in 
children undergoing kidney transplantation [ 9 ,  17 ].  

31.6     Surgical Aspect of KT 
and Complications 

 Although surgical and immunosuppressive refi ne-
ments occurred in the recent years, the renal trans-
plant in pediatric patients remains a challenging 
procedure because of surgical issues and anes-
thetic problems related to vascular and hemody-
namic changes after the graft revascularization. 

 In most of the pediatric renal transplant pro-
grams, the kidney graft is placed in the standard 
extraperitoneal iliac fossa as in adult-to-adult 
transplant when the recipient’s weight is over 
20 Kg (Figs.  31.1 ,  31.2 , and  31.3 ); intra- abdominal 
placement with vascular anastomoses to the infra-
renal aorta and IVC is commonly preferred in 
small children less than 20 Kg (Figs.  31.4 , and 
 31.5 ). Transplantation in small children is also 
performed even in younger than 1 year recipients; 
nevertheless, in the most of the cases, surgeons try 
to wait for the recipient’s weight to reach 10–12 kg 
and the linked enlargement of blood vessel, sup-
porting the recipient with growth hormone and 
maximizing the nutrition, to avoid some of the 
risks of vascular thrombosis.

31.6.1           Transplant Surgery 

 An oblique Gibson incision from below the tho-
racic cage to the pubis is performed on the right 
side to facilitate access to the IVC; the external 
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oblique, internal oblique, and transversus abdomi-
nis muscles are incised, the inferior epigastric 
 vessels legated and divided. An appropriate retro-
peritoneal room is created sweeping medially the 
peritoneum. The common and external iliac ves-
sels and the distal end of the aorta and IVC are 
exposed (Fig.  31.1 ). The sites for vascular recon-
struction are chosen by placing the graft into the 

iliac fossa to determine the best fi t to avoid vessel 
traction or kinking. Anastomoses to the aorta or 
IVC can be performed also through an extraperito-
neal access in small children. Renal vein and artery 
anastomoses are performed end to side using a 
running 6/0 or 7/0 polypropylene suture (Fig.  31.2 ). 
Urinary tract reconstruction is carried out by extra-
vesical Lich-Gregoir ureteroneocystostomy with 

  Fig. 31.1    Retroperitoneal 
approach – Mobilization 
of the external iliac vessels 
(artery encircled on vessel 
loop);  EIV  external iliac 
vein,  EIA  external iliac 
artery       

  Fig. 31.2    Retroperitoneal 
approach – Venous 
anastomosis: renal vein ( RV ) 
end-to-side to the external 
iliac vein,  RA  renal artery       
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placement of an internal double-J stent. Antirefl ux 
techniques are also used by some surgeons 
(Fig.  31.3 ). 

 Pediatric patient with complex urologic issues 
may require pretransplant and peritransplant pro-
cedures. If the transplant surgeon is not a urolo-
gist, good planning among the surgical team is 
necessary. The percentage of patients with lower 

urinary tract dysfunction undergoing kidney 
transplantation ranges from 2 to 6 % [ 18 ]. 

 For a long time, patients with end-stage renal 
disease caused by lower urinary tract dysfunction 
were considered poor candidates for transplanta-
tion because of an increased risk of renal failure 
attributed to the complications of poor urinary 
drainage also after kidney transplantation [ 19 ]. 

  Fig. 31.3    Retroperitoneal 
approach –  R  renal graft,  RV  
renal vein,  RA  renal artery, 
 EIV  external iliac vein,  U  
ureter,  B  bladder       

  Fig. 31.4    Intraperitoneal 
approach – Arterial 
anastomosis: renal artery 
end-to-side to the aorta,  RA  
renal artery,  Ao  aorta,  IVC  
inferior vena cava       
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The growing number of children with end-stage 
renal disease and severe lower urinary tract 
abnormalities, together with improvements in the 
overall results of kidney transplantation pro-
grams, has forced to offer kidney transplantations 
to this group of patients. A urinary reservoir with 
a good capacity, compliance, and emptying for 
the transplanted kidney should be planned before 
transplant or performed at the time of transplant 
surgery. The main procedures in these patients 
are bladder augmentation and incontinent ileal 
conduit diversion; auxiliary urinary stoma 
(Mitrofanoff) is also created, and voiding is 
maintained by intermittent catheterization. 

 There is no full agreement concerning the 
timing of bladder augmentation and creation 
of an ileal conduit. Some Authors advocate 
the fashioning of the ileal conduit simultane-
ously through the same incision of transplant to 
avoid adhesions and also to permit a better graft 
arrangement to avoid kinking of the ureter during 
creation of the anastomosis to the ileal conduit. In 
such situations, the kidney has also been placed 
 upside- down, with the ureter going straight up to 
the extraperitoneal part of the ileal conduit [ 20 ]. 

 Most authors perform bladder augmentation 
before transplantation [ 21 ], but some reports 
indicate that bladder augmentation is safe even at 
the time of transplantation as well [ 22 ]. These 
patients have higher percentage of urinary tract 
infections (up to 90 %) compared to the general 

population of kidney recipients. There is no sta-
tistical difference in the rate of occurrence of uri-
nary tract infection between ileal conduits and 
bladder reconstructions [ 23 ]; some authors pos-
tulate that urinary tract infection may trigger 
acute rejections, especially in early postoperative 
period, and therefore, they recommend early and 
aggressive treatment of urinary tract infections 
[ 24 ]. On the other hand, the intensive treatment 
of infection without symptoms may induce resis-
tant bacterial growth; therefore, other authors 
suggest to use a constant prophylaxis with nitro-
furantoin without changing management in cases 
of positive bacterial cultures without clinical 
symptoms. 

 In all patients with augmented bladder, ureter 
anastomosis to the native bladder is widely rec-
ommended. Anastomosis to the bowel segment is 
also feasible; however, when possible, it should 
be done to the native bladder. This may be impos-
sible when malformation in a patient with myelo-
meningocele causes displacement of the bladder, 
making it diffi cult to fi nd the native bladder wall. 
Satisfying results are achieved by routine regular 
drainage of augmented bladders, preventing 
symptomatic urinary infections, and by reservoir 
irrigation with a saline solution to remove enteric 
secretions that can accumulate and become a 
source of obstruction and infection. In conclu-
sion, kidney transplantation in children with 
lower urinary tract dysfunction and end-stage 

  Fig. 31.5    Intraperitoneal 
approach –  R  renal graft,  SB  
small bowel,  G  gall bladder       
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renal failure gives excellent medium-term results, 
despite nonstandard urinary drainage into an aug-
mented bladder or ileal conduit [ 20 ].  

31.6.2     Intraperitoneal vs. 
Extraperitoneal Kidney 
Transplantation 

 In smaller children and infants, anastomosis to 
larger vessels is necessary. Infants weighing 10 kg 
or less generally undergo a midline laparotomy 
with vascular anastomosis at the level of the vena 
cava and the aorta (Fig.  31.4 ). For children 
between 10 and 30 kg, there are some variable 
approaches (retroperitoneal vs. intraperitoneal or 
common iliac vessels vs. vena cava and aorta) 
according to surgeon preference. Extraperitoneally 
allografting with vascular anastomosis to the 
aorta and the vena cava has been demonstrated to 
be feasible and preferable by some authors [ 25 ] in 
recipients less than 15 Kg in weight because of 
the advantages of rapid oral feeding and absence 
of postoperative intestinal adhesions. For young 
children with previous intra-abdominal proce-
dures or vascular access issues, the thrombosis of 
the major intra- abdominal vessels must be care-
fully evaluated in order to select an appropriately 
sized donor organ that can be accommodated to 
small collateral vessels in the abdomen [ 26 ]. An 
adult-sized graft occupies now almost the entire 
right side of the abdomen; abdominal closure may 
result diffi cult in small children, but this is accom-
plished with the interposition of a biologic biode-
gradable prosthesis if necessary [ 27 ] (Fig.  31.5 ). 

 A graft ultrasound Doppler is advised in the 
early post-transplant hours to detect compart-
mental syndrome, early vascular or ureteral com-
plications, or perinephric fl uid collections that 
can benefi ce of an early treatment to save the 
graft as well as representing a baseline study for 
subsequent investigation.  

31.6.3     Kidney Graft from Donor 
≤5 Years of Age 

 Kidneys from donors ≤5 years of age represent a 
controversial issue, because of presumed higher 

rates of technical complications (such as vascular 
thrombosis and ureteral leak) and suboptimal 
results were historically not considered as suit-
able for transplant. Improved transplant tech-
nique and better immunosuppression regimens 
resulted in a better outcome. In order to maxi-
mize the donor pool, some centers accept now as 
kidney donors also infants even less than 5 k of 
weight, for single or en bloc kidney transplant. 
According to the data from NAPRTCS 2010, 
among deceased donor source transplants, only 
1.4 % comes from donors less than 24 months 
old, while 21.2 % comes from donors between 2 
and 12 years of age. A recent report promotes the 
increased use of those donors due to the improved 
outcome shown [ 28 – 30 ]. 

 The Eurotransplant International Foundation 
reported that of a total of 501 kidneys from 
deceased donors  < 5 year from 2000 to 2010, 
98 % was allocated as single or en bloc grafts. 

 The en bloc renal transplant from small pedi-
atric donors represents surgical strategies to facil-
itate early transplantation among children, even 
if it is still quite uncommon and underutilized in 
the pediatric population. The donor kidneys are 
retrieved en bloc with aorta, vena cava, and bilat-
eral ureters in continuity with donor urinary blad-
der. The en bloc allografts are commonly placed 
retroperitoneally in the right iliac fossa. The dis-
tal end of the allograft aorta is commonly anasto-
mosed to the common iliac artery end-to-side or 
to internal iliac artery end-to-end. The venous 
anastomosis of the allograft vena cava is per-
formed end-to-side to the recipient vena cava or 
to the external iliac vein end-to-side [ 31 ]. 

 The extravesical ureteroneocystostomy is the 
standard technique for the anastomosis of the graft 
ureter. The anastomosis of donor bladder patch 
including both the meatus and the dome of the 
recipient bladder appears to be at high risk for leak 
due to vascular insuffi ciency of the patch [ 32 ]; 
antirefl ux techniques are also used by some sur-
geons to reduce the risks of refl ux and infections. 

 Despite surgical improvements, the incidence 
of technical complication is still high, and it rep-
resents an important cause of graft loss. The 
NAPRTCS data show that graft thrombosis 
accounts for 9.8 % of all graft loss in pediatric 
kidney transplant patients [ 14 ]. Some authors 
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consider at too high risk the combination of an 
infant donor and a very small pediatric recipient, 
and they therefore prefer the use of recipients 
weighing 15–30 kg in case of infant donor [ 32 ]. 
These kidneys show excellent renal reserve and 
long-term survival; these grafts adapt to the 
growing child by increasing glomerular fi ltration 
rate over time differently from what happens in 
the adult patient [ 33 ]. 

 The recent data on this strategy showed that 
the en bloc transplant was safe and feasible. The 
higher risk of vascular thrombosis was reduced 
by the growing technical expertise associate to 
the prophylactic administration of aspirin [ 31 , 
 34 ]. Regardless of surgical improvements, the 
observation of glomerulomegaly on biopsy and a 
high glomerular fi ltration rate in many recipients 
raise potential concern for progressive renal 
injury from hyperfi ltration, which will need to be 
closely monitored in a longer follow-up [ 31 ].  

31.6.4     Nephrectomy 

 Nephrectomy of native kidneys may be required 
before or during transplant surgery. Indications 
for nephrectomy are represented by nephrotic 
syndrome which is also an independent risk fac-
tor for clotting, uncontrolled hypertension, or 
infected kidney or kidney affected by disease 
leading to polyuria that can put at risk for hypo-
volemia, hemoconcentration, and clotting in the 
early postoperative period.  

31.6.5     Intraoperative Management 

 The intraoperative fl uid management is crucial 
especially in small children who receive adult 
kidney graft. A central venous catheter is gener-
ally inserted for monitoring central venous pres-
sures (CVP); of paramount importance is to 
maintain a mean arterial pressure above 70 mmHg 
and a CVP as high as 12 mmHg either at the time 
of anastomoses to ensure adequate perfusion of 
adult graft which contain a volume of 150–250 ml 
of blood (about 10 % of a small child’s total cir-
culating volume) or in the postoperative period to 

supply the large urine output and presumably 
minimize clotting. Colloid and crystalloids are 
infused; dopamine (2–3 μg/kg/min) and mannitol 
(1 g/kg) can be administered to optimize renal 
perfusion and stimulate prompt diuresis; red 
blood transfusion is quite a common procedure to 
avoid anemia due to dilution [ 35 ]. Occasionally, 
calcium channel antagonists such as verapamil or 
papaverine are injected into or simply onto the 
arterial anastomosis to overcome arterial spasm. 
Fluid management in the early postoperative 
period is balanced on the urine volume; some 
centers supply one to one for urine output less 
than 200 ml/h and 0.8–1 for greater volume of 
urine until the young recipient reaches an ade-
quate oral fl uid intake.  

31.6.6     Graft Dysfunction and Causes 

 Several complications, surgical and medical, may 
occur in the transplanted kidney in the different 
phases of the postoperative period. 

 Technical complications are represented by 
arterial or venous thrombosis or stenosis, ureteral 
leak, stenosis or refl ux, and fl uid collection 
(hematoma, sieroma, lymphoceles). Graft throm-
bosis is a common cause of graft loss in children; 
it is likely to be related to the disparity between 
vascular diameters of the donor and recipient and 
to vascular compromise at the time of surgery. 
Vascular complications are most severe and fre-
quent in children; they occur from 4 to 18 % 
according to different experiences. Some studies 
report better outcome when the vascular anasto-
mosis was performed into the IVC and aorta [ 36 , 
 37 ]; other authors use them only if technically 
necessary [ 38 ]. The incidence of ureteric compli-
cations (leakage or stenosis) is variable between 
7 and 12 %.  

31.6.7     Living-Donor Nephrectomy 

 Most authors suggest that the best option for 
pediatric patient is fi rst, living-donor transplanta-
tion [ 39 ]; second, adult-sized deceased donor 
[ 40 ]; and the last one, pediatric donor preferably 
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>6 years of age [ 41 ]. Living-donor nephrectomy 
is nowadays considered a safe procedure for the 
donor, subjected to a mortality rate inferior to the 
0.03 %. Different surgical techniques to harvest a 
kidney from living donors have been described. 
The conventional methods of donor nephrectomy 
have been challenged by potentially less invasive 
surgical procedures using laparoscopic tech-
niques or minimally invasive approach in order to 
limit the donor pain, scarring, morbidity in favor 
of a short hospital stay, and a fast return to work. 

 Operating a healthy person who has not 
received direct therapeutic benefi t exposes the sur-
geon to unusual challenges; the principle of “ pri-
mum non nocere ” became extremely  important. 
The entire process of donation from the selection 
of the donor to the choice of the surgical procedure 
is ruled by the principle of not to damage the donor 
and leave the “better kidney” with him. 

 In the classic transperitoneal approach, the kid-
ney is harvested through a midline or left/right sub-
costal incision, whereby the peritoneum is opened. 
In the lumbar approach, the incision is performed 
underneath the 12th rib (in the most of cases, rib 
resection is not necessary) or above it; the proce-
dure is completely extraperitoneal, and care must 
be taken not to open the pleural space. Since 1995 
when the fi rst laparoscopic donor nephrectomy has 
been performed by Ratner [ 42 ], the laparoscopic 
approach has found a worldwide expansion. 
Developments have included not only better instru-
ments but also new operative techniques such as 
introduction of hand-assisted [ 43 ] laparoscopic 
approaches [ 44 ] and then hand-assisted retroperi-
toneal approaches [ 45 ]. Overcome some concerns 
over the safety of laparoscopic procedures, it is 
now considered a feasible and safe procedure for 
donor and recipient [ 46 ]. 

 A Cochrane review published in 2011 com-
paring open to laparoscopic procedures (different 
approaches) [ 47 ] concluded that laparoscopic 
donor nephrectomy is associated with reduced 
analgesia use, shorter hospital stay, and faster 
return to normal physical functioning. The num-
ber of complication and the incidence of periop-
erative events requiring further intervention are 
equivalent in the two approaches. Open nephrec-
tomy is associated with shorter operating time 

when compared to the laparoscopic one; kidneys 
obtained laparoscopically were exposed to longer 
warm ischemia period with no associated short- 
term consequence. 

 Recipient outcome (DGF rate, decreasing in 
serum creatinine, and short-term outcome) has 
been demonstrated to be equivalent with laparo-
scopic or open nephrectomy. 

 Hand-assisted technique has been introduced 
to increase safety and to facilitate the operation. 
The incision for extracting the kidney is used to 
insert a hand in the operative fi eld, maintaining 
the pneumoperitoneum. The tactile feedback 
makes it easier to learn the procedure, limits the 
risks connected to the learning curve, permits a 
rapid extraction of the kidney, and reduces the 
operating time and its costs [ 48 ,  49 ]. 

 The retroperitoneoscopic procedure combines 
the advantages of the retroperitoneal approach 
(reduced risk of visceral injuries, bowel obstruc-
tion, and postoperative adhesions) to the better 
outcome offered by laparoscopic surgery (less 
pain, better cosmetic result, faster return to work). 
The technique has found fairly wide acceptance 
in the urological community; the results of this 
are so far encouraging, though the smaller opera-
tive fi eld is a potential disadvantage [ 50 ]. 

 Concluding, an open minimally invasive or 
laparoscopic approach is now considered the best 
option for living-donor nephrectomy. The choice 
between minimally invasive and laparoscopic, 
and between the different laparoscopic tech-
niques, should be based on the local expertise of 
the surgeons [ 51 ].      

   References 

    1.    Morris PJ (2004) Transplantation – a medical miracle 
of the 20th century. N Engl J Med 351(26):2678–2680  

    2.    Horslen S, Barr ML, Christensen LL, Ettenger R, 
Magee JC (2007) Pediatric transplantation in the United 
States, 1996–2005. Am J Transplant 7:1339–1358  

    3.    Butani L, Perez RV (2011) Effect of pre-transplant 
dialysis modality and duration on long-term outcomes 
of children receiving renal transplants. Transplantation 
91(4):447–451  

    4.    Van Stralen KJ, Tizard EJ, Verrina E, Schaefer F, 
Jager KJ, European Society for Paediatric Nephrology/
European Renal Association-European Dialysis and 

31 Renal Transplantation



388

Transplant Association (ESPN/ERA-EDTA) registry 
study group (2010) Demographics of pediatric renal 
replacement therapy in Europe: 2007 annual report of 
the ESPN/ERA-EDTA registry. Pediatr Nephrol 25(7):
1379–1382  

     5.    Smith JM, Martz K, Blydt-Hansen TD (2013) 
Pediatric kidney transplant practice patterns and out-
come benchmarks, 1987–2010: a report of the North 
American Pediatric Renal Trials and Collaborative 
Studies. Pediatr Transplant 17(2):149–157  

    6.    McDonald SP, Craig JC, Australian and New Zealand 
Paediatric Nephrology Association (2014) Long-term 
survival of children with end-stage renal disease. 
N Engl J Med 350(26):2654–2662  

    7.    Gillen DL, Stehman-Breen CO, Smith JM et al (2008) 
Survival advantage of pediatric recipients of a fi rst 
kidney transplant among children awaiting kidney 
transplantation. Am J Transplant 8:2600–2606  

     8.    Harambat J, van Stralen KJ, Schaefer F, Grenda R, 
Jankauskiene A, Kostic M, Macher MA, Maxwell H, 
Puretic Z, Raes A, Rubik J, Sørensen SS, Toots U, 
Topaloglu R, Tönshoff B, Verrina E, Jager KJ (2013) 
Disparities in policies, practices and rates of pediatric 
kidney transplantation in Europe. Am J Transplant 
13(8):2066–2074  

        9.    Matas AJ, Smith JM, Skeans MA, Thompson B, 
Gustafson SK, Schnitzler MA, Stewart DE, Cherikh 
WS, Wainright JL, Snyder JJ, Israni AK, Kasiske BL 
(2014) OPTN/SRTR 2012 annual data report: kidney. 
Am J Transplant 14(Suppl 1):11–44  

    10.    Gritsch HA, Veale JL, Leichtman AB et al (2008) 
Should pediatric patients wait for HLA-DR–matched 
renal transplants? Am J Transplant 8:2056–2061  

    11.    Abraham EC, Wilson AC, Goebel J (2009) Current 
kidney allocation rules and their impact on a pediatric 
transplant center. Am J Transplant 9:404–408  

    12.    Mage JC, Krishnan SM, Benfi eld MR et al (2010) 
Pediatric transplantation in the United States, 1997–
2006. Am J Transplant 8(part 2):935–945  

     13.     http://srtr.transplant.hrsa.gov/annual_reports/2010      
       14.   North American Pediatric Renal Trials and 

Collaborative Studies (2010) NAPRTCS annual trans-
plant report. Available online at:   https://web.emmes.
com/study/ped/annlrept/annlrept.html      

    15.   Webster A, Woodroffe RC, Taylor RS, Chapman JR, 
Craig JC (2005) Tacrolimus versus cyclosporine as 
primary immunosuppression for kidney transplant 
recipients. Cochrane Database Syst Rev 19;(4)  

    16.    Grenda R, Watson A, Trompeter R, Tönshoff B, Jaray 
J, Fitzpatrick M, Murer L, Vondrak K, Maxwell H, 
van Damme-Lombaerts R, Loirat C, Mor E, Cochat P, 
Milford DV, Brown M, Webb NJ (2010) A random-
ized trial to assess the impact of early steroid with-
drawal on growth in pediatric renal transplantation: 
the TWIST study. Am J Transplant 10(4):828–836  

    17.    Sampaio MS, Poommipanit N, Kuo HT, Reddy PN, 
Cho YW, Shah T, Bunnapradist S (2010) Induction 
therapy in pediatric kidney transplant recipients dis-
charged with a triple drug immunosuppressive regi-
men. Pediatr Transplant 14(6):770–778  

    18.    Mendiz Abal S, Estornell F, Zamora I et al (2005) 
Renal transplantation in children with severe bladder 
dysfunction. J Urol 173:226–229  

    19.    Lawrenson R, Wyndaele JJ, Vlachonikolis I et al (2001) 
Renal failure in patients with neurogenic lower urinary 
tract dysfunction. Neuroepidemiology 20:138–143  

     20.    Broniszczak D, Ismail H, Nachulewicz P, Szymczak 
M, Drewniak T, Markiewicz-Kijewska M, Kowalski 
A, Jobs K, Smirska E, Rubik J, Skobejko-Włodarska 
L, Gastoł P, Mikołajczyk A, Kalicinski P (2010) 
Kidney transplantation in children with bladder aug-
mentation or ileal conduit diversion. Eur J Pediatr 
Surg 20(1):5–10  

    21.    Nahas WC, Mazzucchi E, Arap MA et al (2003) How 
to deal with children with end-stage renal disease 
and severe bladder dysfunction. Transplant Proc 35:
849–850  

    22.    Luke PP, Herz DB, Bellinger MF et al (2003) Long- 
term results of pediatric renal transplantation into a 
dysfunctional lower urinary tract. Transplantation 
76:1578–1582  

    23.    Hatch DA, Koyle MA, Baskin LS et al (2001) Kidney 
transplantation in children with urinary diversion or 
bladder augmentation. J Urol 165:2265–2268  

    24.    Crowe A, Cairns HS, Wood S et al (1998) Renal trans-
plantation following renal failure due to urological 
disorders. Nephrol Dial Transplant 13:2065–2069  

    25.    ElSheemy MS et al (2014) Surgical complications 
and graft function following live donor extraperito-
neal renal transplantation in children 20Kg or less. 
J Pediatr Urol. doi:  10.1016/j.jpurol.2013.12.013      

    26.    Shapiro R, Sarwal MM (2010) Pediatric kidney trans-
plantation. Pediatr Clin N Am 57(2):393–400  

    27.    Karpelowsky JS, Thomas G, Shun A (2009) Defi nitive 
abdominal wall closure using a porcine intestinal sub-
mucosa biodegradable membrane in pediatric trans-
plantation. Pediatr Transplant 13:285–289  

    28.    El-Sabrout R, Buch K (2005) Outcome of renal trans-
plants from pediatric donors <5 yr of age. Clin Transpl 
19:316  

   29.    Mohanka R, Bsau A, Shapiro R, Kayler LK (2008) 
Single versus en bloc kidney transplantation from pedi-
atric donors less than or equal to 15 kg. Transplantation 
86:264  

    30.    Foss A, Gunther A, Line PD et al (2008) Long-term 
clinical outcome of paediatric kidneys transplanted to 
adults. Nephrol Dial Transplant 23:726  

      31.    Butani L, Troppmann C, Perez R (2013) Outcomes of 
children receiving en bloc renal transplant from small 
pediatric donors. Ped Transplant 17:55–58  

     32.    Zhao WY, Zhang L, Zhu YH, Chen Y, Zhu FY, Shen 
Q, Xu H, Zeng L (2014) En bloc kidneys transplanted 
from infant donors less than 5 kg into pediatric recipi-
ents. Transplantation 97(5):555–8  

    33.    Gallinat A, Sotiropoulos GC, Witzke O, Treckmann 
JW, Molmenti EP, Paul A, Vester U (2013) Kidney 
grafts from donors ≤ 5 yr of age: single kidney trans-
plantation for pediatric recipients or en bloc trans-
plantation for adults? Pediatr Transplant 17(2):
179–184  

M. Ravaioli et al.

http://srtr.transplant.hrsa.gov/annual_reports/2010
https://web.emmes.com/study/ped/annlrept/annlrept.html
https://web.emmes.com/study/ped/annlrept/annlrept.html
http://dx.doi.org/10.1016/j.jpurol.2013.12.013


389

    34.    Lau KK, Berg GM, Schjoneman YG, Perez RV, Butani 
L (2010) Pediatric en bloc kidney transplantation into 
pediatric recipients. Pediatr Transplant 14:100–104  

    35.    Salvatierra O Jr, Singh T, Shifrin R et al (1998) 
Successful transplantation of adult-sized kidneys into 
infants requires maintenance of high aortic blood 
fl ow. Transplantation 66:819–823  

    36.    Becker T, Neipp M, Reichart B, Pape L et al (2006) 
Pediatric kidney transplantation in small children-a 
single centre experience. Transpl Int 19:197–202  

    37.    Adam J, Gudemann C, Tonshoff B, Mehls O, Wiesel 
M (2001) Renal transplantation in small children in 
small children-a comparison between surgical proce-
dures. Eur Urol 40:552–556  

    38.    Mickelson JJ, MacNeily AE, Leblanc J, White C, 
Gourlay WA (2006) Renal transplantation in children 
15Kg or less: the British Columbia Children’s 
Hospital experience. J Urol 176:1797–1800  

    39.    Humar A, Remucal M, Matas A, Cook ME, Matas AJ, 
Najarian JS (1998) Kidney transplantation in children 
younger than 1 year using cyclosporine immunosup-
pression. Ann Surg 228:421–428  

    40.    Neipp M, Ofner G, Luck R et al (2002) Kidney 
 transplantation in children weighing less than 15 kg: 
donor considerations and technical considerations. 
Transplantation 73:409–416  

    41.    Mcenery PT, Stablein DM, Arbus G, Tejani A (1992) 
Renal transplantation in children: a report of the 
North American Pediatric Renal Transplant 
Cooperative Study. N Engl J Med 326:1727–1732  

    42.    Ratner LE, Ciseck LJ, Moore RG et al (1995) 
Laparoscopic live donor nephrectomy. Transplantation 
60:1047–1049  

    43.    Wolf JS Jr, Tchetgen MB, Merion RM (1998) Hand- 
assisted laparoscopic live donor nephrectomy. 
Urology 52:885–887  

    44.    Gill IS, Rassweiler JJ (1999) Retroperitoneoscopic 
renal surgery: our approach. Urology 54:734–738  

    45.    Wadstrom J, Lindstrom P (2002) Hand-assisted retro-
peritoneoscopic living donor nephrectomy; initial 10 
cases. Transplantation 73:1839–1840  

    46.    Matas AJ, Bartlett ST, Leichtman AB, Delmonico FL 
(2003) Morbidity and mortality after living kidney 
donation, 1999–2001: survey of United States trans-
plant centers. Am J Transplant 3:830–834  

    47.   Wilson CH, Sanni A, Rix DA, Soomro NA (2011) 
Laparoscopic versus open nephrectomy for live kid-
ney donors. Cochrane Database Syst Rev 9;(11)  

    48.    Slakey DP, Wood JC, Hender D, Thomas R, Cheng S 
(1999) Laparoscopic living donor nephrectomy: 
advantages of the hand assisted method. Transplan-
tation 68:581–583  

    49.    Lindstrom P, Haggman M, Wadstrom J (2002) Hand 
assisted laparoscopic surgery (HALS) for live donor 
nephrectomy is more time- and cost-effective than 
standard laparoscopic nephrectomy. Surg Endosc 
16:422–425  

    50.    Gill IS, Uzzo RG, Hobart MG et al (2000) 
Laparoscopic retroperitoneal live donor right nephrec-
tomy for purpose of allotransplantation and autotrans-
plantation. J Urol 164:1500–1504  

    51.   Abramowicz D, Cochat P, Claas FH et al (2014) 
European renal best practice guide on kidney donor 
and recipient evaluation and perioperative care. 
Nephrol Dial Transplant 9; doi:   10.1093/ndt/gft218     
  http://ndt.oxfordjournals.org/     at Oxford Journals      

31 Renal Transplantation

http://dx.doi.org/10.1093/ndt/gft218
http://ndt.oxfordjournals.org/


391M. Lima, G. Manzoni (eds.), Pediatric Urology: Contemporary Strategies from Fetal Life to Adolescence,
DOI 10.1007/978-88-470-5693-0, © Springer-Verlag Italia 2015

  A 
  Acute renal failure , 32  
   Adrenalectomy 

 ACTs , 301  
 adrenal tumors , 299  
 indications and contraindication , 69  
 laparoscopic transperitoneal approach , 

68–69  
 pheochromocytomas , 300  
 retroperitoneal approach , 68, 69  

   Adrenal tumors 
 diagnosis 

 adrenocortical tumors , 296, 299  
 ganglioneuroblastomas , 298–299  
 ganglioneuromas , 297–298  
 NBL , 297, 298  
 pheochromocytoma , 299  

 epidemiology , 293–294  
 fetal cortex , 293  
 medullary masses 

 adrenocortical tumors , 300–301  
 ganglioneuroblastoma , 300  
 ganglioneuroma , 300  
 neuroblastoma , 299–300  
 pheochromocytomas , 300  

 medullary tumors , 294  
 origin and function , 293  
 peripheral neuroblastic tumors 

 clinical phenotype , 295  
 ganglioneuroblastoma , 296  
 ganglioneuroma , 295–296  
 neuroblastoma , 295  

 pheochromocytoma , 296  
   Adrenocortical tumors (ACTs) 
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 medullary masses , 300–301  
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   Alpha-adrenergic blockade 

 LUTD , 205  
 pheochromocytomas , 300  

   5-Alpha reductase defi ciency , 
244, 245  

   Ambiguous genitalia 
 cloacal malformation , 164  
 cryptorchidism , 275  

 cystoscopy , 61  
 DSD , 247  
 urogenital sinus persistence , 156–157  

   Anderson–Hynes pyeloplasty , 95, 104, 105  
   Anesthesia 

 airway management , 44  
 general anesthesia , 44–45  
 intraoperative monitoring , 43–44  
 laparoscopy , 64–65  
 premedication and preoperative fasting , 42  
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 fl uid-electrolyte balance , 43  
 HIPEC , 43  
 investigation tests , 41–42  
 latex allergy , 42  
 renal function , 43  

 regional anesthesia   ( see  Regional 
anesthesia (RA)) 

 renal transplantation , 48–49  
 vascular access , 44  

   Angiomyolipoma , 36  
   Anorectal malformations (ARMs) , 155, 168–169  
   Anterior sagittal transanorectal approach (ASTRA) , 

161–162, 252  
   Anterior urethral valve (AUV) , 57, 225  
   Anteroposterior diameter (ADP) , 14, 211  
   Antibiotic prophylaxis 

 duplex system ureterocele , 127–128  
 prenatal hydronephrosis , 16  
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 UTI , 341, 344, 347–349  
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   Anticholinergics 
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  BE.    See  Bladder exstrophy (BE) 
   Beckwith–Wiedemann syndrome , 37, 295, 308  
   Benign tumors , 36, 312, 320, 324, 325  
   Biofeedback (BFB) 

 BBD , 137  
 LUTD , 204–205  

   Bladder exstrophy (BE) 
 augmentation/Mitrofanoff channel , 151–154  
 bladder neck surgery and epispadias repair 

 Gil-Vernet ureteric advancement , 149  
 Kelly procedure , 147  
 Kureel technique , 147, 149–150  
 modifi ed Cantwell procedure , 146  
 modifi ed Salter osteotomy , 147  
 soft tissue relaxation , 147–148  
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 Young-Dees-Leadbetter bladder neck 

reconstruction , 148  
 morphology, variations in , 141, 142  
 neonatal closure , 143–144  
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 population sampling , 143  
 post closure follow-up , 144–145  
 prenatal diagnosis , 9, 141  
 technical and philosophical challenges , 141  
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   Bowel bladder dysfunction (BBD) , 137  
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 posterior urethral valves , 56–57  
 ureterocele , 59  

   Button vesicostomy , 179  
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  CAH.    See  Congenital adrenal hyperplasia (CAH) 
   Calculi , 58  
   Calyceal transit time (CTT) , 29, 30  
   CCSK.    See  Clear cell sarcoma of the kidney (CCSK) 
   Central venous catheter (CVC) , 44, 48, 386  
   Cerebral palsy , 174  
   Chronic kidney disease (CKD) 

 CAKUT , 354  
 causes of , 354, 355  
 diagnosis , 355  
 disease progression 

 fi brosis hypothesis , 356  
 modifi able risk factor , 357  
 non-modifi able risk factors , 357  
 overload hypothesis , 356  

 end stage renal disease 
 dialysis , 361  
 infants , 360–361  
 preemptive transplantation , 359–360  

 epidemiology , 354  
 genetic syndromes , 354, 355  
 growth, development and prognosis , 358–359  
 NKF-KDOQI stages , 353  
 normal GFR values , 353  
 obesity , 355  
 patient follow-up care , 355  
 prenatal and postnatal factors , 355  

   Chronic renal failure (CRF) 
 PUVs , 209  
 VUR , 135  

   CKD.    See  Chronic kidney disease (CKD) 
   Clean intermittent catheterization (CIC) , 216  

 LUTD , 205  
 NBD , 172, 178  
 urinary incontinence , 185  

   Clear cell sarcoma of the kidney (CCSK) , 37, 308–309  
   Clitoridoplasty , 158–159  
   Clitoroplasty , 249–251  
   Cloaca 

 abdominal x-ray , 165  
 abdominoperineal approach , 168, 169  
 ambiguous genitalia , 164  
 cystoscopy , 165  
 diagnosis of , 164  
 female fetuses, prenatal US of , 165  
 hydrocolpos , 164–165  
 hydronephrosis , 165  
 incidence of , 165  
 long-term outcomes , 169  
 management , 166  
 MRI and CT reconstruction , 165  
 Müllerian anomalies , 165  
 postoperative complications 

 neurogenic bladder and ARM , 168–169  
 urinary incontinence , 168  

 PSARPVUP procedure , 166–168  
 sigmoid (ileum) vaginoplasty , 168  
 spinal abnormalities , 165  
 US and plain x-ray investigations , 165  

   Cloacal exstrophy , 9, 155, 184  
   Cobb’s collar , 227–228  
   Color Doppler sonography (CDS) , 23  
   Complete androgen insensitivity syndromes (CAIS) , 238, 

244  
   Complicated duplex system 

 in autoptic studies , 119  
 diagnostic workup 

 DMSA and MAG3 scan , 120, 122  
 ultrasound scan , 120  
 uro-MRI , 122–123  
 VCUG , 120–121  

 DSU   ( see  Duplex system ureterocele (DSU)) 
 hydronephrosis , 119–120  
 lower pole UPJO , 123  
 neonatal management , 120  
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 upper pole ectopic ureters , 123–125  
 urinary incontinence , 120  

   Computed tomography (CT) 
 advantages of , 26  
 clear cell sarcoma , 37  
 contrast-enhanced CT , 27–28  
 disadvantage of , 27  
 leukemia , 38  
 MRU   ( see  MR urography (MRU)) 
 osteotomy , 146  
 rhabdomyosarcoma , 38  
 trauma , 36  
 unenhanced CT , 27  
 urinary tract infection , 32  
 urolithiasis , 35  
 Wilms’ tumor , 37  

   Congenital adrenal hyperplasia (CAH) , 155, 237  
 anatomy , 248  
 clitoroplasty , 250–251  
 labioplasty , 255  
 operative technique , 248, 249  
 outcomes , 256  
 patient evaluation , 248  
 vaginoplasty 

 ASTRA , 252  
 cutback vaginoplasty , 251  
 fl ap vaginoplasty , 251–252  
 mucosa-lined vestibule , 253  
 posterior vaginal wall , 253, 254  
 pull-through vaginoplasty , 252, 254–255  
 PUM , 253–254  
 TUM , 252–253  

   Congenital megalourethra , 17, 228  
   Congenital mesoblastic nephroma (CMN) , 306, 309  
   Congenital ureteropelvic junction obstruction (UPJO) 

 bilateral UPJO , 89  
 cost-effectiveness , 98  
 diuretic renography 

 abnormal function , 92  
 bilateral obstruction , 92  
 biomarkers , 92, 94  
 biphasic curve , 92, 93  
 clinical safety , 93  
 hydronephrosis , 93–94  
 interstitial fi brosis and tubular loss , 92  
 kidney obstruction , 94  
 washout curve , 92, 93  

 functional monitoring , 91  
 grade 3 and 4 hydronephrosis , 90  
 imaging assessment , 91–92  
 minimally invasive pyeloplasty techniques 

 laparoscopic pyeloplasty , 97–98  
 robotic pyeloplasty , 98  

 open surgical repair , 95–97  
 outcomes , 98  
 radionuclide imaging , 89  
 spontaneous resolution , 89, 90  
 surgical intervention , 91, 94–95  

   Corticomedullary differentiation (CMD) , 
22, 33, 38, 211  

   Cowper’s gland duct , 226  

   Cryptorchidism 
 anomalies , 274, 275  
 clinical examination , 

276–278  
 complications , 279  
 embryogenesis , 275–276  
 epidemiology , 274–275  
 etiopathogenesis , 276  
 history , 276  
 laboratory tests , 278  
 medical therapy , 279–280  
 non-palpable undescended 

testes , 274  
 palpable testes 

 ectopic testes , 274  
 retractile testes , 273  
 undescended testes , 273–274  

 radiological evaluation , 278–279  
 surgical therapy 

 clinical examination , 278, 280  
 complications of , 286–287  
 laparoscopic-assisted orchiopexy , 

285  
 management , 280, 281  
 UDT   ( see  Undescended testes (UDT)) 

   CT.    See  Computed tomography (CT) 
   Cutback vaginoplasty , 159, 251  
   Cystic dysplastic kidneys , 5–6  
   Cystic partially differentiated nephroblastoma 

(CPDN) , 310  
   Cystic renal disease 

 ARPKD , 18  
 MCDK , 17–18  
 segmental cystic dysplasia , 18  

   Cystoscopy 
 cloacae , 165  
 contraindications , 55  
 indications and fi ndings 

 ambiguous genitalia , 61  
 anterior urethral valves , 57  
 bladder calculi , 58  
 complications , 61  
 hematuria , 55–56  
 posterior urethral valves , 55–57  
 trabeculation , 57, 58  
 ureteral ectopia , 58  
 ureterocele , 58–59  
 urethral polyps , 58  
 urethral strictures , 57, 58  
 vesicoureteral refl ux , 60–61  

 operative technique 
 bladder , 55  
 female urethra , 55  
 male urethra , 54–55  
 patient position , 53, 55  
 preliminary inspection , 

53–54  
 vagina , 55  

 rigid cystoscope , 53, 54  
 tip, detail of , 53, 54  

   Cystostomy button , 179  
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  Defl ux® , 193  
   Denys–Drash syndrome , 308  
   Detrusor–sphincter dysfunction , 172, 174  
   Differential renal function (DRF) 

 Patlak DRF , 30–31  
 volumetric DRF , 30  

   Disorders of sex development (DSD) 
 CAH   ( see  Congenital adrenal hyperplasia (CAH)) 
 clinical effects 

 clitoris , 239–240  
 gonads , 242  
 internal genitalia , 242–243  
 penis , 238–240  
 vagina , 240–242  

 fertility , 244  
 fetal development 

 5-alpha reductase , 237–238  
 androgens , 238  
 CAIS and PAIS , 238  
  Gadd45g  gene , 238  
 insulin-like growth factor , 238  
 sertoli cells , 238  
 testosterone , 237  
 Y chromosome , 237  

 gender , 243–244  
 laparoscopy , 70–72  
 male pseudohermaphrodite , 237  
 nomenclature , 237, 238  
 outcomes , 244–245  
 urogenital sinus , 156–157  

 clitoridoplasty , 158–159  
 labiaplasty , 158  
 vaginoplasty   ( see  Vaginoplasty) 

   Diuretic renography (DR) 
 abnormal function , 92  
 bilateral obstruction , 92  
 biomarkers , 92, 94  
 biphasic curve , 92, 93  
 clinical safety , 93  
 hydronephrosis , 93–94  
 interstitial fi brosis and tubular loss , 92  
 kidney obstruction , 94  
 washout curve , 92, 93  

   Doppler sonography , 23  
   DSD.    See  Disorders of sex development (DSD) 
   DSU.    See  Duplex system ureterocele (DSU) 
   Duplex Doppler sonography (DDS) , 23, 24  
   Duplex system ureterocele (DSU) 

 bladder neck reconstruction , 126  
 BOO , 125  
 conservative management of , 127–128  
 endoscopic decompression , 126–127  
 lower pole ipsilateral ureter, reimplantation of , 126  
 lower urinary tract reconstruction , 126  
 refl ux/obstruction , 125  
 stress urinary incontinence , 126  
 trigone development , 125  
 upper pole partial nephrectomy , 126  
 upper tract approach , 127  

   Dysfunctional elimination syndrome 
(DES) , 198, 200, 349  

   Dysfunctional voiding (DV) 
 diagnostic tools , 201  
 drugs , 205  
 interrupted voiding , 199  
 pathophysiology of , 197–198  
 staccato voiding , 199  
 urotherapy , 204–205  

    E 
  Endoscopy 

 AUV , 225  
 closed syringocele , 227  
 cystoscopy   ( see  Cystoscopy) 
 ectopic ureter , 124  
 primary lower pole VUR , 123  
 PUVs , 213–214  
 rigid and fl exible , 53  
 UGS , 158  
 urethral polyps , 229  
 verumontanum , 149  
 VUR , 137–138  

   End-stage renal disease (ESRD) , 209  
 dialysis , 361  
 incidence , 354, 379  
 infants , 360–361  
 preemptive transplantation , 359–360  
 prevalence of , 354  

   Enterocystoplasty , 179–180  
   Enuresis , 199, 228  
   Epithelial tumors , 319  
   Extracorporeal shock wave lithotripsy 

(ESWL) , 372, 373  

    F 
  Febrile urinary tract infection (fUTI) , 341, 345–346  
   Fetal cystoscopy , 212  
   Fetal intervention, prenatal ultrasounds , 18–19  
   Flap vaginoplasty , 159–160, 251–252, 254  
   Fowler-Stephens orchiopexy , 280, 285  
   Fraser syndrome , 4, 319  

    G 
   Gadd45g  gene , 238  
   Ganglioneuroblastoma (GNB) 

 diagnosis , 298–299  
 medullary masses , 300  
 PNT , 296  

   Ganglioneuroma (GN) 
 diagnosis , 297–298  
 medullary masses , 300  
 PNT , 295–296  

   Gastrostomy button , 179  
   General anesthesia (GA) , 44–45, 103, 373, 374  
   Germ cell tumors , 318–319, 321, 323  
   Giggle incontinence , 200  

Index



395

   Glomerular fi ltration rate (GFR) , 30–31  
 51Cr-EDTA plasma clearance , 336  
 CysC , 335, 336  
 intra and extrauterine life period , 335  
 maternal–fetal exchanges , 334  
 Schwartz formula , 336  

   GNB.    See  Ganglioneuroblastoma (GNB) 
   Gonadal tumors 

 clinical aspects 
 ovarian tumor , 320  
 testicular tumors , 320–321  

 diagnosis 
 pre-operative staging , 321  
 surgical staging , 321–322  
 tumor markers , 321  

 epidemiology , 317–318  
 ethiology and pathogenesis 

 epithelial tumors , 319  
 germ cell tumors , 318–319  
 gonadoblastoma , 319  
 ovarian tumors , 320  
 stromal tumors , 319  
 testicular tumors , 319–320  

 function , 324–325  
 prognosis , 324  
 therapeutic management 

 ovarian tumors , 321–324  
 testicular tumors , 322, 324  

   Gonadoblastoma , 242, 319  
   Gonzalez vaginoplasty , 161  

    H 
  Harmonic imaging (HI) , 22  
   Hematuria 

 cystoscopy , 55–56  
 US study , 35  

   Heminephrectomy 
 laparoscopy , 66  
 RALS , 66  
 retroperitoneoscopy , 66–68  

   Hendren pull-through vaginoplasty , 
160–161, 252  

   Hitch stitch , 77, 79, 81, 97  
   Hydrodistention injection technique 

(HIT) , 123  
   Hydrometrocolpos , 9–10  
   Hydronephrosis 

 cloacae , 165  
 postnatal ultrasounds 

 grading system , 14  
 MCU , 15  

 prenatal diagnosis , 6–7  
 prenatal ultrasounds 

 antibiotic prophylaxis , 16  
 causes of , 14  
 congenital megalourethra , 17  
 distended bladder , 15  
 low urinary tract obstruction , 17  
 MCU , 15  

 megacystis and distended phallic 
structure , 17, 18  

 pelvic APD , 14, 15  
 prognostic factors , 15  
 prophylactic pyeloplasty , 17  
 PUVs , 17  
 transient urethral obstruction , 17  
 UPJ obstruction , 16  
 ureterocele , 16  
 vesicoureteral refl ux , 16  

 VCUG , 31–32  
 VUS , 31–32  

   Hydroureteronephrosis , 7, 22, 115, 173  
   Hyperthermic intraperitoneal chemotherapy 

(HIPEC) , 43  
   Hypodysplasia , 33–34, 357  
   Hypospadias repair 

 causes , 259–260  
 incidence , 259–260  
 intraoperative assessment and management 

 anatomical defect and surgical strategy , 
261, 262  

 glanular hypospadias , 262–264  
 hypospadias variants , 261  
 hypospadiology , 262  
 surgical reconstruction and repair , 261–264  
 urethroplasty , 263, 265, 266  
 ventral penile curvature , 261  

 postoperative assessment and management 
 complications , 267, 268  
 long-term follow-up , 267  
 outcomes , 266  
 psychosexual and social outcomes , 268  
 TIP functional obstruction , 265–267  

 preoperative assessment and management 
 adjuvant hormonal therapy , 260  
 timing of surgery , 260–261  

 prevalence , 259–260  

    I 
  Imperforate anus , 164, 173, 229  
   International NBL Staging System (INSS) , 295  
   International Neuroblastoma Risk Group Staging 

System (INRGSS) , 295  
   Interrupted voiding , 199  
   Intravenous urography (IVU) , 

26, 112, 136–137  
   Intravesical electrical stimulation , 178, 205  
   InVance® , 191  

    J 
  Jones vaginoplasty , 161  

    K 
  Kelly procedure , 147  
   Klinefelter’s syndrome , 244, 319  
   Kropp procedure , 188  
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  Labioplasty , 249, 255  
   Laparoscopy 

 anesthesia , 64–65  
 benefi ts of , 63  
 lower urinary tract procedures 

 bladder augmentation , 70  
 continent catheterization , 70  
 disorders of sex development , 70–72  
 Lich–Gregoir technique , 70  
 transvesical ureteral reimplantation , 70, 71  
 trocar placement , 69  

 non-palpable testes, management of , 63  
 upper urinary tract procedures 

 adrenalectomy , 68–69  
 heminephrectomy , 66  
 nephrectomy , 65, 66  
 pyeloplasty , 67–68  
 trocar placement , 65  

   Latex allergy , 42  
   Leukemia , 38, 305  
   Lich–Gregoir technique , 70  
   Liver fi brosis , 35  
   Lower urinary tract dysfunction (LUTD) 

 diagnostic tools 
 bladder diary , 201  
 clinical examination , 201  
 invasive examinations , 203–204  
 medical history , 200–201  
 ultrasound , 202–203  
 urinalysis , 201–202  
 urofl owmetry pattern , 202  

 dysfunctional elimination syndrome , 198, 200  
 dysfunctional voiding   ( see  Dysfunctional voiding 

(DV)) 
 extraordinary daytime urinary frequency , 200  
 giggle incontinence , 200  
 LUTS , 198–199  
 nighttime condition , 199  
 OAB   ( see  Overactive bladder (OAB)) 
 treatment of 

 drugs , 205  
 urotherapy , 204–205  

 underactive bladder , 199–200  
 vaginal refl ux , 200  
 voiding postponement , 200  

   Lower urinary tract symptoms (LUTS) 
 holding maneuvers , 199  
 incomplete bladder emptying, feeling of , 199  
 post-micturition dribble , 199  
 storage symptoms , 198  
 voiding postponement , 198–199  
 voiding symptoms , 198  

   LUTD.    See  Lower urinary tract dysfunction (LUTD) 

    M 
  Macroplastique® , 193  
   Magnetic resonance imaging (MRI) , 112, 122, 297, 311  
   Malignant tumors , 37, 324, 325  
   Meckel-Gruber syndrome , 5, 6  

   Megacystis , 7–9  
   Megacystis-microcolon-intestinal hypoperistalsis 

syndrome (MMIHS) , 7–8  
   Megaureters 

 complications , 116  
 conservative management , 112, 113  
 cutaneous ureterostomy , 114  
 defi nition of , 109  
 defi nitive repair , 115–116  
 diagnosis of , 111–112  
 endoscopic treatment , 115  
 JJ stent placement , 114–115  
 loop/end ureterostomy , 113  
 pathophysiology , 109  
 percutaneous nephrostomy , 113  
 prenatal US , 111  
 refl uxing obstructing megaureter , 109–111  
 refl uxing reimplant , 114  
 robot-assisted reconstructive surgery , 116  
 symptoms , 111  

   Mesoblastic nephroma , 36, 309  
   Micturating cystourethrogram (MCUG) , 15, 212–213  
   Midazolam , 42  
   Minimally invasive surgery (MIS) 

 contraindications , 64  
 indications for , 64  
 laparoscopic transperitoneal approach   ( see  

Laparoscopy) 
 retroperitoneoscopy   ( see  Retroperitoneoscopy) 

   Minimum alveolar concentration (MAC) , 45  
   Mitrofanoff principle , 179  
   Mixed gonadal dysgenesis , 157, 242, 319  
   MMIHS.    See  Megacystis-microcolon-intestinal 

hypoperistalsis syndrome (MMIHS) 
   Monosymptomatic (MNE) , 199  
   Moormann’s ring.    See  Cobb’s collar 
   MR urography (MRU) 

 acute renal failure , 32  
 anatomical information and functional 

imaging , 28  
 excretory MRU , 28–30  
 hydronephrosis , 32  
 hypodysplasia , 33  
 multicystic left kidney , 34  
 obstructive uropathy , 33  
 patient preparation , 28  
 post processing 

 DRF and GFR , 30–31  
 RTT and CTT , 30  
 time-intensity curves , 30  

 pre-contrast imaging , 28, 29  
 trauma , 36  
 urinary tract infection , 31–32  

   Müllerian-inhibiting factor (MIF) , 156  
   Mullerian inhibiting substance (MIS).    See  Anti- 

Mullerian hormone (AMH) 
   Multicystic dysplastic kidney (MCDK) , 17–18  
   Multicystic kidney disease (MCKD) , 5–6, 34  
   Multilocular cystic nephroma , 36, 310  
   Multiple endocrine neoplasia syndromes , 294  
   Myelodysplasia , 172, 176, 177  
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    N 
  NBD.    See  Neurogenic bladder dysfunction (NBD) 
   Nephrectomy 

 ARPKD patients , 360  
 donor , 386–387  
 laparoscopy , 65, 66  
 RALS , 66  
 renal transplantation , 386  
 retroperitoneoscopy , 65–66  

   Nephroblastomatosis , 36–37, 307  
   Nephron-sparing surgery (NSS) , 124, 312, 313  
   Neuroblastoma (NBL) 

 medullary masses , 299–300  
 PNT , 295  

   Neurogenic bladder dysfunction (NBD) 
 causes of 

 cerebral palsy , 174  
 CNS tumor , 174  
 imperforate anus , 173  
 myelodysplasia , 172  
 neurospinal dysraphism , 172  
 occult dysraphism , 172–173  
 sacral agenesis , 173  
 spinal cord injury , 173–174  
 spinal dysraphism , 172  

 classifi cation of , 174  
 congenital neurogenic bladder, follow-up of 

 adolescents/adulthoods, transitional care to , 
176–177  

 maternity , 177  
 newborn to childhood , 176  
 sacral neuromodulation , 177  
 sexuality , 177  

 conservative treatment 
 catheters , 178  
 cystostomy button , 179  
 intravesical electrical stimulation , 178  
 pharmacotherapy , 177–178  
 sacral nerve stimulation , 178–179  

 defi nition of , 172  
 detrusor–sphincter dysfunction, types of , 174  
 patient evaluation , 174–176  
 surgical procedures 

 AUS implantation , 180–181  
 autoaugmentation , 180  
 bladder neck closure/reconstruction , 180  
 bulking agents , 180  
 enterocystoplasty, bladder augmentation , 

179–180  
 fascial sling , 180  
 gastrostomy button , 179  
 Mitrofanoff principle , 179  
 quality of life , 181  

   Neurogenic detrusor sphincter dysfunction 
(NDSD) 

 defi nition of , 172  
 long-term renal preservation , 171  
 management of , 171  

   Neuromuscular blocking agents , 45  
   Neurospinal dysraphism , 172  
   Non-monosymptomatic (NMNE) , 199, 200  

    O 
  OAB.    See  Overactive bladder (OAB) 
   Obstructive uropathy 

 fetal surgery , 212  
 hematuria , 35  
 MAG3 scintigraphy , 33  
 MRU , 33  
 ultrasound evaluation , 33  

   Occult spinal dysraphism (OSD) , 
173, 176, 201, 204  

   One-trocar-assisted pyeloplasty (OTAP) 
 advantages of , 106  
 Anderson–Hynes pyeloplasty , 104, 105  
 complication rate , 106  
 contraindications , 103  
 dilated pelvis and proximal ureter, 

exteriorization of , 105  
 follow-up , 106, 107  
 general anesthesia , 103  
 inferior polar renal vessel, identifi cation of , 

105, 106  
 operative time , 106  
 patient positioning , 103, 104  
 postoperative course , 106  
 retroperitoneoscopic control , 104–106  
 stenotic pyeloureteral junction 

and ureter , 104  
 stenotic tract, resection of , 105  
 stent placement , 104–105  
 success rate , 107  
 wound closure , 104  

   Orchiopexy 
 cryptorchidism , 279  
 palpable UDT 

 closed external oblique fascia and scrotal 
skin , 283  

 complete mobilization , 280, 282  
 patent vaginal duct , 282  
 processus vaginalis and cremasteric muscle 

attachments , 282  
 scrotal incision , 282  
 skin incision , 281  
 tension-free placement , 282  

 unilateral nonpalpable UDT , 286  
   Osteotomy , 145–146  
   OTAP.    See  One-trocar-assisted pyeloplasty 

(OTAP) 
   Ovarian tumors 

 clinical aspects , 320  
 ethiology and pathogenesis , 320  
 therapeutic management , 

321–324  
   Overactive bladder (OAB) 

 diagnostic tools , 201  
 drugs , 205  
 pathophysiology of , 197  
 urge incontinence , 199  
 urotherapy , 204–205  

   Oxybutynin 
 LUTD , 205  
 NBD , 177–178  
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    P 
  Partial androgen insensitivity syndromes (PAIS) , 238, 

242, 244  
   Partial urogenital mobilization (PUM) , 162–163, 

253–254  
   Passerini-Glazel vaginoplasty , 161  
   Pelvic fl oor training , 204  
   Peña vaginourethroplasty , 161  
   Percutaneous nephrolithotomy (PCNL) 

 inaccessible/blind calyces , 374  
 indications , 374  
 mean operative time , 376  
 patient position , 374  
 post-operative complications , 376  
 spinal deformity , 374  
 ultrasonic burr and pneumatic lithoclast , 

374, 375  
   Percutaneous posterior tibial nerve stimulation (PTNS) , 

179, 205  
   Percutaneous shunting in lower urinary tract obstruction 

(PLUTO) , 212  
   Peripheral neuroblastic tumors (PNTs) 

 clinical phenotype , 295  
 ganglioneuroblastoma , 296  
 ganglioneuroma , 295–296  
 neuroblastoma , 295  

   Perlman syndrome , 308  
   Pheochromocytomas 

 diagnosis , 299  
 epidemiology , 294  
 medullary masses , 300  

    PHOX2B  gene , 294  
   Pippi Salle anterior bladder wall fl ap , 188–189  
   Plain radiographs , 26, 165  
   PNTs.    See  Peripheral neuroblastic tumors (PNTs) 
   Podocytes 

 extraglomerular cells , 334  
 factors , 333  
 immunological function , 333  
 mesangial cells , 334  
 mesangium forms , 333–334  
 primary and secondary processes , 333  
 renal tubule , 334  

   Posterior sagittal anorectovaginourethroplasty 
(PSARVUP) , 166–168  

   Posterior urethral valves (PUVs) 
 bladder function , 215–216  
 Bugbee electrode/resectoscope hooks , 56–57  
 CRF and ESRD , 209  
 cystoscopic view of , 55–57  
 defi nition , 209  
 endoscopic ablation of , 209  
 fertility , 219–220  
 fetal surgery , 211–212  
 postnatal management 

 bladder catheterization , 213  
 endoscopy view , 213, 214  
 MCUG , 212–213  
 postoperative complications, risk 

factors for , 215  
 refl uxing unilateral lateral ureterostomy , 213  

 valve ablation , 209, 213–215  
 vesicostomy , 213  

 prenatal diagnosis and prognosis parameters , 
209–211  

 prenatal hydronephrosis , 17  
 renal function , 218–219  
 renal transplantation , 217–219  

   Power Doppler sonography , 23, 24, 32, 33  
   Prenatal diagnosis 

 bladder and cloacal exstrophy , 9  
 cystic dysplastic kidneys 

 autosomal dominant cystic kidneys , 6  
 autosomal recessive cystic kidneys , 6  
 Meckel-Gruber syndrome , 6  
 multicystic kidneys , 5–6  

 fetal urinary tract , 3–4  
 hydrometrocolpos , 9–10  
 renal agenesis 

 bilateral , 4  
 unilateral , 4–5  

 urinary tract enlargement 
 hydronephrosis/pyelectasia , 6–7  
 hydroureteronephrosis , 7  
 megacystis , 7–9  
 renal duplication , 7, 8  

   Progressive augmentation by dilating the 
urethra anterior (PADUA) technique , 231  

   Prune-belly syndrome , 225, 228–229, 275  
   Pseudoincontinence , 183  
   PUM.    See  Partial urogenital mobilization (PUM) 
   PUVs.    See  Posterior urethral valves (PUVs) 
   Pyeloplasty 

 laparoscopy , 67–68, 103  
 OTAP   ( see  One-trocar-assisted pyeloplasty (OTAP)) 
 RALS , 68  
 retroperitoneal approach , 68, 103  
 robotic surgery , 78–80, 83  

    Q 
  Quality of life (QoL) , 181  

    R 
  RALS.    See  Robot-assisted laparoscopic surgery (RALS) 
   Regional anesthesia (RA) 

 caudal epidural block , 46  
 ilioinguinal-iliohypogastric nerve block , 46, 47  
 local wound infi ltration , 46, 47  
 lumbar epidural block , 46  
 neuraxial blocks , 45–46  
 penile nerve block , 46, 47  
 peripheral nerve blocks , 46–47  
 rectus sheath block , 46, 47  
 TAP block , 47  

   Renal agenesis , 4–5  
   Renal cell carcinoma (RCC) , 38, 309–310  
   Renal duplication , 7, 8  
   Renal function 

 glomerular fi ltration rate 
 51Cr-EDTA plasma clearance , 336  
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 CysC , 335, 336  
 intra and extrauterine life period , 335  
 maternal–fetal exchanges , 334  
 Schwartz formula , 336  

 kidney ontogeny 
 nephrogenesis , 331–332  
 nephron endowment , 332  
 ureteric branching morphogenesis , 330–331  

 mesonephros , 329–330  
 metanephros , 330  
 neonatal period and adulthood 

 endothelial cells , 332–333  
 glomerular basement membrane , 333  
 podocytes , 333–334  

 in preterm neonates , 338  
 pronephros , 329  
 tubular function , 336–337  
 water balance , 337–338  

   Renal stone disease 
 CDS , 22  
 computed tomography , 26, 27  

   Renal transit time (RTT) , 30  
   Renal transplantation 

 allocation systems , 380  
 anesthesia 

 epidural analgesia , 48  
 induction and monitoring , 48  
 intraoperative management , 48  
 postoperative management , 48–49  

 graft dysfunction and causes , 386  
 history , 379  
 immunosuppression , 381  
 indication , 379–380  
 intraoperative management , 386  
 intraperitoneal  vs.  extraperitoneal approach , 383–385  
 kidney graft , 385–386  
 living-donor nephrectomy , 386–387  
 nephrectomy , 386  
 outcomes , 380–381  
 transplant surgery 

 antirefl ux techniques , 383  
 bladder augmentation , 384  
 constant prophylaxis , 384  
 external iliac vessels and distal end , 382  
 lower urinary tract dysfunction , 383  
 renal vein and artery anastomosis , 382  

   Renal tumors 
 clinical aspects , 310  
 diagnosis , 310–311  
 epidemiology , 305, 306  
 histologic distribution, children , 305, 306  
 histology and pathogenesis 

 CCSK , 308–309  
 CMN , 309  
 CPDN , 310  
 multilocular cystic nephroma , 310  
 RCC , 309–310  
 with risk distribution , 305–307  
 RTK , 309  
 staging systems , 306, 307  
 Wilms tumor , 306–308  

 post-chemotherapy-based system , 307, 311  

 therapeutic management 
 advantage and disadvantage , 311  
 anaplastic Wilms tumor/high-risk patients , 312  
 chemotherapy , 311  
 NSS , 312, 313  
 NWTSG and SIOP approach , 311  
 radiotherapy , 311  
 surgery , 311  

   Retrograde intrarenal surgery 
(RIRS) , 376–377  

   Retroperitoneoscopy , 64  
 adrenalectomy , 68, 69  
 heminephrectomy , 66–68  
 nephrectomy , 65–66  
 pyeloplasty , 68  

   Rhabdoid tumor of kidney (RTK) , 309  
   Rhabdomyosarcoma , 38, 58, 310  
   Robot-assisted laparoscopic surgery (RALS) 

 antirefl ux procedures , 70  
 bladder augmentation , 70  
 continent catheterization , 70  
 heminephrectomy , 66  
 nephrectomy , 66  
 pyeloplasty , 68  

   Robotic-assisted laparscopic pyeloplasty 
(RALP) , 68  

   Robotic surgery.    See also  Robot-assisted laparoscopic 
surgery (RALS) 

 antegrade stent placement , 77–78  
 clinical outcomes , 83–84  
 completion , 78  
 da Vinci Surgical System , 75  
 development , 84  
 dissection and exposure , 77  
 four-arm surgical unit , 75–76  
 hitch stitches , 77  
 partial nephrectomy , 82  
 patient positioning , 76  
 port placement , 76–77  
 pyeloplasty , 78–80  
 retrovesical procedures , 82–83  
 seminal vesical cysts , 82  
 ureteral reimplantion, VUR 

 advantages , 79  
 bladder hitch stitch , 81  
 detrusorotomy , 81  
 detrusor tunnel, creation and 

closure of , 81–82  
 dissection and exposure , 80  
 mobilization , 80–81  
 port positions , 80  
 urinary retention, risk of , 79  

 utricular cysts , 82  
 working instruments , 76  
 Zeus Systems , 75  

    S 
  Sacral agenesis , 173  
   Sacral nerve stimulation , 178–179  
   Segmental cystic dysplasia , 18  
   Seminal vesical cysts , 82, 83  
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   Sevofl urane , 45  
   Sex cord tumors , 319  
   Simpson–Golabi–Behmel syndrome , 308  
   Sotos syndrome , 308  
   Spinal cord injury , 173–174, 177  
   Spinal dysraphism , 172  
   Staccato voiding , 199  
   Swedish Refl ux Study , 348  
   Swire’s syndrome , 242, 244  
   Syringoceles , 226, 227  

    T 
  Testicular tumors 

 clinical aspects , 320–321  
 ethiology and pathogenesis , 319–320  
 therapeutic management , 322, 324  

   Thiopentone , 45  
   Tolterodine tartrate , 205  
   Total intravenous anesthesia (TIVA) , 45  
   Total urogenital mobilization (TUM) , 162–163, 252–253  
   Transcutaneous electrical nerve stimulation (TENS) , 205  
   Trauma , 36  

    U 
  UDT.    See  Undescended testes (UDT) 
   UGS.    See  Urogenital sinus (UGS) 
   Ultrasonography (US) 

 acute renal failure , 32  
 ARPKD , 35  
 complicated duplex system , 120  
 3D US , 22–23  
 fetal lobulation and corticomedullary differentiation , 

21–22  
 fetal urinary tract , 3–4  
 harmonic imaging , 22  
 hydronephrosis , 31–32  
 left hydroureteronephrosis , 22  
 megaureters , 111–112  
 motion-mode , 22  
 obstructive uropathy , 33  
 panoramic US , 22  
 real-time operator dependent , 21  
 renal leukemia , 38  
 rhabdomyosarcoma , 38  
 transperineal US , 22  
 trauma , 36  
 UGS , 157  
 urolithiasis , 35–36  

   Underactive bladder (UB) , 199–200  
   Undescended testes (UDT) 

 palpable 
 closed external oblique fascia and scrotal skin , 

283  
 complete mobilization , 280, 282  
 high and medial inguinal position , 273–274  
 patent vaginal duct , 282  
 processus vaginalis and cremasteric muscle 

attachments , 282  

 scrotal incision , 282  
 skin incision , 281  
 tension-free placement , 282  

 unilateral nonpalpable 
 abdominal agenesis , 284  
 abdominal atrophy , 284  
 advantage , 284–285  
 Fowler-Stephens orchiopexy , 285  
 high abdominal testis , 283, 284  
 intracanalicular atrophy/agenesis , 284  
 Koff and Sethi procedure , 285  
 low abdominal testis , 283  
 microvascular orchiopexy , 286–287  
 mobilization and fi xation , 284  

   UPJO.    See  Ureteropelvic junction obstructions (UPJO) 
   Ureteral ectopia , 58, 59, 119, 124–125  
   Ureterocele 

 cystoscopy , 58–59  
 DSU   ( see  Duplex system ureterocele (DSU)) 
 prenatal hydronephrosis , 16  
 VCUG , 34  

   Ureteropelvic junction obstructions (UPJO) 
 laparoscopic pyeloplasty , 68  
 open Anderson–Hynes pyeloplasty , 66  
 prenatal hydronephrosis , 16  

   Ureterorenoscopy (URS) , 376–377  
   Ureterovesical junction (UVJ) obstruction.    See  

Megaureters 
   Urethral abnormalities 

 atresia , 224–225  
 AUV , 225  
 classifi cation , 223, 224  
 Cobb’s collar , 227–228  
 congenital anterior diverticula , 226  
 congenital urethral polyps , 228–230  
 embryology , 223–224  
 lacuna magna/sinus , 226–227  
 meatal stenosis , 229  
 megalourethra , 228–229  
 syringoceles , 226, 227  
 urethral duplication , 229, 231–232  

   Urinary incontinence (UI) 
 after valve ablation , 215–216  
 cloaca , 168–169  
 continuous incontinence , 183  
 defi nition of , 183, 198  
 intermittent incontinence , 183  
 pathophysiology 

 bladder outlet , 184  
 normal bladder capacity and compliance , 

183–184  
 normal micturition , 183  
 normal pressure, maintenance of , 184  
 voluntary micturition , 183  

 preoperative evaluation , 184–185  
 pseudoincontinence , 183  
 structural incontinence , 184  
 surgical procedures 

 AMS 800 artifi cial urinary sphincter , 191–192  
 bulking substances, injection of , 192–193  
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 CIC , 185  
 fi xed external compression , 190–191  
 fl ap valve mechanism , 188–189  
 Mitchell’s bladder neck repair , 187  
 spontaneous voiding , 187–188  
 suspension , 189–191  
 YDL technique , 185–186  

   Urinary tract infections (UTIs) , 32–33  
 antibiotic prophylaxis and complementary strategy 

 cephalosporins , 349  
 co-amoxiclav , 349  
 cotrimoxazole , 349  
 multivariate analysis , 348  
 nitrofurantoin , 349  
 prevent urinary tract recurrence , 348  
 risk factors , 347, 348  

 catheters , 178  
 defi nitions , 341  
 diagnosis , 341  
 DMSA scan , 344, 345  
 dysfunctional elimination syndrome , 200  
 febrile urinary tract infections and renal scarring , 

344, 345  
 imaging algorithms , 345, 346  
 incidence , 341  
 ultrasound , 344  
 urine collection methods 

 clean-catch method , 343  
 clean-voided method , 342, 344  
 colony forming unit/ml , 342  
 disadvantages , 343  
 non-toilet-trained children , 342  
 sterile bag method , 342  
 suprapubic bladder aspiration , 342  
 urethral catheterization , 342  

 vesicoureteral refl ux , 344  
 video urodynamic study , 175  
 voiding cystourethrography , 344, 345  
 VUR , 134  

   Urodynamics (UDS) , 172, 174, 176  
   Urofl owmetry , 202  
   Urogenital sinus (UGS) , 248  

 embryogenesis , 155–156  
 genitourinary malformations , 155  
 persistence 

 ambiguous genitalia , 156–157  
 female hypospadia , 157  
 management of , 157–158  
 transverse septum , 157  
 urovaginal confl uence , 157  

 sexual differentiation , 156  
 treatment 

 DSD   ( see  Disorders of sex development (DSD)) 
 female hypospadia , 163  
 high transverse septum , 164  
 urethrovaginal fi stula , 164  
 urovaginal confl uence , 163–164  

   Urogenital tumors 
 angiomyolipoma , 36  
 benign tumors , 36  

 clear cell sarcoma , 37  
 lymphoma/leukemia , 38  
 malignant rhabdoid tumor , 38  
 mesoblastic nephroma , 36  
 multilocular cystic nephroma , 36  
 nephroblastomatosis , 36–37  
 renal cell carcinoma , 38  
 rhabdomyosarcoma , 38  
 Wilms’ tumor , 37  

   Urolithiasis 
 chronic calculus renal failure group , 377  
 clinical presentation , 366  
 demography , 366, 367  
 diagnostic investigation , 366  
 diet , 370  
 epidemiology , 365–366  
 isotope scan , 371  
 IVU , 371  
 medical management , 372  
 metabolic risk factors , 367–369  
 minimally invasive surgery 

 ESWL , 373  
 management , 372, 373  
 PCNL   ( see  Percutaneous nephrolithotomy 

(PCNL)) 
 retrograde intrarenal surgery , 376–377  
 stone burden , 372  
 ureterorenoscopy , 376–377  

 non-contrast computerized tomography , 371  
 stone analysis , 369–370  
 ultrasonography , 370–371  
 x-ray , 371  

   Urotherapy , 204–205  
   US.    See  Ultrasonography (US) 
   UTIs.    See  Urinary tract infections (UTIs) 
   Utricular cysts , 82  

    V 
  Vagina, DSD 

 feminizing vaginoplasty , 240  
 patency , 240, 242  
 self-dilatation/surgical reconstruction , 240, 241  
 urogenital sinus , 240  
 vaginal reconstruction , 240  

   Vaginal refl ux (VR) , 200  
   Vaginoplasty 

 ASTRA technique , 161–162, 252  
 cutback vaginoplasty , 159, 251  
 fl ap vaginoplasty , 159–160, 251–252  
 Gonzalez vaginoplasty , 161  
 Hendren pull-through vaginoplasty , 160–161, 252, 

254–255  
 Jones vaginoplasty , 161  
 mucosa-lined vestibule , 253  
 Passerini-Glazel vaginoplasty , 161  
 Peña vaginourethroplasty , 161  
 posterior vaginal wall , 253, 254  
 PUM , 162–163, 253–254  
 TUM , 162–163, 252–253  
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   Vaginoscopy , 55  
   Valve bladder syndrome , 216  
   VCUG.    See  Voiding cystourethrography (VCUG) 
   Vesicoureteral refl ux (VUR) 

 antibiotic prophylaxis , 137  
 BBD, treatment of , 137  
 bladder dysfunction , 135  
 cystoscopy , 60–61  
 DMSA , 136  
 dysfunctional elimination syndrome , 200  
 endoscopic treatments , 137  
 etiologic diagnosis of , 136  
 isotopic cystography , 136  
 neurogenic bladder dysfunction , 174, 175  
 OAB , 197  
 open Cohen ureteral reimplantation , 69  
 pathophysiology of , 133, 134  
 prenatal hydronephrosis , 16  
 prenatally dilated urinary tract, cystography , 135  
 primary refl uxing megaureter , 110  
 refl ux disease and symptom , 133  
 renal parenchymal damage , 134–135  
 surgical procedures , 136–138  
 ultrasound scan , 136  
 ureteral reimplantion, robotic surgery 

 advantages , 79  
 bladder hitch stitch , 81  
 detrusorotomy , 81  
 detrusor tunnel, creation and closure of , 81–82  
 dissection and exposure , 80  
 mobilization , 80–81  
 port positions , 80  
 urinary retention, risk of , 79  

 and UTI , 134  
 voiding cystourethrography , 33  

   Video urodynamics (VUD) 
 neurogenic bladder dysfunction , 174, 175  
 urinary incontinence , 184–185  

   Voiding cystourethrography (VCUG) , 24–26  
 bilateral hydronephrosis , 31–32  
 complicated duplex system , 120–122  
 hypodysplasia , 33–34  
 LUTD , 204  
 megaureters , 112  
 urinary tract infection , 32  
 vesicoureteral refl ux , 33  

   Voiding postponement (VP) , 200  
   Voiding urosonography (VUS) 

 hydronephrosis , 31–32  
 hypodysplasia , 33–34  
 RVU visualization , 24  
 second-generation contrast agents , 24  
 steps , 24  
 urinary tract infection , 32  
 US contrast agents , 23  

   Von Hippel–Lindau syndrome , 294  
   VUR.    See  Vesicoureteral refl ux (VUR) 

    W 
  WAGR syndrome , 308  
   Wilms’ tumor , 306–308  

 coronal CT scan , 37  
 HIPEC , 43  
 nephrectomy , 64  

    Y 
  Young-Dees-Leadbetter (YDL) bladder neck 

reconstruction , 148, 185–187         
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