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Foreword

Paediatric Urology is one of the youngest surgical specialties and much of its devel-
opment has occurred during the era of evidence based medicine. By promoting 
clinical and experimental research in Pediatric Urology, specialist societies such as 
the Society for Pediatric Urology and European Society for Paediatric Urology have 
played valuable roles in ensuring that the new specialty has been built on firm sci-
entific foundations. The establishment of the Journal of Pediatric Urology in 2005 
was another influential landmark in Pediatric Urology's development as an evidence 
based specialty.

Opportunities to attain the levels of evidence achieved in other areas of medical 
research are inevitably more limited in a small volume surgical specialty such as 
Pediatric Urology. With certain exceptions (such as the RIVUR, PRIVENT and 
Swedish Reflux trials) it has proved very difficult to design and conduct prospective 
randomised controlled trials with the statistical power required to meet the highest 
levels of evidence based medicine. However, to some extent this deficiency is now 
being addressed by systemic reviews and meta analyses of case—controlled clinical 
studies. Other obstacles to high quality research include the difficulty in attracting 
funding and the length of time before long term outcomes can be reliably evaluated 
in adolescence or adulthood. Against this challenging background the editors and 
contributors have set themselves a daunting task in seeking to define the scientific 
evidence underpinning best practice in clinical Pediatric Urology.

The opening chapter sets the scene by providing an authoritative account of the 
history and development of evidence based medicine. This is followed by chapters 
on the development of evidence based guidelines, antibiotic usage and the role of 
effective pain management: important topics which rarely feature in standard 
Pediatric Urology textbooks. For the most part, Pediatric Urologists are practical 
clinicians for whom evidence based medicine exists primarily to assist them in car-
ing for their young patients to the highest standards. With this in mind, most of this 
excellent book is devoted to enabling Pediatric Urologists to adopt an evidence 
based approach to the management of a wide range of practical problems encoun-
tered in their day to day clinical practice. This book will undoubtedly serve as a 
valuable resource for trainees—particularly those preparing for examinations. In 
addition it will provide established Pediatric Urologists with an opportunity to 
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appraise their own specialist practice and decision—making in the context of the 
latest published evidence. The editors and contributors have distilled a wealth of 
valuable and clinically relevant evidence into this textbook and are to be com-
mended on their achievement.

� David F. M. Thomas
Emeritus Consultant Paediatric Urologist  

Leeds Teaching Hospitals & Professor of Paediatric Surgery  
University of Leeds  

Leeds, England

Foreword
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Preface

The world of pediatric urology is progressing at a rapid pace. With the advances in 
pharmaceuticals, technologies and greater understanding of disease process, treat-
ment decisions can be based on evidence as opposed to anecdotal experience. 
Furthermore increasing patient/parental awareness of pediatric urological condi-
tions mandate that the Pediatric Urologist discuss the various treatment options with 
the patient and family to enable a shared decision making approach.

With this background, we are delighted to introduce this book ‘Practical Pediatric 
Urology—An Evidence Based Approach’. The book is predominantly in a question 
and answer scenario based format to enable higher order thinking and decision 
making process. Wherever evidence is available, this has been cited in the discus-
sion. A small minority of chapters are descriptive in nature where the scenario based 
format would not have been suitable.

This book would be of use to all Pediatric Urologists, Adult Urologists practising 
Pediatric Urology, Pediatric Urology and Pediatric Surgery trainees as well as 
Trainers. The book can also be used as a self assessment tool for preparation of 
Board exams.

We would like to thank the outstanding and timely contributions from the authors. 
A special thanks to Ms Madona Samuel, project coordinator for her periodic 
prompting to ensure our consistent focus on the project and to Melissa Morton 
Executive Editor at Springer for giving us the opportunity to publish this impor-
tant book.

Finally it goes without saying that we are grateful to our families for their 
patience and support throughout this process.

Sheffield, UK� Prasad Godbole 
Aurora, CO � Duncan T. Wilcox 
Toronto, ON, Canada � Martin A. Koyle  
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1The Evolution of Evidence Based Clinical 
Medicine

Paul Dimitri

Learning Objective
•	 To understand the rationale and need for evidence based medicine for clinical 

practice
•	 To recognise the hierarchies and systems designed to support the evaluation and 

classification of clinical evidence
•	 To understand the challenges and controversies with current systems used in 

evidence based medicine

1.1	 �Introduction

Evidence Based Medicine (EBM) proposed by David Sackett over a quarter of a 
century ago is the integration of the best research evidence with clinical expertise 
and patient values defined as ‘the conscientious, explicit and judicious use of cur-
rent best evidence in making decisions about the care of individual patients’ sup-
ported by ‘integrating individual clinical expertise with the best available external 
clinical evidence from systematic research’ [1]. The concept of EBM was initiated 
in 1981 when a group of clinical epidemiologists at McMaster University (Hamilton, 
Ontario, Canada), led by David Sackett, published the first of a series of articles in 
the Canadian Medical Association Journal based upon ‘critical appraisal’ providing 
a framework for clinicians to use when appraising medical literature [1]. Subsequent 
to this in 1985, Sackett and co-workers published ‘Clinical Epidemiology: a Basic 
Science for Clinical Medicine’ based upon the critical appraisal of research 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_1&domain=pdf
https://doi.org/10.1007/978-3-030-54020-3_1#DOI
mailto:Paul.Dimitri@nhs.net
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providing the foundations that have gone on to support the principles of EBM [2]. 
Whilst David Sackett is considered the father of EBM, it was not until nearly a 
decade after the first principles of EBM were published that the term ‘evidence 
based medicine’ was coined by Gordon Guyatt, the Program Director of Internal 
Medicine and Professor of Epidemiology, Biostatistics, and Medicine at McMaster 
University [3]. Sackett believed that the truth of medicine could only be identified 
through randomised-controlled trials which eliminated the bias of clinical opinion 
when conducted appropriately. Furthermore, Sackett distinguished the difference 
between EBM and critical appraisal by defining the three principles of EBM (a) 
consideration of the patient’s expectations; (b) clinical skills; and (c) the best evi-
dence available [4]. Thus whilst EBM is founded on robust clinical research evi-
dence, there is a recognition that practitioners have clinical expertise reflected in 
effective and efficient diagnosis and incorporates the individual patients’ predica-
ments, rights, and preferences. In 1994 Sackett moved to Oxford, United Kingdom 
where he worked as a clinician and Director of the Centre for Evidence-Based 
Medicine. From here Sackett lectured widely across the UK and Europe on EBM. He 
would begin his visits by doing a round on patients admitted the previous night with 
young physicians and showing evidence based medicine in action. Junior doctors 
learned how to challenge senior opinions encapsulated in expert based medicine 
through evidence based medicine [5]. Based upon the growing support and recog-
nised need for EBM, in 1993 Iain Chalmers co-founded the Cochrane Centre which 
has evolved to become an internationally renowned centre for the generation of 
EBM. Thus the foundations of EBM had been laid to pave the way for an revolution 
in interventional medical care, robust in quality, but subsequently open to challenge 
from critics that believed that EBM had developed into an overly rigid system lim-
ited by generalisation.

1.2	 �The Evolution of Evidence Based Medicine

Over the subsequent decade the popularity and recognition for EBM grew exponen-
tially. In 1992, only two article titles included the term EBM; within 5 years, more 
than 1000 articles had used the term EBM [6]. A survey in 2004 identified 24 dedi-
cated textbooks, nine academic journals, four computer programs, and 62 internet 
portals all dedicated to the teaching and development of EBM [7]. Evidence based 
medicine derives its roots from clinical epidemiology. Epidemiology and its meth-
ods of quantification, surveillance, and control have been traced back to social pro-
cesses in eighteenth and nineteenth-century Europe. Toward the middle of the 
twentieth century doctors began to apply these tools to the evaluation of clinical 
treatment of individual patients [6]. The new field of clinical epidemiology was 
established in 1938 by John R Paul. In 1928, Paul joined the faculty of the Yale 
School of Medicine as a Professor of Internal Medicine and subsequently held the 
Position of Professor of Preventive Medicine from 1940 until his retirement. Paul 
established the Yale Poliomyelitis Study Unit in 1931 together with James D. Trask. 
It was through this work that the concept of ‘clinical epidemiology’ was established 
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in which the path of disease outbreaks in small communities was directly studied. 
The concepts of clinical epidemiology were furthered by Alvan Feinstein, Professor 
of Medicine and Epidemiology at Yale University School of Medicine from 1969. 
Feinstein introduced the use of statistical research methods into the quantification of 
clinical practices and study of the medical decision-making process. In 1967 
Feinstein challenged the traditional process of clinical decision making based upon 
belief and experience in his publication ‘Clinical Judgement’ [8], followed shortly 
by Archie Cochrane’s publication ‘Effectiveness and Efficiency’ describing the lack 
of controlled trials supporting many practices that had previously been assumed to 
be effective [9]. In 1968, The McMaster University was established in Canada. The 
new medical school introduced an integrative curriculum called ‘problem-based 
learning’ combining the study of basic sciences and clinical medicine using clinical 
problems in a tutorship system. The McMaster Medical School established the 
world’s first department of clinical epidemiology and biostatistics, which was 
directed by David Sackett. The process of problem-based learning led by Sackett 
was fundamental to the curriculum; Alvan Feinstein was invited as a visiting 
Professor for the first 2 years of the programme to combine clinical epidemiology 
with the process of problem-based learning. Thus a new approach to clinical epide-
miology arose combining the methods problem-based learning curriculum, practi-
cal clinical problem solving and the analysis of medical decision making. In 1978 
they developed a series of short courses at McMaster University based upon the use 
of clinical problems as the platform for enquiry and discussion. This approach was 
described in the Departmental Clinical Epidemiology and Biostatistics Annual 
report 1979; ‘these courses consider the critical assessment of clinical information 
pertaining to the selection and interpretation of diagnostic tests, the study of etiol-
ogy and causation, the interpretation of investigation of the clinical course and natu-
ral history of human disease, the assessment of therapeutic claims and the 
interpretation of studies of the quality of clinical care’. The approach adopted in 
these courses demonstrated that what we now know as EBM was practiced prior to 
its formal introduction into the medical literature. These courses were the catalyst 
for the landmark series of publications in the Canadian Medical Association Journal 
in 1981 [2] describing the methodological approaches to critical appraisal, culmi-
nating in Guyatt’s publication in 1992 in JAMA (Journal of the American Medical 
Association) popularising the term ‘Evidence Based Medicine’ [10]. Guyatt stated 
‘a new paradigm for medical practice is emerging. Evidence-based medicine de-
emphasises intuition, unsystematic clinical experience, and pathophysiologic ratio-
nale as sufficient grounds for clinical decision making and stresses the examination 
of evidence from clinical research’, thus challenging past medical knowledge, 
established medical literature and practice formed by consensus and expertise based 
upon knowledge derived from clinical research, epidemiology, statistics and bioin-
formatics. However, to ensure the that the principles of EBM carried credibility and 
authority from consensus, this and other subsequent publications were written by an 
anonymous Evidence-Based Medicine Working Group to ensure the greatest 
impact. JAMA under the editorial authority of Drummond Rennie became one of 
the first and principle proponents of EBM; of 22 articles on EBM published in the 
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first 3 years, 12 were published by JAMA with a further 32 published over the pro-
ceeding 8 years [6]. The terminology ‘evidence-based’ had been previously used by 
David Eddy in the study of population policies from 1987 and subsequently pub-
lished in 1990 in JAMA, describing evidence-based guidelines and policies stating 
that policy must be consistent with and supported by evidence [11, 12].

EBM is an approach to medical practice intended to optimise decision-making 
by emphasising the use of evidence from well-designed research rather than the 
beliefs of practitioners. The process of EBM adopts an epistemological and prag-
matic approach dictating that the strongest recommendations in clinical practice are 
founded on robust clinical research approaches that include meta-analyses, system-
atic reviews, and randomised controlled trials. Conversely, recommendations 
founded upon less robust research approaches (albeit well-recognised) such as the 
case-control study result in clinical recommendations that are regarded as less 
robust. Whilst the original framework of EBM was designed to improve the deci-
sion making process by clinicians for individual or groups of patients, the principles 
of EBM have extended towards establishing guidelines, health service administra-
tion and policy known as evidence based policy and evidence based practice. More 
recently there has been a recognition that clinical ‘interpretation’ of research and 
clinical ‘judgement’ may also influence decisions on individual patients or small 
groups of patients whereas policies applied to large populations need to be founded 
on a robust evidence base that demonstrates effectiveness. Thus a modified defini-
tion of EBM embodies these two approaches—evidence-based medicine is a set of 
principles and methods intended to ensure that to the greatest extent possible, medi-
cal decisions, guidelines, and other types of policies are based on and consistent 
with good evidence of effectiveness and benefit [13]. Following the implementation 
of the National Institute of Clinical Evidence (NICE) in the UK in 1999, there was 
a recognition that evidence should be classified according on rigour of its experi-
mental design, and the strength of a recommendation should depend on the strength 
of the evidence.

1.3	 �A Methodological Approach to Evidence 
Based Medicine

1.3.1	 �Reviewing the Evidence

Fundamental to the process of defining an evidence-base, is the ‘systematic review’ 
which was established to evaluate the available and combined evidence in order to 
provide a robust and balanced approach. There are a number of programmes estab-
lished to conduct and present systematic reviews. The Cochrane Collaboration 
established in 1993 was founded on 10 principles to provide the most robust evi-
dence; collaboration, enthusiasm, avoiding duplication, minimising bias, keeping 
up to date, relevance, promoting access, quality, continuity and world wide partici-
pation [14]. The founders of the Cochrane Collaboration, Iain Chalmers, Tom 
Chalmers and Murray Enkin attributed the name to Archie Cochrane who had 

P. Dimitri



5

conducted his first trial whilst imprisoned during World War II defining the princi-
ples of the randomised-control trial. Through later work Cochrane demonstrated the 
value of epidemiological studies and the threat of bias [15]. Cochrane’s most influ-
ential mark on healthcare was his 1971 publication, ‘Effectiveness and Efficiency’ 
strongly criticising the lack of reliable evidence behind many of the commonly 
accepted healthcare interventions at the time, highlighting the need for evidence in 
medicine [9]. His call for a collection of systematic reviews led to the creation of 
The Cochrane Collaboration. The framework for the Cochrane Collaboration came 
from preceding work by Iain Chalmers and Enkin through their development of the 
Oxford Database of Perinatal Trials [16]. Through their work in this field, Chalmers 
and Enkin uncovered practices that were unsupported by evidence and in some 
cases dangerous, thus acting as a catalyst for adopting the same approach to estab-
lish and evidence base across all medical specialities.

The Cochrane Collaboration has grown into a global independent network of 
researchers, professionals, patients, carers and people interested in health from 130 
countries with a vision to ‘to improve health by promoting the production, under-
standing and use of high quality research evidence by patients, healthcare profes-
sionals and those who organise and fund our healthcare services’ (uk.cochrane.org). 
The Cochrane Library now provides a comprehensive resource of medical evidence 
for clinicians and researchers across the globe. The aim of the Cochrane Library is 
to prepare, maintain, and promote the accessibility of systematic reviews of the 
effects of healthcare interventions. It contains four databases: the Cochrane Database 
of Systematic Reviews (CDSR), the Database of Abstracts of Reviews of 
Effectiveness (DARE), the Cochrane Controlled Trials Register (CCTR), and the 
Cochrane Review Methodology Database (CRMD) [17].

1.3.2	 �Categorising the Quality of Evidence

The utilisation of EBM in different healthcare settings is underpinned by the quality 
of evidence available. Different aspects of EBM including evidence-based policy 
and evidence-based practice require a certain quality of evidence to inform practice. 
Evidence ranges from meta-analyses, systemic review and appropriately powered 
blinded randomised-control trials, to expert consensus opinion and case reports; the 
inclusion of expert consensus is controversial as it is not felt to represent empirical 
evidence. Categorising EBM is derived from the freedom from bias inherent in the 
process by which the evidence was derived. There are many examples derived from 
organisations that categorise EBM according to the quality of evidence. In 1989 
Sackett provided a pragmatic classification of evidence quality based upon trial 
design using antithrombotic agents as described in Table 1.1 [18].

An adapted approach to the earlier classifications is the well-established 
‘Evidence Pyramid’ (Fig. 1.1) which divides the evidence level pragmatically into 
study level data and subject level data based upon trial design. The pyramid priori-
tises randomised control trials due to the ability to provide high levels of internal 
validity supporting causal inferences and minimising bias due to selection, 

1  The Evolution of Evidence Based Clinical Medicine
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measurement and confounding. As randomised control trials proliferated the use of 
systematic review and meta-analyses were established as means of reviewing the 
outputs of multiple trials.

Early evidence hierarchies were initially developed primarily to help clinicians 
appraise the quality of evidence for therapeutic effects. The Oxford Centre for 
Evidence Based Medicine (CEBM) is a not-for-profit organisation dedicated to the 
practice, teaching and dissemination of high quality evidence based medicine to 
improve healthcare in everyday clinical practice. Recognising the need to expand 
the evidence hierarchy to consider evidence related to the area it is being applied 
to, the Oxford CEBM released the first iteration of their guidelines in 2000 based 
upon evidence relating to prognosis, diagnosis, treatment benefits, treatment 
harms, economic decision analysis and screening; these levels were revised in 
2011 (Table 1.2).

The type of evidence required is determined by the area in which the question is 
being asked. Thus evidence for treatment, and prognosis will be depend on studies 
that use relevant methodologies. For example, a randomised control trial may not be 
used to determine prognosis and so the highest level of evidence (type 1) may be 

Table 1.1  1989 classifica-
tion of evidence based upon 
trial design

Level Type of evidence
I Large RCTs with clear cut results
II Small RCTs with unclear results
III Cohort and case-control studies
IV Historical cohort or case-control studies
V Case series, studies with no controls

Systematic review and
meta-analysis

Randomised control trial

Case-controlled clinical study

Cohort studies

Case Series/Case Report

Expert opinion

Q
ua

lity
 o

f e
vid

en
ce

Fig. 1.1  Pyramid of evidence
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based upon a systematic review of cohort studies. This is because prognosis may be 
determined by the impact of not providing introducing an intervention compared to 
the use of an intervention. Thus well powered prospective cohort analyses or sys-
tematic reviews would provide the best evidence (Table 1.2). The Oxford CEBM 
state ‘The levels are not intended to provide you with a definitive judgment about the 
quality of evidence. There will inevitably be cases where ‘lower level’ evidence—say 
from an observational study with a dramatic effect—will provide stronger evidence 
than a ‘higher level’ study—say a systematic review of few studies leading to an 
inconclusive result’. Moreover, the Oxford CEBM website states that the levels 
have not been established to provide a recommendation and will not determine 
whether the correct question is being answered. The following questions need to be 
considered to determine a recommendations [19].

	1.	 Do you have good reason to believe that your patient is sufficiently similar to the 
patients in the studies you have examined? Information about the size of the  

Table 1.2  Oxford Centre for evidence-based medicine 2011 levels of evidence [19]

Question
Step 1  
(Level 1a)

Step 2  
(Level 2a)

Step 3  
(Level 3a)

Step 4  
(Level 4a)

Step 5 
(Level 5)

How 
common is 
the 
problem?

Local and 
current 
random 
sample 
surveys (or 
censuses)

Systematic 
review of 
surveys that 
allow matching 
to local 
circumstancesb

Local 
non-random 
sampleb

Case-seriesb n/a

Is this 
diagnostic 
or 
monitoring 
test 
accurate? 
(Diagnosis)

Systematic 
review of 
cross 
sectional 
studies with 
consistently 
applied 
reference 
standard and 
blinding

Individual 
cross sectional 
studies with 
consistently 
applied 
reference 
standard and 
blinding

Non-
consecutive 
studies, or 
studies 
without 
consistently 
applied 
reference 
standardsb

Case-control 
studies, or 
“poor or 
non-
independent” 
reference 
standardb

Mechanism-
based 
reasoning

What will 
happen if 
we do not 
add a 
therapy? 
(Prognosis)

Systematic 
review of 
inception 
cohort studies

Inception 
cohort studies

Cohort study 
or control 
arm of 
randomized 
triala

Case-series 
or case-
control 
studies, or 
poor quality 
prognostic 
cohort studyb

n/a

Does this 
intervention 
help? 
(Treatment 
Benefits)

Systematic 
review of 
randomized 
trials or 
n-of-1 trials

Randomised 
trial or 
observational 
study with 
dramatic effect

Non-
randomized 
controlled 
cohort/
follow-up 
studyb

Case-series, 
case-control 
studies, or 
historically 
controlled 
studiesb

Mechanism-
based 
reasoning

(continued)
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variance of the treatment effects is often helpful here: the larger the variance the 
greater concern that the treatment might not be useful for an individual.

	2.	 Does the treatment have a clinically relevant benefit that outweighs the harms? It 
is important to review which outcomes are improved, as a statistically significant 
difference (e.g. systolic blood pressure falling by 1 mmHg) may be clinically 
irrelevant in a specific case. Moreover, any benefit must outweigh the harms. 
Such decisions will inevitably involve patients’ value judgments, so discussion 
with the patient about their views and circumstances is vital

Table 1.2  (continued)

Question
Step 1  
(Level 1a)

Step 2  
(Level 2a)

Step 3  
(Level 3a)

Step 4  
(Level 4a)

Step 5 
(Level 5)

What are 
the 
COMMON 
harms? 
(Treatment 
Harms)

Systematic 
review of 
randomized 
trials, 
systematic 
review of 
nested 
case-control 
studies, n-of-1 
trial with the 
patient you 
are raising the 
question 
about, or 
observational 
study with 
dramatic 
effect

Individual 
randomized 
trial or 
(exceptionally) 
observational 
study with 
dramatic effect

Non-
randomized 
controlled 
cohort/
follow-up 
study 
(post-
marketing 
surveillance) 
provided 
there are 
sufficient 
numbers to 
rule out a 
common 
harm. (For 
long-term 
harms the 
duration of 
follow-up 
must be 
sufficient)b

Case-series, 
case-control, 
or 
historically 
controlled 
studiesb

Mechanism-
based 
reasoning

What are 
the RARE 
harms? 
(Treatment 
Harms)

Systematic 
review of 
randomized 
trials or 
n-of-1 trial

Randomized 
trial or 
(exceptionally) 
observational 
study with 
dramatic effect

Is this (early 
detection) 
test 
worthwhile? 
(Screening)

Systematic 
review of 
randomized 
trials

Randomized 
trial

Non-
randomized 
controlled 
cohort/
follow-up 
studyb

Case-series, 
case-control, 
or 
historically 
controlled 
studiesb

Mechanism-
based 
reasoning

aLevel may be graded down on the basis of study quality, imprecision, indirectness (study PICO), 
because of inconsistency between studies, or because the absolute effect size is very small; Level 
may be graded up of here is a large or very effect size
bAs always, a systematic review is generally better than an individual study
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	3.	 Is another treatment better? Another therapy could be ‘better’ with respect to 
both the desired beneficial and adverse events, or another therapy may simply 
have a different benefit/harm profile (but be perceived to be more favourable by 
some people). A systematic review might suggest that surgery is the best treat-
ment for back pain, but if exercise therapy is useful, this might be a more accept-
able to the patient than risking surgery as a first option.

	4.	 Are the patient’s values and circumstances compatible with the treatment? If a 
patient’s religious beliefs prevent them from agreeing to blood transfusions, 
knowledge about the benefits and harms of blood transfusions is of no interest to 
them. Such decisions pervade medical practice, including oncology, where shar-
ing decision making in terms of the dose of radiation for men opting for radio-
therapy for prostate cancer is routine

Other frameworks and tools exist for the assessment of evidence. The PRISMA 
statement is a checklist and flow diagram to help systematic review and meta-
analyses authors assess and report on the benefits and harms of a healthcare inter-
vention. The Scottish Intercollegiate Guidelines Network (SIGN) Methodology 
provides checklists to appraise studies and develop guidelines for healthcare inter-
ventions. The CONsolidated Standards of Reporting Trials (CONSORT) is an 
evidence-based tool to help researchers, editors and readers assess the quality of the 
reports of trials and the PEDro scale considers two aspects of trial quality, namely 
internal validity of the trial and the value of the statistical information.

1.3.3	 �Grading

Another approach to the evaluation of clinical evidence was proposed in 2000, by 
the Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) working group providing a transparent and reproducible framework for 
assessment [20–22]. It is the most widely adopted tool for grading the quality of 
evidence and for making recommendations, with over 100 organisations worldwide 
officially endorsing GRADE. It requires users of GRADE assessing the quality of 
evidence, usually as part of a systematic review, to consider the impact of different 
factors based upon their confidence in the results. A stepwise process is employed 
by which the assessors determine the clinical question, the applicable population 
and the relevant outcome measures. Systemic reviews are scored accordingly:

•	 Risk of bias: Is a judgement made on the basis of the chance that bias in included 
studies has influenced the estimate of effect?

•	 Imprecision: Is a judgement made on the basis of the chance that the observed 
estimate of effect could change completely?

•	 Indirectness: Is a judgement made on the basis of the differences in characteris-
tics of how the study was conducted and how the results are actually going to be 
applied?

1  The Evolution of Evidence Based Clinical Medicine
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•	 Inconsistency: Is a judgement made on the basis of the variability of results 
across the included studies?

•	 Publication bias: Is a judgement made on the basis of the question whether all the 
research evidence has been taken to account?

Objective tools may be used to assess each of the domains. For example, tools 
exist for assessing the risk of bias in randomised and non-randomised trials [23–25]. 
The GRADE approach to rating imprecision focuses on the 95% confidence interval 
around the best estimate of the absolute effect. Thus, certainty is lower if the clinical 
decision is likely to be different if the true effect was at the upper versus the lower 
end of the confidence interval. Indirectness is dictated by the population studied 
assessing whether the population studied is different from those for whom the rec-
ommendation applies or the outcomes studied are different for those which are 
required.

The GRADE system also provides a framework for assessing observational stud-
ies but conversely utilises a positive approach to assessing the quality of the 
evidence.

•	 Large effect: This is when methodologically strong studies show that the 
observed effect is so large that the probability of it changing completely is 
less likely.

•	 Plausible confounding would change the effect: This is when despite the pres-
ence of a possible confounding factor which is expected to reduce the observed 
effect, the effect estimate is still significant

•	 Dose response gradient: This is when the intervention used becomes more effec-
tive with increasing dose.

Following the assessment of the quality of evidence derived from systemic 
reviews and other methodological approaches, the GRADE system moves to a sec-
ond stage relating to the strength of recommendation (certainty) which will act to 
inform guidelines, policy and may also act as a determinant for further research [26].

•	 High Quality Evidence: The authors are very confident that the estimate that is 
presented lies very close to the true value.

•	 Moderate Quality Evidence: The authors are confident that the presented esti-
mate lies close to the true value, but it is also possible that it may be substantially 
different.

•	 Low Quality Evidence: The authors are not confident in the effect estimate and 
the true value may be substantially different.

•	 Very low quality Evidence: The authors do not have any confidence in the esti-
mate and it is likely that the true value is substantially different from it.

Evidence-based medicine approaches also objectively evaluate the quality of 
clinical research by critically assessing techniques reported by researchers in their 
publications. Consideration is given to trial design by which high-quality studies 
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have clearly defined eligibility criteria and have minimal missing data. Some studies 
may only be applicable to narrowly defined patient populations and may not be 
generalisable in other clinical contexts. Studies also have to be sufficiently powered 
to ensure that the number of patients studied is sufficient to determine a difference 
between interventions and also need to run over a sufficient period of time to ensure 
sustainable change. Randomised placebo controlled trials are considered the gold 
standard in this respect providing they are sufficiently powered and have minimised 
missing data points.

As early as 1972, Cochrane proposed a simple framework for evaluating medical 
care that could be applied to treatment and policy in current-day medical practice 
[9]. The questions posed test the internal and external validity of an intervention 
(Table 1.3).

The fundamental importance in this approach lies in the extent to which the pro-
cess focusses on the external validity accounting for the application of an interven-
tion in clinical practice and the resulting financial impact.

1.4	 �Challenges to Evidence Based Medicine

Evidence Based Medicine has clearly revolutionised the practice of medicine, the 
choice of investigations and treatments and has challenged therapies which had pre-
viously been built on limited evidence and opinion, but had gone unchallenged due 
to the hierarchical constraints of the medical profession. However, there has been 
criticism about inherent weaknesses of EBM. Some have suggested there is an over-
reliance on data gathering that ignores experience and clinical acumen, and data 
which may not have formed part of the clinical trial process, and does not ade-
quately account for personalised medicine and the individual holistic needs of the 
patient. Thus, EBM does not seek to extend to more recent advances in stratified 
medicine. Others have argued that the hierarchical approach to EBM places the 
findings from basic science at a much lower level thus belittling the importance of 
basic science in providing a means of understanding pathophysiological mecha-
nisms, providing a framework and justification for clinical interventions and an 
explanation for inter-patient variability [27, 28]. Furthermore, EBM has been 
regarded as overly generalisable, considering the treatment effect to large 

Table 1.3  Cochrane’s table of evidence to guide evaluations of the internal and external valid-
ity—(efficacy, effectiveness and cost-effectiveness) of medical intervention [9, 19]

Type of 
evidence Question Description
Efficacy Can it work? Extent to which an intervention does more good than 

harm under ideal circumstances
Effectiveness Does it work in 

practice?
Extent to which an intervention does more good than 
harm under usual circumstances

Cost-
effectiveness

Is it worth it? The effect of an intervention in relation to the resources
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populations, but not accounting for the severity of a disease, whereby a treatment 
may offer significant effect to those who are seriously affected compared to little or 
no impact for those who are mildly affected by the same condition. Thus within 
analyses, sub-stratification of patient cohorts may overcome this issue. Although a 
doyenne of EBM, Feinstein also argued that some of the greatest medical discover-
ies, for example the discovery of insulin and its use in diabetic ketoacidoisis have 
come about from single trials and would not stand up to the rigours of evidence 
based medicine [29]. Feinstein argued that there was too much emphasis placed 
upon the randomised-control trial and the process simply tests one treatment against 
another, with additional acumen needed to treat a patient in relation to presentation 
and severity of symptoms. Thus there is a concern that practice that does not con-
form to EBM is marginalised as a consequence. EBM is also restricted in its use for 
the defined patient population and does not consider alternative patient groups using 
the same therapies and interventions. Evidence defined by the RCT should also be 
challenged by observational and cohort studies in which supported treatments may 
lead to adverse effects in certain patient populations. Meta-analyses often include 
highly heterogeneous studies and ascribe conflicting results to random variability, 
whereas different outcomes may reflect different patient populations, enrolment and 
protocol characteristics [30]. Richardson and Doster proposed three dimensions in 
the process of evidence-based decision making: baseline risk of poor outcomes 
from an index disorder without treatment, responsiveness to the treatment option 
and vulnerability to the adverse effects of treatment; whereas EBM is focused on the 
potential therapeutic benefits it does not usually account for the patient inter-vari-
ability in the latter two dimensions [31].

The GRADE approach described earlier attempts to overcome some of these 
challenges by defining a system that provides a ‘quality control’ for evidence such 
that powerful observational studies for example may be upgraded due to the dra-
matic observed effect. The use of meta-analyses and systematic reviews as a gold 
standard are also scrutinised by GRADE for their inherent weaknesses. Heterogeneity 
(clinical, methodological or statistical) has been recognised as an inherent limita-
tion of meta-analyses [32]. Different methodological and statistical approaches 
used in systematic reviews can also lead to different outcomes [33]. To this extent 
some have suggested that the approach to the evidence based pyramid should be 
adapted to incorporate a more rational approach to the assessment of evidence and 
with the use of systematic reviews at all levels of the evidence pyramid to determine 
the quality of the evidence [34]. Others have argued that the rigidity of the 
randomised-control trial has allowed an exploitation through selective reporting, 
exaggeration of benefits and the misinterpretation of evidence [35, 36]. Greenhalgh 
and colleagues state that through ‘overpowering trials to ensure that small differ-
ences will be statistically significant, setting inclusion criteria to select those most 
likely to respond to treatment, manipulating the dose of both intervention and con-
trol drugs, using surrogate endpoints, and selectively publishing positive studies, 
industry may manage to publish its outputs as unbiassed in high-ranking peer-
reviewed journals’ [37]. Fundamentally and most importantly, whilst Sackett 
believed that the predicament of the patient formed part of the process of EBM, the 
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rigidity of the system has resulted in a paradigm shift away from this principle. 
Some believe that EBM provides an oversimplified and reductionistic view of treat-
ment, failing to interpret the motivation of the patient, the value of clinical interac-
tion, co-morbidities, poly-pharmacy, expectations, environment and other 
confounding and influential variables and demand a return to ‘real evidence based 
medicine’ [37]. Others recognise that published evidence should also be presented 
in a way that is readable and usable for patients and professionals [38].

1.5	 �Conclusion

Since the foundations of evidence based medicine were introduced by David 
Sackett and colleagues in 1981 and the concept defined a decade later by Gordon 
Guyatt, EBM has provided a revolutionary framework defining medical interven-
tions that challenged conventions of opinion-based medical practices based upon 
experience and position. Medical guidelines, policy and practice were founded by 
the evidence defined by research with frameworks subsequently applied that pro-
vided a means of defining the quality of the research and a system (GRADE) that 
assessed the quality of the research output and the ability to apply the evidence to 
clinical practice. Well established organisations now exist to systematically assess 
research evidence to provide an evidence-based resource for clinicians and 
researchers. Despite the recognised impact of evidence based-medicine, in the rap-
idly advancing era of personalised and stratified medicine, and the established role 
that basic science research plays in understanding the pathophysiology of disease 
and the impact of therapeutic intervention, the value of EBM has been questioned. 
In current day medical practice, many now recognise the need to balance the value 
of EBM with other methodological approaches to define future healthcare and 
interventions for patients.
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Learning Objectives
•	 To understand the process of developing guidelines
•	 To understand the process of critically reviewing guidelines
•	 To understand how/which guidelines should be implemented

2.1	 �Introduction

As Paediatric Urologists or in fact as clinicians in any discipline, we come across a 
vast array of guidelines from which to choose. The ultimate aim of clinical guidelines 
is to offer the clinicians an evidence based patient focused resource to improve patient 
outcomes, maintain patient safety and provide the most cost effective treatments. 
Guidelines can be found nationally, regionally or locally. Most local guidelines are 
adopted from existing guidelines but tailored for local use. With the vast array of 
guidelines available it can be a daunting task to determine which guidelines to choose 
from for patient management as not all guidelines are consistent and may differ widely 
in their content and recommendations. This chapter will focus on how guidelines are 
developed and how end users—the clinicians can determine which guidelines have 
been developed in a robust fashion to use with the highest level of evidence.

2.1.1	 �Clinical Guideline Development

There are several key steps when developing guidelines. These are:

	1.	 Identify an area in which to develop the guidelines

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_2&domain=pdf
https://doi.org/10.1007/978-3-030-54020-3_2#DOI
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	2.	 Establish a core guideline developmental group
	3.	 Agree on guideline appraisal process
	4.	 Assess existing guidelines for quality and clinical content
	5.	 Decision to adopt or adapt guideline
	6.	 External peer review of the guideline
	7.	 Endorsement and ratification at local level
	8.	 Local adoption
	9.	 Periodic Review of the guideline

2.2	 �Identifying an Area in Which to Develop Guidelines

The key consideration is to develop a guideline for areas which may be prevalent in 
the local population or which will have improved outcomes for a maximum number 
of patients. This could be areas such as urinary tract infections in children, congeni-
tal obstructive uropathies, urinary tract calculi, nocturnal enuresis to name a few.

2.3	 �Establish a Core Guideline Developmental Group

Once an area has been established, all stakeholders including patients/carers should 
be involved in the guideline development process. For urinary tract infections this 
may include pediatricians, Paediatric urologists, general practitioners, nursing staff, 
microbiologists, parents of infants and young children and older children. In essence 
any stakeholder who may provide a clinical service for or who may benefit from the 
area that the guideline is designed for should be included.

2.4	 �Agree on a Guideline Appraisal Process

How can one determine whether a guideline is sufficiently rigorously developed to 
adopt? The guideline development group therefore needs to agree on how the guide-
lines will be appraised. The AGREE instrument is one such appraisal methodology 
and is shown below

2.5	 �Assessing Existing Guidelines

The initial chapters on Evidence Based Medicine already highlights the levels of 
evidence and the hierarchy of evidence. As clinical guidelines are outcome focused 
and are aimed to be cost effective, the following levels of evidence and their impli-
cation for clinical decision making may be used to assess existing guidelines. A 
strategy to retrieve guidelines has to be agreed eg. Search terms, language/s, data-
bases etc.
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Levels of evidence for therapeutic studies

Level Type of evidence
1A Systematic review (with homogeneity) of RCTs
1B Individual RCT (with narrow confidence intervals)
1C All or none study
2A Systematic review (with homogeneity) of cohort studies
2B Individual Cohort study (including low quality RCT, e.g. <80% follow-up)
2C “Outcomes” research; Ecological studies
3A Systematic review (with homogeneity) of case-control studies
3B Individual Case-control study
4 Case series (and poor quality cohort and case-control study
5 Expert opinion without explicit critical appraisal or based on physiology bench 

research or “first principles”
aFrom the Centre for Evidence-Based Medicine, http://www.cebm.net

Grade practice recommendations

Grade Descriptor Qualifying evidence Implications for practice
A Strong 

recommendation
Level I evidence or 
consistent findings 
from multiple studies 
of levels II, III, or IV

Clinicians should follow a strong 
recommendation unless a clear and 
compelling rationale for an alternative 
approach is present

B Recommendation Levels II, III, or IV 
evidence and findings 
are generally 
consistent

Generally, clinicians should follow a 
recommendation but should remain 
alert to new information and sensitive 
to patient preferences

C Option Levels II, III, or IV 
evidence, but findings 
are inconsistent

Clinicians should be flexible in their 
decision-making regarding appropriate 
practice, although they may set bounds 
on alternatives; patient preference 
should have a substantial influencing 
role

D Option Level V evidence:little 
or no systematic 
empirical evidence

Clinicians should consider all options 
in their decision making and be alert to 
new published evidence that clarifies 
the balance of benefit versus harm; 
patient preference should have a 
substantial influencing role

From the American Society of Plastic Surgeons. Evidence-based clinical practice guidelines. 
Available at: http://www.plasticsurgery.org/Medical_Professionals/Health_Policy_and_Advo-
cacy/Health_Policy_Resources/Evidence-based_GuidelinesPractice_Parameters/Description_
and_Development_of_Evidence-

While the agree criteria may be used to determine the quality of the guideline, a 
quick screening process that has been advocated is to determine the rigor of devel-
opment (number 7 of the AGREE criteria). Furthermore, the guideline should be 
current. The content of the guideline also must be considered. Where more than one 
guideline is being considered, a comparison between guidelines, recommendations 
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and levels of evidence may result in evolution of a guideline incorporating recom-
mendations from more than one guideline.

2.6	 �Decision to Adapt or Adopt a Guideline

Once the process above is completed, a decision must be made by the guideline 
development group as to the robustness of the guideline for local use. The guideline 
may be used un modified or may need to be adapted for local use but maintaining 
the key principles within the guideline.

2.7	 �External Peer Review

If a decision is made to adopt a guideline, the guideline should be sent to a specialist 
in that field for peer review of the applicability of the guideline for local use. In 
some instances when local guidelines are being developed without reference to 
national/international guidelines, the peer reviewer may be a senior clinician within 
the speciality. For example a guideline on the management of Transanal irrigation 
or on insertion of catheters may be developed by specialist urology nurses and 
reviewed by a Paediatric Urologist.

2.7.1	 �Endorsement and Ratification at Local Level

Once peer reviewed, the guideline has to pass through a formal process of ratifica-
tion usually via a committee that approves the guideline for local use. In the authors’ 
institution, this is the Clinical Audit and Effectiveness Committee. Guidelines for 
approval are sent out in advance of the meeting and discussed in the meeting prior 
to approval.

2.8	 �Local Adoption

Once approved, the guidelines are adopted for local use. Guidelines are reviewed at 
periodic intervals of 2–3 years with updates.

2.9	 �Conformity to Guideline Adherence

While the process above describes best practice in developing guidelines and how 
to determine which guidelines are robust, getting clinicians to adhere to the guide-
lines can be a different matter. In the past, surgical training was more paternalistic 
in that the ‘doctor was always right’ and training was more experience based rather 
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than evidence based. In such scenarios, changing mindset of individuals can be a 
daunting task. So imagine a scenario where a guideline is developed in a robust 
fashion using the AGREE tool and the surgeon does not adhere to the guideline. 
How can that be reversed?

In many organisations and indeed nationally there are specific standards that 
need to be met in terms of guideline adherence. In England for example the National 
Institute for Health and Clinical Excellence (NICE) publishes monthly requests for 
information regarding guidelines adherence and new technology appraisals. 
Individual organisations are expected to provide a baseline assessment of adherence 
to the guideline (Urinary tract infection is a good example) or provide deviation 
statements with rationale for the deviation from the guideline. These baseline 
assessments are required to be updated every 2 years. In many instances individual 
organisations may face a financial penalty for not providing these reports. As a 
result at local level, organisations have mechanisms in place led by clinicians to 
ensure this information is collected in a prompt manner.

Guidelines are developed to ensure standardised care and best possible clinical 
outcomes. Hence audit of outcomes are also important in ensuring adherence to 
guidelines. If outcomes are poorer than expected than a review of the guideline or 
adherence to the same by clinicians should be triggered.

2.10	 �Conclusion

It is important for clinicians to understand the process of guideline development. 
Wherever possible guidelines that are developed using the highest level of evidence 
should be considered for local use. These guidelines may be tailored for local use 
and must be reviewed periodically to incorporate any new evidence that may be 
available. Regulatory oversight and audit of outcomes are useful tools to ensure 
guidelines are being followed.

�Appendix: Domains of AGREE II Appraisal Instrument

Scope and purpose
1. � The overall objective(s) of the guideline is (are) specifically described
2. � The health question(s) covered by the guideline is (are) specifically described
3. � The population (patients and public) to whom the guideline is meant to apply is specifically 

described
Stakeholder involvement
4. � The guideline development group includes individuals from all the relevant professional 

groups
5. � The views and preferences of the target population (patients, public, etc.) have been sought
6. � The target users of the guideline are clearly defined
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Rigor of development
7. � Systematic methods were used to search for evidence
8. � The criteria for selecting the evidence are clearly described
9. � The strengths and limitations of the body of evidence are clearly described
10. � The methods for formulating the recommendations are clearly described
11. � The health benefits, side effects, and risks have been considered in formulating the 

recommendations
12. � There is an explicit link between the recommendations and the supporting evidence
13. � The guideline has been externally reviewed by experts before its publication
14. � A procedure for updating the guideline is provided
Clarity of presentation
15. � The recommendations are specific and unambiguous
16. � The different options for management of the condition or health issue are clearly 

presented
17. � Key recommendations are easily identifiable
Applicability
18. � The guideline describes facilitators and barriers to its application
19. � The guideline provides advice and/or tools on how the recommendations can be put into 

practice
20. � The potential resource implications of applying the recommendations have been 

considered
21. � The guideline presents monitoring and/or auditing criteria
Editorial independence
22. � The views of the funding body have not influenced the content of the guideline
23. � Competing interests of guideline development group members have been recorded and 

addressed

AGREE appraisal of guidelines research and evaluation
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3Antibiotic Stewardship in Pediatric 
Urology: Editorial Comment

Prasad Godbole, Duncan T. Wilcox, and Martin A. Koyle

Learning Objectives
•	 To understand the principles of use of antimicrobials in Pediatric Urology
•	 To identify key causes of bacterial resistance to antimicrobials
•	 Appropriate prescribing in Pediatric Urology

3.1	 �Introduction

There is no doubting the fact that antibiotics are the mainstay in the treatment of 
bacterial infections. Since the advent of antibiotics beginning with use of Penicillin 
in the 1940’s, mankind has been plagued with the problem of bacterial resistance. 
This has perpetuated a cycle of isolating the causative pathogenesis of bacterial 
resistance and finding ways of circumventing it and developing a new antibiotic. 
Often there is a significant delay between the development of resistance and the 
introduction of a new antibiotic. Organisms are becoming increasingly resistant to 
newer antibiotics and in some cases this has prompted a media frenzy of the 
‘superbug’.

This phenomenon of bacterial resistance is encountered frequently in pediatric 
urological practice. Improper use of antibiotics, excessive use of antibiotics remains 
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common despite campaigns urging a reduction in the prescribing of antibiotics for 
pediatric urological conditions. In some instances this is also driven by patients or 
their families. Antibiotic prophylaxis for insignificant isolated hydronephrosis, low 
grade ureterovesical reflux without febrile UTI’s, or antibiotic treatment for bacte-
riuria in a child doing clean intermittent catheterization without symptoms is still 
being practiced globally. We are all guilty of such practices and this includes gen-
eral practitioners, family physicians, pediatricians and pediatric urologists.

Appropriate teaching and knowledge sharing to both the medical fraternity as 
well as the patients and their families is required to reduce the incidence of bacterial 
resistance in pediatric urology. We will look at a few examples where there is inap-
propriate use or overuse of antibiotics in pediatric urology contrary to available 
evidence and patient factors contributing to this.

3.2	 �Antenatal Hydronephrosis

One of the practices certainly common in the UK is to put children with antenatal 
diagnosis of hydronephrosis on antibiotic prophylaxis from birth irrespective of the 
severity of the antenatal hydronephrosis and whether associated with ureterovesical 
reflux or not. Evidence suggests that newborns with high grade hydronephrosis may 
benefit from antibiotic prophylaxis compared to low grade in reducing the risk of 
febrile UTI’s. If associated reflux, the incidence of febrile UTI’s appears to be 
higher than without reflux. There seems to be little difference in the incidence of 
febrile UTI in newborns with low grade hydronephrosis. Hence one should avoid 
the use of antibiotic prophylaxis in newborns with isolated low grade 
hydronephrosis.

3.3	 �Vesicoureteral Reflux

There appears to be differing practices in antibiotic prophylaxis in children with 
vesico ureteral reflux. Some clinicians put all children with reflux on antibiotic pro-
phylaxis for varying periods of time. There is very little evidence in support of put-
ting all children on prophylaxis. A number of studies have demonstrated no benefit 
of antibiotic prophylaxis in low grade (I–III) reflux in preventing recurrent febrile 
urinary tract infections. The Swedish Reflux Study has demonstrated some benefit 
of antibiotic prophylaxis in dilating reflux (Grade IV–V) in girls between 1 and 
2 years of age but not in boys in preventing recurrent febrile UTI’s.

3.4	 �Compliance

There is a direct relationship between development of resistance to antibiotics and 
compliance to the antibiotic regime. It has been shown by a review of a large phar-
macy database that up to 60% of children being treated for vesicoureteral reflux are 
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not compliant with the antibiotic schedule suggesting the need for increased patient/
clinician contact and counselling.

3.5	 �Choice of Antibiotics

Most hospitals have their own antibiotic regime for the urinary tract. In the UK, the 
first line treatment for simple uncomplicated lower urinary tract infection is 
Trimethoprim with Nitrofurantoin reserved for recurrent or resistant UTI’s. 
Cephalosporins should be avoided as first line therapy for prophylaxis due to their 
association with antibiotic resistance. The National Institute for Health and Care 
Excellence (UK) has reviewed and published guidelines for managing urinary tract 
infections in children updated in February 2019 to reduce misuse of antibiotics and 
it is essential that similar guidelines are available internationally.

3.6	 �Conclusion

Bacterial resistance to antibiotics in Pediatric Urology is here to stay. However the 
natural evolution of this resistance can be slowed by appropriate use of antibiotics 
based on evidence. Teaching of clinicians as well as counselling of parents is impor-
tant in reducing the risk of bacterial resistance.
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4Pain Management in Paediatric Urology

Judith Morgan

Learning Objectives
•	 Understand the need for good pain management and tailor the appropriate treat-

ment to the type of surgery
•	 Assess pain in children using the age appropriate tools
•	 Use multimodal analgesia effectively in children to enable good recovery
•	 Use regional anaesthesia blocks where possible and select the most appropriate 

block for the type and location of surgery

4.1	 �Introduction

Effective pain management is essential for the successful recovery from surgery. 
Not only is it important for the child’s comfort and wellbeing, it improves recovery, 
allowing early mobilisation and discharge from hospital. A successful plan must be 
appropriate for the child’s age and size. That includes method of pain assessment, 
the drug choice and dosage, the staff skill mix, whether suitable for regional analge-
sia and if a day case or inpatient. The majority of paediatric urology surgery is done 
as a day case and suitable for some form of peripheral or regional anaesthesia block 
as part of a multimodal approach to analgesia.

The sensation of pain produces a biological and emotional response. Physiological 
changes in response to pain include sympathetic stimulation which can increase the 
heart rate and blood pressure, alter blood flow to the damaged tissue, and stimulate 
nausea and vomiting amongst other things. Emotional and behavioral responses 
alter the perception of pain and result in restlessness, insomnia, mood changes, and 
can modulate the pain pathway to a significant degree. Understanding the source of 
the painful stimulus, the pathway it travels and the effects on the child can better 
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direct the treatment. This is so important not only to enable a faster recovery and 
return to full mobility, but also to prevent adaptive changes in the neurons and long 
term abnormal pain perception. The tissue trauma caused by surgery stimulates the 
peripheral nociceptors producing substances that pass information to the brain via 
nerves through the dorsal horn of the spinal cord. At each level of the pathway, dif-
ferent analgesics can act to inhibit or modify this transmission in different ways and 
form the basis of multimodal pain relief.

4.2	 �Assessment of Pain

There are many aspects to assessing and therefore managing pain in children. 
Validated scoring tools are widely used and should be age appropriate and where 
possible, self-reporting rather than staff interpretation. Dedicated pain teams and 
regular assessment have improved safety and efficacy. Consideration should be 
given to other influences around the time if surgery such as fear and anxiety, particu-
larly separation from parents which should be avoided, hunger and thirst which 
should be minimised, and the effect of a hospital environment which should be 
made as child friendly as possible.

The very young and those with learning disabilities require a pain assessment 
tool based on physiological and behavioral changes such as facial expression, leg 
movement, activity level, crying and consolability (FLACC score). Older children 
require some cognitive ability to understand and relate their level of pain to a score 
and then compare it at regular intervals after intervention and treatment. From the 
age of 4 years, many children are able use an adapted ‘smiley faces’ scale with pic-
tures of faces from smiling to crying to describe their pain. A linear visual analogue 
score such as simple numerical scale 1–10 is more suitable from the age of 7 years, 
1 being mild discomfort and 10 being the worst pain ever felt.

Staff in recovery, on the ward, and in dedicated pain teams should regularly 
assess pain scores with children using an age appropriate system and use it to guide 
treatment.

4.3	 �Analgesia

4.3.1	 �Paracetamol (Acetaminophen)

The most commonly used simple non opioid analgesic for mild to moderate 
pain relief.

It acts both in the periphery by inhibiting prostaglandin synthesis, and centrally 
on the hypothalamus and descending serotonergic pathways.

It is analgesic and anti pyretic but does not produce the anti inflammatory effects 
seen in non-steroidal anti-inflammatory drugs (NSAIDS).

Routes of administration are oral, intravenous and rectal.
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Oral administration is the commonest, easiest and possibly safest route. It has 
rapid absorption and very good bioavailability. It is best given preoperatively and 
then regularly post-operatively to be most effective.

IV administration is increasingly used for intra and post-operative administration 
where oral is unsuitable. It has the greatest central potency and fastest uptake with 
analgesic effects within 10–15 min and peak effect within 1 h.

Care is needed with intravenous administration to prevent significant overdose 
problems when calculating weight based dose and volumes in children. The prep-
aration comes as 10 mg/ml and therefore can lead to mistakes with calculating 
volume in milliliters and doses in milligrams with a ten-fold drug calculation 
error. There have been numerous national safety warnings issued following such 
high numbers of inadvertent drug overdoses [1, 2]. The IV preparations should 
only be administered for a short course and converted to oral preparations when 
possible.

Rectal administration is less suitable with a highly variable bioavailability, 
slower onset and is often unacceptable to the patient or parent (Table 4.1).

4.3.2	 �Non-Steroidal Anti-Inflammatory Drugs (NSAIDS)

They are effective for mild to moderate pain. They work well alone but give better 
analgesia in combination with paracetamol. NSAIDS have opiate-sparing effects 
and reduce the requirement for opiate analgesia when used in combination for more 
major surgery.

Like paracetamol they inhibit production of prostaglandins mainly in the periph-
eral tissues to produce analgesia, but also have more of an anti inflammatory action.

Ibuprofen can be used down to 1 month of age and only comes in an oral prepara-
tion, but other formulations such as diclofenac sodium are limited in children to 
6 month of age and over, given via the oral and rectal route with good bioavailabil-
ity, and intravenously for children over the age of 2 years.

Caution is needed in children with renal impairment and they may not be suitable 
for some urological surgery. A history of gastro intestinal bleeding or ulceration, 
coagulation disorders and brittle asthma or those known to be sensitive to NSAIDS, 
may also prevent administration and need to be considered.

Table 4.1  Paracetamol dose ranges

Neonates ORAL 10–15 mg/kg 6 h Max 60 mg/kg/24 h
IV 10 mg/kg 6 h Max 40 mg/kg/24 h
PR Up to 20 mg/kg load

10–15 mg/kg 6 h
Max 60 mg/kg/24 h

1 month–18 years ORAL 15–20 mg/kg 4–6 h Max 90 mg/kg/24 h
IV 15 mg/kg 6 h Max 60 mg/kg/24 h
PR Up to 40 mg/kg load

20 mg/kg 6 h
Max 90 mg/kg/24 h
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4.3.3	 �Opioids

Opioid analgesics are the main choice for effective control of moderate to severe 
pain. These range from codeine, tramadol and oxycodone, to fentanyl, morphine 
and diamorphine.

They all have dose dependent side effects of nausea and vomiting, respiratory 
depression, sedation, itching, as well as causing constipation and urinary retention. 
All patients should be monitored for side effects and treated appropriately.

Moderate pain is well managed with codeine medicines, however they are 
metabolised to their active component, morphine, to varying degrees.

Since 2015 safety reviews have issued warnings that no child under the age of 
12  years should be prescribed codeine medicines due to the risk of respiratory 
depression and death [3, 4]. Some children are genetically predisposed to excessive 
metabolism of codeine into its active metabolite, morphine, resulting in danger-
ously high plasma levels (ultra or rapid metabolisers).

As an alternative in the younger patient, oral morphine liquid on a PRN basis, 
has been used to achieve a more predictable and therefore safer analgesia level, suit-
able for use for more moderate daycare surgery as part of a multi modal plan.

Tramadol is a synthetic codeine analogue with dual effects. It has both opioid 
analgesic effects and enhances the inhibitory pain pathways via serotonin and nor-
adrenaline. It has less effect on sedation and provides another useful analgesic for 
moderate pain.

Morphine is by far the commonest opioid used in hospital particularly as intrave-
nous infusions, patient controlled analgesia (IV-PCA) or nurse controlled analgesia 
(NCA) systems. To use a patient controlled system, the child needs to be old enough 
to realise that pushing a button will help take away the pain, and this may be pos-
sible from the age of 5 years. Fentanyl can be used intravenously in PCA systems 
where morphine is not suitable or causes dose-related side effects. Fentanyl also 
comes as transdermal patches in a range of doses useful in providing a background 
reservoir of analgesia where there is no IV access (Table 4.2).

4.3.4	 �Local Anaesthetics

Bupivicaine, levobupivicaine (chirocaine) and ropivicaine are all longer acting 
amide local anaesthetic drugs used for prolonged analgesia in  local blocks. 

Table 4.2  Doses for com-
monly used opioid

Drug Route Dose
Codeine (>12 years) Oral 1 mg/kg
Tramadol (>12 years) Oral/IV 1–2 mg/kg 4–6 h
Oxycodone (>1 month) Oral 0.2 mg/kg 4–6 h
Fentanyl IV 1 mcg/kg
Morphine Oral/IV 0.05–0.2 mg/kg 4–6 h
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Levobupivicaine is the single enantiomer of bupivicaine and has the same effect and 
dosage but a safer profile with lower cardiac and neurotoxicity. It is more suitable in 
neonates and infants where there is a greater risk of local anaesthetic toxicity due to 
less protein binding of the drugs. Concentrations of 0.125–0.25% are adequate for 
successful blockade. Maximum dose for bupivacaine is 2.5 mg/kg but often vol-
umes required for many regional blocks may be up to 1–1.25 ml/kg without seeing 
problems of toxicity.

The use of some form of local anaesthetic used as wound infiltration, nerve 
blockade or regional anaesthesia is suitable for almost all types of urology surgery 
in children. Performed under general anaesthesia, they are particularly useful for 
daycase procedures.

An audit of regional blockade for daycase urology surgery in 2017 looked at 
post-operative pain management and showed that with a LA regional block, fewer 
than 5% of patients had any moderate pain score in recovery (an accepted target 
standard) unlike those who received only local infiltration, where the pain scores 
were significantly higher [5].

4.4	 �Types of Blocks Performed

4.4.1	 �Penile Block

Dorsal penile nerve block (DPNB) is easily performed either using landmark or 
ultra sound guidance. This deposits local anaesthesia into the sub pubic space either 
side of the midline suspensory ligament, where run the dorsal nerves of the penis, 
lateral to the vessels. The needle is advanced until a pop is felt through Scarpa’s 
fascia and a dose of 1 ml plus 0.1 ml/kg to a maximum 5 mls is injected each side. 
It should be combined with a small subcutaneous injection of local at the base of the 
ventral surface to cover an area of skin on the frenulum [6]. The local solution must 
not contain epinephrine. Complications include haematoma. Simple ring block does 
not provide as good post operative pain relief as penile block [7].

4.4.2	 �Caudal Block

Caudal anaesthesia is one of the most frequently used blocks in children as it is safe, 
reliable, easy to perform, and provides prolonged analgesia with few side-effects. 
The caudal epidural space is reached via injection through the sacrococcygeal liga-
ment. It contains the cauda equina and epidural venous plexus. The extent of the 
block into the lumbar epidural space is dependant on age and weight for the volume 
of local anaesthetic injected as suggested by Armitage [8, 9].

It is most suitable for surgery below the umbilicus and best tolerated in the 
younger patients. Higher blocks can be achieved using larger volumes or via a cath-
eter threaded into the caudal space. The lowest concentration possible should be 
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used to minimise motor blockade of the lower limbs, as children can become very 
upset if they cannot feel and move their legs properly.

Onset of block with bupivacaine is within 10–15 min after administration and 
although a single shot last 4–6 h, the level of block starts receding within 2 h. Block 
duration can be extend by addition of variety of substances, however there are con-
cerns over neurotoxicity particularly in the very young. Adrenaline, narcotics, alpha 
agonists (clonidine and dexmetatomidine), tramadol and ketamine are just 
some used.

A RCT in 2017 by Kannojia et al. found 1 mcg/kg of dexmetatomidine added to 
caudal bupivicaine for urogenital surgery, improved analgesia and increased the 
length of block with minimal side effects, compared with either fentanyl or bupiva-
caine alone [10] Another RCT looked at the addition of 0.1 mg/kg dexamethasone 
to ropivicaine for orchidopexy surgery in 80 children and found significantly 
improved analgesia up to 48 h post operatively [11]. A meta-analysis of ketamine 
use in caudal also showed prolonged analgesia [12]. Better analgesia with more 
prolonged block and local anaesthesia sparing effects has also been shown using the 
addition of clonidine [13].

4.4.3	 �Ilio Inguinal Block

The ilioinguinal and iliohypogastric nerves originate from T12 and L1 of the lumbar 
plexus and they run between external, internal oblique and transversus abdominis 
(with some variation). Injection is placed into the abdominal wall via landmark or 
ultra sound, just medial to the anterior superior iliac spine (ASIS), to deposit local 
between the layers of internal oblique and transverses abdominis in a dose of 0.5 ml/
kg of levobupivicaine. The spread of this block can be complicated by a femoral 
nerve block in 10% of cases resulting in weak hip flexion and care needs to be taken 
in ambulant children prior to discharge [14].

4.4.4	 �Transversus Abdominus Plane (TAP) Block

This is suitable for infra umbilical surgery and can be performed either uni- or bilat-
eral. Local anaesthesia is deposited in the layer between internal oblique and trans-
verses abdomens muscles, where the sensory nerves from T6-L1 lie. It is performed 
with either landmark or ultra sound guidance, between the costal margin and iliac 
crest in the mid axillary line.

4.4.5	 �Paravertebral Blocks

These are a good alternative for a unilateral block for more major unilateral upper 
abdominal renal surgery as an alternative to epidurals and with catheter insertion 
can provide more prolonged post operative analgesia. However they are technically 
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more difficult to perform as less frequently placed and therefore the guarantee of 
efficacy is less assured. They require similar monitoring of effect post operatively as 
epidurals although more peripheral, for safety and familiarity reasons.

4.4.6	 �Epidural Block

These can be placed in the caudal, lumbar or thoracic region depending on the der-
matome level required. They are placed under general anaesthesia by an experi-
enced paediatric anaesthetist—In the very young patient, plain local anesthesia 
infusions provide good analgesia. The addition of fentanyl may reduce dose require-
ment of local but increase side effects of sedation and pruritus [15] A dilute concen-
tration of 0.1% bupivacaine with 1–2 mcgs/ml of fentanyl is commonly used and 
infusions can successfully be used for usually no longer than 72 h post operatively 
and then should be reviewed regarding risks of infection and effectiveness. Close 
observations are needed not only for adequacy of block spread therefore analgesia 
but also looking for side effects including hypotension, urinary retention, pruritus or 
respiratory depression with opioids.

A really good alternative if a particular block is not suitable is to place a cath-
eter in the tissue layers and run a continuous local anaesthesia wound infusion 
[32, 33].

4.5	 �Types of Surgery

4.5.1	 �Cystoscopy

Often performed as a daycare procedure and although of short duration, can be very 
stimulating. Paracetamol given preoperatively allows time for it to work as the pro-
cedure time is too short. Intravenous is an alternative in theatre as well as short act-
ing opioid such as IV fentanyl.

Simple analgesics, paracetamol and ibuprofen are suitable for postoperative 
analgesia.

Cystoscopy to perform incision of posterior urethral valves is more invasive and 
can result in significant pain intra and post operatively. This is often performed in 
babies and caudal provides good analgesia with paracetamol administration prior to 
the block wearing off. Caution with NSAIDS depending on the renal function in 
these patients. Paracetamol provides adequate post operative pain relief.

4.5.2	 �Circumcision

A daycare procedure suitable for caudal, ring block, dorsal penile or pudendal nerve 
block depending on the age and size of the patient. Cochrane review found little 
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difference in outcomes with any method but small studies made evidence lim-
ited [16].

Caudal block using bupivicaine 0.5–1 ml/kg may provide better analgesia in the 
first 6 h postoperatively but prolong time to walking [17–19]. Postoperative analge-
sia is provided with simple analgesics such as regular paracetamol and NSAIDS. Oral 
morphine in low dose can be given on a PRN basis if required. Opioids may be 
required intra operatively depending on the regional block [20].

4.5.3	 �Orchidopexy

For simple inguinal orchidopexy, an ilioinguinal block with local anaesthetic is suit-
able for unilateral surgery, but if bilateral, then a caudal may be more appropriate, 
depending on the patient’s age. Some local anaesthetic infiltration is needed in the 
scrotum in addition to an ilioinguinal block. Laparoscopic surgery for intra abdomi-
nal testes will require opioid analgesia and local infiltration of the port sites, unless 
in the very young child where a caudal may be appropriate. Post operative analgesia 
includes regular paracetamol and NSAIDs, with the addition of oral morphine on a 
PRN basis. Orchidopexy does induce significant nausea and vomiting and so pro-
phylactic antiemetics are helpful.

The use, wherever possible, of regional local anaesthesia reduces the need for 
morphine and therefore reduces the incidence of post operative nausea and vomit-
ing; a common cause of unexpected admission after daycare surgery [21].

4.5.4	 �Hypospadias Repair

The choice of anaesthesia and analgesia depends to some degree on the severity of 
hypospadias, proximal or distal meatus and whether one stage or two stage proce-
dure with or without foreskin or buccal mucosal graft. Suitable regional anaesthesia 
includes penile, pudendal or caudal block, alongside regular paracetamol 
and NSAIDs.

Recent reports have suggested an increased association of urogenital fistula 
amongst post operative complications associated with the use of caudal analgesia 
for hypospadias repair. A suggestion that venous engorgement due to caudal place-
ment may be responsible for suture failure has been published [22]. In one study, 
Kim et al. did a retrospective notes review of 342 patients undergoing urethroplasty 
and found those receiving a caudal had a 2:1 odds ratio of developing complications 
[23] Taicher et  al. looked at 395 single stage repairs, receiving either caudal or 
penile block, and excluding all other confounding factors, found a 13 fold increase 
risk of complications in the caudal group [24].

However a retrospective review of over 500 patients published in 2017 found 
hypospadias severity and not type of regional anaesthesia to be the only risk factor 
in post operative complications [25] Caudal anaesthesia has a higher success rate 
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with easier landmarks to achieve a successful block [26] and is also sited away from 
the tissues layers of the operative field.

Comparison of other blocks has shown no difference in analgesia between 
pudendal and caudal block in one study [27] however another double blind RCT of 
84 children found better pain scores and longer analgesia in the pudendal group 
compared with the caudal group [28] There is a question of familiarity and skill mix 
however with pudendal blocks, which are not commonly performed and not as sim-
ple to perform as a caudal for the majority of anaesthetists.

4.5.5	 �Pyeloplasty

Performed either laparoscopically or via an open incision in the subcostal region, 
this surgery is suitable for either a caudal epidural block in the very young or ultra 
sound guided TAP block for regional analgesia. Equally effective if not superior 
analgesia has been shown with opiates and local infiltration of the surgical field [29].

4.5.6	 �Nephrectomy

Unilateral renal surgery is suitable for a one sided paravertebral block as an alterna-
tive to epidural. They do require specialist skill to perform as are technically chal-
lenging with significant risks of pleural or epidural puncture. The level of injection 
is at T9 for the kidney and can be landmark or ultra sound guided. The majority of 
these more major procedures are best managed with an opiate infusion of some kind 
post operatively, unless an epidural catheter or equivalent infusion of local anaes-
thesia is used.

4.6	 �Ureteric Reimplantation

Pain results not only from the incision wound but also from bladder spasms post 
operatively. Open is more commonly performed and an epidural works well but if 
not then local infiltration or block of the incision and an opiate infusion is suitable, 
including if surgery is performed laparoscopically. Paracetamol and ibuprofen given 
regularly should be enough a few days after surgery.

4.7	 �Repair of Bladder Extrophy

This congenital abnormality is as a result of failure of the midline structures to fuse, 
leaving an exposed abdominal bladder and splayed pelvis. Anaesthesia and analge-
sia depend on the severity of the condition as there is a considerable spectrum of 
disease with few specialist centres performing the repair. Due to the extensive sur-
gery, pelvic osteotomies and use of external fixators, most would choose to site an 
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epidural to continue post operatively, as long as any congenital spinal abnormalities 
have been excluded, including tunnelled caudal epidural in neonates. The younger 
patient may also be adequately analgesed with NCA opiate infusion and some cen-
tres have shown them to be equally effective [30] Good analgesia is essential in 
these cases for recovery from such extensive surgery, to assist in healing, ensure the 
abdomen is relaxed and therefore reduce the risk of wound dehiscence [31].

4.8	 �Summary

•	 Multi modal analgesia should be used for optimal pain relief
•	 Pain assessment tools should be age appropriate and used regularly to guide 

analgesia
•	 Most surgery is suitable for some form of regional block with local anaesthesia 

and provides excellent pain relief, allows improved mobility and improves 
recovery.
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5Antenatal Urology

Martin Kaefer

Learning Objectives
Upon reading the chapter the reader should be able to:

	1.	 Describe the prenatal sonographic presentation, postnatal evaluation and treat-
ment of multicystic dysplastic kidney (MCDK).

	2.	 Delineate the differential diagnosis of a prenatally identified upper pole renal 
cyst and describe the postnatal methods for determining the etiology.

	3.	 Provide an algorithm for how to differentiate between the various etiologies of 
prenatally identified bilateral hydronephrosis with a distended bladder in a 
male fetus.

	4.	 List the six criteria that must be met prior to proceeding with placement of a 
vesicoamniotic shunt in a fetus with suspected posterior urethral valves.

	5.	 Outline the four most likely differential diagnosis of a fetus found to have an 
anterior abdominal mass on prenatal sonogram.

	6.	 Describe the differential diagnosis for a female fetus with bladder distension and 
bilateral hydronephrosis.

5.1	 �Scenario 1

The department of maternal fetal medicine contacts you to discuss the care of a 
22-year-old G1P0 female carrying a 26-week-old male fetus with apparent 
hydronephrosis.

Question 1: What further information do you wish to have regarding the fetal 
sonogram?

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_5&domain=pdf
https://doi.org/10.1007/978-3-030-54020-3_5#DOI
mailto:mkaefer@iupui.edu


40

5.2	 �Answer 1

	1)	 General: Gender, presence of other anatomical abnormalities involving non-
genitourinary systems. Amniotic fluid volume.

	2)	 Renal: Laterality, size of the renal pelvis, calyceal dilation, location of the kid-
ney, presence of a hydroureter, condition of contralateral kidney, evidence of 
duplication, echogenicity of renal parenchyma, presence of cysts.

	3)	 Bladder: Relative fullness of bladder, bladder wall thickness, presence or absence 
of ureterocele or distended ureter posterior to the bladder.

5.3	 �Question 2

What are the two most likely diagnoses in a patient with apparent hydronephrosis?

5.4	 �Answer 2

Antenatal hydronephrosis is identified in 1–3% of all pregnancies and is one of the 
most common birth anomalies detected on prenatal sonography [1]. The majority of 
fetuses with a renal anterior posterior diameter (APD) of <10 will not have signifi-
cant pathology. In patients that have areas of dilation >10 mm, it is likely that a 
significant problem may exist with the involved kidney. Since we are not yet aware 
of the specific degree of hydronephrosis or renal architecture in this case, the two 
most likely diagnoses would be.

	1.	 Ureteropelvic junction obstruction (UPJO): When identified in utero, the most 
common cause of UPJ is intrinsic narrowing of the ureter. Although far less com-
mon, intrinsic occlusion may also occur due to high insertion of the ureter on to 
the renal pelvis or the presence of a fibroepithelial polyp. External compression 
from a lower pole crossing blood vessel is typically identified later in life.

	2.	 Multicystic Dysplastic Kidney (MCDK)—The finding of multiple non-
communicating cysts, minimal or absent renal parenchyma, and the absence of a 
central large cyst support a diagnosis of MCDK. Many believe that MCDK has 
a similar etiology to that of UPJO with the obstruction occurring far earlier in 
embryologic life and hence resulting in more significant renal dysplasia.

Following delivery, the following sonographic picture is obtained (Image 5.1).

5.5	 �Question 3

How would you confirm the diagnosis? What would be your recommended treat-
ment for this entity?
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5.6	 �Answer 3

Real-time sonographic imaging of the kidneys to demonstrate the absence of a cen-
tral large cyst and lack of communication between the peripheral cystic structures is 
highly suggestive of the diagnosis of MCDK.  The presence of minimal, often 
severely echogenic parenchyma without corticomedullary differentiation is typical. 
Doppler ultrasonography of the renal vasculature pulse pattern has also been 
reported to help make the distinction between MCDK and a severe UPJO.

The diagnosis may be confirmed by the absence of renal function on a DMSA scan.
The majority of MCDKs will involute over time and require no intervention. 

Serial ultrasounds are used to follow this process. Ultimately, very few of these 
kidneys will need to be removed. Increasing size, hypertension and compression of 
neighboring structures leading to such symptoms as poor feeding may lead one to 
consider nephrectomy.

5.7	 �Scenario 2

A 32-week EGA female fetus is found to have a cyst that appears to involve the 
upper pole of the left kidney.

5.8	 �Question 1

What is the differential diagnosis? What further sonographic information would 
help you to ascertain the etiology of this cyst like structure?

Image 5.1  Renal 
ultrasound of a newborn 
child with MCDK. Large 
polar cyst within a small 
2.5 cm kidney. Solid 
elements are hyperechoic 
and lack coritomedullary 
differentiation. These are 
both consistent with 
dysplastic parenchyma
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5.9	 �Answer 1

	1.	 Obstructed upper moiety of a duplex kidney. This is the most likely etiology of 
an upper pole renal “cyst”.

	2.	 Simple Cyst
	3.	 Fetal Adrenal Hemorrhage

Sonographic features that will help establish the diagnosis of an obstructed 
upper pole moiety include the presence of a hydroureter along with the presence 
of a ureterocele or impression of a distended ectopic ureter pushing in on the pos-
terior bladder wall (so called pseudoureterocele). Simple cysts are very uncom-
mon in the fetus and fetal adrenal hemorrhage may resolve during the course of 
the pregnancy.

5.10	 �Question 2

A distended ureter is identified on the subsequent prenatal sonogram. What investi-
gations would you consider in the postnatal period?

5.11	 �Answer 2

	1.	 Renal Bladder Ultrasound: A postnatal ultrasound will provide excellent defini-
tion of renal and bladder architecture. For unilateral renal pathology in a patient 
who is voiding spontaneously and otherwise stable it is best obtained a few days 
after delivery. An ultrasound obtained during the first 48–72 h of life will often 
underestimate the degree of hydronephrosis due to a relative state of dehydration 
in the immediate postnatal period.

	2.	 Voiding Cystourethrogram (VCUG): A VCUG should be performed to evaluate 
for bladder contour, associated reflux into the lower pole of the duplex system 
and identify a ureterocele or diverticulum (which can be due to an everting ure-
terocele). The study should be performed with a non-balloon catheter so that the 
balloon itself does not give a false impression of there being a mass or 
ureterocele.

	3.	 MAG-3 renal scan: Functional Scintigraphy should be performed to evaluate 
both function and drainage of each kidney and of the upper pole relative to the 
lower pole. If possible, it is best to wait until the child has reached 1 month of 
age before obtaining this test. Prior to this time the kidney is in a state of transi-
tion and may not concentrate the radionuclide sufficiently to provide the most 
accurate assessment of relative function and drainage.
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5.12	 �Question 3

What are the various forms of treatment you could offer the family of this child after 
reviewing the following Images 5.2, 5.3, and 5.4?

Image 5.2  Renal 
ultrasound of a duplex left 
kidney with markedly 
dilated upper pole and 
ureter. Small rim of upper 
pole parenchyma is noted

Image 5.3  Bladder 
ultrasound with posterior 
distended left ureter 
consistent with the 
presence of a left upper 
pole ectopic ureter
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5.13	 �Answer 3

	1)	 Observation: In that the upper pole has reasonable function on the MAG-3 renal 
scan, one option would be to observe the neonate until they are older and then 
perform a duplex ureteral reimplantation with upper pole ureteral tapering. 
Although some surgeons have advocated for immediate repair, the relative size 
of the ureter compared to the bladder may make this a challenging operation in 
the neonatal setting.

	2)	 Upper to lower pole ureteroureterostomy: In the absence of lower pole vesico-
ureteral reflux, anastomosis of the upper pole system to the lower pole system is 
a good option. Surgeons continue to debate whether this is best performed at the 
renal level or distally near the bladder. Proponents of the former cite concerns 
regarding possible yo-yo reflux and continued stasis when a low ureteroureter-
ostomy is performed.

	3)	 Cutaneous ureterostomy or refluxing ureteral reimplantation [3]: A temporary 
diversion from the site of obstruction may be utilized in the neonatal setting if 
there is concern regarding potential for loss of function. Subsequent ureteral 
reimplantation after the bladder has had chance to grow is then typically under-
taken after 9 months of age.

Image 5.4  MAG-3 renal 
scan demonstrating a left 
duplex kidney with 
delayed transit time 
through upper pole 
suggestive of obstruction. 
Reasonable upper pole 
function is observed
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5.14	 �Scenario 3

A 20-week gestational age boy is found to have bilateral hydroureteronephrosis 
with a distended bladder and normal amniotic fluid volume.

5.15	 �Question 1

Why is the initial prenatal sonogram typically obtained at this time? What is the 
differential diagnosis and what associated findings are typical of each of these 
diagnosis?

5.16	 �Answer 1

After 16 weeks gestational age, amniotic fluid production shifts from a primarily 
placental transudate to fetal urine. By 20–22 weeks the overwhelming majority of 
amniotic fluid is fetal urine, allowing for proper assessment of hydronephrosis, 
bladder filling and amniotic fluid volume. The differential diagnosis includes:

	1.	 Posterior Urethral Valves (PUV): The diagnosis of PUV should immediately be 
entertained when presented with this sonographic picture. The incidence is 
approximately 1.5 per 10,000 male births. A wide spectrum of sequelae can be 
appreciated depending on the degree of outlet obstruction.

	2.	 Bilateral High Grade VUR: High-grade bilateral reflux may result in chronic 
distension of the bladder even in the absence of outlet obstruction. A helpful 
adjunct for differentiating between this nonobstructive form of bladder disten-
sion and posterior urethral valves is the degree of renal echogenicity. Patients 
with increased renal echogenicity and cysts are far more likely to have an 
obstructive etiology [2].

	3.	 Prune Belly Syndrome: Marked hydroureteronephrosis and bladder distension 
are typical of the prune belly syndrome. The associated abdominal wall laxity 
typical of this condition can aid in identifying these very rare cases. In the later 
part of the third trimester, the finding of bilateral undescended testis and the 
presence of a megalourethra may also support this diagnosis.

5.17	 �Question 2

Two weeks later the amniotic fluid index (AFI) is noted to be <3. The following fetal 
MRI is obtained. Describe what is seen on these images (Image 5.5).
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5.18	 �Answer 2

These images demonstrate bilateral severe hydroureteronephrosis with thinned 
renal parenchyma. Posterior urethral dilation is seen on the right hand image sup-
porting posterior urethral valves as the most likely diagnosis.

5.19	 �Question 3

What measures must be taken prior to offering the family intervention in the form 
of a vesicoamniotic shunt?

Corona Sagittal

Image 5.5  Fetal MRI findings consistent with posterior urethral valves. Left: Coronal image 
demonstrates bilateral severe hydroureteronephrosis with thinned renal parenchyma. Right: 
Sagittal image demonstrates irregular bladder contour (upper arrow) with distended posterior ure-
thra (lower arrow). (Images Courtesy of Dr. Brandon Brown, Department of Pediatric Radiology, 
Indiana University School of Medicine) 
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5.20	 �Answer 3

In addition to demonstrating evidence of bladder outlet obstruction and oligohy-
dramnios, the following criteria should be met prior to proceeding with placement 
of a vesicoamniotic shunt.

	1.	 Gestational age less than 25 weeks
	2.	 Normal karyotype by amniocentesis
	3.	 Singleton pregnancy
	4.	 Non-cystic kidneys
	5.	 Favorable urinary indices. Analysis of fetal urine electrolytes is the most widely 

accepted indicator of salvageable renal function [4]. When Na  <  100  mg/dl, 
Cl < 110 mg/dl and osmolality <210 mOsm/dl renal function appears to be sal-
vageable with in utero intervention. Serial bladder sampling over 3 days appears 
to have greater predictive value than a single sampling.

	6.	 Informed consent after discussion of risks. Potential complications include ini-
tiation of premature labor and intraperitoneal shunt placement. In the case of the 
very large bladder, the shunt may become dislodged after the bladder 
decompresses.

5.21	 �Question 4

A vesicoamniotic shunt is placed and the child is delivered at term. A VCUG is 
performed and confirms the diagnosis of posterior urethral valves with high-grade 
right-sided reflux into a dysplastic appearing kidney. What advice can you provide 
the family regarding long term renal and bladder function?

5.22	 �Answer 4

	1.	 The nadir creatinine value is the most cited indicator of long-term renal function. 
A value less than 0.8 mg/dl appears to indicate a minimal risk of developing end-
stage renal failure. The value at 1 year of life appears to be a more accurate pre-
dictive tool than a value obtained at 1  month. Although it was once felt that 
presence of high-grade reflux into a dysplastic kidney would help preserve con-
tralateral renal function, this so called VURD syndrome (Vesicoureteral Reflux 
and Dysplasia) does not appear to provide a reliable benefit to the contralat-
eral unit.

	2.	 Bladder function may often remain impaired after the valves have been resected. 
Impairment can exist in a spectrum ranging from hypercontractile to relatively 
atonic. Detrusor hyperreflexia is most common in infancy. This often evolves 
into improved compliance in childhood and subsequent hypotonia in adoles-
cence. Each of these forms of bladder dysfunction can have an occult onset and 
thus the management of these children requires constant monitoring.
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5.23	 �Scenario 4

A 32-week G3P2 female presents for prenatal assessment and is found to be carrying 
a 24-week EGA fetus. The child is noted to have an anterior abdominal wall mass.

5.24	 Question 1

What is the differential diagnosis?

5.25	 �Answer 1

	1.	 Omphalocele (exomphalos): Incidence of 2–2.5/10,000. The omphalocele sac 
protrudes through the umbilicus as a result of failure of normal return of abdomi-
nal contents into abdomen during the 9th week of prenatal development. This 
condition is associated with severe malformations such as cardiac abnormalities 
and neural tube defects. Approximately 30% of infants have associated congeni-
tal anomalies.

	2.	 Gastroschisis: Incidence 4/10,000. Abdominal contents protrude next to umbili-
cus with no membrane covering the abdominal contents. There are no common 
associated congenital anomalies in this condition.

	3.	 Bladder exstrophy: Incidence of 1/50,000. The abdominal “mass”, which is 
made up of the two everting bladder halves, does not protrude to the same degree 
as with the other three diagnosis.

	4.	 Cloacal exstrophy: Incidence of 1/200,000–1/400,000. The abdominal mass 
consists of a midline hindgut that protrudes between two bladder halves.

5.26	 �Question 2

The maternal fetal medicine team comments that they do not see a distinct bladder? 
How do you counsel the family?

5.27	 �Answer 2

The parents should be informed that inability to visualize the bladder on one imag-
ing study does not necessarily indicate the absence of an intact bladder. Patient 
observation of the fetal pelvis for the absence of bladder feeling is critical in making 
the diagnosis.

Assuming that a bladder is not visualized after a prolonged attempt to do so, then 
the most likely diagnosis is some form of bladder exstrophy. A fetal MRI may help 
with the diagnosis. Additional findings consistent with classic bladder exstrophy 
include normal kidneys in the orthotopic location, low umbilical cord insertion, 
abnormal diastasis of the symphysis, an anteriorly displaced anus, and normal 
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Low cord insertion

Non-visualized bladder

Split hemibladder masses

Intact spinal canal

Normal kidneys

Sagittal T2 Sagittal T2

Axial T2 Coronal T2

Image 5.6  Fetal MRI findings consistent with classic bladder exstrophy. Upper left: Sagittal 
image showing low umbilical cord insertion. Upper Left: Sagittal image showing non visualized 
badder. Lower Left: Axial image demonstrating split hemi-bladder masses. Lower Right: Coronal 
image demonstrating normal kidneys. (Images Courtesy of Dr. Brandon Brown, Department of 
Pediatric Radiology, Indiana University School of Medicine)

vertebrae and spinal cord [5]. An example of this (not representing the patient at 
hand) is shown below (Image 5.6).

Question 3: The following week an MRI of the patient you have been asked 
to consult on is obtained The MRI image and immediate postoperative picture 
of the child are shown (Image 5.7 and 5.8).
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5.27.1	 �Prenatal MRI of Cloacal Exstrophy

Describe what is seen on both the fetal MRI and the newborn photo. Describe what 
other organ systems can be affected in this condition and what initial management 
steps are recommended for the proper care of these children.

Image 5.7  Fetal MRI findings consistent with Cloacal Exstrophy. Left: Sagittal image 
demonstrating myelomeningocele (arrow). Right: Sagittal image demonstrating absence of 
anterior abdominal wall (upper arrow) and low lying stomach (lower arrow) with absence of 
bladder. (Images Courtesy of Dr. Brandon Brown, Department of Pediatric Radiology, Indiana 
University School of Medicine)

Image 5.8  Postnatal 
picture of cloacal 
exstrophy. Note the central 
ileum prolapsing through 
the cecal plate, two 
laterally displaced bladder 
halves and two widely 
separated halves of 
the penis
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5.28	 �Answer 3

The fetal MRI demonstrates findings consistent with cloacal exstrophy. The clas-
sic “elephant trunk” configuration of the prolapsing ileum is appreciated. One 
can also appreciate the lumbosacral spine abnormalities and myelomeningocele 
that are present in the majority of these neonates. Abnormal number or location 
of kidneys, cardiac abnormalities and limb abnormalities can also be seen in 
these infants.

The post-delivery picture shows the classic cecal plate in the midline with the 
ileum prolapsing through the ileocecal valve. The two hemi-bladders and widely 
separated penile corpora can also be appreciated. Initial management includes sepa-
rating the prolapsed hindgut from between the two bladder halves, tubularizing the 
cecum and bringing the intestine out as a colostomy. Although immediate closure of 
the bladder has been typically performed in the past, it is now common to simply 
approximate the two bladder halves during the initial operation. Subsequent closure 
of the bladder is aided by pelvic osteotomies.

5.29	 �Scenario 5

A 24-year-old G3P2 female presents for prenatal assessment. At 32  weeks esti-
mated gestational age bilateral hydroureteronephrosis and a somewhat distended 
bladder are noted. Maternal cell-free DNA screening is negative for the presence of 
a Y-chromosome. Amniotic fluid volume is normal.

5.30	 �Question 1

What is the differential diagnosis?

5.31	 �Answer 1

Maternal cell-free DNA is highly effective in predicting the gender of a fetus. This 
technology is based on polymerase chain reaction amplification of 200 base pair 
fragments of DNA that are passed from the baby across the placental circulation to 
the mother. The assumption in this case is that the child is a genetic female and 
therefore that the common form of bladder outlet obstruction noted in a boy (i.e. 
posterior urethral valves) is not in the differential diagnosis. In females the most 
common forms of fetal bladder outlet obstruction are

	a.	 Ureterocele: A cecoureterocele that projects in to the bladder neck can result not 
only in obstruction of the ipsilateral kidney, but also in bladder outlet obstruction 
with subsequent bladder distension. A ureterocele will typically be appreciated 
on prenatal sonography.

5  Antenatal Urology



52

	b.	 Hydrometrocolpos: Distension of the fetal vagina can result in the bladder outlet 
obstruction. With persistent cloaca, the rectum, vagina(s) and urethra all come 
together proximal to the perineum and exit as a common channel. When this 
occurs, voided urine can fill the vagina(s) to such a great degree that they create 
a posterior mass effect on the bladder neck, effectively creating bladder outlet 
obstruction. Obstruction of the bladder neck from a distended vagina can also 
occur in patients with a common urogenital sinus (with or without underlying 
congenital adrenal hyperplasia). In cases of vaginal filling from voided urine the 
patient may also demonstrate ascites due to urine passing out the fallopian tubes 
in to the peritoneal cavity. Finally, hydrometrocolpos can be seen in association 
with transverse vaginal septum, intact hymen or Herlyn-Werner-Wunderlich 
Syndrome [5, 6].

Other causes of bilateral hydroureteronephrosis in a female include bilateral 
UVJ obstruction such as might occur in bilateral single system ectopic ureters. 
However, in such cases one would not anticipate bladder distension.

5.32	 �Question 2

The ultrasound findings prompt a fetal MRI. The results are shown. Describe the 
findings (Images 5.8 and 5.9).

5.33	 �Answer 2

The first set of images demonstrates bilateral hydroureteronephrosis with an ante-
rior displaced bladder. The fluid collection posterior to the bladder represents the 
fluid filled vagina and uterus. The second set of images shows the distended vagina, 
hydronephrotic kidneys and urinary ascites in the axial plane (left arrow), while the 
sagittal picture demonstrates retained meconium (right arrow) secondary to imper-
forate anus in this patient with a diagnosis of cloaca.

5.34	 Question 3

What possible management options once the patient has been delivered?

5.35	 Answer 3

Upon delivery the child will require a diverting colostomy. Treatment of vaginal 
distension (and as a result bladder obstruction) can be achieved through intermittent 
catheterization of the common sinus. When effective catheterization cannot be per-
formed the child may require the creation of a vesicostomy and possible 
vaginostomy.
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SAG T2 SAG T2

SAG T1Axial T2

Image 5.9  Fetal MRI findings consistent with cloaca. Upper left: Coronal image demonstrating 
bilateral hydronephrosis. Upper right: Sagittal image demonstrating anterior displaced bladder 
with posterior fluid collection representing distended vagina. Top arrow pointing to a small intra-
luminal uterine fluid collection. Bottom left: Axial image demonstrating fluid filled vagina and 
posteriorly positioned hydronephrotic kidneys. Bottom right: Sagittal image demonstrating meco-
nium (right arrow) secondary to imperforate anus. (Images Courtesy of Dr. Brandon Brown, 
Department of Pediatric Radiology, Indiana University School of Medicine)

5  Antenatal Urology



54

References

	1.	 Fernbach SK, Maizels M, Conway JJ. Ultrasound grading of hydronephrosis: introduction to 
the system used by the society for fetal urology. Pediatr Radiol. 1993;2396:478–80.

	2.	 Kaefer M, Peters CA, Retik AB, et al. Increased renal echogenicity: a sonographic sign for dif-
ferentiating between obstructive and nonobstructive etiologies of in utero bladder distension. J 
Urol. 1997;158:1026–9.

	3.	 Glick PL, Harrison MR, Golbus MS, et al. Management of the fetus with congenital hydrone-
phrosis II: prognostic criteria and selection for treatment. J Pediatr Surg. 1985;20:376–87.

	4.	 Kaefer M, Misseri R, Frank E, Rhee A, Lee SD. Refluxing ureteral reimplantation: a logical 
method for managing neonatal UVJ obstruction. J Pediatr Urol. 2014;10(5):824–30.

	5.	 Gearhart JP, Ben-Chaim J, Jeffs RD, Sanders RC. Criteria for the prenatal diagnosis of classic 
bladder exstrophy. Obstet Gynecol. 1995; 85(6):961–4.

	6.	 Kaefer M.  Management of Abnormalities of the genitalia in girls. In: Wein AJ, Kavoussi 
LR, Partin AW, Peters CA, editors. Campbell’s urology. 11th ed. Philadelphia, PA: W.B 
Saunders; 2016.

	7.	 Celayir AC, Kurt G, Sahin C, Cici I.  Spectrum of etiologies causing hydrometrocolpos. J 
Neonatal Surg. 2013;2(1):5–8.

M. Kaefer



55© Springer Nature Switzerland AG 2021
P. Godbole et al. (eds.), Practical Pediatric Urology, 
https://doi.org/10.1007/978-3-030-54020-3_6

J. D. Santos (*) · M. Rickard · A. J. Lorenzo 
Division of Urology, The Hospital for Sick Children, Toronto, ON, Canada
e-mail: joana.dossantos@sickkids.ca

M. A. Koyle 
Department of Surgery and IHPME, University of Toronto Paediatric Urology, 
The Hospital for Sick Children, Toronto, ON, Canada

6Office Paediatric Urology

Joana Dos Santos, Mandy Rickard, Armando J. Lorenzo, 
and Martin A. Koyle

Learning Objectives
•	 Provide a practical approach for the management of common paediatric urology 

conditions often seen by primary care physicians and pediatricians in the office
•	 Describe an itemized overview along with pertinent history and physical 

examination
•	 Demonstrate key points and provide recommendations on when to refer to 

specialists

6.1	 �Introduction

In this Chapter we will address some common paediatric urology concerns and 
conditions often by primary care physicians and pediatricians. We will provide an 
itemized overview along with pertinent history and physical examination key points, 
recommendations on when to refer to specialists and management of these 
conditions.

6.2	 �Undescended Testicles

Undescended testicles (UDT) or cryptorchidism is a relatively common congenital 
condition affecting 1–5% of full term boys. It is characterized by the inability to 
palpate one or both testes in their correct scrotal position [1]. The incidence at birth 
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is impacted by gestational age, being more common in pre-term boys. Other known 
risk factors include multiple births, family history, low birth weight and associated 
genetic syndromes [2]. There have been some reports of maternal and paternal char-
acteristics as well as certain environmental exposures playing a role in the develop-
ment of UDT, however these associations are relatively weak and based on 
observational studies [3]. Spontaneous descent can be seen in the first 3–6 months 
of life (appropriately adjusting gestational age in pre-term infants). After this period, 
if the testes are not in their normal anatomical position, referral to a surgical special-
ist should be initiated. As recommended in the American Urological Association 
(AUA) and Canadian Urological Association (CUA)guidelines, cryptorchidism 
should be surgically corrected by 18  months of age, therefore timely referral is 
important [1, 4]. Routine testicular examination should be carried out at every well 
child visit by primary care providers, especially in light of the fact that 1.5% of 
prepubertal boys may develop an “ascending testis” where the gonad is initially 
present in the scrotum but subsequently retracts into the inguinal canal [1].

A true UDT is either non-palpable or detected outside of the scrotum. During 
examination it may not be gently maneuvered into the scrotum at all, or immedi-
ately retracts once manipulated into the scrotum. Non-palpable testes may be gonads 
that are in the inguinal region, groin or scrotumbut are difficult to detect on physical 
exam, may be intraabdominal, or be absent. Palpable testes that can be brought into 
the scrotum and remain there once the cremasteric reflex has been fatigued are con-
sidered retractile and a normal findings that does not require surgical correction. In 
the event of bilateral non-palpable testes (NPT) in a newborn, karyotyping and hor-
monal testing is recommended before discharge to rule out congenital adrenal 
hyperplasia.

Routine imaging for UDT is not indicated. Many reports have demonstrated that 
ultrasound (US) is not a reliable test for this condition, and is in fact less accurate 
than physical examination followed by selective surgical exploration. Further, US 
for UDT is expensive, causes confusion for referring providers, and may result in a 
delay in referral, assessment and surgical intervention for these children [5]. The 
most important aspect of diagnosis of UDT is the physical examination carried out 
during the clinical assessment.

6.3	 �History and Physical Examination

In the assessment of an infant with UDT, birth history, family history and other risk 
factors identified above should be obtained. For older patients, parents should be 
asked if they have ever noted to the testes to be visible and descended, even if only 
intermittently, during activities such as bathing.

During physical examination, it is helpful to remember the physiologic response 
of the testes to changes in temperature and the cremasteric reflex. Examining the 
testes in an uncooperative anxious child may be very challenging, as such, it is 
important provide a safe, calm environment, and to simply observe before palpat-
ing. There is useful information that can be obtained by simple visual assessment of 
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this patient population. First, pay attention to the fullness of the scrotum while the 
child is initially exposed, the testes may be visible and descended before the child is 
handled. Next, assess for symmetry of the scrotum. Typically, in the event of unilat-
eral UDT, the ipsilateral hemi-scrotum appears smaller and underdeveloped when 
compared to the contralateral side (Fig. 6.1). Finally, noting a prominent genital fat 
pad allows for recognition of a more challenging physical examination as the type 
of anatomy generally makes palpation of testes more difficult.

During palpation of the testes, clinicians develop individual techniques over time 
that are modified based on experience. Some clinicians prefer the child supine and 
in a frog leg position, while others prefer a squatting or “catchers” position. 
Examination should be carried out while standing on the same side of the child as 
the test is being palpated for, while the testis is tracked along the natural path of 
descent. It may be necessary to apply gentle pressure/traction in in inguinal region, 
and at times the testes become visible in the scrotum upon doing so. Finally, in the 
event that the testes cannot be palpated, it may be helpful to attempt to palpate them 
with the assistance of lubricant or hand soap. This technique will usually allow for 
identification of a palpable testis in the inguinal canal that cannot be brought into 
the scrotum by minimizing friction and direct visualization of a “pop” in the loca-
tion of the testis.

6.4	 �Summary

If testes are undescended, whether palpable or nonpalpable, by 6 months of age a 
prompt referral to a surgical specialist should be initiated, in order to have adequate 
time to further assess and plan for a potential surgical intervention (if required). 

Fig. 6.1  Undescended 
testicle and 
underdeveloped scrotum
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Ultrasound should not be ordered, even in the event of NPT, due to the poor sensitiv-
ity of this test. Children with NPT are evaluated with an examination under anesthe-
sia and diagnostic laparascopy in order to definitively rule in or rule out an 
intraabdominal testis. Unless there are significant comorbidities or contraindica-
tions, most children with UDT should undergo surgical correction by 18 months of 
age. Management algorithms are available from both the AUA and the CUA.

6.5	 �Hernia/Hydrocele

Inguinal herniais one of the most common surgical issues presenting to paediatric 
urology and surgery clinics. It is diagnosed in approximately 0.8–4% of children 
[6]. Inguinal hernia occurs due to a patent processus vaginalis that fails to obliterate 
postnatally and is more common in boys. Spontaneous resolution may occur in the 
first year of life, becoming less likely with increasing age. Classical presentation of 
a hernia is painless swelling of the scrotum in boys, or labial folds in girls. If the 
contents or the patient processus vaginalis is only fluid, it is called a communicating 
hydrocele. Once other intra-abdominal structures (i.e. bowel, omentum) enter the 
canal, it is labelled as a hernia. The groin, scrotal or labial swelling is noted in the 
absence of pain, erythema and discoloration, and a report of regular fluctuation in 
size is often given. Hernias may be unilateral or bilateral with a small risk of contra-
lateral occurrence after unilateral surgical correction. Risk factors for inguinal her-
nia are preterm birth, low birth weight and often present simultaneously with UDT.

Imaging is not routinely indicated for this condition and the diagnosis is made 
based on history and physical examination. US may be selectively used to confirm 
presence of a patent processus vaginalis, to rule out alternative diagnoses (such as a 
testicular tumor or para-testicular mass), visualization of the testis and demonstra-
tion of blood flow, and the presence of Mullerian structures in girls [7]. In the event 
of a persistent hydrocele/hernia in infants older than 6  months of age a referral 
should be initiated for timely assessment and surgical planning. Inguinal hernias are 
repaired electively either laparoscopically or through a small inguinal incision—
depending on the age of the child—with ligation of the processus vaginalis. Surgical 
intervention is required due to the small but serious risk of incarceration, however 
infants are typically observed for 1–2 years to allow for spontaneous resolution [8]. 
There are some exceptions, more notably premature children with large inguinal 
hernias and children with prior incarceration. In these, surgical correction is 
expedited.

6.6	 �History and Physical Examination

A thorough history is important in the decision-making process. Often times a phys-
ical examination may be negative, which makes an accurate and detailed history 
necessary for diagnosis. The child (or parents) should be asked about duration of the 
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presumed hernia, and the presence of fluctuation, which is one of the most impor-
tant finding to note. This will help distinguish between a communicating hydrocele 
(surgical problem) vs. a non-communicating hydrocele which should improve with-
out surgery. It is also important to determine the presence of pain associated with 
the hernia as well as any discoloration or bulging in the groin. Timing of when the 
hernia was noticed is important for older children as it may coincide with a history 
of viral illness or trauma [8].

There may be instances when physical examination is positive for an obvious 
fluid collection or mass in the scrotum/labial fold that is suggestive of a hernia. 
There may be opportunity to confirm communication if it is reducible and the fluid 
or other contents can be pushed back into abdomen. There is some controversy sur-
rounding the so-call “silk glove sign” in boys with hernia. It is thought to be elicited 
by gently rolling the cord structures across the pubic bone and feeling the hernia sac 
gliding on itself. This finding is felt to be suggestive of a patent processes vaginalis 
but it’s not diagnostic [9]. For boys, it is important to document if the ipsilateral 
testicle is normal and descended into the scrotum, as a large hydrocele may mask an 
associated UDT. As well, transillumination can be performed to confirm the pres-
ence of fluid in the scrotum (Fig. 6.2) and help rule out an acute scrotum or underly-
ing testicular pathology [10].

6.7	 �Summary

Hernias and communicating hydroceles represent a common surgical condition 
seen in paediatric surgery clinics, amenable to conservative management in the first 
1–2 years of life. Elective repair is encouraged due to the risk of incarceration and a 
history of fluctuation is considered a surgical indication. Importantly, in the event of 
scrotal pain, erythema, discoloration, swelling or an unwell appearing child, imme-
diate referral to an emergency department should occur as incarceration or testicular 

Fig. 6.2  Hydrocele with 
transillumination
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torsion must be ruled out. Urgent referral and imaging is also indicated for suspicion 
of testicular mass or testicular torsion during physical examination.

6.8	 �Phimosis

Physiologic phimosis is a developmentally appropriate finding in infants and prepu-
bertal boys and refers to the inability to retract the foreskin due to congenital attach-
ment of the inner prepuce to the glans penis. In North America there has been a 
somewhat recent trend towards not routinely circumcising children, resulting in 
confusion about the correct management of foreskin in infants and young boys [11]. 
At birth, the inner prepuce is adherent to the glans and should not be forcefully 
retracted, with gradual release expected over time. During this period, children may 
present with some ballooning of the foreskin with voiding, deviation of the urinary 
stream, recurrent ‘infections’ or other vague symptoms related to the penis. Parents 
and patients should be reassured that resolution will occur naturally with slow 
release of the preputial adhesions through the accumulation of smegma and with 
reflex erections. Children with physiologic phimosis do not have an indication for 
circumcision solely based on this diagnosis and should be encouraged to manage 
the issue conservatively should the family choose to do so.

In contrast, pathologic phimosis occurs when the prepuce is unable to be retracted 
due to a buildup of scar tissue. This reaction may occur as a result of chronic inflam-
matory processes such as balanitis xerotica obliterans (BXO or lichen sclerosis), 
repeated episodes of infections (balanitis/balanoposthitis) or poor healing after pre-
vious forced retraction. Children with pathologic phimosis may have progressive 
difficulty with voiding including significant ballooning, a weak stream, and drib-
bling or spraying with voiding, which may lead to urinary retention. Pathologic 
phimosis does not spontaneously improve and is an indication for circumcision in 
this population of children.

6.9	 �History and Physical Examination

In the assessment of a child with phimosis, age, duration of phimosis and presence 
of urinary symptoms are important to consider.

6.9.1	 �Physiologic Phimosis

6.9.1.1	 �History
Boys with physiologic phimosis typically have not been able to have their foreskin 
retracted. Many are asymptomatic with respect to both urinary symptoms and lower 
urinary tract complains (often misdiagnosed as “infections”) and are being brought 
for assessment due to parental concerns about the skin being tight and uneasiness 
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about the time frame when the skin should be retracted. Those with symptoms may 
also report ballooning with micturition but are able to void easily with minimal 
effort and resistance. If ‘infections’ are reported, they usually are reported as red-
ness/irritation, dysuria and ‘discharge’ which is usually a mixture of entrapped 
urine and smegma that emanates through the foreskin opening and is mistaken as 
exudate or pus. Most of these infections are managed with topical treatments, are 
not usually associated with fever, and do not require systemic antibiotics. Rarely, 
some children may develop balanitis/balanoposthitis and may be treated with oral 
antibiotics. In some patients, recurrent episodes may lead to pathologic phimosis 
[12]. Other children, particularly infants with underlying urinary tract conditions 
may develop urinary tract infections (UTI) as a result of phimosis. In this instance a 
circumcision may be indicated.

6.9.1.2	 �Physical Examination
Physical examination of a boy with physiologic phimosis is relatively unremark-
able. With any examination it is important to note the presence of bilaterally 
descended testes. On inspection, the foreskin should appear elastic and supple with-
out erythema or obvious scarring (Fig. 6.3). The opening may be pinpoint, or the 
meatus may be visible through a small opening. The skin should never be retracted 
past the point of skin placed on tension or discomfort. When examining the fore-
skin, if it is ever retracted past the glans, it is important that it is always reduced 
back over the glans to prevent paraphimosis.

6.9.1.3	 �Management
For asymptomatic physiologic phimosis, no treatment is required as this condition 
will improve spontaneously with age. These children do not need routine 

Fig. 6.3  Physiologic 
phimosis
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assessment by a paediatric urologist and can be managed by their primary care pro-
vider. Parents should be encouraged to work on gentle stretching of the skin with 
diaper changes and baths to stimulate slow separation of adhesion between the fore-
skin and glans from an early age. Older boys should be encouraged to retract he 
foreskin each time they void and during baths or showers. Intermittent ballooning 
also does not require treatment if in the absence of other symptoms. In the event of 
recurrent episodes of erythema or edema, parents may be encouraged to apply an 
over the counter antibiotic ointment and Epsom salts in the bath which should help 
to alleviate those symptoms. Finally, to expedite the separation of the physiologic 
adhesions, application of a topical steroid—such as a 0.05–0.1% betamethasone—
once or twice per day for 6 weeks will help facilitate this. It is beneficial to demon-
strate to the patient or parent the most effective method of application of this cream 
to ensure success. Parents should be counselled that with cessation of the cream, the 
skin may become tight again. Elective circumcision may be performed for this con-
dition however, it should be explained to the family that there is no medical reason 
for doing so.

6.10	 �Pathologic Phimosis

6.10.1	 �History

The history of a child with pathologic phimosis may differ from the physiologic 
counterpart. Most children with pathologic phimosis are older, as this condition is 
rare in infants and toddlers. There may be a report of a previous ability to retract the 
skin which has since disappeared. This condition may occur after development of 
scar tissue after forceful retraction. There may also be a history of recurrent infec-
tions requiring treatment with systemic antibiotics with or without fever. Children 
may also report voiding issues, including ballooning. However, unlike children with 
physiologic phimosis, this may also occur with a weak stream or dribbling, strain-
ing to void and dysuria.

6.10.2	 �Physical Examination

The primary finding to note on an examination of these children is the presence of 
white, fibrotic scar tissue on the tip of the foreskin with a small or pinpoint opening. 
When attempting to retract, the skin is not pliable or elastic and no stretching occurs 
(Fig. 6.4).

6.10.3	 �Management

In the event of pathologic phimosis, a stronger topical steroid such as clobetasol 
may be indicated in an attempt to manage it conservatively, however the reported 
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success rates are low [11]. In many instances circumcision is the required manage-
ment option.

6.11	 �Summary

Physiologic phimosis is a developmentally normal finding for many boys and does 
not require assessment in a paediatric urology clinic or treatment other than conser-
vative measures. It will improve with age, however in the event of bothersome 
symptoms it can be managed with topical steroids. Pathologic phimosis occurs in 
older children and is the result of accumulation of scar tissue on the tip of the fore-
skin. This condition does not spontaneously improve and may require a circumci-
sion for management. A referral to paediatric urologist is indicated in the event of 
scarring of the preputial ring, recurrent episodes of balanitis, genital lichen sclerosis 
(also known as balanitis xerotica obliterans), UTIs or failure of topical steroids.

Fig. 6.4  Pathologic 
phimosis/BXO
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6.12	 �Concealed Penis

A concealed penis is a congenital abnormality caused by numerous anatomical 
defects including deficient penile skin, scrotal webbing and prominent suprapubic 
fat pad [13]. This condition is most common in infancy and may also become appar-
ent during adolescence. Typically, children with a concealed penis are asymptom-
atic and concerns focus primarily on cosmesis. Parents often express distress about 
penis size, sometimes exacerbated by previous misdiagnosis as “micropenis”. There 
are instances when this condition may cause symptoms and surgical intervention 
may be indicated. Some children may experience difficulty voiding and trapping of 
urine resulting in significant ballooning and recurrent balanitis [14]. In severe cases, 
parents may have to manually express the urine after each void.

6.13	 �History and Physical Examination

On history it is important to determine the presence of symptoms related to the 
concealed penis. If the patient had been experiencing infections or difficulty voiding 
there may be indication for surgical intervention. If asymptomatic and concerns are 
primarily related to cosmesis, parents should be reassured that many children have 
improvement with conservative management and monitoring, typically with reduc-
tion of the suprapubic fat pad during growth or with weight loss [15].

During physical examination, retract ability of the foreskin should be assessed as 
a tight phimotic ring contributes to urine entrapment. This can be further suspected 
in the presence of erythema, local irritation and expression of urine when the penis 
is palpated. Location of the penoscrotal angle and presence of suprapubic fat should 
also be considered.

6.14	 �Summary

Concealed penis is a congenital condition causing the penis to be hidden and not 
extending outside the body. This may cause distress for some families due to the 
cosmetic appearance and cause voiding symptoms and other complaints for others. 
Some children will experience natural improvement with growth and development 
while others may require surgical intervention. This condition is a contraindication 
for newborn circumcision and any necessary surgical intervention should occur 
with a paediatric urologist and optimally deferred until the child has passed the 
infancy period. Children with this condition should be referred to a paediatric urolo-
gist for assessment and monitoring.
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6.15	 �Routine Newborn Circumcision Contraindications

While routine newborn circumcision has become a controversial topic, many par-
ents choose to have their boys circumcised. Because of this persistent demand, prac-
titioners still offer this procedure in their office, and assessment and recognition of 
potential contraindications is important. Unrecognized contraindications may result 
in poor cosmetic result, parental distress and anxiety and possible complications 
requiring assessment by a paediatric urologist.

6.15.1	 �Hypospadias

Hypospadias is a congenital defect of the penis occurring in approximately 1 in 300 
infant boys [16]. It is characterized by an abnormal position of the urethral meatus 
on the ventral aspect of the penis, ventral curvature and skin deficiency, and dorsal 
hooded foreskin. Boys with hypospadias may have varying degrees of severity with 
all or some of these characteristics, which may not always be obvious on routine 
exam. Hypospadias is a reconstructive surgical condition and the prepuce is used for 
the urethral reconstruction. Therefore, a missed hypospadiac penis that is circum-
cised may make the hypospadias repair technically challenging and potentially risk 
a less favorable outcomes. If there is any suspicion of hypospadias the circumcision 
should not be completed until the patient is assessed by a paediatric urologist.

6.15.2	 �Webbed or Buried Penis

A webbed or buried penis occurs when the penoscrotal angle is obscured by skin 
webbing resulting in a shorter than normal shaft skin and foreskin. This may be 
accompanied by a prominent suprapubic fat pad. When a circumcision is performed 
in this setting the penis tends to entrap into the surrounding tissue resulting in the 
formation of adhesions. Parental anxiety worsens as the penis is not visible protrud-
ing outside the body. Surgical intervention in the form of concealed or buried penis 
repair may be required for these boys if parents wish to have them circumcised, 
otherwise it is recommended to leave them intact.

6.15.3	 �Penile Curvature/Torque

Curvature of the penis may occur in unison with hypospadias or on its own and may 
be due to ventral skin tethering of penis and scrotum or from intrinsic corporal dis-
proportion. Penile torque occurs when there is torsion of the penis within its longi-
tudinal axis, in contrast to ventral curvature where the longitudinal axis is deviated. 
It may range from mild to a complete 180° and is reported in up to 20% of infant 
males [17]. A handy assessment tool for determining the presence of torque is to use 
the midline raphe on the ventral aspect as a guide as it should line up with the mid-
line of the scrotum and proceed in a straight line along the ventral side of the penis. 
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In the event of either of these conditions it is recommended to have the infant 
assessed by a paediatric urologist before proceeding with circumcision.

6.16	 �Circumcision Complications

Careful and accurate assessment prior to performing a newborn circumcision and 
disclosure during consent is important due to the possibility of post-procedure com-
plications. In this section, we will review the most common circumcision 
complications.

6.16.1	 �Preputial Adhesions

Preputial adhesions form during the healing period after a circumcision when the 
penis retracts into the surrounding tissue and superficial adhesions form between 
the glans and the circumcision wound edges. They may be more prone to occur 
when there is a prominent suprapubic fat pad, pre-procedure concealed penis or 
penoscrotal webbing. Parents can try to prevent these from forming during the ini-
tial healing period and afterwards by ensuring that they expose the glans and corona 
by regularly applying pressure on the fat pad during diaper changes followed by 
generous application of petroleum jelly. In some cases, regardless of parental dili-
gence, adhesions will form which will need to be addressed. Adhesions can be taken 
down in the clinic by applying a topical anesthetic and manually separating them, 
bearing in mind that there is a strong likelihood of reforming during the first few 
days of healing. For some boys, if left untreated the adhesions will eventually 
become skin bridges which require surgical intervention.

6.16.2	 �Buried/Trapped Penis

If a circumcision is performed on a child with penoscrotal webbing (identifiable by 
a suboptimal penoscrotal angle) or a concealed penis they could develop an acquired 
buried or trapped penis. This occurs when the penis “disappears” after a circumci-
sion and is completely concealed only visible with pressure applied to the fat pad to 
expose the glans. These boys may also develop a cicatrix, which is a fibrotic ring 
which prevents the penis from being exposed. A cicatrix may benefit from applica-
tion of a topical steroid. In some cases, management may require re-operation.

6.16.3	 �Meatal Stenosis

Meatal stenosis is a long-term complication of circumcision that occurs in approxi-
mately 2.8–11% of cases [11]. It is thought to occur due to chronic irritation of the 
exposed meatus leading to scar tissue formation, ammoniacal meatitis, and/or 
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ischemia due to division of the frenular artery [11]. It is usually noted several years 
after the procedure and results in a thin urinary stream that is deviated upwards, 
making it difficult to direct. In many instances this is self-limiting and improves 
with age, however in some circumstances it requires intervention in the form of 
meatotomy. Topical steroids may be helpful in relieving symptoms.

6.17	 �Bladder and Bowel Dysfunction

Bladder and bowel dysfunction (BBD) is an umbrella term used to describe a series 
of symptoms related to the lower urinary tract (LUTS) with or without constipation 
[18]. BBD is one of the most common referrals to paediatric urology clinics and can 
be a source of distress to parents and clinicians. In the majority of children, there is 
no anatomical explanation of the symptoms and they occur secondary to voiding 
habits and the presence of constipation. Children may present with urinary inconti-
nence, frequency, urgency, infrequent voiding, dysuria, recurrent urinary tract infec-
tion and constipation, however the fundamental management of these complaints is 
the same and requires education and behaviour modification with pharmacologic 
intervention when appropriate.

6.18	 �History and Physical Examination

A detailed history about duration of symptoms as well as requesting completed 
voiding diaries from the child is important and it is common to note the onset of 
LUTS to coincide with the child starting school. Voiding diaries provide an accurate 
measure of how often the child is voiding, volumes of urine output, fluid intake, 
degree of incontinence and assessment of constipation. Timing of incontinence 
(prevoid vs. post-void) should also be determined and differentiated as each may 
provide evidence as to which interventions and further testing may be required for 
each child. Age of toilet training and any periods of dryness are important to note as 
girls with complaints of constant dampness despite acceptable voiding habits should 
be assessed with an ultrasound for the purpose of ruling out a duplex kidney with 
ectopic ureter. An inability of achieve toilet training with complaints of lifelong 
LUTS ad constipation could also be indicative of neurogenic bladder as well as if 
the symptoms appeared suddenly after a growth spurt which may occur in those 
children with tethered cord. Characteristics about the stream should be ascertained 
as interrupted stream with start-stop patterns may be suggestive of dysfunctional 
voiding and a thin or weak stream in boys could be evidence of meatal stenosis and 
resulting high post void residual.

Investigations such as ultrasound and laboratory tests are not normally indicated 
for BBD patients. US may be done in those with UTIs or for a need to assess for 
high post void residuals. Further testing such as renal scans and VCUG should be 
left for specialists to order and interpret. Urine specimens should only be obtained 
for symptoms consistent with suspicion of UTI such as fever and dysuria. Routine 
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screening for UTI or testing urine on the basis of foul smelling urine is not recom-
mended. Culture and sensitivity is not indicated in the event of a negative urinalysis, 
especially in the absence of distinct symptoms.

During the physical examination, an abdominal assessment for constipation 
should be completed. It is important to perform a complete assessment of the geni-
talia for both genders. In boys circumcision status should be assessed and for those 
not circumcised phimosis could cause pooling of urine with local irritation which 
may mimic LUTS.  In females, the urethral meatus and vaginal orifice should be 
clearly visible with no evidence of labial fusion or vulvovaginitis. Labial adhesions 
often contribute to post-void dribbling and recurrent UTIs and tend to be recurrent 
until puberty. Vulvovaginitis may be present and contribute to LUTS in girls that 
may be mistaken for signs of UTI.  A neurological examination should be com-
pleted, paying attention to the presence of any dimples or abnormalities in the lower 
back, sacral area as well as any features of the lower extremities suggestive of neu-
rological deficits.

6.19	 �Management

The pediatrician or family physician’s office is an ideal setting for the implementa-
tion of management strategies for this condition that can be initiated prior to or 
while waiting for the child to be assessed by paediatric urology specialists. The 
management of BBD consists primarily of behaviour modification strategies with 
pharmacologic additions when appropriate. There are several examples of how 
these strategies are best delivered including individual clinic visits, group sessions, 
videos and inpatient delivery [19–21]. Regardless of the delivery modality, initially 
families should be encouraged to purchase a vibrating watch for their child to assist 
them with timed voiding. Children are required to void every 2 h during waking 
hours whether they feel the need to void or not. In addition, they should be encour-
aged to double or triple void when necessary. Adequate fluid intake is important and 
a minimum of 4–6 cups of water per day is recommended. Finally, aggressive moni-
toring and management of constipation is imperative and in fact, bladder strategies 
may be less effective if constipation is present and persistent. Medications such as 
anticholinergic therapy and prophylactic antibiotics may be indicated in some 
instances, but their use should be assessed and initiated by a specialist for challeng-
ing or refractory cases.

6.20	 �Summary

In summary, bladder and bowel dysfunction is a common reason for referral to pae-
diatric urology clinics and typically presents in the absence of any anatomical 
abnormality. A thorough history and physical examination is important to support 
the diagnosis as most families are hesitant to accept that the concerns will most 
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likely be addressed by behaviour modifications. The majority of children with BBD 
will improve by implementation of bladder retraining strategies and aggressive 
management of constipation. Those have persistent symptoms despite these strate-
gies should be referred to a paediatric urology clinic or community paediatrician 
who has studied the management of this condition.

6.21	 �Antenatal Hydronephrosis

Antenatal hydronephrosis (ANH), defined as the dilation of the renal pelvicalyceal 
system, is the most common fetal anatomical abnormality affecting 1–5% pregnan-
cies [22–25]. A variety of congenital abnormalities of the kidneys and urinary tract 
(CAKUT) can present with ANH (Table 6.1). Transient idiopathic hydronephrosis, 
ureteropelvic obstruction (UPJ), and vesicoureteral reflux (VUR) are the most com-
mon etiologies, occurring in up to 88, 30, and 20% of ANH cases, respectively 
(Table 6.1). The vast majority of cases are known to be transient and will resolve or 
remain stable overtime [26]. However, the primary goal for the postnatal manage-
ment of children with ANH is the early identification of obstructive cases who 
would benefit of surgical intervention, aiming to prevent deterioration of renal func-
tion. During pre and postnatal evaluation of ANH, several factors such as cause, 
severity and whether ANH is unilateral or bilateral are considered for the decisions 
about additional assessment and potential intervention.

6.22	 �Epidemiology

Seventy five percent of ANH cases are unilateral; mostly on the left side, and it 
occurs more frequently in males in a 2:1 ratio [22–25]. Over the past 20 years, with 
significant advancements in prenatal hydronephrosis screening, the most common 
presentation of ANH is of asymptomatic neonates. Palpable flank mass in newborns 
or worsening hydronephrosis in serial ultrasounds are also often seen. Even in con-
genital cases, symptoms can manifest at any time in life. In older children, UPJ 

Etiology of antenatal hydronephrosis Incidence
Transient hydronephrosis 41–88%
UPJ obstruction 10–30%
VUR 10–20%
UVJ obstruction/megaureters 5–10%
Multicystic dysplastic kidney 4–6%
PUV/ urethral atresia 1–2%
Ureterocele/ectopic ureter/duplex system 5–7%
Others: prune belly syndrome, cystic 
kidney disease, congenital ureteric 
stricture, megalourethra

Uncommon

Table 6.1  Causes of ANH 
(adapted from Nguyen et al. J 
Ped Urol 2010 6 [3] 212–231. 
Copyright Elsevier)
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obstruction must be ruled out in the presence of intermittent acute flank or abdomi-
nal pain, nausea or vomiting, and more rarely hematuria, after fluid intake, known 
as Dietl’s crisis [27]. Increased risk of febrile UTI is also described in patients with 
ANH [28–32].

6.23	 �History and Physical Examination

Prenatal history must include the presence or absence of oligohydramnios, associ-
ated anatomical abnormalities, spinal defects, ultrasound findings, APD measure-
ments when available, gestational age and delivery history. Specifically ask about 
family history of hydronephrosis and other congenital abnormalities of the kidneys 
and the urinary tract. For the postnatal history it is important to inquire about birth 
weight, postnatal resuscitation and care, weight gain, number of wet diapers, history 
of confirmed or suspected UTIs and circumcision status. A thorough physical exam-
ination must include weight, height and blood pressure measurement, abdominal 
exam looking for palpable kidneys or bladder, genitalia inspection, and circumci-
sion status. Back exam may reveal midline or nearby dimples, hair tuft, clefts, skin-
discoloration or tags that are often associated with an underlying spinal cord 
abnormality.

6.24	 �Diagnosis

6.24.1	 �Antenatal Diagnosis

There is lack of consensus for the definition of ANH in the literature. The Society 
for Fetal Urology (SFU) defines ANH as the measurement of anteroposterior diam-
eter of the renal pelvis diameter (APD) greater than 4 mm on prenatal ultrasound at 
second trimester and/or >7 mm at third trimester [28], while the Canadian Urological 
Association (CUA) defines hydronephrosis as APD ≥ 7 mm at second trimester and/
or ≥9 mm at third trimester [29].

6.24.2	 �Postnatal Diagnosis

Renal ultrasound is the noninvasive instrument of choice for monitoring hydrone-
phrosis postnatally. The Society for Fetal Urology (SFU) grading system [28, 30] 
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Fig. 6.5  SFU grades of hydronephrosis (a) Normal ultrasound- no hydronephrosis. (b) Grade 1–2 
hydronephrosis. (c) Grade 3 hydronephrosis. (d) Grade 4 hydronephrosis

Normal ultrasound- no hydronephrosis

Grade 1-2 Hydronephrosis

a

b
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Grade 3 Hydronephrosis

Grade 4 Hydronephrosis

c

d

Fig. 6.5  (continued)
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and the measurement of the APD are the two most common standardized systems 
for evaluating hydronephrosis [22, 31]. Briefly, the SFU grading system provides a 
qualitative assessment of hydronephrosis based on the degree of pelvicaliectasis and 
the presence of cortical thinning (Fig. 6.5), while APD is a quantitative assessment 
of the degree of pelviectasis with the measurement of the greatest diameter of the 
renal pelvis on ultrasound images acquired in transverse plane. Previous studies 
have shown high interobserver variability for the SFU grading likely due to the 
subjective evaluation of nonquantitative features mentioned above [25, 28]. 
Similarly to prenatal diagnosis, several cut-off measurements have been proposed 
for the APD classification postnatally [32]. Regardless of the grading system of 
choice, trends in serial ultrasounds are still the cornerstone of the postnatal manage-
ment of ANH.

6.25	 �Investigations and Management

6.25.1	 �Based on Current Literature and Expert Opinion [22–25, 
28–32] We Recommend the Above

Ultrasound:

•	 All children with isolated ANH (third trimester prenatal RPD ≥7 mm in most 
centres) and/or any urinary tract abnormalities (ureteral dilatation, abnormal 
bladder) should have a postnatal renal ultrasound (Level 3 evidence; Grade C 
recommendation);

•	 Ideally, the first postnatal ultrasound should not be done in the first 48–72 h given 
the expected lower urine output during this period. Exception for this recommen-
dation apply to cases of bilateral severe hydronephrosis or hydronephrosis in a 
solitary kidney, for which the postnatal ultrasound must be obtained before hos-
pital discharge. The remaining should have an ultrasound between 4 and 30 days;

•	 The interval between postnatal serial ultrasounds will vary depending on the 
severity of hydronephrosis and clinical judgement.

Voiding cystourethrogram (VCUG):

•	 Any child with suspected bladder outlet obstruction (i.e. posterior urethral 
valves) should have a VCUG before discharge from the hospital;

•	 Other absolute indications of VCUG: severe bilateral hydronephrosis, suspected 
infravesical obstruction, hydroureter, duplex kidney, abnormal echogenicity or 
abnormal bladder.

Diuretic nuclear scan

•	 Diuretic nuclear scan (MAG3 or DTPA) should be done at 4–6 weeks of age for 
unexplained grade 3–4 hydronephrosis or worsening hydronephrosis in serial 
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ultrasounds ((Level 4 evidence; Grade D recommendation). Nuclear scan results 
may be equivocal in infants [33].

Continuous antibiotic prophylaxis (CAP)

•	 The use of CAP in the neonatal period is controversial. Both the AUA and CPS 
suggest potential benefit in the presence of SFU grades 3 and 4 hydronephrosis, 
hydroureter or bladder abnormalities.

•	 Females and uncircumcised boys may benefit more CAP than circumcised males. 
(Level 3 evidence; Grade C recommendation).

6.26	 �Surgical Indications

Approximately 1/3 of children with UPJ will need surgery [32]. Indications for 
intervention: worsening hydronephrosis on serial ultrasounds, symptoms, impair-
ment of renal function (<40% function on nuclear scan), stones, infection, hyperten-
sion. The goals of treatment are preservation or improvement of renal function and 
relief of symptoms. Pyeloplasty, which can be open, laparoscopic or robotic, is the 
surgical modality of choice which involves the removal of obstructed segment and 
reanastomosis of ureter to renal pelvis. The ureter is reanastomosed above the vessel 
if there is an aberrant vessel (Fig. 6.6). Other options of treatment are endopyelot-
omy (endoscopic incision of the obstructed proximal ureter), stents insertion (dou-
ble J, nephrostomy), angiopexy, endoscopic removal of a fibroepithelial polyp, 
among others.

Fig. 6.6  UPJO. Dilated 
pelvis and narrowed UPJ is 
noted during open 
pyeloplasty

J. D. Santos et al.



75

6.27	 �Summary

ANH is the most common fetal anatomical abnormality affecting 1–5% pregnan-
cies. Most cases are transient and will resolve or remain stable overtime. However, 
the primary goal for the postnatal management is the early identification of obstruc-
tive cases who would benefit of surgical intervention, ultimately aiming to prevent 
deterioration of renal function. Serial ultrasounds associated with diuretic renogra-
phy are still the main tools used to guide surgical indication for obstructive cases. 
The use of CAP in the neonatal period is controversial, however, its use must be 
considered for females and uncircumcised boys with grade 3–4 hydronephrosis. We 
recommend caution and case by case consideration for CAP in the presence of 
recurrent UTIs.

6.28	 �Vesicoureteral Reflux and Urinary Tract Infection

Vesicoureteral reflux (VUR), defined as the retrograde flow of urine from the blad-
der into the upper urinary tracts, can be primary or secondary. Primary VUR is usu-
ally due to malfunction of the ureterovesical junction (UVJ) anti-reflux mechanisms, 
while secondary VUR is associated with high bladder pressures secondary to func-
tional or anatomical bladder outlet obstruction. This chapter will focus on the office 
management of primary VUR and its relationship with urinary tract infection (UTI).

The management of primary vesicoureteral reflux (VUR) in children has evolved 
significantly over the past 30 years, however in 2018, VUR is still one of the most 
controversial topics in Pediatric Urology. Dramatic progress occurred in the under-
standing of the relationship between VUR and urinary tract infections resulting in a 
shift from surgery for all to conservative management with or without antibiotic 
prophylaxis in most cases.

Approximately 30–45% of children who present with a febrile UTI or pyelone-
phritis have underlying VUR [34] however, the natural history of this condition is to 

Table 6.2  International classification of vesicoureteral reflux and 5 year resolution rates after 
presentation

Grade Appearance on VCUG
Resolution by 5 year 
After Presentation

I Contrast in ureter, not reaching renal pelvis, no ureteral 
dilatation

90%

II Contrast up to pelvis, no ureteral dilatation 80%
III Contrast up to pelvis, mild dilatation of ureter and pelvis, 

slight/no blunting of calyces
60%

IV Moderate dilatation of ureter and pelvicalyceal system, mild 
tortuosity and blunting of calyces

30%

V Significant dilatation and tortuosity of ureter, severe 
dilatation of pelvis, significant blunting of calyces

Rarely
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resolve overtime with resolution rates varying according to the grade of reflux 
(Table 6.2). VUR-related short term concerns are the morbidity of pyelonephritis 
and urosepsis, while potential lifelong implications of recurrent febrile UTIs are 
renal scarring, proteinuria, hypertension and progressive renal impairment [34–36]. 
Surgical repair is left for children with recurrent febrile UTIs despite CAP, progres-
sive renal scarring, or early signs of renal deterioration (proteinuria, abnormal cre-
atinine or hypertension).

Recently, the clinical significance of VUR and the use of continuous antibiotic 
prophylaxis (CAP) to prevent UTIs and renal scarring have been questioned based 
on results of large randomized controlled trials, like the RIVUR and PREVENT 
studies [37]. Consequently, the importance of diagnosing VUR in first place, the 
role of diagnostic imaging and treatment recommendations have been reassessed. 
As a result, the Canadian Pediatric Society no longer recommends CAP for other-
wise healthy children with grades 1–3 VUR [35]. Moreover, concerns with an 
increasing risk for antibiotic resistance may soon deny the benefits of prophylaxis 
even in cases of grade 4 or 5 VUR. Ultimately, the role of severe VUR in the devel-
opment of renal scarring and kidney failure is unclear [34].

6.29	 �Initial Diagnosis and Evaluation of a Child with VUR

6.29.1	 �History and Physical Examination

On history it is important to inquire about antenatal history, prenatal ultrasound 
findings, postnatal hospitalizations, previous UTIs, unexplained fevers, and failure 
to thrive. In toilet trained children, daily fluid intake, voiding, and stooling patterns 
must be obtained in addition to dietary history to rule out BBD. On physical exami-
nation, palpable fecal mass in the abdomen suggest constipation. The child with 
VUR should undergo careful general medical evaluation including measurement of 
height, weight, blood pressure, serum creatinine, and urinalysis for proteinuria if 
bilateral renal abnormalities are found. If proteinuria is seen in the urinalysis, two 
first morning samples obtained in two different occasions are recommended to rule 
out orthostatic proteinuria. Finally, if first morning samples are positive, protein 
quantification in the urine is warranted (protein/creatinine ratio for non-toilet trained 
and 24 h urine protein measurement for toilet trained children).

In the event VUR is diagnosed in an asymptomatic child, we recommend CAP 
for grades 4 or 5 VUR during the first year of life and a referral should be made to 
the pediatric urologist or pediatric nephrologist. There is currently no evidence CAP 
would be beneficial beyond the age of 12 months. Such recommendations are also 
supported by both the American Urological Association (AUA) and CPS [35, 36], 
but are mostly based on expert opinion.
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6.30	 �Investigations

With the advancement of prenatal ultrasounds, VUR is commonly diagnosed in 
asymptomatic, otherwise healthy children with antenatal hydronephrosis (ANH). 
Indications to perform voiding cystourethrogram (VCUG) postnatally in children 
with ANH have been previously discussed in the Antenatal Hydronephrosis section 
of this chapter.

For children presenting with a UTI, both the American Academy of Pediatrics 
(AAP) and the CPS recommend that a renal and bladder ultrasound should be done 
following the first appropriately confirmed febrile urinary tract infection in children 
between 2- and 24-months [38, 39] and VCUG is recommended following the sec-
ond confirmed febrile UTI or if urinary tract abnormalities are seen on the ultra-
sound. Newborns with a febrile UTI should be investigated with a baseline 
ultrasound and VCUG must be considered in the presence of hydronephrosis, 
hydroureters and/or abnormal bladder on ultrasound, especially in boys with bilat-
eral hydronephrosis or a trabeculated bladder to rule out posterior urethral valves. 
Index of suspicion for BBD is high for children who onset of UTIs occurs around 
the toilet training phase. In this scenario, a baseline ultrasound should be considered 
to check upper tracts status, but BBD treatment is critical and must precede ordering 
a VCUG if the ultrasound is normal.

6.31	 �Circumcision

Boys with high grade VUR or lower grades with recurrent UTIs may benefit from 
circumcision in the first year of life, with a number needed to treat (NNT) of 4–6 to 
prevent 1 UTI [40].

6.32	 �Continuous Antibiotic Prophylaxis

CAP use should be carefully individualized and considered for high grade VUR in 
the first year of life, recurrent febrile UTIs regardless of VUR grade, or in the pres-
ence of complex urological anomalies. Short term CAP (approximately 3 months) 
may be considered for toilet-trained children with recurrent febrile UTIs in the con-
text of BBD while working on bladder and bowel habits. Combined data from two 
longitudinal studies (RIVUR and CUTIE trials) showed that toilet-trained children 
with both BBD and VUR are at higher risk of developing recurrent UTIs than chil-
dren with isolated VUR or children with isolated BBD and, therefore may benefit 
from CAP [41].
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6.32.1	 �Hematuria

Hematuria, which can be either macro ormicroscopic, is usually a cause of signifi-
cant distress for patients, caregivers and health care providers. Macroscopic hema-
turia, or the presence of blood in the urine visible to the naked eye, is uncommon in 
children with an estimated incidence of 1.3 per 1000 [42]. Most frequent causes are: 
benign urethrorrhagia (19%), trauma (14%) and UTIs (4%) [43]. Microscopic 
hematuria, defined as the presence of >3–5 RBCs/high-power field in spun urine, is 
usually identified during routine urinalysis or urine dipstick. Microhematuriais 
more frequently seen than macrohematuriawith an estimated prevalence of 1.5% in 
children and adolescents [42, 43]. Children with microscopic hematuria are more 
often referred to the pediatric nephrologist rather than the urologist. The most com-
mon causes of isolated microscopic hematuria in children are idiopathic hypercalci-
uria, glomerulopathies and nutcracker syndrome [44]. Although most cases of 
macro or microscopic hematuria are benign (Table 6.3), the challenge for clinicians 
in face of macro or microscopic hematuria is to differentiate benign conditions from 
serious underlying diseases, avoiding unnecessary stress to families and extra health 
care costs, while not missing potentially morbid yet treatable pathologies. It is 
important to keep in mind not all that resembles hematuria is blood. Common 

Upper Tract
• � Glomerular: PSGN, IgA nephropathy, Thin membrane 

disease, Lupus nephritis, systemic vasculitis, Alport 
syndrome, HUS, shunt nephritis, Granulomatosis with 
polyangiitis, MPGN/C3G

• � Tubulointerstitial:
  – � Infection
 � – � Tumors
  – � Nephrotoxins
  – � Stones, nephrocalcinosis, hypercalciuria
  – � Renal cystic diseases
Lower Tract
• � Infection
• � Calculi
• � Trauma
• � Obstruction
• � Urethrorrhagia
• � Vulvovaginitis
Vascular
• � Renal vein or artery thrombosis
• � Vascular malformation (hemangioma, arteriovenous 

malformation)
• � Coagulopathy, thrombocytopenia
• � Sickle cell disease/trait

Table 6.3  Differential diag-
nosis of hematuria
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causes of “dark urine”, but not true hematuria include pigments such as haemoglo-
bin, myoglobin, bilirubin, beets, blackberries, and urates, and medications such as 
rifampin, nitrofurantoin, methyldopa, levodopa, and metronidazole.

6.33	 �History and Physical Examination

Initially it is important to characterize the patterns of hematuria, especially if blood 
is seen in the beginning or only at the end of micturition (terminal hematuria) or 
mixed with urine. Terminal painless hematuria suggests urethrorrhagia. The pres-
ence of clots suggests post-renaletiology and associated symptoms, such as abdomi-
nal pain, flank pain, dysuria, frequency or urgency must raise the level of suspicion 
of UTI or urolithiasis. Additionally, it is crucial to inquire about constitutional 
symptoms, commonly seen in malignancies. Other sites of bleeding, such as gingi-
val, GI or skin, may reveal possible underlying coagulopathy. Recent trauma, men-
ses, fever, strenuous exercise, or bladder catheterization may be associated with 
transient hematuria. A sore throat or skin infection within the past 7–30 days makes 
the diagnosis of post infectious glomerulonephritis (PSGN) very likely. Drugs and 
toxins can potentially cause either hematuria or hemoglobinuria. A thorough family 
history must include questions about hematuria, renal stones, glomerular or renal 
cystic diseases, renal transplant or dialysis, hearing loss, hypertension, hemophilia 
and other bleeding disorders and, sickle cell trait. Although hematuria rarely causes 
significant anemia, physical examination must include heart rate and blood pressure 
measurement, assessment of pallor, skin inspection for ecchymosis or petechiae, 
and palpable lymph nodes. Abdominal examination may reveal palpable masses, 
hepatosplenomegaly, or flank pain. Ultimately, meatal stenosis in boys and signs of 
vulvovaginitis, trauma or foreign body in girls may be seen during genital inspec-
tion of children with hematuria.

6.34	 �Investigations

Macroscopic hematuria: The presence of macroscopic hematuria prompts a base-
line ultrasound to rule out renal or bladder masses, stones and anatomical abnor-
malities. Further imaging, such as KUB X-ray, CT or MRI must be individualized 
according to the case. Ultimately, cystoscopy is recommended for cases of persis-
tent macroscopic hematuria to rule out urinary tract vascular malformations, blad-
der or more rarely, ureteral masses. Routine imaging, laboratory, and cystoscopy are 
unnecessary for evaluating urethrorrhagia. However, when cystoscopy is done, it 
reveals inflammation of the bulbar urethra.

Persistent microscopic hematuria: Persistent microscopic hematuria (on three 
urinalysis or urine dipsticks) should prompt further investigations.

Laboratory studies:
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Recommended serum tests include CBC, urea, creatinine, electrolytes, calcium, 
C3, C4; and urine studies: culture, creatinine, albumin, calcium (for protein/creati-
nine and calcium creatinine ratios).

Imaging studies: Renal and bladder ultrasound.
The following scenarios warrant additional studies and referral to the nephrolo-

gist. If recent sore throat or skin infection, please order ASO titres. If features of 
lupus, ANA and anti-dsDNA are recommended; and renal biopsy may be required. 
If persistent, asymptomatic, isolated hematuria, consider screening other family 
members as workup of thin basement membrane disease and a referral to the 
nephrologist is warranted.

Management:
Management must be individualized depending on the cause of hematuria. For 

more details, please refer to specific chapters. We would like, however, to highlight 
the management of urethrorrhagia which is a common cause of painless terminal 
hematuria in prepubertal boys, with only 33% of boys presenting dysuria [44]. 
Benign urethrorrhagia is often associated with Bladder and Bowel Dysfunction 
(BBD) [44]. It is a benign condition that resolves spontaneously in 90% of boys. We 
recommend watchful waiting and treatment of underlying BBD. Refractory cases 
may benefit from short course of alpha blockers (i.e tamsulosin) and biofeedback.

6.35	 �Summary

Hematuria is a cause of significant distress for patients, caregivers and health care 
providers. Differently than adults, malignancy is a rare cause of micro or macro-
scopic hematuria in children. Although most cases are benign, the challenge for 
clinicians in face of hematuria is to differentiate benign conditions from serious 
underlying diseases, avoiding unnecessary stress to families and extra health care 
costs, while not missing potentially morbid yet treatable pathologies.
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7Neonatal Urological Emergencies

Martin Kaefer

Learning Objectives
Upon reading the chapter the reader should be able to:

	1.	 Describe the presentation, evaluation and treatment of renal vein thrombosis in 
the newborn.

	2.	 Provide a cogent algorithm for the evaluation and treatment of the male infant 
presenting with bladder distension and elevated serum creatinine—with specific 
attention to the short and long term renal and bladder characteristics of children 
with posterior urethral valves.

	3.	 Discuss the differential diagnosis of a newborn presenting with a swollen hemi-
scrotum with particular attention to the management of neonatal testicular 
torsion.

	4.	 List the five most common etiologies of an intra-labial mass in a newborn girl.
	5.	 Describe the various treatment options for newborn UVJ obstruction.

7.1	 �Scenario 1

A 7-day-old infant girl with a palpable abdominal mass is noted to have gross hema-
turia. A urinalysis and CBC with platelets demonstrate the following:

•	 Proteins ++
•	 Ketones −
•	 Blood: +++
•	 Leucocytes: −
•	 Nitrites: −
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•	 Hgb: 7.8 g/dl
•	 WBC: 4.5 k/ml
•	 Platelets: 50 k/ml

The baby was born at an estimated gestational age of 37 weeks to a diabetic 
mother by prolonged vaginal delivery.

7.2	 �Question 1

What does the combination of physical findings, urinalysis and hematologic results 
suggest?

7.3	 �Answer 1

The presence of gross hematuria with anemia and thrombocytopenia in the neonate 
strongly suggest a diagnosis of renal vein thrombosis. Predisposing factors include 
dehydration, sepsis, polycythemia, maternal diabetes, traumatic delivery and 
indwelling umbilical catheters [1]. Approximately 20% of infants with gross hema-
turia are found to have renal vein thrombosis. The thrombosis is typically peripheral 
and does not often propagate centrally. Physical signs include a palpable mass and 
hypertension. Oliguria may occur in bilateral cases. Although Wilms Tumor may be 
considered in the older child with a palpable mass and gross hematuria, malignant 
renal lesions associated with gross hematuria are exceedingly uncommon in the 
neonatal period.

7.4	 �Question 2

What additional testing would be recommended to confirm diagnosis?

7.5	 �Answer 2

	1.	 Color doppler renal ultrasound: Renal sonography is the modality of choice for 
making the diagnosis of renal vein thrombosis. Renal enlargement with loss of 
corticomedullary differentiation associated with reduced or absent flow through 
the renal vein are the most common findings. Branching hyperechoic vessels and 
clot in the vena cava may also be noted in select cases.

	2.	 Serum Electrolytes. Acute renal dysfunction can be seen in renal vein thrombo-
sis. Bilateral cases can result in oliguria. The resultant alterations in renal func-
tion can be seen in an elevation of serum creatinine and significant alterations in 
electrolyte homeostasis.

	3.	 Evaluation of coagulation factors. Nearly 50% of neonates with RVT are found 
to have prothrombotic abnormalities and hence should be screened [2]. Studies 
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have shown that factor V mutations and elevated lipoprotein A are more com-
monly identified in patients with neonatal renal vein thrombosis when compared 
to controls.

7.6	 �Question 3

What would be your subsequent management plan?

7.7	 �Answer 3

	1.	 Management is directed at reversing the factors that predispose to renal vein 
thrombosis. Fluid resuscitation and correction of electrolyte imbalances form the 
cornerstone of treatment. Management of hypertension is also important.

	2.	 If an umbilical venous catheter is present, it should be removed so that it can no 
longer serve as a nidus for further clot propagation.

	3.	 Management with anticoagulants remains controversial but may include the use 
of heparin or fibrinolytic therapy with streptokinase in specific situations. While 
treatment with heparin has been shown to be of benefit in reducing renal func-
tional abnormalities, treatment with anticoagulants can be associated with sig-
nificant complications. Twenty percent of cases of neonatal renal vein thrombosis 
are bilateral and may benefit from more aggressive therapy to prevent end stage 
renal dysfunction.

7.8	 �Scenario 2

A 2-month old boy presents with failure to thrive and abdominal distension. Urine 
analysis demonstrates no sign of infection. Serum creatinine is 2.4 mg/dl. Renal 
Bladder Ultrasound is shown below (Images 7.1, 7.2, and 7.3).

7.9	 �Thickened Bladder on Ultrasound

7.9.1	 �Question 1

What does your initial evaluation suggest is the diagnosis?

7.9.2	 �Answer 1

Posterior urethral valves is the most likely diagnosis. Sonographic findings of a 
thick walled bladder with bilateral hydroureteronephrosis in a male should be con-
sidered posterior urethral valves until proven otherwise. Although most patients will 
be identified prenatally, the occasional patient with posterior urethral valves may 
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escape detection and present in this fashion. Long-term prognosis hinges on the 
creatinine level that is achieved after the obstruction has been relieved.

7.9.3	 �Question 2

What investigations would you consider?

Image 7.1  Renal 
ultrasound demonstrating 
high grade right 
hydronephrosis with 
hydroureter

Image 7.2  Renal 
ultrasound demonstrating 
high grade left 
hydronephrosis with 
hydroureter
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7.9.4	 �Answer 2

	1.	 Immediate placement of a urethral catheter with close attention to fluid and elec-
trolyte status is paramount in the early management of these children. 
Post-obstructive diuresis with subsequent vascular collapse may occur in this 
setting unless close attention is paid to fluid shifts and electrolyte disturbances.

	2.	 Voiding cystourethrogram to confirm diagnosis followed by close monitoring of 
serum creatinine until a nadir value is reached.

	3.	 Surgical relief of obstruction with transurethral resection of valves after nadir 
creatinine has been reached. If serum creatinine does not drop to a suitable level 
with catheter placement then supravesical diversion in the form of a vesicostomy 
or ureterostomy may be considered.

7.9.5	 �Question 3

After initial evaluation and successful treatment with transurethral resection of 
valves, what advice would you give to the family?

7.9.6	 �Answer 3

	1.	 Close follow up with radiographic imaging and monitoring of serum creatinine 
is critical to the long-term outcome of the child.

	2.	 Vesicoureteral reflux, which is present in 50% of children at the time of diagno-
sis, has a 50% chance of spontaneous resolution.

Image 7.3  Bladder 
ultrasound demonstrating 
thick wall and 
inflamed mucosa
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	3.	 Circumcision may reduce the risk of future urinary tract infections.
	4.	 Despite successful valve resection, many children with posterior urethral valves 

have persistent bladder dysfunction and may require additional medical inter-
vention in the form of anticholinergics and intermittent catheterization to opti-
mize the patient’s continence and renal status [3].

7.10	 �Scenario 3

A 1-day-old otherwise healthy boy is noted to have a swollen left hemi-scrotum. 
The child is afebrile.

7.11	 �Question 1

What is the differential diagnosis?

7.12	 �Answer 1

	1.	 Neonatal testicular torsion
	2.	 Hydrocele or Inguinal Hernia
	3.	 Epididymitis
	4.	 Testicular tumor

7.13	 �Question 2

Scrotal ultrasound reveals a left testicle with heterogeneous echotexture, yet the 
radiologist states that there is blood flow noted (peripherally). The contralateral 
hemi-scrotum is remarkable for a testicle of homogenous echotexture with a large 
hydrocele. How do you interpret the ultrasound findings?

7.14	 �Answer 2

The findings are most consistent with testicular torsion of greater than 24 h duration 
with subsequent necrosis. A rim of blood flow along the capsule can be misleading 
and is not the same as demonstrable blood flow within the testicular parenchyma 
with a clear Doppler signal. In the absence of the later finding, testicular torsion 
should be considered the most likely diagnosis. Although tumors are distinctly rare, 
the finding of heterogeneous echotexture should lead one to include this in the dif-
ferential diagnosis.
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7.15	 �Question 3

What are your recommendations for treatment?

7.16	 �Answer 3

It is important to explain to the family prior to the procedure that the chance of 
viability is very low and that the primary reason for exploration is to secure the 
diagnosis and perform pre-emptive contralateral septopexy.

	1.	 Exploration of the left side via an inguinal incision (in case this represents a rare 
case of tumor). If torsion is identified and testicle appears viable then ipsilateral 
three point septopexy with permanent suture is performed. The testicle is 
removed if it appears necrotic and nonviable.

	2.	 Contralateral scrotal exploration with septopexy.
	3.	 The contralateral hydrocele is likely a reaction to the inflammatory process 

involving the left testicle. It may also represent a true communicating hydrocele. 
Due to the fact that the majority of communicating hydroceles will spontane-
ously improve we advocate simple drainage of the hydrocele. Contralateral 
inguinal exploration should not be undertaken due to risk of damaging the con-
tralateral vasculature in a patient with a solitary testicle [4].

7.17	 �Question 3

How do you counsel the parents regarding future management?

7.18	 �Answer 3

	1.	 If contralateral swelling is noted in the future then immediate presentation to the 
emergency department is indicated. Inform the family that contralateral hernia 
could develop and that if it did, surgical correction would be required.

	2.	 Fertility with one testicle should be roughly equivalent to that of a child with 
two. Assisted reproduction is unlikely to be required.

	3.	 Placement of a testicular prosthesis can be considered in the future. Waiting until 
the child has progressed through puberty is advised in order to properly judge the 
appropriate size of prosthesis to place (once the final size of the viable testicle is 
reached).
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7.19	 �Scenario 4

A 2-day-old otherwise healthy girl is noted to have an intralabial mass. The abdo-
men is distended and the child is fussy but afebrile. External appearance is shown 
below (Image 7.4).

7.20	 �Question 1

What is the differential diagnosis of an intralabial mass in a newborn girl and what 
is the most likely diagnosis based on this image?

7.21	 �Answer 1

Differential diagnosis [5]:

	1)	 Periurethral cyst. Typically white in appearance. Incision and drainage is 
curative.

Image 7.4  Intralabial  
Cyst

M. Kaefer



91

	2)	 Imperforate hymen with resultant hydrocolpos. A posteriorly placed whitish 
intralabial bulge typically associated with a palpable abdominal mass. 
Management is incision and drainage.

	3)	 Prolapsed ectopic ureterocele. Typically clear to bluish in appearance. May take 
on a black appearance if necrotic. Most commonly noted to emerge from the 
posterior aspect of the urethral meatus.

	4)	 Urethral prolapse: uncommon in newborns.
	5)	 Vaginal Rhabdomyosacroma: grape like appearance, rare in newborns.

The appearance of this intralabial mass is most consistent with a prolapsed ure-
terocele in that it emanates from the posterior aspect of the urethra.

7.22	 �Question 2

Images from a renal bladder ultrasound are shown below. Describe what you see 
(Images 7.5, 7.6, 7.7, and 7.8).

7.23	 �Answer 2

The renal ultrasound shows a duplex left kidney with a large hydronephrotic upper 
pole with significant cortical thinning. The bladder view shows a ureterocele with 
extension into the intralabial location. The collapsed vagina and uterus are noted 
posterior to the bladder.

Image 7.5  Renal 
ultrasound of left duplex 
kidney with massive upper 
pole hydronephrosis
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Image 7.6  Bladder 
ultrasound demonstrating a 
left intravesical ureterocele

Image 7.7  Translabial ultrasound demonstrating ureterocele extending through urethra down to 
the level of the perineum.
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7.24	 �Question 3

What is the treatment for this condition.

7.25	 �Answer 3

	1)	 Incision of ureterocele. This can be undertaken at the bedside and should be 
made in a vertical orientation.

	2)	 Prophylactic antibiotics should be provided.
	3)	 Catheter drainage and repeat renal ultrasound to demonstrate upper tract 

decompression.

Image 7.8  Abdominal ultrasound demonstrating collapsed vagina and uterus posterior to the 
fluid filled bladder
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7.26	 �Question 4

Two days following incision of the ureterocele the catheter is removed. The child 
subsequently has poor urine output and appears to be grunting when voiding. A 
VCUG is obtained. What does this demonstrate (Image 7.9)?

7.27	 �Answer 4

The VCUG demonstrates obstruction at the bladder neck and right-sided vesicoure-
teral reflux. The obstruction can be explained by an anterior valve like filling of the 
distal part of the incised uretrerocele (see below). Treatment consists of endoscopic 
vertical incision of the residual distal lip. If this is not feasible then a vesicostomy 
may be required as a temporizing maneuverer until the patient is old enough to pro-
ceed with formal open ureterocele excision and ureteral reimplantation (Image 7.10).

Distal lip of incised ureterocele filling with urine as child voids—Effectively 
creating bladder outlet obstruction.

Image 7.9  Voiding 
Cystourethrogram 
demonstrating right sided 
vesicoureteral reflux and 
distal valve like filling of 
the distal end of the incised 
cecoureterocele
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Image 7.10  Graphic 
description of fluid filling 
the distal segment of an 
incised cecoureterocele 
and thereby causing 
urethral obstruction
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7.28	 �Scenario 5

A 6-week-old girl presents to an outside emergency room with hypoxia and a pH of 
7.1. She has undergone initial resuscitation and has subsequently been transferred to 
your hospital by helicopter.

7.29	 �Question 1

What constitutes the appropriate work up for neonatal sepsis.

7.30	 �Answer 1

For a toxic appearing child under 60 days of age who presents with fever the work 
up includes complete blood count, basic metabolic panel (serum electrolytes and 
creatinine), urine analysis, blood culture, urine culture and spinal tap. Chest radio-
graphs are obtained for children in respiratory distress/hypoxia. Fluid resuscitation 
and broad-spectrum antibiotics such as vancomycin and ceftriaxone are utilized. 
Further evaluation is dictated based on physical signs and symptoms as well as labo-
ratory testing. This child was found to have a urinalysis that was positive for nitrites, 
bacteria, white blood cells and red blood cells.

Renal ultrasound findings are shown below (Images 7.11, 7.12, and 7.13).

7.31	 �Question 2

Describe what is seen on the renal ultrasound. What is the most likely diagnosis?

Image 7.11  Renal 
ultrasound of right kidney 
demonstrating marked 
hydronephrosis with 
echogenic renal 
parenchyma
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7.32	 �Answer 2

The renal ultrasound scan shows two large hydronephrotic kidneys with significant 
cortical thinning and debris within the collecting system. Marked ureteral dilatation 
is present extending down to the level of the bladder. This suggests that there are 
infected obstructed systems—bilateral UVJ obstruction with pyonephrosis. A com-
ponent of vesicoureteral reflux could also be present (but in this case was shown not 
to be present on later VCUG).

Image 7.12  Renal 
ultrasound of left fossa 
demonstrating 
hydronephorosis with 
marked dissension of 
proximal ureter

Image 7.13  Bladder 
ultrasound demonstrating 
normal bladder wall 
thickness and bilateral 
distally distended ureters
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7.33	 �Question 3

What are the potential options for initial management?

7.34	 �Answer 3

After initial resuscitation with catheter drainage, upper tract decompression is the 
critical step in management. This could theoretically take the form of internal stents, 
but the challenge of successfully placing these in tortuous ureters in this critically ill 
patient would preclude their use [6]. The placement of bilateral percutaneous neph-
rostomy tubes provides the most rapid and reliable method of clearing infection. 
Subsequent functional imaging with a MAG-3 renogram with the nephrostomy 
tubes clamped and antegrade nephrostograms are then utilized to obtain an adequate 
measure of function and drainage.

Question 4: The patient’s subsequent imaging demonstrates bilateral UVJ 
obstruction. Creatinine has fallen from an initial value of 3.8–0.8 mg/dl and func-
tion is distributed equally between the two kidneys. What surgical options should be 
presented to the family (Image 7.14)?

Image 7.14  Bilateral 
nephrostograms 
demonstrating bilateral 
distal ureteral obstruction
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7.35	 �Answer 4

Bilateral cutaneous ureterostomies has been the classic choice for treatment in cases 
of bilateral ureterovesical junction obstruction in neonates. Additional options that 
can be used to maintain bladder cycling include placement of JJ stents (either ante-
grade or retrograde) or to perform bilateral temporary refluxing reimplants [6, 7]. 
This patient underwent the later procedure and at 18 months underwent definitive 
nonrefluxing bilateral ureteral reimplantation.
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8Urinary Tract Infection in Infants 
and Children

Prasad Godbole

Learning Objectives
At the end of the chapter, the reader will be able to:

•	 Prioritize and judiciously use appropriate imaging modalities for the diagnosis 
and evaluation of various pediatric urinary tract infection scenarios.

•	 Understand the role of antimicrobials and their appropriate use in paediatric uri-
nary tract infections.

8.1	 �Scenario 1

A 4 month old baby girl presents to the emergency department with a high fever, 
vomiting and very smelly cloudy urine. A midstream sample urinalysis demon-
strates the following:

•	 Proteins −
•	 Ketones +
•	 Blood: ++
•	 Leucocytes: ++
•	 Nitrites: ++

The baby has been previously fit and well with no significant antenatal history.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_8&domain=pdf
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8.2	 �Question 1

What does the urinalysis suggest?

8.3	 �Answer 1

The presence of leucocytes and nitrites on a dipstick urinalysis in the context of the 
history would strongly suggest a urinary tract infection. The systemic symptoms 
would in keeping with an upper urinary tract (pyelonephritic) type UTI. The test of 
leukocyte esterase detects the presence of this enzyme that is released from white 
blood cells (WBCs) in urine. Therefore, positive leukocyte esterase is comparable 
to pyuria (WBC ≥ 5/HPF or approximately 25 WBCs/μl) by microscopy using cen-
trifuged urine, with a sensitivity of about 79% and specificity of 87%. Nitrites are 
produced by bacterial conversion of nitrates that are normally present in the urine. 
Most gram-negative bacteria that are cultured in urinary infections are capable of 
producing positive results of nitrite test. The combination of both leukocyte esterase 
and nitrite tests is highly sensitive and specific. A recent study shows dipstick may 
be an adequate screening test for UTI with a negative predictive value of 98.7%. 
Adding microscopy increases the negative predictive value to 99.2%.

8.4	 �Question 2

What would be your recommended initial treatment plan?

8.5	 �Answer 2

	1.	 As this 4  month old is systemically unwell, the initial approach would be to 
resuscitate as appropriate depending on the clinical picture

	2.	 Urine should be sent for culture
	3.	 Baseline full blood count, urea and electrolytes, C Reactive protein and blood 

culture should be obtained before commencing on intravenous antibiotics or oral 
antibiotics depending on the clinical picture. The NICE guidance recommends 
commencing either oral/parenteral cephalexin or co-amoxiclav in the first 
instance. If the culture results show a resistant organism, the antibiotic must be 
changed based on sensitivities.

	4.	 Had the UTI been lower urinary tract in nature, oral antibiotics in the form of 
Trimethoprim (first line) or Nitrofurantoin (second line) should be considered.

8.6	 �Question 3

What would be your subsequent management plan?

P. Godbole
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8.7	 �Answer 3

A renal ultrasound is required either during the acute infection or within 6 weeks of 
the acute infection based on the following criteria:

•	 During the acute infection in all children with atypical infection, indicated by:
–– Poor urine flow.
–– Abdominal or bladder mass.
–– Raised creatinine.
–– Sepsis.
–– Failure to respond to treatment with suitable antibiotics within 48 h.
–– Infection with non-E. coli organisms.

•	 During the acute infection in children aged under 6 months with recurrent UTI.
•	 Within 6 weeks for children aged 6 months and over with recurrent UTI.
•	 Within 6 weeks, for all children younger than 6 months of age with first-time 

UTI that responds to treatment.

8.8	 �Scenario 2

A 7 year old girl is referred to you with recurrent episodes of dysuria, frequency and 
proven lower urinary tract infections. She remains systemically well during these 
episodes.

8.9	 �Question 1

What history would you consider in this girl?

8.10	 �Answer 1

	1.	 A careful history of voiding habits and bowel habits. Symptoms of lower urinary 
tract dysfunction should be elucidated. Such as urgency, incontinence, holding 
manouevres

	2.	 A voiding diary and fluid intake chart and stooling chart
	3.	 Detailed clinical examination including neurological examination and spinal 

examination

8.11	 �Question 2

What investigations would you consider?
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8.12	 �Answer 2

	1.	 As this girl has had recurrent UTI’s, a renal ultrasound scan should be obtained 
looking at the upper tracts, bladder pre and post micturition volume and rectal 
diameter.

	2.	 If there is evidence of scarring on the renal ultrasound, a DMSA scan should be 
done after at least a minimum of 3 months following the last UTI

	3.	 If there is evidence of ureteric dilatation that resolves postmicturition (suggest-
ing ureterovesical reflux), a VCUG may be considered if there is intention to 
treat the reflux.

	4.	 If there is suggestion of lower urinary tract dysfunction or dysfunctional elimina-
tion, uroflowmetry with or without EMG studies may be considered.

8.13	 �Question 3

If her investigations are normal, what advice would you give to the family?

8.14	 �Answer 3

	1.	 Advice regarding timed and regular voiding, adequate fluid intake and avoiding 
bladder irritants such as caffeinated and carbonated drinks, blackcurrant should 
be given

	2.	 Control of constipation with stool softeners may be necessary
	3.	 A short duration of antibiotic prophylaxis may be considered to break the cycle 

and allow time without UTI for the urotherapy program to be effective

8.15	 �Scenario 3

A 6 month old boy presents with a febrile illness, vomiting and a palpable mass in 
the left loin. His US scan is shown (Fig. 8.1)

8.16	 �Question 1

What is the most likely diagnosis?

8.17	 �Answer 1

The renal ultrasound scan shows a large hydronephrotic left kidney with significant 
cortical thinning and debris within the collecting system. The bladder view does not 
show any ureteric dilatation behind the bladder. This suggests an infected obstructed 
system on the left—a left pyonephrosis.
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a

b

c

Fig. 8.1  (a) Ultrasound scan showing a grossly hydronephrotic kidney with corcial thinning. (b) 
Ultrasound scan of the same kidney with a massively dilated renal pelvis. (c) Ultrasound scan of 
the bladder with no dilated ureters behind the bladder
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8.18	 �Question 2

What would be your initial management and subsequent management?

8.19	 �Answer 1

	1.	 The child needs to be treated as sepsis. He requires full resuscitation, IV cannu-
lation, baseline bloods for CBC, U&E, CRP, blood and urine culture

	2.	 He requires commencing on a broad spectrum intravenous antibiotic such as 
Co-Amoxiclav

	3.	 The infected left system needs to be drained either internally (JJ stent) or exter-
nally via a percutaneous nephrostomy and the infected urine sent for culture. In 
this case the boy had a percutaneous left nephrostomy.

	4.	 He should then have some functional imaging (MAG3 renogram) with the neph-
rostomy clamped or a DMSA scan with an antegrade nephrostogram.

His subsequent imaging is shown (Figs. 8.2 and 8.3)

Fig. 8.2  Image of an 
antegrade study via the 
nephrostomy showing a 
dilated renal pelvis and no 
flow of contract across the 
pelvi ureteric junction
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Fig. 8.3  DMSA scan showing 12% function of the left kidney

8.20	 �Question 3

What are the treatment options and why?

8.21	 �Answer 3

	1.	 The treatment options are either a left nephrectomy or a left pyeloplasty as the 
left renal function is 12% and there is no drainage across the left UPJ on the 
antegrade study.

	2.	 Traditionally a nephrectomy has been advocated in kidneys where the split renal 
function is less than 10%. However several studies have demonstrated an 
improvement in SRF and drainage following a pyeloplasty even for poorly func-
tioning kidneys at 6 and 12 months after pyeloplasty.
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	3.	 However other studies have not shown any statistically significant improvement 
in renal function in poorly functioning kidneys following a pyeloplasty. In all 
series, the number of cases analysed are small which is a drawback to enable any 
firm conclusion to be drawn.

	4.	 Hence a detailed discussion for full informed consent is required with the parents 
to determine whether to undergo a pyeloplasty or nephrectomy. In this case the 
boy underwent a dismembered pyeloplasty.

8.22	 �Scenario 4

A 6 year old girl is referred to your clinic with recurrent UTI’s. She has grown 
E. coli on two occasions and recently a Proteus organism. Her last UTI was accom-
panied by a febrile illness and left flank pain which subsided with oral antibiotics.

Her investigations are shown below (Figs. 8.4, 8.5, and 8.6).

Fig. 8.4  Ultrasound scan showing normal right kidney
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Fig. 8.5  Ultrasound scan 
showing irregular outline 
of the left kidney 
suggestive of scarring

Fig. 8.6  DMSA scan 
confirms scarring of left 
kidney with reduced 
function

8.23	 �Question 1

	a.	 What does this show?
	b.	 What other investigation might you consider and why?
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8.24	 �Answer 1a

The renal ultrasound shows a normal right kidney which is non dilated. The left 
kidney shows no pelvicalyceal dilatation but demonstrates cortical irregularity sug-
gestive of renal scarring. The DMSA scan confirms scarring of the left kidney with 
reduced function.

8.25	 �Answer 1b

	1.	 Combination of a scarred kidney and dilated ureter behind the bladder could sug-
gest ureterovesical reflux. After discussion with the family, if correction of the 
reflux (if any) is considered then a VCUG should be obtained with the catheter 
inserted urethrally under play therapy or Entonox analgesia.

	2.	 The other option would be to consider if this girl has dysfunctional elimination. 
A careful history and clinical examination combined with uroflowmetry with or 
without EMG can assess the bladder function.

Question 1c. Her VCUG is shown below- what does this show (Fig. 8.7)?

8.26	 �Answer 1c

The VCUG shows left sided grade 3 vesicoureteral reflux.

8.27	 �Question 2

What are your treatment options for this girl and why?

8.28	 �Answer 2

	1.	 Most of this girls UTI’s have been lower urinary tract in origin. Hence a 
detailed history of voiding habits and bowel habits should be taken. Standard 
urotherapy with timed and regular voiding, adequate fluid intake, double void-
ing and managing any bladder dysfunction with anticholinergics and antibiotic 
prophylaxis may be considered as an option in the first instance. Where stan-
dard urotherapy fails and LUTS persist a video urodynamic investigation 
would be useful.

	2.	 The other option would be endoscopic correction of the reflux. It is suggested 
that reflux with LUTD will resolve faster after LUTD correction and that patients 
with LUTD are at higher risk for developing UTIs and renal scarring. 
Alternatively, it is possible that LUTD is secondary to VUR and that treatment of 
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VUR will therefore result in correction of LUTD. Or, it may be that there is a 
high coprevalence, but the treatment of one condition does not correct the other. 
In recent literature, no data support any of these hypotheses.

Suggested Further Reading
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	2.	 Williams GJ, Macaskill P, Chan SF, Turner RM, Hodson E, Craig JC. Absolute and relative 
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Fig. 8.7  VCUG showing 
left sided dilating uretero 
vesical reflux
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9Upper Urinary Tract Obstruction

UPJO, Megaureter, Ureterocele

Mike O’Brien

Learning Objectives
After reading the chapter, the reader should

	1.	 Be able to appropriately investigate obstructive uropathies of the upper uri-
nary tract

	2.	 Understand the rationale for conservative versus surgical management for the 
various pathologies and indications for surgical intervention

	3.	 Be able to appropriately follow up patients with or without surgical intervention 
for upper urinary tract obstructive pathologies.

9.1	 �Case 1

Two-week old male presenting with a history of bilateral hydronephrosis that was 
diagnosed antenatally on ultrasonagraphy (US) at the 22-week gestation scan. The 
transverse Antero-Posterior dimensions (APDs) at the level of the renal hilum were 
reported as 18 mm on the right and 22 mm on the left. Repeat scanning in the 34th 
week of the pregnancy showed persistent bilateral renal pelvis dilatation, with caly-
ceal dilatation. There was no mention of bladder appearances or evidence of dilated 
ureters and amniotic fluid volumes were reported as normal. The patient was born 
at term and immediately started on prophylactic antibiotics.

Question 1. What Would Be Your Immediate Management?
Obtain the perinatal history
Physical examination
Renal function tests (UEC)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_9&domain=pdf
https://doi.org/10.1007/978-3-030-54020-3_9#DOI
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Ultrasound urinary tract to confirm the findings
MCUG: given his male gender and the presence of bilateral hydronephrosis to 
exclude Posterior Urethral Valves (PUV) or Vesico-ureteric Reflux (VUR).

His physical examination and renal function (Cr 28 μmol/l) were normal. An US 
urinary tract was performed on day 2 of life and showed persistent bilateral renal 
pelvis dilatation, with apparent improvement in the degree of dilatation. The MCUG 
showed normal urethral contour and no evidence of VUR (Fig. 9.1).

a

b

Fig. 9.1  (a) US Urinary Tract day 2 of life shows severe left hydronephrosis with APD 21 mm, 
and moderate hydronephrosis on the right with APD 12 mm. No evidence of ureteric dilatation and 
a sonographically normally appearing bladder. (b) MCUG: early bladder filling images demon-
strated normal bladder wall appearance. No evidence of vesicoureteric reflux on either side. No 
evidence of posterior urethral valves, with prompt passage of contrast via the urethra and normal 
contour demonstrated
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Questions 2. What Is the Differential Diagnosis?

	1.	 PUV
	2.	 VUR
	3.	 PUJO
	4.	 Transient hydronephrosis

Question 3. What Is the Long-Term Management and Follow-Up?
Conservative management and surveillance with repeated renal tract ultrasounds.
No indication for antibiotic prophylaxis.

His renal pelvis dilatation improved on subsequent scans; however, at 6 months 
of age, he developed progression of the renal pelvicalyceal dilatation bilaterally 
with suspicion of left Pelvi-Ureteric Junction Obstruction (PUJO). He remained 
completely asymptomatic (Fig. 9.2).

Question 4. What Would You Do Next? What Follow Up Is Recommended?
A MAG-3 renogram to assess renal function.
Repeat US urinary tract to assess progression of dilatation
Follow-up with US only at 1 year and then at 2, 5, and 10 years of age
Repeat NM scan only of there is again progression of renal pelvis dilatation

The patient remained asymptomatic and the renal pelvis dilatation improved on 
subsequent imaging. The MAG 3 renogram showed almost equal split function and 
slow but adequate drainage after administration of Lasix.

9.1.1	 �Discussion

Antenatal hydronephrosis (AHN) has become one of the most commonly detected 
ultrasound (US) findings, associated with 1–5% of pregnancies [1, 2]. The underly-
ing aetiology is varied, ranging from transient hydronephrosis to congenital anoma-
lies of the kidney and urinary tract. The benefits of early detection and intervention 
in cases of urinary tract dilation include a reduction in renal damage due to obstruc-
tion and infection. However, the majority of antenatal hydronephrosis are secondary 
to non-obstructive causes. Many of these antenatally detected cases spontaneously 
resolve [3]. A list of the underlying conditions that can cause antenatal hydrone-
phrosis is summarised below in Table 9.1.

The challenge remains to determine which of these prenatally detected infants 
will require surgery, prior to the development of symptoms or potentially irrevers-
ible renal damage, thus permitting a more tailored screening [3].

The presence of bilateral renal tract dilation, especially in males, raises concerns 
of bladder outlet obstruction, such as posterior urethral valves and, very rarely, ure-
thral atresia. In females it is far less common, but other underlying conditions 
should be suspected, such as a persistent urogenital sinus, cloacal anomaly or a 
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spinal anomaly. After birth, these children should be commenced on prophylactic 
antibiotics and ultrasonography of the urinary tract should be performed within 
24–48 h of life [5, 6]. In males, a urethral catheter should be inserted to ensure blad-
der drainage and renal function should be assessed. Following this, micturating cys-
tourethrography is recommended to look for evidence of urethral obstruction and/or 
VUR to determine if urgent intervention is required. In all other cases, a postnatal 
US urinary tract should be performed within 3–7 of life to avoid underestimating 
the degree of urinary tract dilatation. A repeat US is recommended at 4–6 weeks of age.

In most cases of isolated antenatal unilateral hydronephrosis, the child is com-
menced on prophylactic antibiotics at birth, usually trimethoprim at the dose of 
2 mg/kg weight each night, and further investigations are organised. An ultrasound 
of the urinary tract is repeated in the first week, ensuring that the baby is adequately 
hydrated and repeated after 2 and 6 weeks in most cases, and again at 3 months if 
abnormal. Functional imaging should be deferred ideally until 3 months of age to 
allow for renal maturation. A dynamic renal scan such as 99Tc-mercaptoacetyltriglycine 
(MAG3) is preferred for children with possible obstruction and it provides differen-
tial renal function as well.

In this case, the patient was managed accordingly, but no structural abnormality 
was identified. Once this was ruled out, the prophylactic Abs were stopped, and he 
was only monitored with regular US urinary tract [5–7].

The follow-up of patients with non-obstructive hydronephrosis still remains con-
troversial. Children with renal pelvis APD > 12 mm are usually commenced on 
prophylactic antibiotics pending further investigations. In the absence of calyceal 
involvement only US is recommended for follow-up at the ages of 3 months, 1 year 
and then at 2, 5, and 10 years of age. In infants who develop significant increase in 
the degree of dilatation a NM isotope scan is also indicated. Patients with renal APD 
of 13–19  mm should have a similar follow-up by US, but imaging should also 
include isotope study at 2–3 months of age, to assess renal function. Children with 
severe hydronephrosis (>20 mm) should have their first functional imaging earlier, 
at 6–8 weeks of age, so that those with decreased function (<40%) can proceed to 
surgery [3].

Patients with transverse renal pelvis APD between 20 and 50 mm and good func-
tion continue to pose a problem, as they can either remain stable, resolve 

Table 9.1  Aetiology of urinary tract dilation detected on antenatal ultrasound [2, 4]

Condition Frequency Incidence in ANH (%) Gender ratio
Transient/physiologic hydronephrosis 2–4/100 41–88 M:F = 1:1
Pelviureteric junction obstruction (PUJO) 1/1500 10–30 M:F = 2:1
Vesicoureteric reflux (VUR) 1/100 10–20 M:F = 1:5
Vesicoureteric junction obstruction 
(VUJO)

1/10000 5–23 M:F = 3–4:1

Duplex system 1–2/100 7 M:F = 1:4
Ureterocoele/ectopic ureter 1/10000 5–7 M:F = 1:6
Multicystic dysplastic kidney 1/3000 4–6 M:F = 1:1
Posterior urethral valves 1/8000 1–2 Male
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spontaneously, or eventually warrant surgery. Those with a severe degree of dilata-
tion (>20 mm), calyceal involvement and with >40% function require close follow-
up with US at 1, 3, and 6 months, 1 year and annually thereafter. A repeat NM scan 
is indicated in cases of progressive dilatation, potentially representing an obstructed 
system, which would finally benefit from surgery if the function were to decrease 
<40% or if they developed symptoms related to their urinary tract [3].

9.2	 �Case 2

A 2-week old male infant with an antenatal diagnosis of right hydronephrosis 
(6.5 mm) first identified at 24 weeks gestation and then increasing up to 14 mm at 
34 weeks of GA. He was born at 36 weeks and treated for suspected neonatal sepsis. 
He was discharged on Prophylactic Abs and referred for further investigations. The 
US of the urinary tract done on day 5 of life showed persistent right renal pelvis 
dilatation of 25 mm. Normal physical examination and renal function (Cr 28 μmol/l) 
(Fig. 9.3).

Question 1. What Is the Main Diagnosis That Needs to Be Excluded and What 
Investigations Would You Perform to Confirm It?
The main diagnosis to exclude is a right PUJO

A NM scan should be requested to confirm the diagnosis and decide further 
management.

On MAG-3 there was evidence of reduction of the function of the right kidney 
with impaired drainage (Fig. 9.4).

The appearances of moderate right hydronephrosis, no evidence of ureteric dila-
tation and a reduction in differential renal function (33%) are consistent with a 
diagnosis of Partial Right PUJ Obstruction.

Question 2. What Is the Definitive Management for This Patient?
The patient should undergo an Anderson Hynes open dismembered pyeloplasty with 
insertion of JJ stent or a nephron-stent depending on the surgeon’s preference. A 
perinephric drain may also be indicated.

Fig. 9.3  Ultrasound urinary tract at 5 days and 4 weeks of life show right pelvicalyceal dilatation, 
with APD renal pelvis of 25 mm. Normal contralateral kidney and bladder
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Postoperative recovery was uneventful. The histopathology report confirmed the 
diagnosis and the JJ stent was removed 6 weeks after surgery.

Question 3. What Follow Up Would You Recommend?
Follow up should include an US urinary tract 6 weeks after the removal of JJ stent, 
and at 6 and 12  months after the surgery. A repeat MAG-3 is indicated around 
6 months after the procedure if the renal function was already compromised.

On review 3 months after the procedure he remained well and asymptomatic and 
a follow-up US urinary tract showed significant reduction of the right renal pelvis 
dilatation, with no other abnormalities identified (Fig. 9.5).

Fig. 9.4  MAG-3 done at 4 weeks of age. Clearance of activity into the dilated right pelvicalyceal 
system was slower than normal and although the intensity of tracer within the collecting system 
increased over time, there was no evident drainage into the ureter despite lasix administration and 
upright positioning. The renogram curve is shown below and the relative function of the right 
kidney is 33%

Fig. 9.5  US urinary tract 3 months after procedure: significant interval improvement of right renal 
pelvis dilatation with APD now 5 mm (previously 25 mm). There is persistent right global paren-
chymal thinning, but with maintained corticomedullary differentiation. Normal left kidney, slightly 
bigger than right
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9.2.1	 �Discussion

Hydronephrosis on antenatal ultrasound is today the most common mode of presen-
tation of PUJO. Furthermore, obstruction is the second most common cause of ante-
natal hydronephrosis [1, 6].

The causes may be intrinsic, due to an abnormal fibromuscular and neural con-
figuration at the PUJ with a congenital adynamic segment [8, 9] which affects the 
normal peristalsis and urine flow, or extrinsic, due to compression from crossing 
lower pole vessels.

Two examinations are recommended before making a therapeutic decision. First 
a postnatal US of the urinary tract, to assess the APD diameter of the renal pelvis, 
the degree of calyceal dilatation, the appearance of the renal parenchyma (cortical 
thickness, corticomedullary differentiation, echogenicity, presence of cysts, etc.), 
the presence of ureteric dilatation and the bladder appearances [4]. The main US 
parameter is the transverse antero-posterior diameter (APD) of the renal pelvis at 
the level of the renal hilum [4, 10–12]. Normal values for urinary tract dilation are:

–– Antenatal from 16–27 weeks of GA <4 mm
–– Antenatal ≥28 weeks GA <7 mm
–– Postnatal (>48 h) <10 mm

Secondly, a nuclear medicine scan should be requested in all patients with renal 
pelvis APD >15  mm or when there is evidence of parenchymal thinning and/or 
increased echogenicity, to assess the relative function of the affected kidney, and to 
look for features that would support or exclude obstruction. This should ideally be 
performed around 6–8 weeks of age to ensure further renal maturation and avoid 
overestimation of function due to increased background activity [13, 14]. In the vast 
majority of cases, the split renal parenchymal function given by the MAG3 reno-
gram is reliable; therefore, an additional DMSA scan with the only purpose of 
assessing split renal function is not required. Nevertheless, a DMSA may be neces-
sary in cases of a grossly enlarged kidney or conditions with poor parenchymal 
extraction of the radiopharmaceutical, with high background activity, such as very 
immature kidneys or severe chronic kidney disease.

The degree of hydronephrosis in the postnatal period is important. Spontaneous 
resolution takes place in approximately 50% of the cases with mild hydronephrosis, 
where as it is much less likely in cases with more pronounced dilatation, 
APD > 15 mm. No intervention is required in most cases, but it is more likely that 
the child will need surgery if the renal pelvis diameter is >30 mm [15–17]. According 
to the experience from Great Ormond Street hospital, published by Dhillon et al. in 
1998 [3], patients can easily be divided into 3 groups based on the degree of renal 
pelvic dilatation on US.  Patients with renal pelvis dilatation of <12  mm require 
simple follow-up with US (dilatation <12  mm); on the other hand, those with a 
gross dilatation (>50 mm) benefit from early surgical intervention. For the interme-
diate groups, with renal pelvis dilatation between 20 and 50 mm, surgery will be 
recommended for those with reduced function, symptoms, increasing dilatation and 
severe hydronephroses in solitary and bilateral systems.
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Decreased split function at initial assessment is often used as an absolute indica-
tion for surgery, but when the dilatation of the pelvicalyceal system is not significant 
this may be due to a dysplastic kidney instead of a PUJO; therefore, each case 
should be considered separately. Another indication for surgery would be progres-
sive increase of renal pelvis APD on follow-up US, as it could indicate a degree of 
impedance to urinary drainage and risk of renal function deterioration. If there is 
evidence of associated reduction of relative renal function, surgery is indicated.

The liklihood of pyeloplasty is also increased if the antenatal dilatation was 
severe, >15 mm, before the 20 weeks of gestation or if there is a large increase in 
the degree of dilatation between the first and third trimesters, even if the hydrone-
phrosis appears to stabilize in the first few months of life [3].

Obstruction of the PUJ represents the most common malformation of the upper 
urinary tract causing hydronephrosis. US scans of the urinary tract and renal scin-
tigraphy concur in most cases in providing a definitive diagnosis. Management can 
be debatable while investigations are done. In this case, the neonate was started on 
antibiotic prophylaxis and was referred for further assessment [5–7]. An US of the 
urinary tract and MAG-3 were performed when the patient was 6 weeks old and 
both confirmed the diagnosis of a PUJO. The operation of choice with time tested 
results and a success rate of >95–98% is the dismembered Anderson-Hynes pyelo-
plasty [18, 19]. The stenotic segment is excised and a wide water- tight, dependant 
anastomosis made after spatulating the ureteric end. Our institution’s preference is 
to leave a trans-anastomotic stent in the form of a JJ stent, to avoid the potential 
complications of having an externalised nephrostomy tube. Evidence suggests that 
the presence of trans-anastomotic drainage tube favours less complications such as 
urinary leak, stenosis and need for redo-surgery [19].

In this case, an open pyeloplasty was performed at 2 months of age with excel-
lent result and proven decrease in renal pelvis dilatation on follow up US.

9.3	 �Case 3

A 9-month-old girl referred for persistent postnatal bilateral hydronephrosis for fur-
ther investigations and management. The patient had been diagnosed with mild 
bilateral hydronephrosis antenatally on the 20-week scan and US on day 4 of life 
had shown resolution of left hydronephrosis with only mild right renal pelvis promi-
nence of 5 mm. Despite being started of prophylactic Abs after birth she developed 
a febrile E. Coli UTI at 2 weeks of age, which was treated with oral Abs with good 
clinical response (Fig. 9.6).

Question 1. What Investigations Would You Request After This Episode 
and Why?
US urinary tract to assess any possible progression of the dilatation and if new find-
ing of ureteric dilatation was present.

NM scan to assess the renal function and potentially the presence of vesicoure-
teric reflux as well.
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MCUG—debatable. The management would not change even with the diagno-
sis of VUR.

The US urinary tract showed again bilateral renal pelvis dilatation larger on the 
right (renal pelvis APD right 18 mm and left 5 mm). The dynamic NM scan demon-
strated preserved differential function and there was no evidence of VUR (Fig. 9.7).

Question 2. How Would You Manage the Patient?
Commence patient on prophylactic Abs, due to the febrile UTI during the neonatal 
period and the underlying possibility of VUR as the cause for her symptoms.

Conservative management with US surveillance at 12 and 18 months of age.

On follow-up imaging, the patient developed progressive increase of the renal 
pelvis APD up to 25 mm at 1 year of age and 30 mm pre-void (19 mm post-void 
measurement) at 18 months of age. Unfortunately, a subsequent US urinary tract at 
18 months of age showed again significant increase in the right renal pelvis dilata-
tion up to 30 mm (Fig. 9.8).

Question 3. What Would You Do Next?
Repeat the dynamic NM scan to ensure there is no deterioration of renal function.

As she remained asymptomatic it was decided to continue conservative manage-
ment and monitor with a repeat US 3 and 6 months after, in which the right renal 
pelvis dilatation was stable. With these findings, need for surgical intervention was 

Fig. 9.6  US Urinary tract on day 4 of life. Resolution of left hydronephrosis and only mild right 
renal pelvis dilatation of 5 mm. Normal bladder and no distal ureteric dilatation
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ruled out and decision was made to stop the Ab prophylaxis. Subsequent follow-up 
US urinary tract showed stable persistent right renal pelvis dilatation, without other 
abnormal findings. A repeat NM scan at 4 years of age also confirmed preserved 
right renal function. When she was last reviewed at 6 years of age she remained well 
and asymptomatic with similar findings on US.

9.3.1	 �Discussion

The management of antenatally diagnosed hydronephrosis (HN) depends on its 
severity and the timing of diagnosis. It is generally accepted that renal pelvis dilata-
tion in the third trimester is defined as APD > 7 mm. Postnatal data on MRI, not US, 
suggests that the normal APD in children is 3 mm at 1 year of age, 6 mm at 18 years, 
with the 99th percentile for children <5 years of age being <10 mm [2, 4] (Table 9.2).

A dilated urinary tract does not automatically infer obstruction of the urinary 
tract. Whereas hydronephrosis equates a dilated renal collecting system, obstruction 
cannot be proven on the basis of any single imaging study, hence the need for a 
period of observation to demonstrate deterioration over time.

Second trimester hydronephrosis is often followed-up so that progression of 
severity can be detected, and appropriate postnatal follow-up is planned. Postnatal 
resolution has been noted in up to 50% of antenatally diagnosed cases [9, 15, 16]. 

Fig. 9.7  (a) US at 4 months of age showing increase in right renal pelvis dilatation to 18 mm and 
prominent left renal pelvis. (b) DTPA at 5 months of age. Preserved differential function of 51% 
on the left and 49% on the right. No evidence of significant obstruction on the right. No evi-
dence of VUR

a
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Of those that persist after birth, the majority will be low-grade [15, 16] (Table 9.3). 
However, if the antenatal renal pelvis APD is >15 mm in the third trimester there is 
an 88% chance of postnatal pathology [4]. Dias et al. [17], have shown that if pre-
natal APD is >18 mm in the third trimester and >16 mm postnatally, the sensitivity 

b

Fig. 9.7  (continued)
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and specificity of cut-off values to identify infants who would eventually require 
pyeloplasty for PUJO is 100 and 86%, respectively.

Postnatally, most cases resolve spontaneously without need for any intervention. 
About a third of infants with unilateral hydronephrosis (APD > 15 mm) and a dif-
ferential function of >40%, remain stable on follow-up; almost 50% will progress to 
complete resolution or improvement to mild dilatation. Indications for surgery 
included worsening renal function, an increase in hydronephrosis (especially caly-
ceal dilation) and a differential function of <40% on a MAG-3 scan [12, 15–17].

If the renal pelvis APD after birth is <15 mm, there is rarely a deterioration of 
renal function with time or need for intervention and many patients could be dis-
charge after the initial scans. However, if the dilatation is >30 mm the likelihood of 
surgical intervention is high. The intermediate group of 15–30 mm pose the biggest 
challenge, as they need regular follow up [12, 16, 17].

In this case, the patient was diagnosed antenatally with mild bilateral hydrone-
phrosis and the postnatal US urinary tract on day 4 of life had shown resolution of 

a b

Fig. 9.8  (a and b) MAG-3 at 20 months of age. Preserved differential function of 52% on the 
right. The right kidney is enlarged with a medial photon deficient region. Activity is initially pooled 
in the right proximal collecting system, which appeared significantly dilated; following adminis-
tration of diuretic the drainage on the right is slightly slower, with retained activity at the end of the 
study despite voiding

Table 9.2  Severity of antenatal hydronephrosis by APD [4, 8–10]

Degree of ANH Second trimester (mm) Third trimester (mm) Postnatally (mm)
Mild 4 to <7 7 to <9 <15
Moderate 7 to ≤10 9 to ≤15 15–25

Severe >10 >15 >25

Table 9.3  Distribution of antenatal hydronephrosis severity and likelihood of postnatal urinary 
tract pathology [4, 12, 15]

Degree of antenatal hydronephrosis % of antenatal HN % postnatal pathology
Mild 57–88 12
Moderate 10–30 45
Severe 1.5–13 88
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left hydronephrosis with only mild right renal pelvis prominence of 5 mm. She was 
monitored initially with ultrasound; however, subsequent imaging showed again 
bilateral renal pelvis dilatation larger on the right, with a renal pelvis APD of 18 mm 
right and 5 mm on the left. Due to the fact that the dilatation was >15 mm she under-
went a MAG-3 scan to rule out obstruction. The MAG-3 renogram demonstrated 
good renal function without significant obstruction. Although subsequent US scans 
demonstrated some further progression of the dilatation on the right side, she 
remained asymptomatic and her differential renal function remained stable on the 
repeat MAG-3 scans.

The patient was managed conservatively and followed up with serial US urinary 
tract and NM scans, as there was not enough evidence on imaging to confirm 
obstruction and justify surgical intervention. To date, she remains asymptomatic 
with preserved renal function.

9.4	 �Case 4

A 5-years old male with antenatal diagnosis of mild left hydronephrosis identified 
at 20 weeks of gestational age. He was initially monitored with serial US of the 
urinary tract which showed stable mild left renal pelvis dilatation but was referred 
for further investigations at the age of 3 years for worsening left hydronephrosis.

Question 1. What Investigation(s) Would You Request?
MAG-3 or dynamic NM scan, to assess the renal function and determine if there is 
evidence of obstruction.

Repeat US urinary tract to assess the evolution of the renal pelvis dilatation

In this case, the MAG—3 scan showed preserved differential function and drain-
age. The patient remained asymptomatic and was followed up with US urinary tract 
after 6 and 12 months, both showing stable left renal pelvis dilatation and no other 
abnormalities.

A plan was made to continue conservative management and monitor him with 
yearly US. Unfortunately, he presented a few months after to the emergency depart-
ment with severe left flank pain and vomiting. An urgent US urinary tract was per-
formed, showing significant increase in the left renal pelvis and calyceal dilatation, 
with APD 32 mm (images not in system) (Figs. 9.9 and 9.10).

Question 2. What Is Your Main Differential Diagnosis and Which 
Investigations Would You Request to Confirm/Exclude That Diagnosis?
The most likely diagnosis is PUJO.

A MAG-3 scan was also performed, which again confirmed preserved renal func-
tion of the left kidney of 50%.

Cystoscopy and retrograde pyelogram study to assess the anatomy of the collect-
ing system and drainage from the upper urinary tract in search of evidence of 
obstruction.
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Question 3
	a.	 What is/are the best management option(s)?
	b.	 What would be your follow up plan?

	a.	 This patient needs surgical management to avoid renal function deterioration. 
The main indication for surgery in his case are the symptoms and the progression 
of the dilatation on the US at the time of the symptoms, which are consistent with 
a PUJO. The technique and approach of choice are dependent on the surgeon’s 
preferences and expertise, with different possibilities, ie: open vs minimally inva-
sive pyeloplasty.

Fig. 9.9  US urinary tract at 5 years of age performed during the episode of abdominal pain, show-
ing increased left renal pelvis and calyceal dilatation, with an APD of 32 mm

Fig. 9.10  Repeat MAG-3 scan showing preserved left renal function. There is delayed clearance 
from the left renal pelvis suggestive of a PUJ obstruction. The differential function measures 50% 
on the left and 50% on the right
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In some centres, when the function is preserved, a cystoscopy with retrograde 
pyelogram is performed prior to proceeding with the definitive surgical 
intervention under the same GA. This allows assessment of the anatomy of the 
collecting system and the drainage from the upper urinary tract.

	b.	 The patient will require follow up around 3 and 6 months after the procedure 
with an US urinary tract. A repeat NM scan is indicated 6–9 months after in 
cases where the function of the kidney was already compromised before the 
surgery.

In this case, due to the development of symptoms with increasing dilatation on 
the US during the episode of pain and high suspicion of a PUJO, decision was made 
to proceed with surgery. Because of the preserved function on the NM scan, a cys-
toscopy and retrograde pyelogram study was also performed to assess the anatomy 
and drainage of the left kidney, in order to confirm the upper urinary tract obstruc-
tion (Fig. 9.11).

We subsequently proceeded to a laparoscopic Anderson Hynes pyeloplasty with-
out complications. Intraoperatively there was no evidence of lower pole crossing 
vessels and histopathology confirmed an intrinsic stenosis of the PUJ with increased 
peri-pelvic fibrosis.

Since the surgery, he has remained well, with no further episodes of pain and 
there has been significant decrease of his left renal pelvis dilatation of follow up US 
(Fig. 9.12).

9.4.1	 �Discussion

In this case, the patient was diagnosed antenatally with unilateral mild hydrone-
phrosis and was monitored postnatally with serial US of the urinary tract, which 

Fig. 9.11  Intraoperative findings on left retrograde pyelogram study and delayed abdominal X 
ray 1 h after procedure. Contrast was injected under direct vision, with evidence of an S-shape left 
PUJ and dilated renal pelvis. On the delayed abdominal X-ray, a large amount of contrast persists 
within the left pelvicalyceal system extending into the proximal left ureter, which appears nar-
rowed; however, there was contrast within the urinary bladder
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demonstrated stable mild left renal pelvis dilatation (APD 8–9 mm) until he was 
3 years old and there was evidence of worsening left hydronephrosis with increase 
in the pelvicalyceal dilatation, APD 21 mm. Due to the severity of the dilatation, a 
MAG-3 was performed to rule out obstruction, but the left renal function was pre-
served. The patient was asymptomatic at that stage and subsequent US urinary tract 
demonstrated some improvement of the left renal pelvis dilatation. However, he 
became symptomatic and there was worsening left pelvicalyceal dilatation, with 
preserved renal function. Due to his symptoms and high suspicion of a PUJO, he 
could no longer be managed conservatively, and decision was made to proceed with 
surgical intervention. At our institution, in some cases we also perform a retrograde 
pyelogram study to assess the drainage and functional anatomy of the collecting 
system, the degree of pelvicalyceal dilatation, confirm the level of obstruction and 
determine if there is evidence of reduced and/or delayed elimination of contrast. 
Since the marked improvements in the quality of ultrasound examinations, the indi-
cations to perform retrograde pyelogram studies are more restricted, but there is still 
a role for this modality in some patients before deciding surgical intervention. 
Nowadays, this radiographic study is rarely necessary to diagnose UPJ obstruction, 

a

b

Fig. 9.12  (a) US urinary tract 4 months postop. Significant decrease in left pelvicalyceal dilata-
tion, with renal pelvis APD 12 mm. (b) US urinary tract 9 months after surgery. Stable left renal 
pelvis dilatation, APD 10 mm
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mainly because in most cases it does not change the surgical approach or planned 
procedure. However, RPG is still commonly performed before open pyeloplasty [8].

Because of his age, he underwent a laparoscopic pyeloplasty and histopathology 
confirmed an intrinsic stenosis of the PUJ with increased peri-pelvic fibrosis. He did 
not complain of further episodes of abdominal pain after the surgery and the renal 
pelvis dilatation decreased significantly on subsequent US urinary tract.

Indications for surgery in children with unilateral hydronephrosis are the pres-
ence of symptoms, failure of the dilatation to improve over time, and poor relative 
renal function or a reduction in function during follow up. The presence of pelvi-
calyceal system dilatation associated with renal colic in childhood should always 
suggest a PUJO and indicate surgical treatment. As mentioned before, the operation 
of choice is the dismembered Anderson-Hynes pyeloplasty due to its high success 
rate [18, 19]. The approach depends on surgeon’s preference, although minimally 
invasive surgery is not commonly performed under 2 years of age. Open and lapa-
roscopic dismembered pyeloplasty are comparable and effective methods for repair 
of PUJO. Operative time is the only variable that appears to be significantly differ-
ent between both groups, with a shorter time for the open pyeloplasty [20]. 
Nevertheless, the type of repair should also consider family’s preference for inci-
sion aesthetics and surgeon’s comfort with either approach.

9.5	 �Case 5

An 8-years old male with no significant previous medical history and normal ante-
natal scans presented with central abdominal pain and haematuria. He subsequently 
developed further episodes of abdominal pain and an US of the abdomen and uri-
nary tract was performed. He was referred for further investigations and manage-
ment (Fig. 9.13).

Question 1
	a.	 What does the US show?
	b.	 What other investigation might you consider and why?

	a.	 The ultrasound shows severe left pelvicalyceal dilatation, with an APD of 39 mm.
	b.	 A NM dynamic scan to assess the function of the kidney and decide further 

management.
An MRI/MRU could also be considered to identify the stenotic segment at the 

level of the PUJ or the abnormal vascular anatomy with lower pole crossing ves-
sels. In some centres, MRU can also provide renal function. The downsides are 
the costs and the likelihood of needing a GA to perform the study.

The MAG-3 scan showed significant deterioration of left renal function with 
impaired drainage on the renogram (Fig. 9.14).
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Question 2. What Is the Differential Diagnosis?
With the evidence of severe left pelvicalyceal dilatation and reduced function the 
most likely diagnosis is a PUJ obstruction. Because of the patient’s age, the obstruc-
tion could be extrinsic due to Lower Pole Crossing Vessels.

Urinary tract lithiasis is also a possibility in patients that present with loin/
abdominal pain and haematuria, however there is no evidence of stones in the col-
lecting system on US.

Fig. 9.13  US urinary tract performed during episode of abdominal pain

Fig. 9.14  MAG-3 scan after presentation. Markedly dilated left pelvicalyceal system and sub-
stantially reduced differential renal function (around 20%)
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Question 3. What Are Your Treatment Options and Why?
This boy should undergo surgical intervention to release the obstruction and pre-
serve renal function. Considering his age, the approach should ideally be minimally 
invasive. If there is evidence of Lower Pole crossing vessels, he could benefit from a 
Vascular Hitch technique with transposition of the lower pole vessels (pyelopexy).

With these findings decision was made to proceed with surgical intervention. 
Intraoperatively there was evidence of lower pole crossing vessels causing obstruc-
tion for which a Laparoscopic Pyelopexy (Vascular Hitch) was performed. He 
recovered well from surgery and didn’t develop further episodes of abdominal pain.

Question 4. What Type Follow Up Is Indicated and How Often?
The patient should undergo surveillance with serial US urinary tract at 3, 6, and 
12 months after the surgery and subsequently after 2 years. A repeat MAG-3 should 
also be performed to reassess the renal function and the drainage through the PUJ, 
to determine if there are any improvements once the obstruction is relieved.

His first US urinary tract 3 months after the procedure showed persistent left 
renal pelvis dilatation, but stable compared to the preoperative images. A repeat US 
6 months after demonstrated some mild improvement in the left renal pelvis and 
calyceal dilatation with stable appearances of the renal parenchyma. A repeat 
MAG-3 showed some further decrease in left renal function (14%), but with signifi-
cant improvement in drainage.

He remained completely asymptomatic after the surgery, with no further epi-
sodes of abdominal pain, and serial follow up ultrasounds showed stable left pelvi-
calyceal dilatation with stable growth of the left kidney. His renal function also 
remained within normal limits.

9.5.1	 �Discussion

This patient presented with a symptomatic severe unilateral pelvicalyceal dilatation. 
The two most frequent aetiologies to explain flank pain with haematuria in older 
children are obstructive uropathy, in particular pelviureteric junction obstruction 
(PUJO), and urinary tract calculi. Older children may present with intermittent loin 
pain and a diagnosis is made on US scanning [9, 21].

The suspected condition in this case is a PUJO, because no lithiasis is visible and 
the ureter is not distended. In this age group the usual cause is lower pole crossing 
vessels, although an intrinsic defect may occur as well. A MAG—3 is mandatory to 
estimate the relative renal function of each kidney (in this case left kidney 20%). We 
can see non-homogeneous left renal perfusion and uptake, with poor washout of 
radiotracer after the lasix injection. A dynamic MRU or an angiography could delin-
eate a more specific preoperative diagnosis, by depicting the anomalous vessels; 
however, the aetiological diagnosis should not change the therapeutic planning nor 
delay it, especially when there is evidence of reduced renal function [22, 23].

Surgical indications in older children with unilateral renal pelvis dilatation are 
symptoms, severe pelvicalyceal dilatation or worsening hydronephrosis on follow-up, 
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poor renal function, and/or deterioration of renal function over time [9, 21]. Surgery is 
needed in this case because the left renal function is severely compromised, and the 
patient is symptomatic. At his age a minimally invasive approach should be offered. 
Intraoperatively there was evidence of lower pole crossing vessels causing obstruction 
for which a Laparoscopic Transposition of lower Pole Vessels (Chapman’s Vascular 
Hitch) or Pyelopexy was performed. The Vascular Hitch is technically less demanding 
than a laparoscopic pyeloplasty and has lower complication rates. It is a safe, feasible, 
and attractive alternative to treat obstructed hydronephrosis due to crossing vessels [21, 
22]. Careful patient selection is recommended, mainly based on the age of presentation 
and the intraoperative confirmation of this vascular anatomical variant. In some centres 
a preoperative MRU is performed to confirm the diagnosis. In this case, follow-up 
should include not only urinary tract US but also a dynamic scintigraphy to re-assess 
the renal function. The MAG-3 provides evidence of some further decrease in the left 
renal function despite significant improvement in the drainage, and the ultrasound 
shows some residual pelvicalyceal dilatation. His symptoms resolved completely. A 
delay in the diagnosis and treatment of a PUJO due to an anomalous vessel probably 
caused the renal damage. The presence of pelvicalyceal system dilatation associated 
with renal colic in childhood should always suggest an anomalous vessel and indicate 
the surgical treatment.

9.6	 �A. VUJO

9.6.1	 �Case 6

A 3-month old male with normal antenatal scans and no significant previous medi-
cal history is referred after developing a febrile E. Coli UTI at 3 weeks of age, for 
which he was treated with IV and oral Abs and was subsequently started on prophy-
lactic Abs. He underwent an US urinary tract during the admission, which demon-
strated moderate right hydroureteronephrosis (with distal ureter diameter of 14 mm 
and APD renal pelvis 17  mm) with significant calyceal dilatation. A nuclear 
medicine scan was also performed, with evidence of some compromise of right 
renal function down to 40% (Fig. 9.15).

Fig. 9.15  (a) US urinary tract at 3 weeks of age. Right ureteric dilation 14 mm, moderate right 
pelvicalyceal dilatation with APD 17 mm. (b) DTPA at 4 weeks of age. The perfusion of the right 
kidney is reduced and the centrally photopenic area slowly accumulates radiotracer over the course 
of the study. The right ureter is very prominent. The right kidney contributes 40% of the overall renal 
function. The left kidney has good perfusion, cortical uptake parenchymal transit and drainage
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Question 1. What Is the Most Likely Diagnosis?
The most likely diagnosis is an obstructive megaureter due to the degree of upper 
urinary tract dilatation and the evidence of compromise of the right renal function; 
although VUR should also be considered.

Fig. 9.15  (continued)
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Question 2. What Is Your Initial Management and Why?
The patient should be started of prophylactic Abs to prevent any further UTIs and 
potential renal damage. A circumcision should be offered as well to reduce that risk 
and avoid long-term use of Abs. He should be followed-up with serial US at 3, 6, 
and 12 months of age and subsequently at 2, 5, and 10 years of age or until resolu-
tion or significant improvement of hydronephrosis.

Since prophylaxis was started, he remained asymptomatic; however, a repeat US 
of the urinary tract performed at 3 months of age showed some mild increase in the 
right distal ureteric dilatation to 17  mm and worsening calyceal dilatation with 
parenchymal thinning. On physical examination he was also found to have a right 
UDT (Fig. 9.16).

Question 3. What Would You Do Next and Why?
In this case, the worsening dilatation is an indication for surgical management 
which at his young age should be performed with a minimally invasive approach. 
The main options would be a cystoscopy and insertion of a JJ stent, or a cystoscopic 
endoureterotomy of the obstructed VUJ with insertion of a JJ stent. He should 
remain on Ab prophylaxis until the stent is removed.

He should undergo a circumcision under the same GA, to reduce his risk of UTIs 
and avoid the need for prophylactic Abs. His follow up should include an US uri-
nary tract 6–12 weeks after the removal of the JJ stent and after 6 months, and a 
repeat NM dynamic scan to ensure the renal function is stable.

Fig. 9.16  Repeat US urinary tract at 3 months of age. Markedly dilated and tortuous right distal 
ureter up to 18 mm. Persistent severe right pelvicalyceal dilatation and worsening thinning of the 
cortex, with increased echogenicity. Right renal pelvis APD 14 mm
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With these findings, decision was made to proceed with a cystoscopic balloon 
dilatation of the right VUJ and insertion of a JJ stent, right orchidopexy and circum-
cision to reduce his risk of further UTIs and further renal function deterioration. He 
remained on prophylactic Abs and the JJ stent was removed 3  months after 
(Fig. 9.17).

An US urinary tract performed at 10 months of age, 2 months after the JJ stent 
removal, demonstrated significant improvement of the right PC dilatation with only 
mild prominence of the right renal pelvis and no distal ureteric dilatation (Fig. 9.18).

He remained asymptomatic with no further UTIs and on Ab prophylaxis. He was 
reviewed 4 months after the procedure with an US urinary tract, which again showed 
right-sided hydroureteronephrosis, but reduced compared to the images performed 
before the VUJ dilatation. Subsequently a NM scan was also performed which con-
firmed stable right renal function, slightly reduced compared to the initial scan 
(35%). He was managed conservatively with follow up US urinary tract and the 
antibiotic prophylaxis was stopped after the first follow-up.

Fig. 9.17  Intraoperative findings on image intensifier for right VUJ Balloon dilatation and inser-
tion of JJ stent. Significant right distal ureteric dilatation, with dilated tortuous ureter proximally 
and dilated collecting system

Fig. 9.18  US urinary tract after JJ stent removal. Mild right renal pelvis prominence, APD 4 mm, 
and no distal ureteric dilatation

M. O’Brien



137

The patient remained asymptomatic and UTI-free and the surveillance US at 3 
and 4 years of age demonstrated stable right PC and ureteric dilatation.

He was reviewed again at 4½ and 5 years of age with repeat imaging. He was 
thriving, remained asymptomatic and was fully toilet trained. He had not developed 
any further UTIs. The NM scan showed stable right renal function; however, a 
repeat US urinary tract showed progression of the severe right pelvicalyceal dilata-
tion with global parenchymal thinning and ureteric dilatation.

Question 5. What Would Be Your Management Now and Why?
Due to the progression of the upper urinary tract dilatation, in the context of reduced 
renal function, and the patient’s age, the best way to proceed is with surgical cor-
rection of the VUJ obstruction to prevent any further progression of his condition 
and secondary deterioration of the renal function even further.

The options for surgical intervention include a minimally invasive approach, 
with the possibility of a repeat VUJ endoureterotomy, and ureteric reimplantation, 
which could be performed with open surgery or again with a minimally invasive 
approach with Laparoscopy or Robotic surgery.

Because of these findings, decision was made to proceed with a right ureteric reim-
plantation, and a Psoas-Bladder Hitch technique was used, leaving a JJ stent across 
the VUJ. He recovered well from surgery, without any complications and underwent 
cystoscopy for removal of the JJ stent 4 weeks after. He was followed up 3 months 
after the surgery with an US urinary which showed significant improvement of the 
right upper tract dilatation, with decreased PC and ureteric dilatation (Fig. 9.19).

9.7	 �Case 7

A 7-month old male, with no significant past medical history and normal antenatal 
scans, presented with 2 weeks history of decreased appetite, followed by vomiting 
and lethargy. Urine MC  +  S confirmed Citrobacter koseri infection; blood tests 

Fig. 9.19  US urinary tract 6 weeks after removal of the JJ stent. Right pelvicalyceal dilatation and 
global cortical thinning with significant improvement compared to the previous scan. The renal 
pelvis APD measures 11 mm pre-void and 14 mm post-void. There is also significant decrease in 
the ureteric dilatation, which measures 16 mm proximally and 6 mm distally, and increases to 
20 mm post-void
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showed hyponatremia and hyperkalemia, slightly raised creatinine and leucocytosis 
with neoutrophilia. He was diagnosed with urosepsis requiring ICU management 
and IV antibiotics.

Question 1. What Investigations Would You Do Next and Why?
Because of the early presentation with urosepsis, male gender and the atypical bac-
teria causing the infection further investigations are required.

–– An US urinary tract to identify any possible urinary tract anomalies and exclude 
pyelonephritis or a complicated UTI

–– A NM scan, depending on the US findings. DMSA to assess the renal function 
and possible scarring, ideally 6 months after the episode, or a MAG-3/DTPA to 
assess the renal function as well and determine possible obstruction of the upper 
urinary tract.

–– MCUG, to assess for possible VUR, although the indication is controversial and 
may not influence management.

As part of his diagnostic investigations an US urinary tract was performed which 
revealed severe left upper urinary tract dilatation, with renal pelvis APD of 24 mm 
and ureteric dilatation up to 30 mm distally, with layering debris in the lower pole 
calyx and ureter. He was treated with IV and oral ABS with good response, and was 
then discharged home on Px Abs. Once the infection was cleared a follow up US 
urinary tract and NM scan were performed to decide further management. The US 
urinary tract 2 weeks after showed persistent left pelvicalyceal and ureteric dilata-
tion with improvement in renal pelvis dilatation down to 12 mm, but severe distal 
ureteric dilatation up to 25 mm. The NM scan showed preserved function of his left 
kidney of 45% and no evidence of vesicoureteral reflux (Fig. 9.20).

Question 2. What Would Be Your Initial Management with the Results of 
These Investigations?
The findings are suggestive of a left VUJO, with severe upper urinary tract dilata-
tion but with preserved renal function, and the patient is symptomatic. Because of 
this the patient should be started on prophylactic antibiotics and should undergo 
surgical intervention to release the obstruction at the level of the VUJ and a 

Fig. 9.20  US urinary tract showing severe left hydroureteronephrosis
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circumcision; all of this to prevent further UTIs and prevent renal damage. At his 
age, there is indication for a minimally invasive approach and an attempt should be 
made to proceed with a cystoscopy and insertion of JJ stent to allow passive dilata-
tion of the VUJ and circumcision to reduce his risk of further UTIs. The JJ stent can 
be left in situ for 3–6 months, but the patient should continue prophylactic Abs dur-
ing this period. An alternative would be to proceed with endoscopic balloon dilata-
tion of the VUJ, but this technique is not performed in all centres.

The patient underwent a cystoscopic insertion of JJ stent and circumcision at 
around 9 months of age. The JJ stent was left in situ for 6 months, with Ab prophy-
laxis cover. Follow up US and MAG—3 at that stage showed significant reduction 
in left renal pelvis dilatation, APD 9 mm, and reduced ureteric dilatation to 10 mm 
with JJ stent in situ, with consistently preserved left renal function and improved 
drainage compared to the previous study. His creatine remained normal (Fig. 9.21).

The patient underwent cystoscopy and JJ stent removal at 15 months of age with-
out complications and antibiotic prophylaxis was stopped after the procedure. The 
patient remained asymptomatic and a repeat US urinary tract showed stable appear-
ances of the left hydroureteronephrosis with some mild improvement in renal pelvis 
APD, now 5 mm, and distal ureteric dilatation 6 mm on last follow up (Fig. 9.22).

9.7.1	 �Discussion for Cases 6 and 7

Both patients had normal antenatal scans and presented with a febrile UTI and uro-
sepsis, for which they underwent further investigations (US of the urinary tract and 
subsequently a dynamic NM renogram), which lead to the diagnosis of a Megaureter.

UTIs are the most common cause of fever due to bacterial infection in infants. In 
young children with febrile UTIs, especially males with atypical bacteria, an US of 
the urinary tract is usually performed within 48 h of diagnosis to confirm or exclude 
the presence of acute pyelonephritis and/or anatomical abnormalities [24]. Most 
patients will have a normal urinary tract, although in about 10–15% of the cases there 
is an underlying urinary tract abnormality responsible for the infection [25, 26], one 
of which is a VUJ obstruction. In such cases, further investigations are indicated, 
such as a DMSA or a MAG-3 depending on the US findings. The MAG-3 also has 
the ability to identify VUR in cases where voiding is achieved during the study. 
Nevertheless, reflux can be missed in 21–50% cases on indirect cystography [27, 28]. 
MCUG has a much higher sensitivity for the detection of VUR, up to 93%, however, 
we do not perform micturating cystourethrogram routinely at our institution, only 
when there is a suspicion of lower urinary tract obstruction or a urethral anomaly.

Nowadays, the clinical value of routine ultrasonography for young children with 
a first UTI is questionable because of the limited impact of those findings on clinical 
management, mainly because the proportion of children with clinically significant 
findings that would modify management is only 1–4% [24, 26]. Nevertheless, the 
diagnosis may lead to the use of antibiotic prophylaxis or even to an operative inter-
vention. An example of this situation are patients with primary non-refluxing 
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a

b

c

Fig. 9.21  (a) Intraoperative findings: Retrograde pyelogram with evidence of dilated left ureter 
and PC dilatation, and significant narrowing at the VUJ level JJ stent in situ. (b) US urinary tract 
and MAG-3 with JJ stent in situ: significant reduction in left renal pelvis dilatation, APD 9 mm, 
and reduced ureteric dilatation to 10 mm with JJ stent seen both in the renal pelvis and the bladder. 
(c) MAG-3 with JJ stent in situ. There is prompt and equal perfusion of the kidneys. The left kidney 
has less prominent medial photopenia than previously. There is normal cortical uptake and cortical 
transit. The left ureter is less tortuous than seen previously. Following intravenous administration 
of lasix there is prompt and near-complete drainage from the left collecting system and ureter. 
There is no evidence of vesicoureteric reflux during micturition. Differential renal function is pre-
served, of 49% on the left
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megaureters in whom the hydronephrosis is likely to resolve spontaneously, but 
who also have a higher risk of infections and are therefore placed on prophylactic 
antibiotics and monitored [29].

A megaureter is characterized by a visibly dilated ureter of >10 mm to the level 
of the bladder. This may be associated with renal pelvis and calyceal dilatation 
based on the severity. Many of these will resolve spontaneously. According to the 
International classification by Smith, there are 3 types of megaureters: refluxing, 
obstructive, and non refluxing—non obstructive, all of which can be primary or 
secondary (Table 9.4) [29]. Megaureter is usually reserved for conditions in which 
the bladder and bladder outlet are normal (primary) but the ureter is dilated to some 
extent. Therefore, a more practical classification by King defines them as refluxing, 
obstructive, not refluxing-not obstructive, and both refluxing and obstructive.

Primary megaureter (PM) is a common cause of obstructive uropathy among 
neonates and young children, affecting up to 23% of newborns with antenatally 
diagnosed hydronephrosis [30]. PM is three to four times more common in boys 
than in girls and is bilateral in 25% of patients. The left ureter is involved more often 
than the right. Dynamic renography with Tc-99 m-MAG3 is indicated to assess the 
cortical renal function and confirm the level of urinary hold up with a full and an 
empty bladder. The diagnosis and treatment of an obstructive megaureter is still 
debatable. The indication to treatment is the presence of clinical symptoms, decrease 
of renal function, and dilatation. The aims of diagnosis, treatment, and long-term 

Fig. 9.22  US urinary tract after removal of JJ stent: stable appearances of the left renal pelvis 
(APD now 5 mm), and distal ureteric dilatation (6 mm) on last follow up

Table 9.4  The international Classification of Megaureter (Smith), modified by King [29]

Type Primary Secondary
Obstructed Intrinsic ureteric 

obstruction
Intravesical obstruction or extrinsic lesions

Refluxing Reflux is the only 
abnormality

Associated with BOO or neurogenic 
bladder

Non-refluxing/
non-obstructive

Idiopathic ureteric 
dilatation

Polyuria (Diabetes Insipidus)

Refluxing/
obstructive

Primary VUR with 
intrinsic obstruction

Associated with BOO or neurogenic 
bladder with a thickened bladder wall
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follow-up are the preservation of renal function and the prevention of UTIs. Many 
asymptomatic primary megaureters in infancy improve spontaneously and do not 
require surgical treatment. Because of this, many patients are currently managed 
conservatively [30]; these patients are followed up regularly and monitored with 
ultrasonography and nuclear renography until stable improvement or complete res-
olution of hydroureteronephrosis is noted.

Children with asymptomatic megaureters associated with preserved differential 
renal function can be managed conservatively. In these cases, circumcision [30, 31] 
and/or low-dose prophylactic antibiotics within the first year of life are recom-
mended for prevention of UTIs while waiting for the dilatation to improve or resolve 
spontaneously. Close follow-up every 3 months with ultrasound is warranted, espe-
cially in cases with significant dilatation (>1 cm ureteral diameter). Improvement of 
many cases of upper urinary tract dilatation is more common when the degree of 
dilatation is less. Megaureters with associated mild renal pelvis dilatation are likely 
to resolve between 12 and 36 months of age; the ones with more severe pelvicaly-
ceal dilatation may take longer to resolve, up to 72 months [29]. When the upper 
urinary tract is more severely dilated, patients may need antibiotic prophylaxis and/
or a circumcision, because the larger dilatation of the upper urinary tract increases 
the risk of UTIs.

In some clinical scenarios, surgical management is necessary after failure of 
medical or conservative treatment: increasing hydroureteronephrosis, deteriorating 
renal function with permanent obstruction on scintigraphy, recurrent UTIs despite 
antibiotics, or presence of pain, pyonephrosis, or stones. Only 10–20% of megaure-
ters require surgical treatment [29, 30]. In cases where surgical correction is 
required, the characteristic adynamic segment of the distal ureter just before its 
insertion into the bladder [8] can either be stretched/incised endoscopically using 
balloons or excised with or without tapering and reimplanted into the bladder wall. 
Traditionally, the surgical management of an obstructing megaureter has been via 
ureteric reimplantation with or without ureteral remodelling. Ureteral reimplanta-
tion has good results, with a success rate of 90–97% [30, 32, 33] and it’s a safe 
procedure. The technique involves resection of the stenosis, remodelling-tapering if 
required and intravesical ureteric reimplantation. A minimally invasive alternative 
to this technique is the endoscopic balloon dilatation of the VUJ, with or without 
cutting atherotomes, with a reported success rate between 71 and 90% [33]. Other 
interventions may consist of simple drainage such as an ipsilateral ureterostomy, JJ 
stenting to passively dilate the VUJ [34]. However, most of these temporizing pro-
cedures have a modest success rate or work only until the child is old enough to 
have definitive surgery. In general, follow-up investigations using US and radionu-
clide imaging are performed between 6 and 9 months after surgery. After the first 
follow-up, prophylactic antibiotics are usually stopped if the child is toilet-trained.

In the first case, the patient was initially managed with prophylactic Abs, as he 
had only developed 1 UTI and his renal function was borderline (40%). However, 
there was increasing pelvicalyceal and ureteric dilatation on follow-up imaging. To 
prevent further deterioration of the renal function he underwent endoscopic balloon 
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dilatation with JJ stenting to allow further passive dilatation of the VUJ and a cir-
cumcision to reduce his risk of UTIs. After the JJ stent was removed, the dilatation 
improved for a few months and he did not develop any further UTIs, although his 
renal function had slightly deteriorated further on imaging (35%). Despite the fact 
that he remained asymptomatic, UTI-free and with stable right renal function, sub-
sequent US demonstrated further progression in the right upper urinary tract dilata-
tion with severe pelvicalyceal dilatation and parenchymal thinning at the age of 
5 years old. At this point it was decided, along with his parents, that conservative 
management was not a good option anymore and he underwent a right ureteric 
reimplantation without tapering, but excising the adynamic stenotic segment of the 
VUJ, which so far has proven to be successful. A ‘Psoas Bladder—Hitch Procedure’ 
was used in this case at the time of reimplantation, as it is a common ureteroneocys-
tostomy technique used for the treatment of distal ureteric obstruction [35]. The 
technique of choice is debatable, although a Politano-Leadbetter Reimplantation 
augmented with a Psoas Bladder Hitch was preferred due to the large diameter of 
the ureter and its tortuosity, to stabilize a relatively long submucosal tunnel and 
allow excision of the stenotic segment of the distal ureter. The procedure involves 
bladder mobilisation by freeing the peritoneal attachments to develop the space of 
Retzius. With traction the bladder should reach superior to the iliac vessels. The 
ureter is identified and is transected proximal to the narrowed segment. An anterior 
cystostomy is then used to manually displace the bladder toward the ipsilateral ure-
ter. The ureter is then delivered into the superolateral aspect of the dome of the 
bladder and the anastomosis performed, in a non-refluxing manner by placing it 
through a submucosal tunnel. The ipsilateral bladder dome is then anchored to the 
psoas major muscle with several absorbable sutures, taking care to prevent injury to 
the genitofemoral nerve. This technique includes three major advantages: mobilisa-
tion of the bladder with fixation above the iliac vessels to guarantee a tension-free 
ureteric anastomosis; formation of an adequate submucosal tunnel to prevent VUR, 
and implantation of the ureter into an immobilised part of the bladder to prevent 
kinking during bladder filling and emptying [35].

For the second case a similar approach was adopted, although his initial manage-
ment was successful. Because of his age and the severity of his presentation, he was 
managed surgically with stenting of the VUJ and circumcision to reduce his risk of 
further UTIs. The JJ stent was kept in situ for 6 months and he remained on Ab 
prophylaxis until the stent was removed when he was 15 months old. The US per-
formed after the JJ stent removal showed significant improvement of the left distal 
ureteric dilatation and almost complete resolution of the pelvicalyceal dilatation. 
Ureteric stents should be used as a temporising measure for children <1 year of age, 
until the child is old enough for a reimplant, if required during follow up [30, 34]. 
The complication rates from JJ stenting ranges from 12.7 to 40%, from UTIs to 
stent migration and damage to the VUJ. Cutaneous ureterostomies (loop or end 
stomas) are an alternative when an endoscopic modality has failed or cannot be 
performed, being a safe and effective temporizing procedure while awaiting defini-
tive ureteral reimplantation [36].
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9.8	 �Case 8

A 12-years old female presented with 3 months history of intermittent right-sided 
colicky abdominal pain, radiated to right hip and introitus, and haematuria.

Question 1

	a.	 What are the differential diagnoses?
	b.	 What investigations would you request to confirm the diagnosis?

	a.	 The main possible diagnoses are:
–– Primary obstructive megaureter that becomes symptomatic later in life. Can 

also present with abdominal pain and haematuria.
–– Distal ureteric stone causing upper urinary tract obstruction. This would 

explain the presentation with pain and haematuria.
	b.	 A plain abdominal X ray, to look for a possible calcification in the pelvis which 

could be consistent with a stone at the level of the VUJ.
An US of the abdomen and pelvis and the urinary tract to identify the cause of 

the pain.
Depending on the US findings, a NM dynamic scan to assess the renal func-

tion and determine if there is evidence of obstruction or a non-contrast CT KUB 
if stone still felt a clinical possibility.

A renal US showed right hydroureteronephrosis, with renal pelvis APD of 22 mm 
and distal ureter 25 mm. A Mag-3 scan was also performed, which showed pre-
served differential renal function (45% right) and prominence of the right ureter but 
no evidence of VUR.

Question 2. What Is Your Management for This Girl?
The patient has severe upper urinary trac dilatation likely due to a VUJ obstruction, 
with minimal reduction of the renal function, and is symptomatic. Her symptoms 
warrant some form of intervention. Considering that the renal function is preserved 
an option is to proceed with a minimally invasive approach and perform an endo-
scopic cutting balloon dilatation of the VUJ. An alternative is to proceed with a 
ureteric reimplantation, which can be done open or with laparoscopic/robotic 
surgery.

Because of her abdominal pain and ultrasound findings with severe ureteric dila-
tation, decision was made to proceed with treatment of her VUJO with cutting bal-
loon endoureterotomy.

The procedure was performed endoscopically under II guidance with a Small 
Peripheral Cutting balloon and a JJ stent was left in situ for 4 weeks. During this 
period the patient remained on prophylactic antibiotics. At JJ stent removal a check 
cystoscopy was performed and UO was calibrated by distal ureteroscopy, allowing 
passage of a 9.5 Fr cystoscope easily (Fig. 9.23).
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Question 3. What Would Be Your Follow Up?
This patient should be reviewed 2–3 months after the stent removal with a repeat 
US. The ultrasound should be repeated at 6 and 12 months, because there is a risk 
of scarring at the level of the VUJ and recurrence of the obstruction. There is no 
indication for a repeat NM scan because the renal function was preserved, unless 
there is again increased ureteric dilatation or recurrence of the symptoms.

a

b

Fig. 9.23  (a) Intraoperative findings on fluoroscopy with contrast in the dilated distal ureter and 
evidence of tapering at the level of the VUJ. Cutting balloon endoureterotomy performed under 
direct vision and II guidance. (b) Intraoperative findings at repeat cystoscopy for removal of JJ 
stent. Right VUJ calibrated easily allowing passage of 9.5 Fr cystoscope along side of the JJ stent
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The patient was reviewed 6 weeks and 3 months after the JJ stent removal with a 
repeat US of the urinary tract, which showed significant improvement of the right-
sided upper urinary tract dilatation, with ureteric dilatation at 19  mm and renal 
pelvis APD at 14 mm. Her pain had also improved, and she did not develop any 
further episodes of haematuria (Fig. 9.24).

9.8.1	 �Discussion

This patient presented with abdominal pain and haematuria and was subsequently 
diagnosed with right upper urinary tract dilatation. The two most frequent aetiolo-
gies to explain flank pain with haematuria in older children are upper urinary tract 
obstruction, in particular PUJO and less commonly VUJO, and urinary tract calculi 
[21]. In this case, the most likely underlying condition is a VUJO, because there is 
severe ureteric dilatation and there is no evidence of a visible calculus in the distal 
ureter. If the pain is under control and there is no evidence of on infected obstructed 
system, the patient does not need urgent surgical management and further investiga-
tions should be requested. A repeat US urinary tract demonstrated persistent severe 
right upper urinary tract dilatation and the MAG—3 showed slightly reduced right 
renal function (42%), with prominence of the right ureter and no evidence of VUR.

Surgical indications of VUJO/POM are the presence of symptoms, recurrent 
UTIs despite Ab prophylaxis, persistent severe upper urinary tract dilatation or 
worsening on follow-up, reduced renal function at presentation, and/or deterioration 
of renal function over time [29, 30]. A relative indication could be the presence of 

Fig. 9.24  US urinary tract 3 months after removal of JJ stent. Moderate right pelvicalyceal dilata-
tion with APD 16 mm. Persistently dilated right ureter 19 mm distally and 16 mm in its mid por-
tion. There is no significant cortical thinning
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an obstructive drainage pattern on functional assessment, but probably associated to 
one of the indications mentioned above.

Surgery is indicated in this case because the patient is symptomatic, the severe 
upper urinary tract dilatation and mild compromise of the right renal function. We 
opted for an endoscopic approach for the management because of her age. At the 
time of JJ stent removal, the UO was calibrated by distal ureteroscopy, allowing 
passage of a 9.5 Fr cystoscope easily. This reassessment of the VUJ has been 
described as a direct measurement of success of the procedure [33]. The success 
rates of endoscopic management for primary obstructive megaureter range from 26 
to 82% in the literature [34]. However, there is no data to determine which endo-
scopic modality is superior in management.

9.9	 �Case 9

A male patient born at term, is transferred on day 2 of life for further investigations 
and management of severe hydroureteronephrosis in a single left kidney. The patient 
had been diagnosed antenatally with right renal agenesis at 19 weeks and progres-
sive left hydroureteronephrosis at 27 and 34 weeks of GA.

Question 1. What Would Be Your Initial Management and 
Investigations? Why?
Due to the presence of severe left hydroureteronephrosis and right renal agenesis, 
ie. Bilateral urinary tract pathology, it is necessary to exclude Posterior Urethral 
Valves and less likely urethral atresia. Because of this, an US urinary tract should 
be performed within the first 48 h of life to confirm the antenatal findings and assess 
the degree of upper urinary tract dilatation and the bladder appearances (wall 
thickness). The initial management should include insertion of a urethral catheter, 
assessment of renal function (UEC), commencement of prophylactic Abs, fluid 
resuscitation if necessary and correction of any possible electrolyte imbalance.

An US was done on day 1 of life, which showed a single left kidney with severe 
pelvicalyceal dilatation (renal pelvis APD 2.6 cm) and a dilated ureter up to 8 mm, 
and Cr on day 2 of life was raised up to 126 μ/l. A urethral catheter was inserted 
without difficulty with immediate urinary drainage and the patient was started on 
prophylactic antibiotics. He initially developed post obstructive diuresis with AKI 
and hypernatremia, requiring increased fluids. Even after the urethral catheter inser-
tion, his creatinine remained persistently high for his age (Cr 107 μmol/l on day 5 
of life) and there was persistent upper urinary tract dilatation on the repeat ultra-
sound (Fig. 9.25).

Question 2. What Would Be Your Management with These Findings?
Due to the severity of the upper urinary tract dilatation in his single kidney and the 
development of AKI, despite his bladder being on free drainage, the patient should 
undergo a cystoscopy for direct visualization of the posterior urethra and the blad-
der appearances, but also to assess the anatomy of the right VUJ to exclude 
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obstruction. If there is evidence of PUV, the valves should be resected at the time of 
cystoscopy; if the urethra is normal and there is evidence of VUJO, a JJ stent could 
be inserted to allow passive dilatation of the VUJ. An alternative would be to per-
form a nephrostomy to allow free drainage from the single kidney and recovery of 
the renal function, to then perform an antegrade nephrostogram which would allow 
you to assess the VUJ. The disadvantage of the nephrostomy tube is the higher risk 
of infection and dislodgement due to it being an externalised catheter.

If the patient’s condition is stable, there is time to perform an MCUG to assess the 
posterior urethra and the presence of right high grade VUR. If the MCUG is normal, 
a spinal US should be performed to exclude any associated spinal anomalies.

Due to the US findings with significant hydroureteronephrosis and the evidence 
of renal failure, decision was made to proceed to a cystoscopy. On cystoscopy, the 
bladder appeared trabeculated and the left UO appeared stenotic, however there was 
no evidence of bladder outlet obstruction. A retrograde pyelogram (RPG) and inser-
tion of a JJ stent for treatment of a possible VUJ obstruction in a single kidney. A 
retrograde pyelogram study was performed to assess the anatomy of the collecting 
system and the drainage of contrast through the VUJ; the study confirmed the pres-
ence of an obstructed left VUJ for which a 3 Fr/8 cm JJ stent was inserted (Fig. 9.26).

Subsequently, his renal function improved with progressive decrease in his Cr 
down to 68 μ/l. A MCUG was performed, along with a spinal US, in view of the 
trabeculated appearance of the bladder, to rule out other anomalies. His spine 
appeared normal on US and the MCUG showed a normal bladder contour with no 
evidence of PUV and high grade left VUR likely due to the presence of the JJ stent. 

Fig. 9.25  US Urinary tract after insertion of urethral catheter showing a single left kidney with 
significant renal pelvis dilatation (APD 17 mm) and generalised thinning of the outlining cortical 
parenchyma. The left ureter was tortuous and dilated along its length up to 11 mm with a limited 
degree of bladder filling
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After this, the IDC was removed, and the patient successfully passed a trial of void. 
His Cr remained stable and he was discharged home on prophylactic Abs while the 
JJ stent was still in place (Fig. 9.27).

A follow up US Urinary tract was performed 2  months after, which showed 
increasing upper tract dilatation, with APD of 28 mm (previously 18 mm), with 
thinning of the cortex, and that the JJ stent had migrated up the distal ureter with the 
distal end not visible in the bladder anymore (Fig. 9.28).

Fig. 9.26  RPG at the time 
of JJ stent insertion. 
Dilated distal ureter with 
change in calibre at the 
level of the VUJ

Fig. 9.27  Micturating 
cystourethrogram: normal 
bladder contour, high grade 
left VUR with JJ stent in 
situ. No evidence of PUV 
or urethral stricture

Fig. 9.28  US Urinary tract at 2 months of age. Severe hydroureteronephrosis with the distal end 
of the stent coiled in the distal left ureter. Worsening of left renal pelvis dilatation with thinning of 
the cortex
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Question 3. What Would You Do in This Case and Why?
Stent migration is a recognised complication after JJ stent insertion for manage-
ment of a VUJO. Because of his young age a second attempt should be made to 
manage him with a minimally invasive approach and a second JJ stent should be 
inserted. He should remain on prophylactic Abs.

The patient subsequently underwent repeat cystoscopy and insertion of a new JJ 
a few weeks after. Unfortunately, a repeat X ray and USS confirmed that the second 
JJ stent had also migrated through the VUJO and there was persistent severe upper 
tract dilatation (Fig. 9.29).

Question 4. What Would Be the Definitive Management for This Patient?
Because of the 2 previous failures of endoscopic treatment and that this patient has 
a VUJ obstruction in a single kidney, he should undergo definitive management with 
a ureteric reimplantation. An alternative at his age is an endoscopic endoureterot-
omy, or the formation of an end ureterostomy, but this is also a temporising measure 
and he would finally require a ureteric reimplantation for the reconstruction of his 
urinary tract.

Decision was made to proceed with definitive treatment for his VUJ obstruction 
and he underwent an open left cross-trigonal ureteric reimplantation and left ure-
teroscopy for retrieval of the JJ stents. Postoperative US urinary tract showed pro-
gressive decrease in the left upper tract dilatation. He remained asymptomatic with 
stable renal function, with last Cr of 40 μ/l 3 months after the surgery, with no UTIs 
and off the prophylactic Abs (Fig. 9.30).

9.9.1	 �Discussion

This patient had an antenatal diagnosis of a single kidney with hydroureteronephro-
sis, and there was high suspicion of PUV due to the fact the underlying condition 
seemed to have affected both kidneys. He had been managed accordingly with 
insertion of an IDC, prophylactic Abs, assessment of renal function and transfer to 
a tertiary center for management. His initial US confirmed the presence of a single 
left kidney with severe pelvicalyceal and ureteric dilatation and his renal function at 
birth was abnormal, although the higher Creatinine levels were likely reflecting 
maternal renal function. Despite his bladder being on free drainage there was still 
severe upper urinary tract dilatation and his Cr remained high after 5 days, with the 
possibility of a VUJO as the cause of his acute renal injury. Because of this and his 
small age, decision was made to treat the obstruction with JJ stent to allow free 
drainage from the left kidney and assess if an improvement of the renal function 
would be possible. During the cystoscopy the urethra was also assessed to rule out 
PUV. Despite this, a MCUG was performed regardless in view of the trabeculated 
appearance of the bladder, to assess the anatomy and the posterior urethra and rule 
out VUR. A spinal US was also requested to ensure the cause was not a neurogenic 
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bladder, although his spine appeared normal on examination. His renal function 
improved with progressive decrease in his Cr down to 68 μ/l after the catheter was 
removed and he successfully passed a trial of void.

Unfortunately, this patient developed a rare but reported complication after JJ 
stenting [34] with 2 stents migrating up into the distal ureter and there was evi-
dence of increasing upper urinary tract dilatation and thinning of the parenchyma, 
putting his single kidney at risk of further renal function compromise. After two 
failed attempts to manage his obstructive megaureter in less invasive manner, deci-
sion was made to proceed with open surgery, and he underwent a ureteric reim-
plantation when he was 6 months of age. We opted for a Cohen Technique as it is 
reported to be a safe technique with high success rates, despite his young age [30, 
32]. In this case, the ureteric diameter was only 9 mm, and we ensured it could be 
safely reimplanted into the bladder with the appropriate length of the submucosal 
tunnel. An alternative of management would have been to perform a temporary 
cutaneous ureterostomy [36] and subsequently reconstruct the urinary tract, but 
this would have meant an extra procedure with no proven benefit. Cutaneous ure-
terostomies are indicated when endoscopic treatment has failed or cannot be 
performed.

This case illustrates how difficult it can be to confirm the diagnosis of an obstruc-
tive megaureter and why the management is so debatable. The indication to treat in 
this particular patient was mainly the deterioration of the renal function and the 
severe upper urinary tract dilatation with the subsequent findings on diagnostic cys-
toscopy and the RPG study. Because of his young age, the best and first option 
should be to attempt JJ stent and passive dilatation of the VUJ. As mentioned before, 
ureteric stents should be used as a temporising measure for children under 1 year of 
age, until the child is old enough for ureteric reimplantation, if required during fol-
low up [34]. However, this modality was unsuccessful, and the patient developed 
complications in both occasions, making it safer to proceed with definitive treat-
ment and open surgery.

Fig. 9.30  US urinary tract 6 months postoperatively. Improved left renal pelvis dilatation with 
APD measuring 18 mm (previously 28 mm) and ureteric dilatation of 14 mm proximally (previ-
ously 18 mm) and 8 mm distally (previously 13 mm)
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9.10	 �Case 10

Four years old male with previous history of a left MCDK and right kidney with 
compensatory hypertrophy and hydroureteronephrosis, with normal posterior ure-
thra and no evidence of VUR on MCUG, and 92% of right renal function on NM 
scan after birth. He subsequently developed mild HT and left ventricular hypertro-
phy, but with preserved renal function (Cr 0.4 mg/dl). He was referred after a follow 
up US urinary tract for further management (Fig. 9.31).

Question 1. What Does the US Urinary Tract Show?
The right kidney appears dysplastic and echogenic. There is moderate to severe 
right renal pelvis dilatation, APD 27 mm, and distal ureteric dilatation up to 16 mm. 
The left kidney was not visualised.

Question 2. What Is the MOST Likely Diagnosis?
The most likely diagnosis in this case is an obstruction of the vesicoureteric junc-
tion, which would explain the increasing right upper urinary tract dilatation.

The differential diagnosis is a VUJ stone, although there is no evidence of this 
on the US.

Question 3. What Is Your Immediate Management?
Even though the patient is asymptomatic, there is evidence of worsening dilatation 
in his functioning kidney with the possibility of a VUJ obstruction. This patient 
should not be managed conservatively and should undergo intervention to release 

Fig. 9.31  US urinary tract
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the obstruction and prevent further damage of this single functioning kidney. The 
options of management are an endoscopic approach, with cystoscopic balloon dila-
tation of the VUJ, or a ureteric reimplantation.

In this case decision was made to proceed with a diagnostic cystoscopy, with a 
retrograde pyelogram and attempt at endoureterotomy with JJ stent insertion. On 
cystoscopy the right VUJ appeared narrow and initial catheterisation was possible, 
but the surgeon was unable to pass a 4.7 Fr JJ through the VUJ (Fig. 9.32).

What Does the Retrograde Pyelography and Delayed X Ray Show?
On retrograde pyelogram, the right ureter was grossly dilated and tortuous and 
there was minimal drainage of contrast into the bladder.

A delayed X ray was taken 1 hr after the procedure, showing a large amount of 
residual contrast in a dilated tortuous right ureter and some also in the bladder.

Question 4. What Would You Do Next?
Given that the option of endoscopic treatment was not possible and that this is an 
older patient, he should undergo a ureteric reimplantation.

Given the fact that he had a proven VUJO and we were unable to insert a JJ stent 
for dilatation of the VUJ, in the setting of a single functioning kidney, the patient 
underwent a right ureteric reimplantation with Politano-Leadbetter technique with-
out complications. He recovered well postoperatively, and the histopathology report 
confirmed the presence of a stenotic and fibrotic segment at the level of the VUJ. He 
was discharged home on prophylactic Abs and antihypertensive treatment.

Question 5. What Would Be Your Follow Up for This Boy?
US urinary tract and repeat blood renal function tests at 3, 6, and 12 months and 
2 years after the surgery. After this period, if the US appearances are stable, he 
could continue follow up with the nephrologist for his single kidney.

He remained asymptomatic and his renal function was stable (Cr 43 μmol/l). His 
first follow-up ultrasound 3 months after surgery showed stable left distal ureteric 
dilatation 17 mm, with significant improvement in renal pelvis dilatation down to 
14 mm, and persistent diffuse parenchymal echogenicity. A repeat US 6 months 

Fig. 9.32  Intraoperative 
findings and delayed X ray 
75 min after injection of 
contrast showing 
significantly delayed 
drainage of the right 
kidney and ureter
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after showed some mild improvement in the distal ureteric dilatation, down to 
12 mm and stable renal pelvis dilatation, with a single simple cortical cyst. A NM 
scan was also performed, which confirmed normal right kidney perfusion and corti-
cal function, with right hydroureteronephrosis but without evidence of significant 
functional obstruction. Subsequent USs of the urinary tract showed stable mild left 
hydroureteronephrosis with distal ureter measuring 8–10 mm and renal pelvis APD 
10–14 mm. His hypertension remained well controlled and he didn’t develop any 
further symptoms. He was last reviewed at the age of 9 years of age and his repeat 
US urinary tract showed stable mild prominence of the right renal pelvis (APD 
7 mm) and distal ureteric dilatation, 16 mm (Fig. 9.33).

9.10.1	 �Discussion

This patient had a previous history of a left MCDK and a right dysplastic looking 
kidney with compensatory hypertrophy and pelvicalyceal and ureteric dilatation, 
with no function on the left side on a NM scan. He developed worsening right renal 
pelvis and ureteric dilatation on follow up with a suspected VUJ obstruction. Repeat 
functional imaging was not performed with the knowledge that the contralateral 
kidney was non-functioning.

Despite his age, in the setting of a single functioning kidney, an attempt was 
made to manage him endoscopically with cutting balloon dilatation and subsequent 
insertion of a JJ stent, but we were unable to cannulate the VUJ. This is a recog-
nised, but infrequent, intraoperative complication [33]. A retrograde pyelogram 
study performed at the time of cystoscopy, confirmed the narrowing at the level of 
the VUJ with a grossly dilated and tortuous ureter, and minimal drainage into the 
bladder. He was old enough to undergo open surgery and a right ureteric reimplanta-
tion was performed. In his case, because of the degree of dilatation and to allow a 
straight channel for possible subsequent ureteral manipulation we opted for a modi-
fied Politano-Leadbetter technique. The surgery was successful, with subsequent 
improvement of the upper urinary tract dilatation and no significant functional 
obstruction on a MAG-3.

In this case, the management was also guided by the fact that the patient had a 
single functioning kidney with worsening dilatation. In cases where endoscopic 
treatment fails or is not possible, open surgery is indicated and the best option was 
a ureteric reimplantation. This type of reimplantation technique is a combined 
extra- and intra-vesical procedure [37, 38], which involves identification and mobil-
isation of the ureter outside the bladder and then opening the bladder to further 
dissect the ureter and detach it from its mucosal insertion. The ureter is re-tunneled 
in the bladder wall passing through a more cranial and medial part and creating a 
submucosal tunnel in the direction of the bladder neck, but through a different hia-
tus. The new ureteric opening is located superior and medial to the original one and 
the tunnel should be of at least 3 times the diameter of the ureter. The benefit of this 
is that you maintain the normal anatomic position with a straight channel for pos-
sible subsequent ureteral manipulation and that it allows for a longer submucosal 
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Fig. 9.33  (a) US urinary tract 3 months postop. Localised bladder wall thickening in the region of 
the right VUJ, at the site of recent implantation. Solitary dysplastic right kidney with persisting, 
non-progressive ureteric and renal pelvis dilatation. (b) US urinary tract at 5 years of age. Normal 
bladder appearances. Right renal parenchyma remains echogenic with loss of corticomedullary 
differentiation and evidence of cortical scarring. Stable mild right renal pelvis dilatation, APD 
14 mm, and right distal ureteric dilatation up to 12 mm. (c) MAG-3 at 5 years of age. There is 
prompt perfusion of the right kidney and normal concentration of radiopharmaceutical in the cor-
tex, with normal cortical transit and clearance into a dilated collecting system and drainage to the 
dilated ureter on this side. Following administration of lasix there is prompt drainage of activity 
from the right renal collecting system to the dilated ureter and bladder. The left kidney shows no 
function. (d) US 2 years post-surgery: Dysplastic echogenic right kidney with stable renal pelvis 
and ureteric dilatation, and good bladder emptying. The pre-void renal pelvic measurement is 
14 mm, reduces to 10 mm on the postvoid imaging. There is a 12 mm lower pole cyst, is unchanged. 
A mild ureteric dilatation is noted measuring up to 8 mm. (e) US urinary tract at 9 years of age. 
Diffusely echogenic right kidney, with persistent mild prominence of the renal pelvis (APD 7 mm) 
and distal ureteric dilatation 16 mm

a

b
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tunnel; however, there is a potential risk of kinking at the proximal entry into the 
bladder muscle, especially when the bladder is full and if the ureter is placed in the 
more mobile lateral portion of the bladder [35]. This procedure is still widely used 
during bladder augmentation for Mitrofanoff formation and for ureteric reimplanta-
tion of transplanted kidneys [38].

9.11	 �B. Duplex Kidney

9.11.1	 �Case 11

A 7-years old male is referred by the general paediatrician for recurrent UTIs. He 
was born premature at 30 weeks, due to maternal APH, but his antenatal morphol-
ogy scan was normal. He also has cerebral palsy and left hemiplegia with leg 

d

c

e

Fig. 9.33  (continued)

9  Upper Urinary Tract Obstruction



158

spasticity, and global developmental delay. At the age of 2 months he developed his 
first febrile UTI (Klebsiella Oxytoca and Enterococcus faecalis), and subsequently 
developed another episode at the age of 9 months (E. Coli), after which he under-
went further investigations and was started on prophylactic Abs (Fig. 9.34).

Question 1

	a.	 What does the US urinary tract show?
	b.	 What is the differential diagnosis?

	a.	 The US urinary tract demonstrated a left duplex kidney with mild prominence of 
both pelvicalyceal systems, but without evidence of distal ureteric dilatation.

	b.	 The main differential diagnosis is lower moiety vesicoureteric reflux because of 
the presence mild upper urinary tract dilatation.

Question 2. How Would You Have Managed the Patient After the First 2 
Urinary Tract Infections?
UTIs in duplex kidneys could be related to lower moiety VUR, especially if there is 
evidence of mild upper urinary tract dilatation. To prevent further UTIs the patient 
should be started on Abs prophylaxis, which should continue until he is 12 months 
old; a circumcision should be considered as well and offered to the family to avoid 
long term use of Abs.

He was managed conservatively with antimicrobial prophylaxis and monitored 
by the general paediatrician, remaining asymptomatic, with no further UTIs. His 
chemoprophylaxis was stopped at the age of 3 years old and he was fully toilet-
trained by the age of 4½ years. At age of 5 years, the patient developed lower uri-
nary tract infections again and underwent a repeat US urinary tract, which 
demonstrated a duplex left kidney with persistent minor fullness of the upper and 
lower moiety renal pelvis, but without ureteric dilatation. None of the episodes of 
infections presented with fevers (Fig. 9.35).

Fig. 9.34  US urinary tract at the time of presentation with a febrile UTI. Left duplex kidney with 
mild upper and lower moiety pelvicalyceal dilatation. The proximal upper moiety ureter is also 
mildly dilated. No distal ureteric dilatation
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Question 3

	a.	 What else would you like to know from his clinical history and physical 
examination?

	b.	 What other investigations could you request to confirm or exclude one of the 
differential diagnosis?

	a.	 There is no information about his voiding, stooling, and drinking habits; bladder 
and bowel dysfunction are well known associated risk factors for UTIs at his age.

It was reported by the parents that he was fully toilet-trained before the age of 
5yo; however, there is no indication of his voiding frequency, especially during 
the school time; the appearances of his urinary stream; the characteristics of his 
stools (for example with a Bristol Chart to assess for constipation), and his fluid 
intake or the type of fluid he usually drinks. On physical examination, it is impor-
tant to examine his genitalia, in particular his foreskin and meatus.

	b.	 Due to the recurrence of the infective episodes and the persistent mild lower 
moiety renal pelvis dilatation, VUR should be excluded. This patient is now too 
old to easily undergo a MCUG, therefore the alternatives are a NM dynamic 
scan with indirect cystography, which would help determine the renal function 
and may confirm the presence of VUR or a DMSA to assess the presence of renal 
scarring (as an indirect sign of VUR).

A uroflow could also be performed during the clinic consultation to assess his 
flow patterns for signs of bladder overactivity or obstruction.

Because of the subsequent infections, a NM scan with indirect cystography was 
requested, which confirmed the presence of a left duplex system with equal function 
of both moieties and the presence of left lower moiety VUR. The differential renal 
function was preserved.

Interestingly, after that last episode at 6 years of age he did not develop any fur-
ther UTIs and by the time he was reviewed by our team he had been asymptomatic 
for over 12 months. Therefore, decision was made to continue to conservative man-
agement with regular follow up with US surveillance.

Fig. 9.35  US urinary tract at 5 years of age. Duplex/bifid morphology of the left kidney with 
persistent minor fullness of the upper and lower moiety calyceal systems, without distal ureteric 
dilatation and with complete bladder emptying
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Question 4. If the Patient Had Still Been Symptomatic, What Would Have 
Been Your Management Then?
There are 2 options of management in this case, and these should be discussed and 
agreed with the family. An attempt could be made to manage him conservatively 
again, but if this fails, he should undergo more definitive treatment.

	(a)	 Conservative management:
–– The first thing to address is any possible bladder or bowel dysfunction. The 

parents need to ensure he is voiding frequently, at least 6–7 times/day, and 
that he is drinking plenty of fluids, ideally only water. They should also deter-
mine how often he is opening his bowels and assess the type of stools to 
ensure he is not constipated. They should be given a bladder diary that 
includes a Bristol Chart to better document this.

–– Advice should be given regarding timed and regular voiding, adequate fluid 
intake and avoiding bladder irritants such as caffeinated and carbon-
ated drinks

–– Control of constipation with laxatives may be necessary
–– There is some limited evidence for the benefit of Cranberries (because of 

Anthrocyanadin), Probiotics and D-mannose (interferes in vitro with bacte-
rial adhesion).

–– Antibiotic prophylaxis can be considered for a short period if the UTIs are 
occurring too often, to break the cycle and allow time for the rest of the man-
agement to be effective

	(b)	 Surgical management:
–– Endoscopic treatment of the VUR with a bulking agent—first line choice. 

May be a challenging procedure due to the anatomy of both UOs and their 
location, but it has a reported success rate of up to 80–85%.

–– Ureteric reimplantation as a more definitive procedure with a success rate of 
up to 97%

9.11.2	 �Discussion

This patient had normal kidneys on antenatal scans but presented with febrile UTIs 
in infancy and was diagnosed with a duplex kidney. He was initially managed con-
servatively with prophylactic Abs and regular monitoring. Due to a favourable pro-
gression the prophylaxis was stopped at the age of 3 years old, but he developed 
further UTIs a couple of years after. This triggered further investigations to assess 
for possible associated VUR or bladder dysfunction as the cause for the UTIs. A 
NM scan with indirect cystography confirmed a left duplex system with lower moi-
ety VUR and preserved differential function. After this, he remained UTI free again, 
and decision was made to just monitor him.

VUR is the most common associated anomaly found in duplex kidneys and it is 
present in almost 70% of these patients who present with a UTI [39–41]. In duplex 
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systems, VUR almost always occurs into the lower-pole moiety due to its abnormal 
placement within the bladder [39].

There are certain factors that contribute to reflux resolution in single-system ure-
ters, including patient age, grade of reflux, postnatal presentation, and the presence 
or absence of associated voiding dysfunction [41]. However, the natural history of 
VUR in association with duplex systems is not completely clear. Some studies con-
clude that the resolution rates for low grades (I–III) is comparable to the ones seen 
in single systems, although other studies state that the resolution is at least three 
times less in duplex systems and that it may take longer [40]. Despite this, most 
patients with duplex kidneys and low grade VUR can initially be managed conser-
vatively with antibiotics and careful observation. Parents should be counselled that 
it may take longer for the reflux to resolve and for young females with high-grade 
VUR there may be an increased risk for infections. An alternative in boys is the pos-
sibility to perform a circumcision which can reduce the risk of infections and pre-
vents the use of long-term antimicrobial prophylaxis [31, 42]. Nevertheless, the 
absolute indication for definitive surgery in individuals with low-grade VUR is not 
different from those with single systems and similar VUR, and surgical correction 
is successful in the majority of cases [32].

9.12	 �Case 12

A 7-months old boy with antenatal diagnosis of hydronephrosis identified at 
20  weeks of gestation is referred for further management after he underwent a 
repeat US of his urinary tract. He was born term, was thriving and had remained 
asymptomatic since birth (Fig. 9.36).

a

b

Fig. 9.36  (a) US urinary tract on day 4 of life. (b) Repeat US urinary tract at 4 months of age
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Question 1. What Do the US Images Show?
The first US shows a right duplex kidney with lower moiety dilatation, APD 7 mm, 
and thinned cortex. The lower moiety ureter is dilated and tortuous proximally, but 
there is no evidence of distal ureteric dilatation.

The second one shows persistent right lower moiety dilatation, APD 10 mm, with 
thinning of the cortex and proximal ureteric dilatation. Now there is evidence of 
distal ureteric dilatation up to 6 mm.

Question 2. How Would You Manage Him with These US Findings?
The patient should be managed conservatively, although a circumcision could be 
offered to the family because of the presence of upper urinary tract dilatation, to 
reduce his risk of infections. Since he has remained asymptomatic there is no indi-
cation for antibiotic prophylaxis.

He should undergo regular follow up and surveillance with US to assess the 
degree of dilatation and its progression. A NM scan could have also been done when 
he was referred to assess the function of the lower moiety and potentially also deter-
mine the presence of VUR.

Due to the fact that he had remained asymptomatic decision was made to con-
tinue to monitor him with serial US urinary tract. A repeat US performed at 9 months 
of age showed stable appearances of the right duplex kidney with lower moiety 
renal pelvis and proximal ureteric dilatation.

Unfortunately, 2 months after his last appointment the patient developed 2 febrile 
UTIs requiring admission for treatment with IV Abs. After the last episode a repeat US 
demonstrated no progression in the degree of upper urinary tract dilatation (Fig. 9.37).

a

b

Fig. 9.37  (a) US urinary tract at 9 months of age. Stable appearances of the right duplex kidney 
with lower moiety renal pelvis (APD 6 mm) and ureteric dilatation. (b) US at 14 months of age 
after the second febrile UTI. Stable appearances of the right duplex kidney with lower moiety renal 
pelvis (APD 9 mm) and ureteric dilatation. Persistent cortical thinning of the lower moiety. No 
evidence of distal ureteric dilatation
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Question 3. How Would This Change Your Management?
The patient should be started on prophylactic Abs to prevent any further UTI and 
renal damage.

Although he is over 12 months of age a circumcision should be offer to the family 
with the potential benefit of reducing the risk of further infections.

A NM scan, ideally with indirect cystography, should be performed as well to 
assess the renal function, mainly of the lower moiety, and to determine if there is 
VUR or not. An alternative, but more invasive, is to perform a MCUG which should 
only be done in cases of failure of treatment, when no VUR was detected with indi-
rect cystography, to decide if surgical management is required.

In his case a NM scan with indirect cystography was performed to assess the differ-
ential function of the duplex kidney, and to determine the presence of VUR (Fig. 9.38).

Question 4. What Does the NM Scan Show?
Appearances are consistent with a right duplex kidney. There is normal perfusion, 
cortical function and drainage from the right upper moiety. The right lower moiety 

a

b

Fig. 9.38  MAG-3 with IRC after 2 febrile UTIs. (a, b) Right duplex kidney with very poorly 
functioning right lower moiety

9  Upper Urinary Tract Obstruction



164

is very poorly functioning with most likely severe vesicoureteric reflux. Differential 
function of the right kidney is 45%, with < 1% function in the lower moiety.

Question 5. Would These Findings Change Your Management?
Not if the patient remains asymptomatic with the conservative treatment, because 
the lower moiety has no function to preserve. The prophylaxis should be continued 
for at least 6–12 months or until he is toilette trained to prevent any further UTIs.

If the medical treatment fails, surgical management should be offered with the 
possibility to start with an endoscopic approach to treat the reflux (which has a 
change of failure of 20–30%) or more definitively with minimally invasive surgery 
to perform a partial nephroureterectomy of the non-functioning lower moiety.

His Ab prophylaxis was continued until the age of 2½ years old when he became 
toilette trained. During this period, he did not develop any further UTIs and didn’t 
require any further interventions. Subsequent US urinary tract demonstrated stable 
appearances of right duplex kidney, with no evidence of lower moiety or ureteric 
dilatation (Fig. 9.39).

a

b

Fig. 9.39  (a) US urinary tract at 2 years of age. Mild cortical thinning of lower moiety of the 
duplex right kidney, but without PC dilatation nor ureteric dilatation. Normal bladder appearances 
and complete emptying. (b) US urinary tract at 3 years of age. Right duplex kidney with mild dila-
tation of the lower moiety calyces and renal pelvis, APD 6 mm. No right ureteric dilatation. Normal 
bladder appearances and complete emptying
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9.12.1	 �Discussion

This patient had an antenatal diagnosis of a duplex kidney with lower moiety dilata-
tion, which was suspected to be due to VUR. His postnatal ultrasounds confirmed a 
right duplex kidney with dilatation of the lower moiety and proximal ureter, but 
there was no evidence of distal ureteric dilatation. He was managed conservatively 
and remained asymptomatic until he was almost 1 year old when he developed 2 
febrile UTIs. After this he was commenced on Ab prophylaxis and a NM scan with 
indirect cystography demonstrated a duplex kidney with preserved differential renal 
function, but with a non-functioning lower moiety and severe vesicoureteric reflux. 
His Ab prophylaxis was continued until he became toilette trained and he remained 
UTI-free after this. His follow-up US demonstrated complete resolution of the right 
lower moiety dilatation.

As previously mentioned, VUR is the most common associated anomaly in 
duplex kidneys, being present in up to 70% of the patients who present with a 
UTI, and it almost always occurs into the lower-pole moiety [39–41]. A shift in 
the management of primary VUR towards less aggressive options has also been 
applied when managing VUR in duplex systems, knowing that duplication per se 
is not an indication for surgical management [40, 41, 43]. Previously, patients 
with certain associated congenital anomalies had been subject to more aggressive 
treatments based on the assumption that their clinical outcome was poorer [41]. 
Many studies have reported high rate resolutions for VUR in duplex systems (up 
to 85% for low grades), although it may take longer to resolve, and low rate of 
complications of around 10% (mainly UTIs, renal scarring) [39–41]. Low grade 
VUR in a duplex system has an outcome similar to that in a single system and it 
should be managed conservatively. However, resolution tends to occur markedly 
later in patients with duplex kidneys. Most studies have noted a much lower reso-
lution rate for high grade VUR in duplex systems, which is almost zero in grade 
IV–V reflux [39]. Nevertheless, most groups conclude that the likelihood of 
undergoing surgery in general, or due to absolute indications (such as break-
through infections or new renal scars) was significantly higher for VUR in duplex 
systems [40, 41, 43].

In this patient, one of the arguments could have been to perform a circumcision 
to reduce the patient’s risk of UTIs and eventually avoid the need for prophylactic 
Abs [31, 42]. This is common practice in many centres in male patients with upper 
urinary tract dilatation. The biggest influence can be made in patients <1 year of 
age. The patient should have also been started on prophylactic antibiotics at birth 
knowing that his risk of UTIs was higher due to the presence of lower moiety dilata-
tion due to VUR. However, he managed to remain asymptomatic for several months 
and only developed a UTI when he was almost 1 year old. Despite this, after the 
infections he was managed conservatively only with Ab prophylaxis and his upper 
urinary tract dilatation resolved, probably correlated with a resolution of his VUR 
as well.
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9.13	 �Case 13

A 9-months old girl with normal antenatal scans and no significant past medical 
history presents with recurrent febrile UTIs at the age of 5 months, requiring various 
admissions for IV Abs. The results of the initial investigations are presented below 
(Fig. 9.40).

Fig. 9.40  (a) US urinary tract at the time of presentation, 5 months of age. (b) MAG-3 at 5 months 
of age. (c) MCUG at 5 months of age

a

b
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Question 1. What Do these Investigations Show?

	a.	 US urinary tract: normal appearances of both kidneys without upper urinary 
tract dilatation. Normal bladder.

	b.	 NM dynamic scan: both kidneys have a duplex configuration with preserved dif-
ferential renal function and normal drainage. There is evidence of bilateral 
lower moiety vesicoureteric reflux on indirect cystography. The differential func-
tion for each moiety is: left upper 44%, left lower 56%, right upper 37% and 
lower 63%.

	c.	 MCUG: Normal bladder contour. Upon voiding there is bilateral reflux of con-
trast into the renal pelvis, which appear slightly drooping bilaterally (classical 
appearance of drooping lilies).

The results of these investigations demonstrated bilateral duplex kidneys with 
VUR into both lower moieties.

Question 2. How Would You Manage the Patient?
The patient should be commenced on prophylactic antibiotics because of the find-
ings, her age and the history of recurrent UTIs.

Other alternatives should be discussed with the parents, such as endoscopic 
treatment, to avoid long-term Abs and especially if the conservative manage-
ment fails.

She was started on Ab prophylaxis but developed subsequent breakthrough 
febrile UTIs, even after changing different types of prophylactic Abs.

c

Fig. 9.40  (continued)
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Question 3. What Would Be Your Next Management Option When Medical 
Treatment Fails?
The patient should undergo surgical treatment and the probable best next option at 
her age is the endoscopic injection of a bulking agent. Because she is <1-year of 
age open bladder surgery should be avoided. Once definitive treatment is com-
pleted, the Ab prophylaxis can be stopped.

These options should be discussed and agreed with the family.

Due to failure of medical treatment, the patient underwent cystoscopy and bilateral 
deflux injections with STING technique at the age of 9 months. Shortly after this the 
prophylaxis was stopped and she was reviewed 2 months after the procedure with a 
repeat US urinary tract, which showed no abnormalities of the urinary tract (Fig. 9.41).

She remained well for about 6  months when she started having febrile UTIs 
again. The Ab prophylaxis was restarted, but despite this she continued to have 
recurrent episodes and required further admissions for IV Ab. Furthermore, a repeat 
ultrasound 6 months after demonstrated evidence of cortical thinning of both lower 
moieties, but without PC dilatation (Fig. 9.42).

Question 4. Would Your Management Change at This Point? If Yes, Why and 
What Would You Do Next?
The child has been managed both medically and endoscopically, with a minimally 
invasive approach, and both options have failed. Because of this, a more definitive 
and successful treatment should be chosen. In her case, now that he is almost 
2 years of age, open bladder surgery is a very good and safe alternative, therefore 
a ureteric reimplantation should be the next step in management. She should remain 
on antimicrobial prophylaxis at least until the procedure, but ideally it should be 
stopped after the first postoperative follow-up.

Due to her failed management and the US findings decision was made to proceed 
with further surgical intervention. At the age of 22 months she underwent a bilateral 
common sheath trans-trigonal ureteric reimplantation with the Cohen technique, 
with insertion of JJ stent through all reimplanted ureters. She remained as an inpa-
tient in IV abs and underwent cystoscopy with removal of all 4 JJ stents 5 days after. 

Fig. 9.41  US urinary tract 2 months after the procedure (11 months of age). Both kidneys have 
normal corticomedullary differentiation and there is no evidence of pelvicalyceal dilatation. The 
bladder is partly distended, with a small region of increased echogenicity at the VUJs consistent 
with Deflux material
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She recovered well after both procedure and didn’t develop any complications. She 
was discharged home on prophylactic Abs and reviewed with a repeat US 2 months 
after the procedure, at which time the prophylaxis was stopped. The US demon-
strated good interval growth of both duplex kidneys, with no further progression of 
the lower moieties cortical thinning and no PC dilatation. Subsequent US showed 
similar findings. She has remained well and asymptomatic since the surgery and has 
not developed any further UTIs. She has not required further chemoprophylaxis 
either (Fig. 9.43).

9.13.1	 �Discussion

This patient had normal antenatal scans but presented with febrile UTIs in infancy 
and was diagnosed with bilateral duplex kidneys, with lower moiety VUR bilater-
ally. She was initially managed conservatively, but developed breakthrough UTI 
despite the Ab prophylaxis. With this there was an indication for surgery and 
because of her age decision was made to proceed with endoscopic treatment, with 
bilateral Deflux® injections. Unfortunately, the procedure was again unsuccessful, 
and she developed further febrile UTIs despite having restarted the prophylaxis, and 
there was evidence of cortical thinning of both lower moieties on US. After this, the 
best option left was to proceed with open surgery to reimplant both ureters of both 

Fig. 9.42  US urinary tract 6 months after procedure (14 months old). Minimal thinning of the 
parenchymal thickness at the lower moieties. No pelvicalyceal dilation. The bladder is underfilled. 
No distal ureteric dilatation
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kidneys in the bladder. Fortunately, she was old enough to undergo this procedure 
safely and the surgery was successful.

In this case, the US was normal, but the MAG-3 with IRC had demonstrated 
bilateral lower moiety VUR. Although it is not common practice at our centre, a 
MCUG was also performed which again confirmed the presence of bilateral high 
grade VUR into both lower moieties. It was important to know whether the lower 
moieties were functional or not, as the answer would determine the choice of treat-
ment. If the lower moieties are functional, a “preserving” treatment should be pro-
posed: medical, endoscopic, or surgical [41]. In her case, an initial attempt was 
made to manage her conservatively, but this failed and there was enough indication 
to treat her surgically. We opted for endoscopic surgery first because of his age and 
knowing that this can have up to 80–85% success rates [44, 45]. Many studies have 
reported that the STING or HIT procedure is a safe and effective alternative for 
patients with refluxing duplex systems, although many patients require more than 
one injection [43, 44]. Unfortunately, in her case the UTIs recur despite restarting 
the Abs and we opted for open surgery, knowing that her high grade VUR would 
have almost no chances to resolve spontaneously and that a second injection still 
had a high chance of failure due to the same. She underwent a common sheath bilat-
eral trans-trigonal ureteric reimplantation with no complications. This procedure 
can have up to a 98% success rate [41]. Many studies have concluded that the pres-
ence of a duplication anomaly does not adversely affect surgical outcome [41, 46]. 
Adequate tunnel width and long intravesical tunnels were noted to be the most 
important technical aspects [41]. An alternative to this, when both moieties have 

a

b

Fig. 9.43  (a) US urinary tract 2 months after ureteric reimplantation (2yo). Interval growth of 
both duplex kidneys, without pelvicalyceal dilatation. Under-filled bladder, no ureteric dilatation 
seen. (b) US urinary tract at 3½ years of age. No evidence of upper urinary tract dilatation of either 
duplex kidney. Minimally distended bladder, complete emptying

M. O’Brien



171

preserved function, is a uretero-ureterostomy or uretero-pyelostomy from the lower 
to the upper moiety systems, but this may carry higher complication rates [47].

9.14	 �Case 14

A 6-months old girl with normal antenatal scans presented at 2 months of age with 
a febrile UTI and was subsequently diagnosed with a right duplex kidney identified 
on US urinary tract. She developed further UTIs at 4 and 6 months of age.

Question 1

	a.	 What is your initial management?
	b.	 Would you request other investigations? If yes, which ones?
	a.	 The patient should be started on prophylactic Abs with trimethoprim 2 mg/kg, 

cephalexin 5–7.5 mg/kg or Nitrofurantoin 1–2 mg/kg, per dose at night.
	b.	 The patient should undergo a NM dynamic scan to assess the renal function. If 

voiding is achieved, an indirect cystography could also be performed at the same 
time to determine if there is VUR or not. An alternative is to perform a MCUG to 
exclude VUR, but it is an invasive procedure that requires bladder catheteriza-
tion which can be very traumatic at this age. This is not routinely performed at 
our institution.

She was started on prophylactic Abs after the second infection and a NM scan was 
requested, which at 5 months of age confirmed the US findings of a right duplex 
kidney with preserved differential function, but reduced function of the right upper 
moiety, with no evidence of obstruction or VUR.

The differential function 46% on the left and 54% on the right. The differential 
function of the upper moiety of the duplex right kidney was 33% and of the lower 
moiety 67%; this represents 18% and 36% of total renal function respectively. The 
relatively small upper pole moiety showed no evidence of pelvicalyceal dilatation 
or obstruction and there is no evidence of significant reflux on the right.

Question 2. How Would You Manage the Patient with These Results?
The medical treatment in this case has failed, as she developed further UTIs despite 
the Ab prophylaxis, and there is evidence of right renal damage with reduced renal 
function of the upper moiety. The cause of the UTIs has not clearly been identified, 
so there are 2 options of management from here:

	1.	 An MCUG, to exclude VUR
	2.	 A cystoscopy to assess the anatomy of the urinary tract and determine the loca-

tion of both right UOs if possible. The advantage in this case is that if the UOs 
are visible it could also be a therapeutic procedure (i.e. if the lower moiety UO 
is visible and has a golf hole appearance, bulking agent could be injected for 
treatment of VUR)
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Because of the recurrent UTIs in the context of a duplex right kidney with 
reduced function of the upper moiety, decision was made to proceed to a diagnostic 
cystoscopy to assess the anatomy of the urinary tract. Intraoperatively, the bladder 
appeared normal; however, the right lower moiety UO was placed very medially and 
the upper moiety one was located at the bladder neck. She underwent endoscopic 
incision of the right upper moiety UO through the bladder neck to facilitate drainage 
of that moiety into the bladder (Fig. 9.44).

She recovered well from surgery and remained on prophylactic Abs. She devel-
oped further breakthrough febrile UTIs until she was 13 months old, which subse-
quently stopped. She underwent repeat USS at the age of 11 and 18 months of age, 
which showed similar appearances of the right duplex kidney without upper tract 
dilatation and with normal bladder appearances (Fig. 9.45).

Her Ab prophylaxis was stopped by the time she became toilette trained at around 
20 months of age. But unfortunately, only a few weeks after the Abs were ceased, 
she developed another febrile UTI with a multi-resistant E. coli and required admis-
sion for IV Abs treatment. The repeat US during the admission did not identify any 
abnormalities nor any complications such as pyelonephritis (Fig. 9.46).

She continued to develop further UTIs, some febrile, despite prophylaxis and 
rotating courses of Abs. Despite being toilet-trained she had ongoing issues with 
day and night-time urinary incontinence, which became more evident when she was 
around 3 years old.

Fig. 9.44  Cystoscopy at 7  months of age. Right upper moiety UO located at the level of the 
bladder neck
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Question 3. What Would Your Next Step in Management Be at This Point?
The patient needs further investigations to decide definitive treatment as she is hav-
ing recurrent UTIs despite medical management. Any evident signs of voiding dys-
function and constipation should be addressed as well.

The patient requires a repeat MAG-3, ideally with IRC, to reassess the renal 
function (particularly of the right upper moiety) and determine if there is evidence 
of obstruction on the drainage curve or VUR on indirect cystography. An MRI uro-
gram could also be of help in particular if we are suspecting a duplex kidney with 
an ectopic ureter, which would explain the presence of incontinence as well. 
Unfortunately, at her age, this procedure requires a GA. An alternative is to repeat 
a cystoscopy to re-assess the anatomy of the urinary tract and the position of both 
right UOs. This, as well, involves a GA.

a

b

Fig. 9.45  (a) US urinary tract at 11 months of age. Normal bladder appearances, no distal ureteric 
dilatation. Right duplex kidney, no PC dilatation. (b) Repeat renal tract ultrasound at 18 months of 
age. Right duplex kidney, no pelvicalyceal dilatation. Normal left kidney and bladder appearances

Fig. 9.46  Repeat US urinary tract at 20 months of age during the episode of UTI. Right duplex 
kidney, no pelvicalyceal dilatation
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Further investigations were done between the age of 2 and 3 years old, with serial 
US demonstrating similar appearances of the duplex kidney and a NM scan with no 
evidence of significant renal scarring, loss of function or obstruction.

She had a repeat cystoscopy due to recurrence of UTIs and persistent day-time 
urinary incontinence at 4 years of age. Findings similar to previous with a right 
upper moiety UO opening into the BN.

Question 4. What Are the Treatment Options for This Girl?
This patient should undergo definitive surgery to prevent further renal damage due 
to the recurrent UTIs and the partial obstruction of the upper moiety. The initial 
procedure with incision of the upper moiety UO into the bladder neck had failed to 
improve the drainage of that system and the long-term urinary stasis with intermit-
tent blockage were the reasons for the recurrent UTIs and the incontinence, as there 
was still function in the right upper moiety.

Considering that there is still function in the upper moiety the surgery should aim 
to preserve the remaining function of that moiety and reconstruct the abnormal 
urinary tract, either via a right distal side-to-end uretero-ureterostomy from the 
obstructive ureter to the normal ureter, or via a right conjoint trans-trigonal ure-
teric reimplantation, although this latter one has a risk of damaging the blood sup-
ply of the normal ureter during the dissection and re-tunnelling in the bladder.

With these findings and considering the preserved function of the right upper 
moiety, decision was made to proceed to a right distal uretero-ureterostomy, which 
was performed when she was 4 years old. In order to ensure safety of the lower 
moiety ureter, the normal ureter was catheterised via cystoscopy prior to the open 
procedure to facilitate its identification intraoperatively. She recovered well and was 
discharged a few days after. Her day-time incontinence resolved, and she did not 
develop any further UTIs, for which the chemoprophylaxis was stopped. Follow-up 
ultrasounds 3 and 9 months after the procedure demonstrated satisfactory interval 
growth of both kidneys, with stable mild cortical thinning of the right upper moiety 
and no upper urinary tract dilatation (Fig. 9.47).

9.15	 �Case 15

A 3-months old girl with antenatal diagnosis of a right duplex kidney identified at 
32 weeks of GA is referred for further investigations and management. She was 
started on Px Abs at birth and underwent a repeat US scan at 6 weeks of age, which 
again demonstrated a duplex right kidney with dilatation of the upper moiety renal 
pelvis and ureter without a ureterocoele. A NM dynamic scan was also performed at 
2 months of age, which confirmed a right duplex kidney with preserved differential 
function (53% on the right) and 38% function of the upper moiety (Fig. 9.48).

Question 1. How Would You Manage This Patient? Why?
The patient should be managed conservatively, because she remains asymptomatic 
and UTI-free with the antimicrobial prophylaxis which was commenced after birth. 
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The prophylaxis should continue until she is at least 12 months of age. The patient 
should be followed up with regular US at 3, 6, and 12 months of age; subsequently 
every 2 years until the age of 5 years. A repeat NM scan is not required unless the 
patient becomes symptomatic or there is progressive dilatation of the upper urinary 
tract on ultrasound.

She remained well and asymptomatic and was reviewed again 6 weeks after with 
a repeat US urinary tract, which demonstrated stable appearances of the right upper 
moiety renal pelvis and ureteric dilatation (Fig. 9.49).

Shortly after the US, and despite chemoprophylaxis, the patient suffered 2 febrile 
UTIs, requiring admission for IV Abs for the second episode. During the admission, 
a repeat US was performed with evidence of some slight increase in the upper moiety 
renal pelvis and ureteric dilatation and layering debris in the distal ureter. The patient 
responded well to a course of Abs and the prophylaxis was changed (Fig. 9.50).

Question 2

	a.	 How would these findings change your management?
	b.	 What would you do next?

	a.	 The patient has become symptomatic and there is increasing upper urinary tract 
dilatation on the ultrasounds, which means that the medical treatment has failed, 
and she will need more definitive treatment to prevent further UTIs and to avoid 

a

b

Fig. 9.47  (a) US urinary tract 3 months after the procedure. Satisfactory interval growth of both 
kidneys. Right duplex with mild prominence of the upper moiety in pre-void state and showing 
complete decompression in post-void state. Mild cortical thinning of the upper moiety. Normal left 
kidney and bladder. (b) Repeat US urinary tract 9 months after the procedure. The right duplex 
kidney has normal corticomedullary differentiation and no upper tract dilatation, and there is stable 
mild upper moiety cortical thinning. Normal left kidney and bladder appearances
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a

b

Fig. 9.48  (a) US urinary tract at 6 weeks of age. Right duplex kidney with upper moiety pelvi-
calyceal dilatation, renal pelvis APD Distal ureteric dilatation up to 10 mm. (b) MAG-3 scan at 
2 months of age. The right kidney has a configuration suggestive of a duplex system with features 
consistent with obstruction of the upper pole moiety ureter. The differential function measures 
47% on the left and 53% on the right. The differential function of the right upper pole moiety is 
about 38% and the lower moiety about 62%
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Fig. 9.49  US urinary tract at 4 months of age. The right kidney is a duplex kidney, with significant 
dilatation of a dysplastic appearing upper moiety and a dilated and tortuous proximal ureter. 
TheAPD is 10 mm and the surrounding parenchyma is thinned and echogenic with loss of cortico-
medullary differentiation, and a dilated upper moiety ureter was noted behind the bladder measur-
ing up to 14 mm

Fig. 9.50  US urinary tract during episode of febrile UTI. The dilated right upper moiety is again 
demonstrated, with a renal APD of 9.5 mm. There is now however increased in echogenicity of the 
parenchyma with thickening of the urothelium with echogenic particles demonstrated within the 
dilated system. The entire ureter is again demonstrated to be markedly dilated up to 15.4 mm with 
presence of debris within
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further loss of the renal function. There is already evidence of reduced function 
and obstruction on the MAG-3, likely due to an ectopic upper moiety ureter. 
However, at this age, this a diagnosis difficult to confirm.

	b.	 The best way to proceed would be to perform a diagnostic cystoscopy which also 
has the potential to be therapeutic. This allows assessment of the anatomy of the 
urinary tract and the position of both right UOs to decide further treatment. If 
the configuration of the lower moiety UO is suspicious of VUR, this could poten-
tially be the cause of the UTIs, and injection of a bulking agent could be per-
formed at the same time. Similarly, if the upper moiety UO is located in or just 
below the bladder neck, an “cut-back” incision of the opening into the bladder 
can be made. Similar techniques of endoscopic internal urinary diversions have 
been described as temporary de-obstructive measurements, such as the trans-
vesical or transurethral ureteric incisions with laser or puncture with a 5 Fr 
needle, and subsequent dilatation with a cutting balloon. These allow at least 
temporary drainage of the obstructive moiety to prevent further UTIs and 
renal damage.

Due to these breakthrough UTIs decision was made to proceed with further oper-
ative management. Four weeks after the infection and once she had fully recovered, 
she underwent a diagnostic cystoscopy with a retrograde pyelogram study to assess 
the anatomy of the urinary tract. Intraoperative findings on cystoscopy demonstrated 
that the right upper moiety UO was located right at bladder neck and appeared 
obstructed at this position despite being widely open. The upper moiety collecting 
system also appeared obstructed on RPG. Interestingly the left kidney also had a 
duplex configuration. Because of these findings we decided to perform a cut back of 
the right upper moiety UO into the bladder neck to allow drainage of the moiety. 
She recovered well from the procedure and did not develop any further UTIs. A 
repeat US urinary tract performed 6 weeks after demonstrated stable appearances of 
the dilated right upper moiety with minimal overlying parenchymal scarring and a 
significantly dilated right ureter (Fig. 9.51).

Even though the patient initially continued to have recurrent UTIs until she was 
12 months old, the follow up ultrasounds at 9 and 13 months of age demonstrated 
similar appearances of the right duplex kidney, with stable upper moiety renal pelvis 
and ureteric dilatation. A DMSA scan performed at 11 months of age showed again 
preserved differential function of 49% on the right, with moderately reduced activ-
ity in the upper moiety, which contributes 32% of overall function (Fig. 9.52).

The patient remained asymptomatic for the following 2 years and subsequent 
follow up ultrasounds demonstrated some improvement in the right upper moiety 
renal pelvis and ureteric dilatation. The Ab prophylaxis were stopped when she was 
around 3 years old, after she had started toilette training. According to her parents, 
she seemed to be constantly dribbling urine and developed urgency and frequency 
when she was around 4 years old. There was no history of voiding dysfunction and 
she had managed to spend a few periods of a few months dry in between voids. She 
was treated for suspected bladder overactivity, with only mild improvement of her 
symptoms (mainly the urgency and the frequency) for a short period of time. At the 

M. O’Brien



179

age of 5 years her constant dribbling of urine had worsened, and decision was made 
to repeat the cystoscopy and RPG study to assess the right upper moiety and ureter 
and the location of both right UOs, in order to decide management. On cystoscopy, 
the upper pole UO was identified at bladder neck; the lower pole UO was located 
intravesical but also close to BN. The left UO appeared orthotopic. The RPG again 
demonstrated a dilated right upper moiety renal pelvis and ureter (Fig. 9.53).

Question 3. What Is Your Definitive Management for This Patient? Why?
This patient needs definitive surgery for the treatment of his partially obstructed 
right upper moiety ureter which is the likely cause for her incontinence and previous 
UTIs. In her case, because of her older age, the best way to proceed is with a trans-
trigonal common sheath ureteric reimplantation.

With these findings and considering the likelihood of the incontinence to be 
related to the ectopic ureteric orifice with a functioning upper moiety, decision was 
made to proceed with a right trans-trigonal common sheath ureteric reimplantation, 
which was performed when she was almost 6½ years old. A 3.5 Fr feeding tube was 

a

b

Fig. 9.51  (a) Cystoscopy and right RPG after febrile UTI.  On RPG, the right lower moiety 
appeared normal; however, the upper moiety renal pelvis was grossly dilated with a tortuous 
dilated ureter, which did not drain. Limited views of the left kidney suggest a normal calibre 
duplex or possibly a bifid collecting system with a single normal calibre distal left ureter seen. 
With these findings, she underwent a cut back of the right upper moiety UO into the bladder neck 
with the resectoscope. A delayed X-ray of the abdomen, 2.5 h after, showed significant retention 
of contrast in a markedly dilated pelvicalyceal system and tortuous dilated ureter of the right upper 
moiety collecting system. (b) Repeat US urinary tract 6 weeks after initial diagnostic cystoscopy. 
Duplex right pelvicalyceal system with dilated upper moiety and minimal thinning of the cortex, 
unchanged in appearance since previously. The right upper moiety ureter is dilated throughout its 
length up to 16 mm.
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b

Fig. 9.52  (a) DMSA done at 11 months of age. The differential function is 51% on the left and 
49% on the right. The right kidney has a duplex morphology. There is moderately reduced activity 
in the upper moiety, which contributes 32% of overall function with the lower pole 68%. (b) US 
Urinary tract at 13 months of age. Duplex right kidney with moderate upper moiety pelvicalyceal 
dilatation (APD 8 mm) with thinned overlying cortex. Right renal pelvis APD 8 mm. The right 
upper moiety ureter remains distended throughout its course, measuring 15 mm distally
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a

b

c

Fig. 9.53  (a) US urinary tract at 2 ½ years of age. Duplex kidney with stable mild dilatation of 
the upper moiety renal pelvis and parenchymal thinning. Persistent distal right ureteric dilatation 
is stable, up to 9.6 mm. (b) US urinary tract at 4 years of age. Duplex right collecting system, with 
dilated upper moiety renal pelvis, measuring 10 mm. The right upper moiety calyces are dilated on 
pre and post-void imaging. Dilated distal right ureter up to 12 mm. (c) Cystoscopy with RPG at 
5½ years of age. The RPG demonstrated a right duplex kidney with a dilated upper moiety renal 
pelvis and ureter draining into the bladder neck
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left in situ draining the small lower pole ureter and a 12 Fr Malecot catheter was 
used as a suprapubic catheter. Both were left on free drainage and removed 5 days 
after the procedure. The patient voided without difficulties and was discharged 
home on a course of oral Abs due to a possible urine infection detected on day 2 
postoperatively when she developed fevers.

The patient was reviewed 3, 6, and 12 months after the surgery with US urinary 
tract which initially demonstrated mild dilatation of the upper moiety renal pelvis, 
APD 7 mm, and ureter; but subsequently showed complete resolution of the upper 
moiety collecting system dilatation. She had ongoing urinary incontinence immedi-
ately after micturition likely due to bladder dysfunction and postponed voiding. On 
physical examination, she was also discovered to have labial adhesions which were 
suspected to be contributing to the dribbling post-void and were managed with topi-
cal vaseline. With time, her symptoms improved and the frequency and quantity of 
her accidents decreased (Fig. 9.54).

9.15.1	 �Discussion for Cases 14 and 15

Both patients had a duplex kidney, the second one diagnosed antenatally, and pre-
sented with febrile UTIs, after which they were commenced on prophylactic Abs to 
prevent further infections. In both cases the initial NM demonstrated mild decrease 
in the upper moiety function, but no evidence of obstruction or VUR. Interestingly, 
only one of them had significant upper urinary tract dilatation on the US which 
progressed during surveillance at the same time that the patient developed further 
UTIs. In an attempt to assess the anatomy of the urinary tract and determine the 
location of the ureteric openings, a diagnostic cystoscopy was performed. In both 
cases it demonstrated an ectopic insertion of the upper moiety ureter draining the 
bladder neck, and both patients underwent endoscopic incision of the right upper 
moiety UO into the bladder neck to facilitate drainage. In both cases the endoscopic 
treatment was unsuccessful, as both developed further breakthrough UTIs, but also 
urinary incontinence. Due to the failure of both the medical and initial surgical 
managements, decision was made to proceed with open surgery to prevent further 
UTIs and renal damage, but also because the incontinence was thought to be related 
to the ectopic insertion of the ureter in the distal urinary tract. The differences in 
operative management were more related to the surgeons preference than an abso-
lute indication for one or the other procedure. Both girls had complete resolution of 
their symptoms on follow up, with improvement of the upper urinary tract dilatation 
for the second patient, and the antimicrobial prophylaxis could be ceased shortly 
after the surgery. The evaluation and management of young female patients who 
present with recurrent UTIs and urinary incontinence after toilet training can often 
be difficult [48]. Many conditions can contribute to these symptoms, including dys-
functional voiding and detrusor instability, as well as an ectopic ureter. Ureteral 
ectopia has been used to describe any ureter that empties either at the bladder neck 
or caudally [49, 50]. If the ureteric bud arises in a more proximal position during 
development, the ureteral orifice can ultimately be incorporated into one of the 
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c

Fig. 9.54  (a) US urinary tract 3 months after surgery. Duplex right kidney with mild dilatation of 
the upper pole moiety, APD 7 mm. Bladder was under-filled and no distal ureteric dilatation could 
be seen. (b) US urinary tract 6 months after ureteric reimplantation. Right duplex kidney with 
improved mild central calyceal dilatation of right upper moiety of collection system (renal pelvis 
APD 6 mm) with mildly dilated distal right ureter up to 7 mm. Mild renal cortical thinning and 
increased cortical echogenicity of the upper pole moiety similar to previous. (c) US urinary tract 
12 months after ureteric reimplantation. There is mild dilatation of the collecting system in the 
upper moiety of the right kidney with associated cortical thinning. No ureteric dilatation on either 
side. Two ureteric jets were identified
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Müllerian structures instead of into the bladder [49]. In females, it is possible that 
the orifice may be distal to the urethral sphincter allowing continuous urinary incon-
tinence. As ectopic ureters usually drain poorly functioning renal segments with low 
urine production, these patients may also present with intermittent incontinence as 
well [50]. In patients who are suspected to have ureteral ectopia, ultrasonography 
has been a first-line tool for evaluation. Dilatation of the upper moiety in duplex 
kidneys with a normal lower moiety is a common finding in cases of an ureterocoele 
and in some cases of ectopic ureters. Today, ultrasound may be able to trace a dilated 
ureter into the pelvis and into an abnormally low position beyond the bladder. 
Unfortunately, many cases of ureteric ectopia will often have no abnormality on 
initial imaging studies; such as the first case. Nevertheless, the absence of an ure-
terocoele in the bladder in these cases provides a high suspicion of an ectopic ureter 
[48]. Alternatively, many of these cases are associated with VUR into the ectopic 
ureter and upper moiety instead of obstruction [48]. Many patients will also undergo 
an MCUG to ensure there is no associated VUR to the lower moiety as the cause for 
the UTIs, as this may determine the surgical intervention of choice. Because of the 
many uncertainties about the underlying cause of their UTIs, a diagnostic cystos-
copy was performed to confirm the ectopic position of the UO and decide further 
treatment. In both cases the upper moiety UO appeared to be draining into the blad-
der neck, which would explain the symptoms with intermittent drainage of urine, 
the lack of dilatation on US in one of them and normal drainage curve on the 
MAG-3. The cystoscopy also allows for immediate treatment in specific situations. 
If the configuration of the lower moiety UO is suspicious of VUR, this could poten-
tially be the cause of the UTIs, and injection of a bulking agent could be performed 
at the same time. Similarly, if the upper moiety UO is located in or just below the 
bladder neck, an “cut-back” incision of the opening into the bladder can be made. 
Similar techniques of endoscopic internal urinary diversions have been described as 
temporary de-obstructive measurements [51], such as the transvesical or transure-
thral ureteric incisions with laser or puncture with a 5 Fr needle, and subsequent 
dilatation with a cutting balloon. These allow at least temporary drainage of the 
obstructive moiety to prevent further UTIs and renal damage. In the second case, the 
patient initially developed further UTIs after the procedure, however those resolved 
completely when she turned 1 year of age. This could be explained in 2 ways: (1) 
the upper moiety obstruction was treated with the bladder neck incision and the 
drainage and urinary stasis in the upper moiety improved, or (2) there was preopera-
tive VUR to the lower moiety, which resolved with time.

Management of the upper segment of the ectopic ureter most often involves sur-
gical treatment [47] to ensure drainage from the upper moiety and protect the renal 
function. Main indications for surgery in these cases are presence of symptoms, 
such as incontinence, and recurrent UTIs, failure of medical treatment, progressive 
upper urinary tract dilatation, with a functioning upper moiety. The procedure is 
dependent on the function of the upper moiety and the presence of associated lower 
moiety VUR or not. If the aim is to preserve functioning renal parenchyma, feasible 
options are a pyelo-ureterostomy, an uretero-ureterostomy or a common-sheath ure-
teric reimplantation [42]. In the first case, a uretero-ureterostomy was preferred over 
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a common sheath reimplantation to avoid damaging an otherwise normal insertion 
of the lower moiety ureter in the bladder and because it is a less invasive procedure. 
In order to facilitate identification of the lower moiety ureter during the dissection 
of an upper moiety ureter which is not very dilated, catheterisation of the lower 
moiety UO via cystoscopy prior to the procedure is routinely performed at our 
institution.

According to the clinical situation, a uretero-ureterostomy may be used at the 
level of either the upper or lower ureter [47]. The general principle of uretero-
ureterostomy is to anastomose the upper moiety ureter to the lower moiety ureter in 
an end-to-side fashion, excising and spatulating the dilated distal segment of the 
dilated upper moiety ureter and leaving the ureteric stump ligated as distally as pos-
sible to prevent complications. There may be a theoretical concern that uretero-
ureterostomy might lead to a situation in which 'yo-yo’ reflux promotes continued 
urinary stasis and urinary infection [47]. In addition, as the upper moiety ureter is 
often very dilated, anastomosis of this large, thick-walled ureter to a delicate lower 
moiety ureter might be considered difficult. Surgery to save a small upper pole can 
risk the larger and usually healthy lower pole if a ureteric stricture develops at the 
anastomosis. However, the risk of these complications is low [47]. Follow-up after 
surgery must include ultrasounds of the urinary tract and functional imaging should 
be considered at 6 months in cases where the function of the upper moiety was 
already compromised or there were multiple episodes of UTIs.

As mentioned before, confirming the underlying aetiology of urinary inconti-
nence in toilette trained children with a duplex kidney and ectopic ureter is not 
always easy [48]. In the second case the patient had managed to achieve toilette 
training at a reasonable age and had spent periods of time without any accidents, so 
the history was not typical of an ectopic ureter. She also had some improvement 
initially with the anticholinergic medication, which also delayed the definitive treat-
ment. In females, the ureteric orifice may be distal to the urethral sphincter allowing 
continuous urinary incontinence. But if the ectopic ureter drains a poorly function-
ing renal moiety with low urine production, these patients may also present with 
intermittent incontinence as well [48, 49]..In her case it was believed that the inter-
mittent incontinence was probably due to the fact that the UO was located directly 
in the bladder neck.

9.16	 �Case 16

A 5-months old female with normal antenatal scans presented at 7 weeks of age 
with a short history of fevers and lethargy and was diagnosed with a Klebsiella 
pneumoniae UTI. She completed a course of IV and PO Abs. She underwent further 
investigations and was commenced on Px Abs after completing treatment (Fig. 9.55).

Question 1
	a.	 What does the urinary tract US show?
	b.	 What other investigations would you request?
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	a.	 There is a markedly dilated left ureter (12 mm). The left kidney has a duplex 
configuration and there is upper moiety dilatation with thinning of the cortex.

	b.	 A NM scan with indirect cystography, if possible, to confirm the ultrasound find-
ing of a left duplex kidney and determine the differential renal function, with the 
contribution of each moiety, and to assess for possible VUR. An alternative is to 
perform an MCUG, although in her case because of the possible ectopic inser-
tion of the upper moiety ureter an obstructive cause is more likely to be the cause 
of her UTIs. Although VUR to the lower moiety can’t be excluded.

The ultrasound demonstrated a duplex left kidney with dilated upper moiety and 
a dilated left upper moiety ureter with an apparent ectopic insertion. A NM scan 
with indirect cystogram confirmed the diagnosis of a left duplex kidney with pre-
served differential function, with 40% function of the upper moiety.

Question 2. What Is Your Initial Management?
The patient should be commenced on prophylactic Abs and undergo regular surveil-
lance with urinary tract US, with follow up appointments at 6, 9, and 12 months of 
age. She should remain on antimicrobial prophylaxis for at least 6 months or until 
she is 1 year of age.

She subsequently developed 1 further episode of a UTI, without fevers, but 
remained well and asymptomatic after. She underwent regular follow up with serial 
US at 6 and 9 months of age, which demonstrated interval growth of the left duplex 
kidney with stable upper moiety renal pelvis and ureteric dilatation. Due to her 
favourable progress her Abs were stopped when she was 9 months old. A few weeks 

Fig. 9.55  US urinary tract at 3 months of age after the first UTIs
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after the Abs were stopped, she presented to ED with another febrile UTI due to a 
multi-resistant Pseudomonas aeruginosa, requiring admission for IV antibiotic 
treatment. The repeat US Urinary tract at 12 months of age demonstrated increase 
in the left upper moiety renal pelvis and ureteric dilatation (Fig. 9.56).

Question 3. How Would You Manage Her Now?
Because of the recurrence of the UTIs as soon as the Abs were stopped and the 
atypical bacteria, but also the increasing upper moiety dilatation on US, the patient 
should not be managed conservatively anymore and should undergo definitive sur-
gical treatment. In her case the urinary tract ultrasounds demonstrate a possible 
low insertion of the upper moiety ureter, raising the possibility of an ectopic ureter. 

a

b

Fig. 9.56  (a) US urinary tract at 6 months of age. Duplex left kidney with persistent dilatation of 
the upper moiety collecting system. The distal insertion of the upper moiety ureter is ectopic below 
the level of the trigone and could not be clearly visualised, possibly inserting into the vagina. (b) 
US urinary tract at 1 year of age. Mild increase in the left renal cortical echogenicity and progres-
sive dilatation of the upper moiety pelvicalyceal, renal pelvis APD 11 mm. There is new mild dila-
tation of the left lower moiety pelvicalyceal system, APD 7  mm. Persistent left upper moiety 
ureteric dilatation up to 20 mm
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At her age, the options of surgical approach would be to perform an open uretero-
ureterostomy or alternatively a common sheath ureteric reimplantation.

Due to the recurrence of the UTIs and the progressive dilatation on US, decision 
was made to proceed with surgical intervention; the prophylactic Abs were restarted 
until de procedure was performed. She underwent a left open uretero-ureterostomy 
at 13 months of age and although initially well, developed a UTI within 1 week 
from surgery.

Question 4. What Is Your Post-Operative Management and Follow Up?
The patient should stay on prophylactic Abs until the first review with a urinary tract 
US 6–8 weeks after the surgery. Subsequent follow ups should include ultrasounds 
3 and 6 months after the surgery and then yearly until she is toilette trained. A 
repeat NM scan could be considered based on the previous history of reduced func-
tion of the upper moiety and recurrent UTIs.

She was initially continued on Px Abs after the procedure, but this were stopped 
2 months after the surgery when she was reviewed with a repeat US urinary tract 
which demonstrated significant improvement of the left upper moiety renal pelvis 
and ureteric dilatation. She remained asymptomatic, with no further UTIs and was 
successfully toilet trained at the age of 3 years old. Subsequent US at 18 months, 2 
and 3 years of age confirmed the previous findings with no evidence of left upper 
moiety collecting system dilatation (Fig. 9.57).

9.16.1	 �Discussion

This patient had no previous history but presented early in infancy with a febrile UTI, 
which triggered further investigations that lead to the diagnosis of a left duplex kid-
ney. The US demonstrated a dilated left upper moiety and ureter with likely an ecto-
pic insertion, with preserved function on the NM scan (40% upper moiety). As this 
was the first UTI she was started on prophylactic Abs and monitored with serial US, 
in which the dilatation of the left upper urinary tract remained stable. Due to her 
favourable progress the chemoprophylaxis was stopped when she was 9 months old, 
but only a few weeks after she developed a severe febrile UTI and there was increas-
ing dilatation on her US. This was considered a failure of the medical treatment, as 
she developed further breakthrough UTIs and progressive dilatation on US. Because 
of her young age and the degree of dilatation of the left upper moiety ureter, decision 
was made to proceed with a left open uretero-ureterostomy instead of a ureteric reim-
plantation. The surgery proved to be successful, as she did not develop any further 
UTIs once the antibiotics were stopped and there was significant improvement of the 
left upper moiety renal pelvis and ureteric dilatation of her follow up imaging.

In this case the main reasons for surgical treatment were the breakthrough UTIs 
and the increasing left upper moiety urinary tract dilatation. The US had demon-
strated severe distal ureteric dilatation and gave the impression of a very low ectopic 
ureteric insertion, which also favoured a more definitive management option. Many 
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patients will also undergo an MCUG to ensure there is no associated VUR to the 
lower moiety as the cause for the UTIs. This was not performed in this case mainly 
due to the lack of dilatation of the lower moiety or its ureter. In this case, an uretero-
ureterostomy was preferred over a common sheath reimplantation because of the 
young age of the patient and her small bladder, and the large ureteric dilatation.

Uretero-ureterostomy is an increasingly used alternative for children with pyeloure-
teral duplication in whom the obstructed moiety has significant functionality [52]. It is 
the technique of choice for children without VUR to the lower moiety, like this case, to 
avoid introducing reflux into a functional but anatomically abnormal upper pole moi-
ety. However, a few centres have begun using uretero-ureterostomies for the 

a

b

c

Fig. 9.57  (a) Urinary tract US 2 months after the procedure. Duplex left kidney with improved 
upper moiety pelvicalyceal dilatation, with a renal pelvis APD of 10 mm, and proximal ureteric 
dilatation and tortuosity. There is progressive generalised thinning of the upper moiety cortical 
parenchyma. No distal ureteric dilatation. (b) US urinary tract at 18 months of age. Interval growth 
of left duplex kidney with a lesser degree of upper moiety pelvicalyceal dilatation, with APD 
6.5 mm, and improvement in the parenchymal thickness. No distal ureteric dilatation seen. (c) US 
urinary tract at 3 years of age. There is stable mild thinning of the upper moiety parenchyma with 
mildly decreased pelvicalyceal dilatation compared to previous. No evidence of distal ureteric 
dilatation
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management of duplex anomalies irrespective of the degree of ureteral dilatation, upper 
moiety functionality, or presence of ipsilateral VUR [52–54]. After surgery, infection 
of the residual ureteral stump is a concern and it can occur in up to 12% of cases [52]. 
The patient had a single UTI shortly after the surgery, but this was not suspected to be 
related to the ureteric stump. Regardless, no further episodes occurred after.

9.17	 �Case 17

A 4-weeks old girl with antenatal diagnosis of right duplex kidney identified on the 
20-week morphology scan undergoes a urinary tract US at 2 weeks of age and is 
referred for further management (Fig. 9.58).

Question 1. What Does the Ultrasound Show?
The right kidney appears to have a duplex configuration with a dilated upper moi-
ety. The right upper moiety ureter is tortuous and dilated throughout its length up to 
12 mm and there is evidence of a moderate size right ureterocoele.

Question 2. What Is Your Initial Management for This Patient and Why?
The patient should be commenced on Px Ab and should undergo endoscopic inci-
sion of the ureterocoele with the aim to drain the right upper moiety. The uretero-
coele has to be treated because there is a risk of bladder outlet obstruction due to 
the its size, but also to release the obstruction of the upper moiety of the right kidney, 
in order to preserve its function.

She was born term and was started on antibiotic Px after birth. A postnatal US at 
2 weeks of age confirmed a right duplex kidney with upper moiety dilatation (renal 

Fig. 9.58  Urinary tract US at 2 weeks of age. Images of the bladder, right kidney and right ureter
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pelvis APD 5  mm) and also demonstrated a moderate size ureterocoele 
(18 × 18 × 12 mm) and dilated tortuous right upper moiety ureter. Due to the size of 
the ureterocoele, with the risk of bladder outlet obstruction, and the obstruction of 
the upper moiety of the right kidney, decision was made to proceed with an endo-
scopic incision of the right ureterocoele, which was performed when she was 
6 weeks old. She was discharged home on the same day and recovered well from the 
procedure (Fig. 9.59).

Question 3. What Is Your Postoperative Management Plan?
The patient should remain on antibiotic prophylaxis ideally for another 6 weeks 
until the first follow up. She should undergo a repeat ultrasound at 6 weeks and 
subsequently a NM scan to assess the function of the right upper moiety and poten-
tially also exclude VUR. Subsequent surveillance should include a urinary tract US 
3 and 6 months after the procedure, and at 2 and 3 years of age.

She remained on prophylactic Abs and did not develop any UTIs. She underwent a 
urinary tract US 3 months after the procedure, which showed improvement in the right 
upper moiety PC dilatation, with persistent proximal and distal ureteric dilatation and 
a moderate size right ureterocoele. A NM scan was also requested to assess the func-
tion of the upper moiety. Due to her favourable progress her antibiotics were stopped, 
and she was monitored with regular US urinary tract. A repeat US at 11 months of age 
demonstrated again a right duplex kidney with a dysplastic upper moiety and dilated 
ureter and ureterocoele, similar in size compared to the previous scan.

Fig. 9.59  Endoscopic ureterocoele incision. Intraoperatively there was evidence of a large right 
ureterocoele entering the bladder neck, which was incised with a 3.5  mm Bugby diathermy. 
Drainage of debris from the obstructive system was demonstrated after a second incision

9  Upper Urinary Tract Obstruction



192

She remained well and UTI-free and was reviewed again at the age of 18 months, 
2 and 3 years and by that time she was toilette trained as well. Serial US urinary 
tract demonstrated good interval growth of the right kidney remaining lower moiety 
with no upper moiety PC dilatation and some mild upper moiety ureteric dilatation 
and mostly collapsed ureterocoele.

9.17.1	 �Discussion

This female patient had an antenatal diagnosis of a duplex kidney and the postnatal 
US also demonstrated dilatation of the upper moiety associated with a large uretero-
coele. She was managed with prophylactic Abs and endoscopic incision of the ure-
terocoele due to its size and its potential to cause bladder outlet obstruction. The 
ultrasounds preformed after the procedure demonstrated improvement in the right 
upper urinary tract dilatation, with a persistent moderate size right ureterocoele; she 
remained UTI-free and the chemoprophylaxis was stopped when she was almost a 
year old. The right kidney appeared smaller with slightly reduced function (42%) 
and the upper moiety could not be clearly demonstrated on functional imaging. She 
was toilette trained at around 3½ years of age and all her follow up US urinary tract 
demonstrated resolution of the right upper moiety pelvicalyceal dilatation, with 
only mild ureteric dilatation and a mostly collapsed ureterocoele.

Ureterocoeles are most commonly associated with the upper pole of a complete 
ureteral duplication; single system ureterocoeles are less common and they usually 
affect males [49, 55]. Asymptomatic neonates without severe hydroureteronephro-
sis can be treated conservatively and be started on antibiotic prophylaxis until they 
undergo further investigations by 3–6  months of age [52]. The risk of UTIs in 
patients receiving antibiotic prophylaxis is <10% before 6 months of age [56]. On 
the other hand, cases with severe upper urinary tract dilatation can be treated by an 
upper urinary tract approach or by endoscopic decompression depending on upper 
pole function and the presence of VUR to the lower moiety. The ureterocoele moi-
ety function is generally negligible and scintigraphic assessment is enough, as it is 
a reliable means of assessment of the function of each moiety. Endoscopic decom-
pression is the approach of choice for intravesical ureterocoeles and it allows for a 
definitive treatment in at >90% of patients [52, 55, 56] and, in the remaining ones, 
it can be combined with conservative management or endoscopic treatment of pos-
sibly associated VUR. Preoperative VUR tends to persist after ureterocoele decom-
pression, but <50% of patients with reflux develop urinary tract infections [55, 56]. 
Nevertheless, those patients are more likely to require secondary procedures. Non-
functioning or poorly functioning upper poles can be left in situ if the patient is 
asymptomatic, or in cases of lower urinary tract reconstruction and after endoscopic 
decompression. This patient was asymptomatic, but the main reason for treating her 
early in life was the size of the ureterocoele and the associated upper urinary tract 
dilatation, as there was no confirmation of the function of the upper moiety at that 
stage. The main worry with large ureterocoeles is that they can cause bladder outlet 
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obstruction and subsequently contralateral upper urinary tract dilatation as well, 
with the risk of compromising the overall renal function [57]. In her case the 
obstruction of the upper moiety also represented a risk for UTIs, despite the Ab 
prophylaxis.

9.18	 �Case 18

A 7-months old girl with normal antenatal scans and no significant previous medical 
history presented with febrile UTIs, one due to Citrobacter Freundii infection. She 
initially responded to oral Abs but then required admission for intravenous AB treat-
ment. An US urinary tract was performed during the admission, which demonstrated 
a left duplex kidney, with echogenic mildly dilated upper moiety and ureteric dilata-
tion, and large left ureterocoele with significant debris in it (Fig. 9.60).

Question 1. What Is Your Initial Management for This Patient?
The patient should be started on antimicrobial prophylaxis as soon as the treatment 
is completed and should undergo an endoscopic incision of the ureterocoele ideally 
once the infection is cleared, to decompress it and allow drainage from the left 
upper moiety to prevent further UTIs and preserve renal function.

She completed a course of antibiotics and was started on chemoprophylaxis on 
discharge. Once she had recovered from the infection, she underwent endoscopic 
incision of the ureterocoele with adequate collapse of it (Fig. 9.61).

Fig. 9.60  US urinary tract at 7 months of age during episode of febrile UTI. Duplex left kidney 
with moderate upper moiety pelvicalyceal dilatation, renal pelvis APD 9 mm, and mild promi-
nence of the lower moiety renal pelvis, APD 4 mm. Large left sided ureterocoele filled with mobile 
debris and dilated left distal ureter
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Question 2. What Is Your Postoperative Management and Follow Up Plan?
The patient should remain on prophylactic Abs at least until the first follow up after 
the procedure, usually within six to 8 weeks. Imaging surveillance should include an 
US of the urinary tract 2 weeks after the procedure to ensure decompression of the 
ureterocoele, and subsequently, at three and 6 months, and then yearly until the 
patient is toilette trained to assess the progression of the upper urinary tract dilata-
tion. A NM scan, ideally with indirect cystography, should also be performed to 
assess the function of each moiety and eventually also confirm or exclude the pres-
ence of VUR.

She was continued on prophylactic antibiotics and remained well after the proce-
dure, with no further UTIs. A repeat ultrasound 2 weeks after the endoscopic incision 
demonstrated a significant improvement in the left upper moiety and ureteric dilata-
tion and a partially collapsed ureterocoele. A NM scan was also performed and con-
firmed the presence of a left duplex kidney with a poorly functioning upper moiety 
(20%) and high-grade lower moiety VUR. She was reviewed again at 11 months of 
age with a repeat urinary tract US, which demonstrated again a left duplex kidney 
with minimal dilatation of upper and lower moieties, with some upper moiety corti-
cal thinning, with intermittent left upper moiety ureteric dilatation, distally up to 
8 mm, and a collapsed ureterocoele. She remained asymptomatic with no further 
UTIs during this period and remained on the antimicrobial prophylaxis.

Unfortunately, at 1 year of age she developed another febrile UTI, again due to 
Citrobacter Freundii. She was treated with oral Abs with good response and contin-
ued on Ab prophylaxis after. A repeat ultrasound was requested after the infection 

Fig. 9.61  Cystoscopic incision of ureterocoele. Intraoperatively a large left ectopic ureterocoele 
was identified, protruding through the bladder neck. The ureterocoele was incised multiple times 
until adequate collapse was achieved

M. O’Brien



195

to assess any possible progression of the dilatation. After this, she subsequently 
developed 3 more UTIs (K. pneumoniae, E. cloacae, and E. coli) despite AB pro-
phylaxis and changes to the type of Abs (Fig. 9.62).

Question 3. What Is Your Management Now and Why?
In this case the medical treatment has failed, and the patient requires surgical man-
agement to prevent further UTI and loss of kidney function. Because there is still 
evidence of left upper urinary tract dilatation on the ultrasound, the UTIs could be 
explained by the high-grade lower moiety VUR or the possibility that there is still 
some degree of obstruction of the upper moiety, although the ureterocoele appears 
collapsed on the most recent imaging. In her case, because of the presence of VUR, 
she should undergo a common-sheath ureteric reimplantation with excision of the 
remnant of the ureterocoele and repair of the bladder wall.

Due to failure of medical treatment, the evidence of lower moiety VUR and the 
presence of residual function of the upper moiety decision was made to proceed 
with surgical management. At the age of 15 months she underwent a conjoined left 
ureteric reimplantation with excision of the remnant of the ureterocoele and repair 
of the bladder wall. A left lower moiety ureteric and a urethral catheter were left in 
place to ensure safe bladder drainage, which were removed 3 days after the surgery.

She recovered well from the procedure and was discharge home a few days after 
on Px Abs. She was reviewed again 2, 6, and 9 months after the surgery with a uri-
nary tract US which initially demonstrated some mild increase in the left upper 
urinary tract dilatation, but subsequently only minor prominence of the upper moi-
ety renal pelvis, with stable distal ureteric dilatation.

Her prophylactic Abs were stopped after the first follow up appointment and she 
remained well and asymptomatic with no further UTIs (Fig. 9.63).

9.18.1	 �Discussion

This female infant had normal antenatal scans but was diagnosed with a left duplex 
kidney and a large ureterocoele while being investigated for an atypical febrile UTI 

Fig. 9.62  US urinary tract 3 month after UTI. The left duplex kidney is larger with interval growth 
noted. No significant dilatation of either moiety. Left distal ureteric dilatation stable, 8 mm. Left 
ureterocele is smaller, appears collapsed
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at 7 months of age. She was started on antibiotic prophylaxis and underwent endo-
scopic decompression of the ureterocoele, but developed further UTIs despite medi-
cal and minimally invasive treatment, with subsequent significant improvement in 
the left upper moiety and ureteric dilatation and a collapsed ureterocoele on follow 
up imaging, The functional imaging demonstrated a poorly functioning left upper 
moiety, but also high grade VUR to the lower moiety, which was likely the cause of 
her recurrent UTIs. Because of this, even though she was only 14 months old, she 
underwent reconstructive surgery to allow drainage of the upper moiety and correct 
the VUR at once, to prevent further renal function deterioration and avoid UTIs.

As mentioned before, patients with duplex system ureterocoeles and severe 
upper urinary tract dilatation can be treated by an upper urinary tract approach or by 
endoscopic decompression depending on the upper pole function and the presence 
of VUR to the lower moiety. Preoperative VUR tends to persist after ureterocoele 
decompression, but <50% of patients with reflux develop urinary tract infections 

a

b

Fig. 9.63  (a) US urinary tract 2 months after surgery. Left duplex kidney with mild increase in 
upper moiety renal pelvis dilatation up to 6  mm and persistent distal ureteric dilatation up to 
10 mm. Ureterocoele not identified. (b) Repeat US urinary tract 9 months after the surgery. Left 
duplex kidney with irregular cortical thinning within the upper moiety and minor prominence of 
the upper moiety renal pelvis (3 mm). Persistent but stable left distal ureteric dilatation 10 mm. 
Bladder wall focal irregularity related to previous ureterocoele repair
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[55, 56, 58]. In her case, the lower moiety VUR was diagnosed after the endoscopic 
decompression and she developed breakthrough UTIs, making her a candidate for a 
secondary procedure. In this patient it is highly likely that the recurrent UTIs were 
due to the lower moiety VUR or a combination of both the upper urinary tract stasis 
of urine from the upper moiety and the VUR. Interestingly, the UTIs only started 
when she was over 6 months old, which is less frequent, and with time, her infec-
tions became more difficult to eradicate and to prevent even with different antibiot-
ics. Because of her age and the fact that there was functional parenchyma to preserve 
from the upper moiety, in the context of a duplex kidney with an upper moiety ure-
terocoele and lower moiety VUR, we opted for a lower urinary tract approach and 
reconstructive surgery was performed when she was over 12 months old. An alter-
native in this case would have been to treat the VUR with a minimally invasive 
approach as well. There is evidence to suggest that endoscopic puncture may be 
used irrespective of the presence of reflux, and that minimally invasive techniques 
may be used to treat children with VUR either inherent to a duplex system or result-
ing from previous endoscopic puncture [52, 59–61]. Some studies have shown 
spontaneous resolution of the preoperative VUR in up to 71% of cases during fol-
low-up, and good results with endoscopic injection of a bulking agent in symptom-
atic patients with persistent VUR after the initial procedure [59]. It has also been 
reported, that a small number of patients develops “de-novo” VUR after decompres-
sion. The VUR in these patients may also resolve spontaneously, but about 50% of 
cases may need further surgical correction, which can be attempted with endoscopic 
injection first [52, 59]. Regardless of the type of VUR, these patients should be man-
aged conservatively with prophylactic antibiotics, except for patients with persistent 
VUR and breakthrough UTI. And this was the case with our patient.

9.19	 �Case 19

A 3-months old female with antenatal diagnosis of a non-complicated left duplex 
kidney presented with a febrile UTI and required admission for treatment with IV 
Abs. A urinary tract US was performed after birth and she was referred for further 
management (Fig. 9.64).

Question 1. What Does the Ultrasound Show?
The left kidney has a duplex configuration, with dilatation of the upper moiety col-
lecting system with the renal pelvis APD 16 mm. There is marked dilatation and 
tortuosity of the upper moiety ureter extending into the pelvis, with an associated 
ureterocoele. There is marked thinning of the upper moiety parenchyma.

Question 2. What Is Your Initial Management?
The patient should be started on Px Abs and undergo further investigations: a 
repeat urinary tract US to reassess the degree of dilatation of the left upper moiety 
and a NM scan to determine the differential renal function of each moiety.
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The ultrasound demonstrated a left duplex kidney with dilatation of the upper 
moiety collecting system, with a tortuous and dilated ectopically inserted ureter (up 
to 14 mm) and an associated ureterocoele. With the US findings she was started on 
Px Abs in the neonatal period and a NM scan was also requested, which confirmed 
the presence of a left duplex kidney with a poorly functioning and obstructed upper 
moiety (2%). A repeat US at 3 months of age, at the time of the UTI, showed stable 
appearances of the dilated left upper moiety PC system and ureter, with some debris 
in the upper urinary tract and bladder (Fig. 9.65).

Question 3. Would You Perform any Other Investigations and Why?
Because of the US findings with significant upper moiety renal pelvis and ureteric 
dilatation, but the apparent ectopic insertion of the ureter and associated uretero-
coele, a diagnostic cystoscopy could be of help to assess the anatomy of the urinary 
tract, confirm the presence of a ureterocoele and determine the position of each UO.

She recovered well from the infection after a course of antibiotics and underwent 
a diagnostic cystoscopy 1 week after, to assess the urinary tract and determine if a 
ureterocoele or other cause for the upper moiety obstruction could be identified and 
treated. On cystoscopy, a right upper moiety ureterocoele could not be identified, 
nor a normal UO.  The lower moiety UO was positioned low in the trigone but 
remained above the bladder neck and there was a single orthotopic right UO.

She continued the Ab prophylaxis remaining UTI-free and asymptomatic and 
was reviewed 2 months after the procedure with an US urinary tract, which again 
demonstrated stable appearances of the left duplex kidney with dilated upper moiety 
renal pelvis and ureter (Fig. 9.66).

Despite AB prophylaxis and changes in the type of Abs, she subsequently devel-
oped further febrile UTIs, one of them due to a multi-resistant K. pneumoniae. A 

Fig. 9.64  Urinary tract US 2 weeks after birth
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repeat US urinary tract performed when she was 11 months old, showed some mild 
progression of the upper moiety collecting system dilatation, with increase in the 
distal ureteric dilatation up to 22 mm (Fig. 9.67).

Question 4. What Is Your Definitive Management for This Girl and Why?
This patient requires surgical management, because of the breakthrough UTIs and 
increasing dilatation on ultrasound. The medical treatment has failed and there is 
no option for endoscopic treatment, as there is no ureterocoele and the upper moiety 

Fig. 9.65  (a) MAG-3 at 3 months of age. The left kidney shows features of a duplex kidney with 
a poorly functioning and obstructed upper moiety. The differential function measures 41% on the 
left and 59% on the right. The differential function of the upper moiety measures 2% and lower 
moiety about 39% of overall renal function. (b) Repeat US at 3 months of age during admission 
for UTI. Echogenic debris is now noted within the collecting system and ureter of the left upper 
moiety. The upper moiety ureter remains tortuous and dilated up to 15 mm, as well as the PC sys-
tem, with a renal pelvis APD of 14 mm, and the parenchyma remains thin and echogenic with loss 
of corticomedullary differentiation. The lower moiety appears normal

a
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UO could not be identified on cystoscopy. Considering the lack of function of the 
upper moiety the best option would be to perform an upper pole heminephrectomy. 
The patient is almost 1 year of age and could undergo a minimally invasive tech-
nique, with a retro or transperitoneal approach, although in many centres this sur-
gery is still performed open at her age.

b

Fig. 9.65  (continued)

Fig. 9.66  US urinary tract 6 weeks after diagnostic cystoscopy. Persistent but stable left upper 
moiety renal pelvis dilatation, APD 12 mm, with parenchyma thinning and mild increase in the 
distal ureteric dilatation up to 20 mm
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Because of the recurrent UTIs and persistent upper moiety collecting system 
dilatation in the context of a non-functioning and obstructive upper moiety, she 
underwent a laparoscopic retroperitoneal upper pole heminephrectomy when she 
was 1 year old. She recovered very well from surgery and was discharged 24 h after. 
She remained well and asymptomatic, with no further UTIs, and was reviewed 3 
and 6 months after the procedure with an US urinary tract. On US, there was inter-
val growth of both kidneys, with normal appearances on the right. The remaining 
left lower moiety had no upper urinary tract dilatation and there was no collection 
at the upper pole on the bed of the partial nephrectomy. Six months after she was 
toilette trained and remained asymptomatic. A repeat urinary tract US at 2 and 
3 years of age demonstrated good interval growth of both kidneys, without upper 
urinary tract dilatation and normal bladder appearances, with complete emptying. A 
NM scan was also performed to assess the function of the remaining left kidney.

9.19.1	 �Discussion

In this case the patient had an antenatal diagnosis of a left duplex kidney and pre-
sented with a febrile UTI, despite being on prophylactic Abs since birth. The post-
natal ultrasounds demonstrated dilatation of the left upper moiety collecting system, 
with a possibly ectopic ureteric insertion and a ureterocoele, and the function of the 
upper moiety was negligible on the MAG-3 (2%). She underwent a diagnostic cys-
toscopy to confirm the ultrasound findings and with the plan of decompressing the 
ureterocoele endoscopically. Interestingly, an ureterocoele could not be identified 
and she continued conservative management with AB prophylaxis. Unfortunately, 
she developed further breakthrough febrile UTIs, and decision was made to proceed 

Fig. 9.67  US urinary tract at 11 months of age. Left duplex kidney with persistent upper moiety 
renal pelvis dilatation, APD 12 mm, and mild increase in the distal ureteric dilatation up to 22 mm
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with surgery. We opted for a minimally invasive upper tract approach and she under-
went a laparoscopic retroperitoneal upper pole heminephrectomy, which is our 
institutions preference at this age. She remained UTI free after the procedure and 
the remaining left lower moiety appeared normal on the follow-up ultrasounds.

Upper tract approaches to duplex system anomalies are usually indicated when 
the affected moiety has no function, when the patient suffers from recurrent UTIs, 
when there is high grade VUR to the lower moiety, and/or when a primary lower 
urinary tract approach has already been attempted and failed [52]. These approaches 
traditionally included pyelopyelostomy, ureteropyelostomy, and open or minimally 
invasive heminephrectomy [52]. The technique of choice depends on the age of the 
patient and the function of the affected moiety. Pyelo/uretero-pyelostomies are 
rarely used because of their higher risk of complications and no real advantages 
over a heminephrectomy, which can offer very good outcomes when performed 
with minimally invasive techniques [62–65]. Heminephrectomy is appropriate for 
children with ectopic ureters and duplex system ureterocoeles without VUR and its 
success rate is around 85% [52, 62, 64, 66, 67], and it may also be considered for 
non-functioning refluxing lower moieties. There are several advantages of mini-
mally invasive approaches compared with open surgery. First, the affected moiety is 
not directly manipulated as it is with open surgery, which requires mobilization of 
the kidney from the surrounding structures for exposure, risking torsion of the renal 
pedicle and consequent injury or thrombosis of the vessels of either moiety [52, 62]. 
In contrast, a laparoscopic approach is performed with the kidney in situ with mini-
mal traction on the pedicle [63, 64]. Secondly, minimally invasive approaches offer 
a shorter hospital stay and improved cosmesis with comparable operative duration 
[66]. Transperitoneal and retroperitoneal laparoscopic heminephrectomy are com-
parable with respect to operative duration, hospital stay, and analgesic requirements 
and both are superior to open surgery in these respects [62, 63]. Conversion to open 
surgery is still required in up to 10% of cases due to bleeding/vascular injury, dam-
age to surrounding structures and peritoneal breach [62, 64, 66]. Possible immedi-
ate complications after minimally invasive upper moiety heminephrectomy are 
urine leak/urinoma, haematoma and UTIs. Long-term complications include cyst 
formation at the surgical bed; functional loss of the ipsilateral remaining moiety; 
UTIs caused by persistent VUR; de-novo VUR; infections of the ureteric stump; 
hypertension, and need for additional surgery (completion nephrectomy, excision of 
the ureteric stump) [52, 62, 64, 66, 67]. Our patient has not developed any of these 
complications so far.

9.20	 �E. VUR

9.20.1	 �Case 20

A 5-years old female with a previous history of febrile UTIs from the age of 1 year 
is referred for further investigations after a urinary tract US demonstrated scarring 
and thinning of the cortex of the upper and mid poles of the left kidney, and mild left 
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renal pelvis dilatation. She was toilette trained since she was 2½ years old, voiding 
around 6 times/day and remained dry day and night. She did not have any issues 
with constipation (Fig. 9.68).

Question 1. What Would You Do Next and Why?
The history of recurrent UTIs, without voiding dysfunction, and evidence of scar-
ring of the left kidney on the ultrasound raises the possibility of VUR as the underly-
ing cause for the infections. The patient should be commenced on prophylactic 
antibiotics and should also undergo further investigations. A NM scan should be 
performed; either a DMSA, to confirm the presence of scarring as an indirect indi-
cator of VUR, or a MAG-3 with indirect cystography to assess the renal function 
and determine if VUR is present or not, although it can be missed in 21–50% cases. 
At her age, an indirect cystogram is a less invasive and better tolerated option com-
pared to an MCUG.

a

b

Fig. 9.68  US urinary tract at 5 years of age. (a) Focal cortical thinning is seen at the upper and 
mid poles of the left kidney, suggestive of focal scar. Mild left renal pelvis prominence, APD 
8 mm. (b) Repeat US urinary tract at 5½ years of age. Stable appearances of both kidneys with 
mild left renal pelvis prominence. No evidence of distal ureteric dilatation seen
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In this case a MAG-3 scan was requested to assess for possible left VUR and 
unfortunately, she continued to have febrile UTIs after the assessment. This showed 
Slightly reduced left renal function, 42%. An indirect cystogram was performed 
with no demonstrable reflux.

Question 2. What Is Your Management for This Girl?
As mentioned before there is possibility that this patient has VUR and she has not 
responded to the initial preventive treatment and has had further breakthrough 
UTIs. The failure of medical treatment and evidence of scarring with reduction of 
the left renal function justifies performing another procedure to prevent further 
UTIs and reduction of the renal function. The best option in her case is to proceed 
with a diagnostic cystoscopy, with the possibility to perform an injection of a bulk-
ing agent into the UO if the appearances are consistent with VUR. Otherwise, if 
there is no evidence of a golf hole UO, a urethral catheter could be inserted to 
perform an MCUG later the same day.

Due to the probability of intermittent VUR, with persistent UTIs and the reduced 
function of the left kidney, decision was made to proceed with endoscopic treatment 
and also to start her on Px Abs. She underwent a cystoscopy and injection of 
Deflux© to both UOs at the age of 5½ years old and recovered without complica-
tions. She remained well and asymptomatic and continued on Px Abs until 3 months 
after the procedure, when she was reviewed with a repeat US urinary tract which 
didn’t show any evidence of upper tract dilatation or further scarring of the left kid-
ney (Fig. 9.69).

Shortly after the chemoprophylaxis was stopped, she developed 3 febrile UTIs, 
and her Abs were restarted. After this, she managed to remain asymptomatic again 
for about 3 months, but she had recurrent febrile UTIs as soon as the prophylaxis 
was stopped. A repeat US urinary tract 6 months after demonstrated interval growth 
of both kidneys and no upper tract dilatation, but persistent focal scarring of the 
upper and lower poles of the left kidney (Fig. 9.70).

Due to the recurrent febrile UTIs while off Abs and the persistent renal scarring 
with lack of indirect signs of VUR on the MAG-IRC, she underwent a micturating 
cystourethrogram to assess for VUR and decide further management with those 
findings (Fig. 9.71).

Fig. 9.69  US urinary tract 3 months after the procedure. Stable kidney appearances with no upper 
urinary tract dilatation
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Question 3. What Does the Micturating Cystourethrogram Show?
There is evidence of bilateral VUR with mild dilation of the ureter and pelvicalyceal 
system, slightly worse on the left, in keeping with grade III VUR. Both systems emp-
tied almost completely on micturition with no obstruction. Smooth bladder outline 
without filling defects.

The MCUG demonstrated bilateral Grade III VUR, with good bladder emptying 
and no other abnormality.

Question 4. What Is the Best Option for Definitive Management for 
This Girl?
This patient is a candidate for definitive surgery, because both the medical and endo-
scopic treatment have failed. In some cases, a repeated Deflux injection can be 
offered; however, at her age the preference is to proceed with reconstructive surgery 
to correct the VUR. In her case, the best approach would be an open ureteric reim-
plantation with the Cohen technique with a success rate of around 96%. These treat-
ment alternatives should be discussed with the parents before a decision is made.

Fig. 9.70  US urinary tract at 6 years of age. Both kidneys measure 8.9 cm. Right kidney has 
normal appearances. Left kidney with minor focal cortical thinning in the upper and lower poles in 
keeping with focal scarring. No pelvicalyceal or ureteric dilatation on either side, only mild promi-
nence of the left renal pelvis (APD 6 mm). Complete bladder emptying

Fig. 9.71  MCUG at 6½ years of age
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Options of repeat injection of Deflux© or ureteric reimplantation were discussed 
largely with parents and it was agreed to proceed with open surgery. She underwent 
a bilateral cross-trigonal Cohen ureteric reimplantation when she was almost 7 years 
old and was reviewed 6 weeks after the procedure with an US urinary tract, with 
evidence of persistent mild prominence of the left renal pelvis, which resolved after 
micturition, and stable cortical scarring in the upper and lower poles. She remained 
well and asymptomatic, with no further UTIs after the surgery. A repeat US urinary 
tract 12 months after the procedure again demonstrated stable cortical scarring in 
the upper and lower poles of the left kidney, with complete resolution of the left 
renal pelvis dilatation (Fig. 9.72).

a

b

Fig. 9.72  (a) US urinary tract 3 months after surgery. Normal appearances of the right kidney, no 
upper urinary tract dilatation. Minor focal cortical scarring noted at the upper and lower poles of 
the left kidney. Mild prominence of the left renal pelvis pre-void, APD 8 mm, which resolves post-
micturition. (b) US urinary tract 1 year after surgery. Normal bladder and complete emptying. 
Normal right kidney appearances. The left kidney demonstrates focal areas of cortical loss or scar-
ring with an irregular contour. No upper urinary tract dilatation on either side
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9.20.2	 �Discussion

This 5-years old girl presented with recurrent febrile UTIs, scarring of the upper and 
mid poles and slightly reduced left renal function (42%) on NM scan, and mild left 
renal pelvis dilatation, raising the possibility of left VUR. She had no evidence of 
voiding dysfunction and was fully toilette trained when she was referred to our 
institution. The initial investigations aimed to exclude vesicoureteric reflux, but 
because of her age, a NM scan with indirect cystography had to be performed, as it 
is a less invasive and better tolerated option compared to an MCUG, although VUR 
can be missed in up to 21–50% cases [27, 28]. Because of the persistent UTIs with 
evidence of renal scarring and the fact that VUR could not be ruled out completely, 
she was started on prophylactic Abs and underwent endoscopic treatment with 
injection of a bulking agent to both UOs, because the right side also appeared abnor-
mal. As it is our usual practice, the prophylactic Abs were stopped shortly after the 
procedure, but her UTIs recurred whenever an attempt was made to stop the chemo-
prophylaxis. In order to confirm the presence of VUR and decide further manage-
ment she underwent a MCUG, which is the gold standard for the diagnosis. 
Interestingly, the MCUG demonstrated bilateral grade III VUR, with good bladder 
emptying and no other abnormalities. The surgical options were discussed with the 
parents, and it was decided to proceed with open surgery.

Bacterial urinary tract infections (UTIs) are one of the most common causes for 
children to be admitted to hospital, such that between 3 and 7% of girls and 1–3% 
of boys will require treatment [68]. Urinary tract infections are more common in 
females in all age groups except in the elderly. Females are also at higher risk for 
recurrent UTIs, likely due to the shorter length of the urethra, and its close proxim-
ity to the anus [68]. Escherichia coli is the most common cause of UTIs in both 
children and adults. The most significant risk factor for a child to develop pyelone-
phritis is the presence of vesicoureteric reflux (VUR), although the presence of 
bladder and bowel dysfunction is an important risk factor as well. Boys typically 
present with a higher grade of VUR and more severe renal damage when compared 
to girls. There are certain factors that contribute to reflux resolution, including 
patient age, grade of reflux, postnatal presentation, and the presence or absence of 
associated voiding dysfunction [69]. Lower resolution rates occur in patients with 
higher grade of VUR, older age at diagnosis, postnatal presentation and voiding 
dysfunction.

It is now accepted that in the absence of infection VUR rarely results in renal 
damage. This has shifted management from a primarily surgical approach to more 
conservative medical treatment consistent of antibiotic prophylaxis and manage-
ment of voiding dysfunction if present [68–70]. The biggest consequence of recur-
rent febrile UTIs is the development of renal scars with the risk of long-term loss of 
kidney function and hypertension. The immune response of the child, along with a 
quick introduction of antimicrobial treatment, are fundamental for the clearance of 
the infection and to prevent renal scarring. This is the reason why only a part of the 
children with recurrent UTIs will develop renal scars and this will occur even if 
these children receive antibiotic prophylaxis, as demonstrated by the RIVUR trial 
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(Randomized Intervention for Children with Vesico-Ureteric Reflux) [70]. In this 
study, the incidence of UTI was significantly reduced in patients on antibiotic pro-
phylaxis, but the rate of renal scarring was similar between the treatment and the 
placebo groups. This study also showed that early initiation of treatment with anti-
biotics was effective at preventing pyelonephritis, but there was no difference in the 
rate of renal scarring in children. Treatment of bladder and bowel dysfunction 
decreases the number of UTIs, but it is not clear if it reduces renal scarring.

In regards to the surgical management, this can be done endoscopically with 
injection of bulking agents into the UO, or via reconstructive surgery to correct the 
VUR with ureteric reimplantation. Absolute indications for surgical correction are 
breakthrough febrile UTIs and new renal scars or deterioration of renal function 
[69, 71, 72]. Relative indications include non-compliance with or contraindication 
to medical treatment; persistent VUR with no improvement; complex anatomy; 
parental preference (to avoid continuous antibiotic therapy and imaging); VUR 
grade, and bilateralism [69, 71, 72]. Interestingly, surgical correction of VUR has 
not proven to diminish the rate of renal scar formation [71, 72]. In this case, the 
surgical options were discussed with the parents, who were offered repeat endo-
scopic treatment and reconstructive surgery. There is evidence that repeated injec-
tions increase the success rate of the procedure, up to 90% depending on the 
technique used (HIT > STING) and the initial severity (grade) of the reflux, with 
better results for grades I–III [69, 71, 72]. Reconstructive surgery consists of a ure-
teric reimplantation with an anti-reflux mechanism, which can be performed open 
or with minimally invasive approaches and has a success rate of up to 92–98% 
depending on the technique used [73]. The most common surgical treatment is the 
intravesical repair described by Cohen, where the ureters are placed in a trans-
trigonal submucosal tunnel, whose length should be 5 times the diameter of the 
ureter. It was agreed with the parents to proceed with open surgery to ensure a more 
definitive procedure.

9.21	 �Case 21

A 2-days old male with antenatal diagnosis of bilateral hydronephrosis who was 
born at term and commenced on Ab prophylaxis after birth, is referred to you for 
further management. His perinatal history is otherwise unremarkable, and his physi-
cal examination is normal.

Question 1. What Is Your Initial Management for This Patient and Why?
This male patient has an antenatal history of bilateral hydronephrosis and the main 
diagnosis that needs to be ruled out is posterior urethral valves, although there is 
no mention of the bladder and ureteric appearances or the amniotic fluid volume 
and lung development on the antenatal scans.

Because of this, the patient should undergo a repeat urinary tract US within the 
first 48 h of life and if there is evidence of persistent bilateral renal pelvis and ure-
teric dilatation a urethral catheter should be inserted. Blood tests should also be 
performed to assess the renal function (UEC). Depending on the ultrasound 
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findings, if there is evidence of bilateral hydroureteronephrosis the patient should 
undergo a MCUG to exclude bladder outlet obstruction, due to PUV and less likely 
urethral atresia, and eventually transfer the patient for further management to a 
urology unit if the diagnosis is confirmed.

He underwent an US urinary tract on day 2 of life which again demonstrated 
bilateral renal pelvis dilatation, but with distal ureteric dilatation as well. Due to 
these findings, with bilateral renal pelvis and ureteric dilatation, he also underwent 
a MCUG. He remained UTI free and his renal function was normal, with a creati-
nine of 37 μmol/l. A repeat US urinary tract at 2 weeks of age again demonstrated 
bilateral renal pelvis dilatation, with distal ureteric dilatation (Fig. 9.73).

Question 2. What Does the MCUG Show?
The MCUG demonstrates bilateral grade V vesicoureteric reflux. Normal urethra, 
with no evidence of PUV, and normal bladder appearances. Both ureters are dilated 
and tortuous and there is pelvicalyceal distension on both sides, worse on the left. 
Both ureters drained, the right more quickly than the left.

Question 3. Would You Request any Further Investigations?
Yes, a NM dynamic scan to assess the differential renal function, mainly because of 
the thinning of the cortex and dysplastic appearances of the left kidney on US, in the 
context of high grade bilateral VUR.

An US of the spine may also be considered to rule out spinal anomalies, although 
the physical examination was normal, and the bladder outline was also normal on 
both the US and the MCUG.

Due to the appearances of a dysplastic left kidney on US and the high grade VUR 
he also underwent a NM scan at 2 months of age, which demonstrated bilateral 
hydronephrosis and tortuous, dilated ureters secondary to VUR, with no evidence of 
ureteric or bladder outlet obstruction, and confirmed a small poorly functioning left 
kidney (17%) with retrograde filling of the collecting system consistent with high 
grade VUR. An US of the spine was not performed due to absence of abnormal find-
ings on physical examination of the spine and the normal bladder outline on both 
the ultrasound and the MCUG.

Question 4. With These Results, What Is Your Management for this Patient?
In the absence of UTIs the VUR can be managed conservatively with prophylactic 
Abs until he is old enough to undergo a circumcision under GA, to reduce his risk 
of UTIs and prevent further renal damage. A diagnostic cystoscopy could be per-
formed at the same time to confirm the radiological findings. The Ab prophylaxis 
could be stopped after the procedure, although in some centres the preference is to 
continue with it until the patient is 1 year old because of the natural history of VUR.

The patient should undergo regular surveillance with urinary tract US at 3, 6, 
and 9 months of age to assess the upper urinary tract dilatation and the growth of 
the dysplastic kidney. He should also be referred to the nephrology team for regular 
monitoring of his renal function.
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c

Fig. 9.73  (a) US urinary tract day 2 of life. Small left kidney with thinned parenchyma and severe 
renal pelvis dilatation, with a dilated and tortuous ureter. Mild right renal pelvis dilatation, APD 
5 mm, with normal parenchyma. (b) US urinary tract at 2 weeks of age. Mild right renal pelvis 
dilatation, APD 10 mm, with normal surrounding parenchyma and only minimal distal ureteric 
dilatation. The left kidney only has a rim of very thin cortex, appears dysplastic and has persistent 
renal pelvis dilatation, APD 15 mm; the left ureter is tortuous and dilated down to the bladder. 
Normal bladder outline. (c) MCUG at day 5 life
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He remained asymptomatic with stable renal function (Cr 26 μmol/l) and UTI free 
on the prophylactic Abs and underwent a repeat US at 5 months of age, with stable 
appearances of the smaller dysplastic left kidney and mild renal pelvis dilatation of the 
hypertrophic right kidney, and subsequently a cystoscopy and circumcision at 6 months 
of age, to reduce the risk of urinary tract infections. On cystoscopy, the posterior ure-
thra was not dilated but there was evidence of non-obstructive type III PUV. The blad-
der mucosa appeared normal, without trabeculations, polyps or diverticula. Both UOs 
had golf hole configuration, with the left larger than the right. US urinary tract 3 and 
6 months after the procedure demonstrated further reduction in size of the dysplastic 
left kidney and compensatory hypertrophy on the right, with only mild right renal pel-
vis dilatation. He remained well with no UTIs and stable renal function (Cr 28 μmol/l) 
and his Abs were stopped when he was 12 months old (Fig. 9.74).

He remained well and without UTIs, with stable renal function and was fully 
toilette trained at around 3 years of age. He was then reviewed yearly and subse-
quently every 2  years with regular US urinary tracts and BP checks, remaining 
asymptomatic (Fig. 9.75).

9.22	 �Case 22

A 6-weeks old male with antenatal diagnosis of a possible left duplex kidney and 
hydronephrosis is referred after a urinary tract ultrasound performed on day 7 dem-
onstrated a single system left kidney with renal pelvis dilatation, with an APD of 
13 mm. He was started on Px Abs at birth, remained well with no UTIs and was 
thriving. A repeat US at 6 weeks of age demonstrated a mildly dilated left renal 
pelvis, APD 4 mm, with less pronounced calyceal dilatation, and globally slightly 
reduced left renal parenchyma. There was new evidence of a dilated left distal ure-
ter, up to 5 mm, and the right kidney appeared normal (Fig. 9.76).

Question 1. What Is Your Initial Management for This Patient?
The patient should remain on prophylactic Abs and further investigations should be 
requested, because of the reduced left renal size and evidence of left renal pelvis 
dilatation with distal ureteric dilatation as well. The possible underlying cause for 
these findings is left VUR and in this scenario it is important to ascertain the func-
tion of the left kidney to decide further management.

In this case, because of the evidence of upper urinary tract dilatation, the parents 
should also be offered a circumcision to reduce his risk of urinary tract infections.

With these findings, decision was made to proceed with a NM scan with indirect 
cystography to assess the renal function and for possible VUR and to repeat the US 
urinary tract at 3 months of age. On the MAG-3 there was evidence of reduced func-
tion of the left kidney and left VUR. During the study, the activity within the collect-
ing system increased during an episode of voiding confirming the presence of 
left-sided vesicoureteric reflux. The differential function measures 24% on the left 
and 76% on the right.
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US urinary tract at 3 months of age showed Interval growth of both kidneys. The 
left kidney shows reduction of the corticomedullary differentiation and the renal 
cortex is diffusely thinned, with persistent renal pelvis (APD 14 mm) and ureteric 
dilatation up to 7 mm.

Because of the presence of upper urinary tract dilatation on the ultrasound and 
the compromised function of the left kidney likely secondary to the VUR, he under-
went a circumcision at 4 months of age to reduce the risk of UTIs. He recovered 
well after the procedure and his Abs were stopped.

a

b

Fig. 9.74  (a) US urinary tract at 5 months of age. Normal bladder appearances. The right kidney 
is mildly echogenic, with compensatory hypertrophy, preserved corticomedullary differentiation 
and mild renal pelvis dilatation, APD 8 mm. There is proximal and mid ureteric dilatation up to 
13 mm. The left kidney is dysplastic and smaller, with loss of corticomedullary differentiation. (b) 
US urinary tract at 15 months of age. Stable size and appearance of the dysplastic left kidney with 
loss of corticomedullary differentiation. The right kidney is normal in appearance with mild renal 
pelvis dilatation, APD 7 mm. The moderately distended bladder demonstrates a smooth contour
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Question 2. What Is Your Follow Up Plan for This Patient?
The patient should undergo regular surveillance with urinary tract US at three, six 
and 12  months of age, then yearly until he is toilette trained and at the age of 
5 years. No further investigations are required unless the patient becomes symptom-
atic or there is evidence of increasing upper urinary tract dilatation on ultrasound.

a

b

Fig. 9.75  (a) US urinary tract at 3 years old. Good interval growth of the right kidney, with no 
pelvicalyceal dilatation. Small dysplastic left kidney with echogenic parenchyma with loss of cor-
ticomedullary differentiation, showing minimal interval growth. Mild prominent looking left 
extrarenal pelvis. No distal ureteric dilatation, normal bladder appearances. (b) US urinary tract at 
5 years of age. The right kidney demonstrates interval growth and there is only mild prominence 
of the right renal pelvis, APD 3 mm. The left kidney demonstrates echogenic parenchyma with loss 
of corticomedullary differentiation and persistent mild prominence of the left renal pelvis, APD 
5 mm. The bladder is smooth walled
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He remained UTI-free and asymptomatic and subsequent follow up ultrasounds 
demonstrated reduction in the left renal pelvis and ureteric dilatation with interval 
growth of both kidneys. He was toilette trained during the daytime on last follow up 
at 2½ years of age (Fig. 9.77).

a

b

Fig. 9.76  (a) US urinary tract on day seven of life. The right kidney measure 4.3 cm and the left 
3.9 cm. Normal right kidney appearances, without upper urinary tract dilatation. Single system left 
kidney with pelvicalyceal dilatation, renal pelvis APD 8 mm, and extrarenal pelvis 13 mm. No 
distal ureteric seen and normal bladder outline. (b) Repeat US at 6 weeks of age. The right kidney 
measures 5.3 cm and the left 4.4 cm. Mildly dilated left renal pelvis, APD 4 mm, with less pro-
nounced calyceal dilatation, and globally slightly reduced left renal parenchyma. Intermittently 
dilated left distal ureter, up to 5 mm. Normal appearances of the right kidney
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a

b

c

Fig. 9.77  (a) US urinary tract 3 months after circumcision. Interval growth of both kidneys, with 
the left persistently smaller than the right with slightly echogenic and thinned cortex. There is no 
significant renal pelvis dilatation on either side. Normal bladder appearances. (b) US urinary tract 
at 12 months of age. Normal appearances of the right kidney. There is moderate thinning of the left 
renal parenchyma and mild left pelvicalyceal dilatation, renal pelvis APD 7 mm. The left distal 
ureter is mildly dilated up to 7 mm. (c) US urinary tract at 2 years of age. There is mild left pelvi-
calyceal dilatation, APD 5 mm, with urothelial thickening and a baggy extra renal pelvis. Mild 
global renal cortical thinning and the corticomedullary differentiation is mildly reduced. The pre-
void renal pelvis APD is 5  mm. Persistent mild left distal ureteric dilatation, 7  mm. Normal 
right kidney
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9.22.1	 �Discussion for Cases 21 and 22

In the first case, because of the antenatal diagnosis of bilateral hydronephrosis with 
further evidence of distal ureteric dilatation and a dysplastic left kidney on the post-
natal ultrasound, the main diagnosis to exclude is bladder outlet obstruction due to 
PUV. In order to achieve this, the child underwent an US urinary tract at birth and 
subsequently an MCUG to assess the urethra. The voiding cystogram showed a 
normal posterior urethra and confirmed the presence of bilateral high grade VUR. To 
complete the diagnostic assessment, functional imaging also needed to be per-
formed to determine if there was any compromise of the renal function. The left 
kidney in fact, appeared smaller and poorly functioning (17%) with high grade 
VUR on the MAG-3 scan. In the second case, the ultrasound findings of left ureteric 
and renal pelvis dilatation and a smaller left kidney triggered further investigations, 
which then demonstrated significant reduction in the function of the left kidney 
(26%) and left VUR. It is likely that in both cases the reduced left kidney function 
was secondary to an abnormal induction of the ureteric bud during embryological 
development producing an abnormal vesicoureteric junction responsible for the 
VUR, but also to reflux nephropathy. Both boys were commenced on antimicrobial 
prophylaxis at birth and subsequently underwent a circumcision when they were old 
enough to have a safe procedure. After this, they remained UTI-free and asymptom-
atic, and only required regular monitoring of his renal function and ultrasounds to 
assess their progress. In both cases, the follow up ultrasounds demonstrated decrease 
in the upper urinary tract dilatation, although there was further reduction in the size 
of the dysplastic left kidney and compensatory hypertrophy of the right one for the 
first boy.

Vesicoureteric reflux, or retrograde flow of urine from the bladder into the ureter, 
is the most frequent uropathy in the pediatric age [69, 70]. It can be either primary 
due to a congenital malformation or a delay of development of the vesicoureteral 
junction, or secondary due to anatomical or functional vesical or ureteral factors. It 
has potentially serious consequences such as renal scarring, hypertension, and renal 
failure [68]. Patients with VUR demonstrate a wide range of severity, and a majority 
of patients will not develop renal scars and probably will not need any intervention 
[71–74]. The main goal in the management of patients with VUR is the preservation 
of kidney function by minimizing the risk of pyelonephritis. By defining and ana-
lysing the risk factors for each patient (age, sex, reflux grade, lower urinary tract 
dysfunction [LUTD], anatomic abnormalities, and kidney status), it is possible to 
identify those patients with a potential risk of upper UTIS and renal scarring [69, 
74]. VUR has been shown to resolve spontaneously in around 68% of cases, with 
higher resolution rates with grades I–III (up to 93%) and at a more rapid pace, but 
only about 30% in children with high-grade reflux (IV–V) [75]. The rate of resolu-
tion also depends on the gender of the child (boys > girl) and the presence of bladder 
and bowel dysfunction, and its management.

Controversy persists over the optimal management of VUR, particularly the 
choice of diagnostic procedures, the treatment (medical, endoscopic, or open surgi-
cal), and the timing of treatment [71, 72]. Preventing UTIs by using prophylactic 
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antimicrobials is generally the first treatment step. However, there is also a proven 
benefit from performing a circumcision, to reduce the risk of urinary tract infections 
[31, 42, 69, 75, 76] and therefore avoid the use of Ab prophylaxis. As mentioned 
before, indications for surgical treatment are recurrent symptomatic breakthrough 
UTIs, poor compliance to medical treatment, and presence of new scars or deterio-
ration of renal function with time. In these cases, the patients were initially com-
menced on prophylactic Abs and subsequently underwent a circumcision, remaining 
asymptomatic and UTI-free with stable renal function even after stopping the pro-
phylaxis. Because of this, no further surgical intervention was required.

9.23	 �Case 23

A 3-months old male with antenatal diagnosis of left hydronephrosis, persistent 
after birth, developed urosepsis and secondary meningitis due to a Klebsiella UTI at 
2 weeks of age. He was treated with IV and oral Abs for a course of 3 weeks. A 
urinary tract ultrasound was performed during the admission (Fig. 9.78).

Question 1. What Does the Ultrasound Show?
Both kidneys demonstrate increased echogenicity, with loss of corticomedullary dif-
ferentiation, but no evidence of focal scarring. The left kidney demonstrates left 
pelvicalyceal dilatation and proximal ureteric dilatation with debris in the collect-
ing system and urothelial thickening. There is mild prominence of the right 
renal pelvis.

Fig. 9.78  US at 2 weeks of age during episode of UTI
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Question 2. What Is Your Initial Management for This Patient?
The patient should be commenced on prophylactic Abs and should undergo further 
investigations to decide further management. A urinary tract ultrasound should be 
repeated at 6 weeks and 3 months of age to assess the progression of the upper uri-
nary tract dilatation. Because of the previous UTI and the ultrasound findings the 
patient should undergo a NM dynamic scan, ideally with indirect cystography, in 
order to assess the renal function and exclude or confirm the presence of VUR as the 
underlying cause of the UTI.

The urinary tract US performed during the admission demonstrated left pelvicaly-
ceal dilatation, with APD 13 mm, and distal ureteric dilatation with urothelial thick-
ening, as well as mild prominence of the right renal pelvis with mobile debris in both 
collecting systems. The patient was commenced on antimicrobial prophylaxis after 
completing treatment and remained well after the episode, with no further UTIs. A 
repeat ultrasound 2  weeks after the infection showed persistent left pelvicalyceal 
dilatation, with a renal pelvis APD of 10 mm, and moderate left distal ureteric dilata-
tion. A subsequent urinary tract ultrasound at 3 months of age demonstrated some 
mild progression of the left pelvicalyceal and distal ureteric dilatation. The NM scan 
demonstrated reduced function of left kidney (25%) with high-grade reflux.

Question 3. What Is Your Definitive Management for This Patient?
The patient should undergo a circumcision to reduce his risk of further UTIs and a 
diagnostic cystoscopy can be performed at the same time to assess the anatomy of 
the urethra and bladder, and the appearances of both UOs. The Ab prophylaxis can 
be stopped at that point and he should undergo regular surveillance with a repeat 
ultrasound 6–8 weeks after the procedure and at nine and 12 months of age; then 
yearly at least until he is toilette trained and subsequently at 5 years of age. No 
repeat NM scan is required in this case, unless there is progressive upper urinary 
tract dilatation, or the patient becomes symptomatic with recurrent UTIs.

With these findings decision was made to proceed with a diagnostic cystoscopy 
to assess the anatomy of the urethra and bladder, and a circumcision to reduce his 
risk of further UTIs. The procedure was performed when he was 5 months of age. 
On Cystoscopy, his urethra was normal without evidence of PUV, but his bladder 
appeared large and cone shaped, with multiple trabeculations. The left UO was lat-
erally placed and “golf hole”; the right orthotopic and slit like. He underwent fur-
ther investigations, with a spinal US due to the bladder appearances on cystoscopy 
and a repeat US urinary tract. His spine appeared normal on US; however, the left 
pelvicalyceal dilatation had increased from 6 to 15 mm and there was evidence of 
mild right renal pelvis dilatation of 6 mm. A follow up at 9 months of age US dem-
onstrated again improvement in the left renal pelvis and ureteric dilatation, with 
stable appearances on the right. He remained well and asymptomatic, with no UTIs 
after stopping the Px Abs. Unfortunately, the urinary tract US at 1  year of age 
showed significant increase in the left renal pelvis dilatation, APD 13  mm, and 
extrarenal pelvis 28 mm, but with a full bladder, with global cortical thinning and 
reduced corticomedullary differentiation (Fig. 9.79).
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a

b

c

Fig. 9.79  (a) Ultrasound 6 weeks after the procedure. Right kidney demonstrates mild renal pel-
vis dilatation, APD 6 mm, with normal corticomedullary differentiation. Worsening left pelvicaly-
ceal dilatation with parenchymal thinning, renal pelvis APD 15 mm. No distal ureteric dilatation. 
(b) US urinary tract at 9 months of age. Both kidneys demonstrate interval growth. Normal right 
kidney appearances, with only mild prominence of the renal pelvis (APD 4  mm). Left kidney 
demonstrates cortical scarring in the lower pole and mild prominence of the renal pelvis, APD 
5 mm. Both distal ureters are dilated with the right measuring 7 mm and the left 8 mm. (c) US 
urinary tract at 12 months of age. Normal right kidney with no upper urinary tract dilatation. The 
left kidney is abnormal with marked global cortical thinning and reduced corticomedullary dif-
ferentiation. Renal cortical scarring is noted involving the lower pole and there is marked left pel-
vicalyceal dilatation. The pre-void intrarenal renal pelvis APD is 13 mm, but there is also a large 
extrarenal pelvis of 28 mm
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Question 4. How Does This Change Your Management? What Would You 
Do Next?
There is now evidence of increased left renal pelvis dilatation and distal ureteric 
dilatation, although with a full bladder on the last ultrasound. These findings have 
been intermittent during follow up, although with an APD of the renal pelvis of 
28 mm, upper urinary tract obstruction should be excluded. In order to do this, a 
NM scan should be repeated to assess the renal function and the drainage curves. 
Ideally, a urinary tract ultrasound should be repeated 3 months after to ensure the 
upper urinary tract dilatation remains stable and the APD of the renal pelvis should 
be measured after the patient has voided.

Because of the increase in the renal pelvis dilatation a repeat NM scan was per-
formed to rule out obstruction. This showed some further decrease of the left kidney 
function to 17% and associated left VUR, but no evidence of obstruction. A repeat ultra-
sound demonstrated again improvement in left renal pelvis dilatation, APD now 8 mm, 
but with persistent global thinning and reduced corticomedullary differentiation.

The patient remained asymptomatic and UTI free for over 12 months, with pre-
served renal function (Cr 30 μmol/l). A repeat US urinary tract at 2½ years of age 
demonstrated stable appearances of the smaller and scarred left kidney with stable 
mild prominence of renal pelvis (7 mm) and no distal ureteric dilatation. Due to his 
favourable progression he was referred to the nephrologist to continue monitoring 
with serial US and assessment of his BP and renal function (Fig. 9.80).

9.23.1	 �Discussion

This male infant had antenatal diagnosis of left hydronephrosis, but also developed 
severe uropesis and secondary meningitis at only 2 weeks of age. His US demon-
strated significant left upper urinary tract dilatation an there was reduced function of 
left kidney (25%) with high-grade reflux on the MAG-3 with IRC. Because of these 
findings he was commenced on prophylactic Abs once the infection was treated and 
underwent a circumcision to reduce his risk of further UTIs [31, 42]. A diagnostic 
cystoscopy was performed under the same GA, which demonstrated a normal ure-
thra and a left “golf hole” UO consistent with VUR. We opted not to treat the left 
VUR at that point and to manage him conservatively, knowing that the main risk of 

Fig. 9.80  US urinary tract at 2½ years of age. Interval renal growth of both kidneys. Normal right 
kidney appearances, without upper urinary tract dilatation. The small scarred left kidney has shown 
some growth and there is unchanged mild pelvicalyceal dilatation, with renal pelvis APD 6 mm. 
No distal ureteric dilatation seen
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UTIs is in uncircumcised males with VUR and that the resolution rates are higher in 
males, as mentioned before [69, 75]. He remained asymptomatic after stopping the 
prophylactic Abs, but his follow-up imaging demonstrated intermittent increase in 
the left upper urinary tract dilatation, with global cortical thinning, and some further 
decrease of the left kidney function to 17% with persistent left VUR; there was no 
evidence of obstruction. Because he was still UTI-free and asymptomatic we opted 
to manage him conservatively and monitor him with frequent US.

The incidence of VUR is much higher among children with urinary tract infec-
tions (30–50%, depending on age). Furthermore, among all children with UTIs, 
boys are more likely than girls to have VUR (29% compared with 14%) [74, 77, 78]. 
Boys also tend to have higher grades of VUR diagnosed at younger ages, although 
their VUR is more likely to resolve. Dilating VUR increases the risk of developing 
acute pyelonephritis and renal scarring. Approximately 10–40% of children with 
symptomatic VUR have evidence of renal scarring resulting from congenital dys-
plasia, acquired post-infectious damage, or both [74]. Furthermore, patients with 
higher grades of VUR present with higher rates of renal scarring.

Guidelines for the management of UTIs in male infants indicate that these 
patients should undergo further investigations, which include an US urinary tract, 
and an MCUG to confirm or rule out the presence of VUR and a DMSA scan to 
assess for renal scarring if they present with atypical or recurrent UTIs [73, 79–82]. 
In most paediatric urology textbooks, fluoroscopic MCUG is understandably rec-
ommended as the routine imaging study of choice in children with an episode of 
UTI, as VUR is detected in up to 30% of cases [24, 27, 28]. However, in recent days, 
a less invasive approach is being favour and most patients undergo a NM scan with 
indirect renal cystography (IRC) to assess for VUR, unless there is a suspicion of 
PUV as the underlying cause. In IRC, when the upper urinary tract is drained and 
most of the tracer is contained in the bladder, the patient is scanned before, during 
and after voiding. Any increase in radioactivity over the ureters or kidneys indicates 
VUR [13]. The main advantage of IRC over conventional MCUG is that it is per-
formed under more physiological conditions, as unpleasant catheterization is pre-
vented. It has a low radiation burden and it also provides functional, morphological 
and uro-mechanical information, by assessing the effect of a full and empty bladder 
on the drainage from dilated upper tracts. The functional assessment of the urinary 
tract includes renal parenchymal integrity, split renal function, drainage, timing, and 
completeness of bladder emptying. The major disadvantage of IRC is the estimated 
percentage of false-negative results in terms of VUR, which can be up to 22–51%, 
depending upon technical aspects, the timing of the study and the patient’s age and 
cooperation [27, 28]. However, its specificity is extremely high, of up to 97%.

9.24	 �Case 24

A 9-years old female with previous medical history of recurrent UTIs since the age 
of 5 years is referred for further investigations and management, after failure of 
medical treatment by the general practitioner. She usually presented with urgency, 
frequency, dysuria and haematuria and the infections were usually due to E. coli, but 
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she only had the first febrile UTI at the age of 9 years old. An US urinary tract per-
formed when she was 8 years old could not identify any abnormalities nor a cause 
for the infections.

Question 1. What Other Information Would You Like to Know About Her 
Symptoms and Why?
Because she presented late in life, with lower urinary tract infections and only had 
an episode of pyelonephritis at the age of 9 years, and the urinary tract US appears 
normal, her UTIs could be related to other associated problems such as constipa-
tion and/or voiding dysfunction. Because of this, it is important to gather as much 
information possible related to her bladder and bowel function and drinking habits. 
She should ideally fill in a bladder diary and a Bristol Chart.

She was fully toilette trained and voided frequently, had regular bowel motions 
and had good fluid intake, but suffered from intermittent urinary urgency and incon-
tinence which were initially thought to be related to bladder overactivity (OAB). 
She was initially treated with anticholinergics, with significant improvement of the 
overactivity symptoms, but her UTIs continued.

Question 2. Would You Request Other Investigations and Why?
Yes, a NM dynamic scan with indirect cystography to assess the renal function and 
exclude or confirm the presence of VUR. She is too old to undergo an MCUG, which 
is a much more invasive procedure and has the disadvantage of the radiation exposure.

A MAG-3 with IRC demonstrated left VUR with preserved differential renal 
function.

Question 3. With This Information and the Results of the Investigations, 
What Is Your Management for This Patient?
The patient has failed medical management and should undergo surgical treatment. 
As the initial approach, a minimally invasive technique should be offered. She 
should undergo injection of a bulking agent into the ureteric opening to treat the 
VUR. If this fails, she is old enough to perform reconstructive surgery to correct the 
VUR. Both options should be offered to the parents.

Because of this and the findings on the NM scan, decision was made to proceed 
with endoscopic treatment for the VUR when she was 9½ years old. She underwent 
a diagnostic cystoscopy which demonstrated that the bladder was slightly trabecu-
lated and that both orthotopic UOs distended significantly to the flow and allowed 
passage of the cystoscope through the VUJs. An endoscopic injection of deflux® 
into both UOs with a combined HIT and STING technique was performed to treat 
the VUR (Fig. 9.81).

She recovered well from the procedure and did not develop any further UTIs. 
Since her OAB symptoms had also improved, her anticholinergic medication was 
also stopped. She was reviewed 4 weeks after the procedure with an US urinary 
tract, which demonstrated normal bladder and kidney appearances without upper 
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urinary tract dilatation. A repeat US urinary tract 6 months after again demonstrated 
normal appearances of the urinary tract and she did not develop any further issues 
(Fig. 9.82).

9.24.1	 �Discussion

This girl presented with a long-standing history of UTIs and symptoms of bladder 
overactivity (OAB).

She initially underwent an US, which was normal, and subsequently an NM scan 
with indirect cystography, which demonstrated left VUR with preserved differential 
renal function. Despite treatment with anticholinergics and prophylactic Abs her 
UTIs continued. Because of failure of medical treatment, surgical treatment was 
indicated; however, these children should also be advised to void frequently and 
drink abundant fluids as part of the management of a possible voiding dysfunction. 

Fig. 9.81  Cystoscopy and injection of deflux® at 9½ years of age. The bladder was slightly tra-
beculated and that both orthotopic UOs distended significantly to the flow and allowed passage of 
the cystoscope through the VUJs. To treat the VUR, deflux injection into both UOs with a com-
bined HIT and STING technique was performed
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We opted for endoscopic treatment initially and she underwent injection of a bulk-
ing agent to both UOs, with a combined HIT and STING technique to ensure a 
better success rate. She did not develop any further UTIs and her OAB symptoms 
also improved.

In cases where there is poor compliance or failure of medical treatment, break-
through UTIs, evidence of deterioration of renal function or progression of renal 
scarring, or when there is parental preference to avoid continuous antibiotics, sur-
gery has an indication [68, 69, 71–74]. The main goal of surgery for VUR is to stop 
the recurrence of febrile UTIs, prevent renal scarring and avoid long-term complica-
tions of VUR [73, 80, 81]. Surgery can be approached with endoscopic injection of 
bulking agents, open ureteric reimplantation, and minimally invasive approaches 
such as laparoscopic/robotic ureteric reimplantation. The endoscopic injection of 
bulking agents gained popularity in the last 2 decades, including the use of different 
materials over the years, and has become an alternative to long-term antibiotic pro-
phylaxis and surgical intervention in the treatment of VUR in children [71, 80, 81]. 
Currently, dextranomer/hyaluronic acid microspheres (Deflux®) is the most com-
monly used agent. The goal of the procedure is to inject the bulking agent in the 
submucosal intramural tunnel to downgrade or resolve the VUR. The injected bulk-
ing agent elevates the ureteral orifice and the distal ureter so that coaptation is 
increased. The lumen is thus narrowed, preventing reflux of urine into the ureter 

a

b

Fig. 9.82  (a) US urinary tract 4 weeks after the procedure. Normal kidney appearances without 
upper urinary tract dilatation. Complete bladder emptying. (b) US urinary tract 6 months after the 
procedure. Interval growth of both kidneys. There is borderline prominence of both renal pelvises, 
right APD 6 mm and left 7 mm, which doesn’t change post-void
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while still allowing the urine’s antegrade flow. The endoscopic management has 
migrated from the STING technique (subureteric Teflon injection), which originally 
used polytetrafluoroethylene (PTFE/Teflon) injected below the ureteric orifice at the 
6 o’clock position to generate a “crescent shaped” orifice, to the HIT technique 
(hydrodistention of the ureteric orifice), in which the injection of bulking agent is 
located in the mid to distal submucosal tunnel at the 6 o’clock position. More 
recently, the double HIT technique is the preferred one (modified HIT technique 
with proximal and distal intraluminal submucosal injections) [80, 81]. Several stud-
ies have demonstrated resolution rates of 70–90% with the endoscopic treatment, 
and the highest success is seen in lower grades [71, 75, 81]. Nevertheless, rates of 
correction appear to be lower than those reported with surgical reimplantation tech-
niques particularly for high grade VUR (92–98% as mentioned before). Furthermore, 
when compared with long-term low-dose antibiotic prophylaxis alone, endoscopic 
correction with or without antibiotics may make little or no difference to the likeli-
hood of either symptomatic, febrile UTI or progressive renal damage [68, 71, 72].

9.25	 �Case 25

A 6-months old male with 2 previous non-febrile UTIs at 4 and 5 months of age 
presented to the emergency department with 1-day history of high temperatures and 
irritability and was diagnosed with a febrile UTI.  A urine culture confirmed a 
Klebsiella oxytoca infection, but he was well and was treated with a course of oral 
Abs with good response.

Question 1. What Is Your Initial Management for This Patient?
The patient should be commenced on prophylactic Abs once the infection is resolved. 
Because of the recurrent UTIs, the atypical bacteria, and his gender, the patient 
should undergo further investigations. A urinary tract US should be requested to 
assess for any possible urinary tract anomalies, such as a renal duplication or 
upper urinary tract dilatation. Functional imaging is also indicated, either a DMSA 
to exclude renal scarring or a MAG-3, ideally with indirect cystography, to deter-
mine the renal function and assess for VUR.

A urinary tract US was organised and demonstrated mild dilation of the right 
pelvicalyceal system, with a normal left kidney and bladder. With these findings and 
the previous history of UTIs, he was started on Px Abs and a NM scan with indirect 
cystography was performed to assess the renal function and rule out VUR.  The 
MAG-3 scan demonstrated significant reduction in the right renal function (22%) 
and confirmed the presence of bilateral VUR, worse on the right.

Question 2. What Are the Treatment Options and Why?
Because of the recurrent UTIs, the evidence of bilateral VUR and the compromise 
of the right renal function this patient should not be managed conservatively and the 
VUR should be treated. In this case, endoscopic treatment with a bulking agent 
should be offered, and a circumcision could be performed at the same time. The 
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prophylactic Abs should continue at least until the procedure or can be ceased after 
12 months of age.

Due to the recurrent UTIs and bilateral VUR with compromise of the renal func-
tion decision was made to proceed with endoscopic treatment for the VUR and a 
circumcision under the same GA when he was 8  months of age. On diagnostic 
cystoscopy the right UO was orthotopic, but appeared very patulous, and the left 
was laterally placed. Deflux® material was injected with a combined HIT/STING 
technique on the right and STING technique on left. He recovered well after the 
surgery and remained asymptomatic without further UTIs, under Ab Px.

Question 3. What Is Your Follow Up Plan for This Patient?
He should be reviewed 6–8 weeks after the procedure with a urinary tract US to 
assess the upper urinary tract dilatation and ensure there is no evidence of obstruc-
tion secondary to the procedure. Further follow up urinary tract US should be per-
formed 6 months after and subsequently once a year until he is toilette trained, and 
then at 5 years of age. A repeat NM scan is not required unless he develops symp-
toms again or there is evidence of progression of the upper urinary tract dilatation 
on the ultrasounds.

He was reviewed with a urinary tract US 2 months after the procedure, which 
demonstrated some mild improvement of the pelvicalyceal dilatation of the smaller 
right kidney and compensatory hypertrophy on the left. The chemoprophylaxis was 
stopped when he was 15  months old and he continued to thrive and remained 
asymptomatic with normal BP and stable appearances on subsequent US urinary 
tract until the age of 5 years when he was fully toilette trained and discharged to 
continue follow up with the nephrology team (Fig. 9.83).

9.25.1	 �Discussion

This male infant had normal antenatal scans but presented with recurrent UTIs and 
an US of his urinary tract demonstrated mild dilation of the right pelvicalyceal sys-
tem. The NM scan demonstrated reduced right renal function (22%) and confirmed 
the presence of bilateral VUR, worse on the right. He was started on prophylactic 
Abs, but also underwent a circumcision and bilateral endoscopic treatment for the 
VUR. In this case, because of the reduced kidney function with high grade VUR, 
and the recurrent UTIs, a combined management approach was used, and the patient 
received both medical and surgical management. He was initially started on antibi-
otic prophylaxis, but subsequently underwent endoscopic treatment because of the 
findings on the functional imaging. A circumcision was offered at the same time to 
reduce his risk of UTIs.

In this case, a MAG-3 with IRC was preferred to assess the renal function and 
confirm the presence of VUR. According to most guidelines, however, because of 
her age, the recurrence of the UTI and the atypical microorganisms, an MCUG 
could have been recommended [74, 77–80]. The objective of conservative therapy 
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is prevention of febrile UTI, which in this case was not deemed reasonable due to 
the evidence of reduced renal function and the previous recurrent UTIs the patient 
developed. Conservative therapy is based on the understanding that VUR can 
resolve spontaneously, mostly in young patients with low-grade reflux, and that 
VUR does not damage the kidney in the absence of UTI and the presence of normal 
lower urinary tract function. Circumcision during early infancy may be considered 
part of the conservative approach because the procedure has been shown to be effec-
tive in reducing the risk of infection even in normal children [44]. Circumcision 
should be considered in boys with higher risk of UTIs, as it decreases periurethral 

a

b

c

Fig. 9.83  (a) US urinary tract 2 months after the procedure. Right kidney with diffuse cortical 
thinning and loss of corticomedullary differentiation. Right renal pelvis is prominent measuring 
8 mm. Compensatory hypertrophy of the left kidney with no upper urinary tract dilatation. (b) US 
urinary tract at 3 years of age. Persistently smaller right kidney with diffuse cortical thinning and 
scarring, with loss of corticomedullary differentiation. Minor urothelial thickening, but no pelvi-
calyceal dilatation. Compensatory hypertrophy of the left kidney with normal appearance. (c) US 
urinary tract at 5 years of age. Smaller right kidney with global cortical thinning and scarring, 
without pelvicalyceal dilatation. Normal appearing left kidney with compensatory hypertrophy. 
No distal ureteric dilatation and complete bladder emptying
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colonization with bacterial pathogenic flora [76]. In boys recurrent UTIs and VUR, 
circumcision with or without antibiotic prophylaxis prevents recurrent and febrile 
urinary tract infections [31, 44, 76]. Conservative management should be dismissed 
in all patients with breakthrough or recurrent febrile UTIs and compromised renal 
function, and intervention should be considered. Several studies have demonstrated 
that circumcision in boys with severe uropathy is efficacious, as it significantly 
decreases the bacterial colonization rate in boys with and without VUR compared to 
antibiotic prophylaxis. Circumcision is most effective when performed during the 
first year of life for reducing the incidence of UTI and antibiotic prophylaxis alone 
is not sufficient for decreasing bacterial colonization on the preputium, therefore 
circumcision is essential in such patients even when treated with antibiotic prophy-
laxis [31].

As mentioned before, surgery for VUR has one main objective, which is the 
prevention of renal scarring by stopping the recurrence of febrile UTIs. Endoscopic 
injection of bulking agents is an excellent alternative for young infants with recur-
rent UTIs and it can have a success rate of 70–90% [73, 80, 81]. However, the 
long-term success rates appear to be lower than with surgical reimplantation tech-
niques and, when compared with low-dose antibiotic prophylaxis alone, endo-
scopic correction with or without antibiotics makes little or no difference to the 
likelihood of either symptomatic, febrile UTI or progressive renal damage [71, 72]. 
Nevertheless, endoscopic injection is a good alternative when long-term prophy-
laxis wants to be avoided or when the child is too young to undergo reconstructive 
surgery safely.

9.26	 �Case 26

A 1-week old term baby boy with antenatal history of bilateral hydronephrosis and 
distended bladder, developed four-days history of vomiting, feeding intolerance, 
progressive weight loss, poor urinary stream and fevers, with secondary acute kid-
ney injury (AKI) with Cr 144 μmol/l and urea of 17 mmol/L. He was transferred 
from a peripheral hospital for further investigations and management. During the 
admission he was diagnosed with urosepsis secondary to E. coli infection, and men-
ingitis. He underwent an US urinary tract which demonstrated a thick-walled blad-
der, with bilateral distal ureteric and pelvicalyceal dilatation, worse on the right, 
with echogenic kidneys (Fig. 9.84).

Question 1. What Is Your Main Differential Diagnosis?
The main diagnoses that need to be excluded in this case are:

–– Posterior urethral valves with secondary urosepsis and acute kidney injury
–– Vesicoureteric reflux with secondary urosepsis and acute kidney injury
–– Urethral atresia with secondary urosepsis and acute kidney injury (less likely)
–– Prune Belly Sd. (even less likely)
–– Spinal anomaly/dysraphism (spina bifida)
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Question 2. What Is Your Initial Management for This Patient?
The first and main intervention in the case of suspected posterior urethral valves is the 
insertion of a urethral catheter to release the potential bladder obstruction, and also 
help with the clearance of the infection; this will improve his renal function. The patient 
needs long-term IV/PO antibiotics to treat both infections (21 days as per guidelines) 
and subsequently prophylactic Abs to prevent further UTIs. Once the more severe infec-
tion and AKI have been treated and he has remained well for at least 48 h, a MCUG 
should be performed to confirm or exclude the diagnoses mentioned above. A spinal US 
may also need to be requested depending on the MCUG findings if there is no evidence 
of PUV and the bladder appears abnormal and/or there is high grade bilateral VUR.

A urethral catheter was inserted without fdifficulties on admission and he was 
treated with IV/PO Abs for a period of 3 weeks. His AKI was also managed by the 
nephrology team with IV fluids and correction of his electrolytes. Because of his 
presentation with urosepsis and AKI, and the US findings with the possibility of 
posterior urethral valves (PUV) as the underlying cause, he underwent a MCUG 
after completing a few days of IV Abs.

a

b

Fig. 9.84  (a) Urinary tract US on week one of life. Partially filled bladder. The left kidney dem-
onstrates markedly reduced corticomedullary differentiation and multiple small cysts within the 
echogenic renal cortex. There is mild left pelvicalyceal dilatation with an APD 6 mm and proximal 
ureteric dilatation, and a minimally dilated left distal ureter, up to 2 mm. The right kidney has 
generalised parenchymal thinning and the cortex is echogenic with loss of corticomedullary dif-
ferentiation. There is gross right pelvicalyceal dilatation, with a renal pelvis APD of 23 mm, and 
there is a moderate amount of mobile debris seen within the dilated pelvicalyceal system. The right 
ureter is noted to be dilated both proximally and distally up to 7 mm. (b) MCUG at 2 weeks of age
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Question 3. What Does the MCUG Show?
The bladder has normal contour and shape. Bilateral grade V vesicoureteric reflux, 
with tortuous/dilated ureters and severe dilatation of the pelvicalyceal systems. 
Normal appearance of the posterior urethra during void. No dilatation or filling 
defect identified to suggest posterior urethral valve.

The cystourethrogram ruled out PUV but demonstrated bilateral high grade 
VUR. An US of the spine was also performed to rule out any spinal anomalies.

Question 4. How Would You Manage This Patient with a Diagnosis of 
Bilateral High Grade VUR?
The patient should be commenced on antimicrobial prophylaxis and should undergo 
a circumcision to prevent further UTIs. A repeat US urinary tract should be per-
formed at 6 weeks, and 3 and 6 months of age to assess the progression of the upper 
urinary tract dilatation. Functional imaging should also be requested to assess the 
differential renal function.

Once he completed treatment and had recovered from the sepsis and AKI, with Cr 
decreasing (Cr down to 50 μmol/l and subsequently 39 μmol/l) and improved feeding, 
he underwent a circumcision prior to his discharge from the hospital. He was com-
menced on Ab prophylaxis and remained well without any further UTIs. A repeat US 
urinary tract 2 months after the admission showed persistent severe right pelvicalyceal 
dilatation and only mild prominence of the right renal pelvis, with some mild improve-
ment in the distal ureteric dilatation. He also underwent a NM scan to assess the func-
tion of both kidneys and a repeat US urinary tract 4 weeks after to reassess the upper 
urinary tract dilatation, to ensure there was no evidence of associated obstruction. The 
NM scan showed preserved differential renal function and persistent right VUR, and 
there was persistent bilateral renal pelvis dilatation, but improved on the right (right 
APD 16 mm) with mild bilateral prominence of the distal ureters on US (Fig. 9.85).

The patient remained asymptomatic and UTI-free on prophylactic Abs, with 
stable renal function (Cr 31 μmol/l), and was reviewed again with a repeat US 

Fig. 9.85  (a) US urinary tract at 4 months of age. Bladder underfilled, with mild bilateral distal 
ureteric dilatation of 9 mm on the left and 4 mm on the right. Persistent right pelvicalyceal dilata-
tion, with renal APD 29 mm, and generalised parenchymal thinning with loss of corticomedullary 
differentiation. There is mild left renal pelvis prominence, APD 5 mm and the left kidney demon-
strates increased parenchymal echogenicity with reduced corticomedullary differentiation. (b) 
MAG-3 at 4 months of age. There is patchy concentration of radiopharmaceutical in the cortex of 
the right kidney with there is of photopenia in the upper and lower poles consistent with reflux 
nephropathy. Uptake in the left kidney is also patchy but better preserved than on the right. At the 
end of the initial imaging period there is pooling in both collecting systems and both ureters appear 
prominent. Following intravenous administration of Lasix there is good drainage from the left but 
significant retention on the right. There is reflux to the right ureter on the dynamic micturating 
images. Differential renal function is preserved with 46% on the right and 54% on the left. (c) 
Repeat US urinary tract at 5 months of age. Moderate right pelvicalyceal dilatation, with renal 
pelvis APD 16 mm, and increased cortical thinning. Mild left pelvicalyceal dilatation and increased 
cortical echogenicity. Left renal pelvis APD 5 mm. The distal ureters are intermittently prominent, 
and the bladder outline is normal
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urinary tract at 7 months of age, which demonstrated severe right pelvicalyceal dila-
tation (renal pelvis APD 29 mm) with persistent mild distal ureteric dilatation, and 
mild progression of the left upper urinary tract dilatation (Fig. 9.86).

Question 5. Would this Change Your Management for the Patient? Why?
Yes, the patient should undergo a repeat NM dynamic scan to reassess the function 
of the right kidney and ensure there is no evidence of obstruction, because of the 
evidence of further increase in the right pelvicalyceal dilatation. A urinary tract US 
should also be performed to assess the progress of the upper urinary tract dilata-
tion. The patient should remain on prophylactic Abs at least until he is 1 year of age.

Because of the increase in the right renal pelvis dilatation, a repeat NM scan was 
performed to reassess the renal function. Although there had been a slight reduction 
in the right renal function to 42%, VUR was not demonstrated. No further investiga-
tions were undertaken at that point as he remained asymptomatic and he was 
reviewed again 6 months after with an US urinary tract, which again showed signifi-
cant reduction in the degree of right renal collecting system dilatation and stable 
mile left renal pelvis dilatation, with ongoing bilateral renal scarring and altered 
parenchymal echogenicity (Fig. 9.87).

He remained well and did not develop any UTIs. His renal function and BP also 
remained stable. A repeat US urinary tract performed at 2 years of age demonstrated 
stable right pelvicalyceal dilatation, with renal pelvis APD 16 mm and parenchymal 
thinning, and mild left renal pelvis dilatation, APD 9 mm, with some major calyceal 
prominence, without distal ureteric dilatation. Due to his good progress and absence 

Fig. 9.86  US urinary tract at 7 months of age. Interval growth of both kidneys, with persistent 
increased parenchymal echogenicity. The right kidney demonstrates cortical thinning and severe 
right pelvicalyceal dilatation, with renal pelvis APD 29 mm. Mild left renal pelvis dilatation, APD 
5 mm. Bilateral distal ureteric dilatation, worse on the left, up to 7 mm
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b

Fig. 9.87  (a) MAG-3 with IRC at 7 months of age. Patchy cortical uptake is again demonstrated 
bilaterally, worse on the right. Right renal function has decreased slightly. Differential function is 
42% on the right and 58% on the left. Right-sided drainage is slow. No vesicoureteric reflux was 
demonstrated on today’s study. (b) US urinary tract after 12 months of age. There is patchy hetero-
geneous cortical echogenicity bilaterally and the cortex appears irregular and thinned due to scar-
ring at the upper and lower poles. There is marked reduction in the degree of right pelvicalyceal 
dilatation, renal pelvis APD now 10 mm. The left kidney demonstrates mild renal pelvis dilatation, 
APD 5 mm. Mildly dilated distal ureters, right 3 mm and left 4 mm
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of symptoms, the chemoprophylaxis was ceased, and he started toilette training 
when he was around 3 years old (Fig. 9.88).

During the following 12 months he developed issues with intermittent deterio-
ration in his renal function with increased Cr up to 75–85  μmol/l and urea 
6.1–8.9 mmol/l, and multiple admissions for febrile illnesses suspected to be UTIs, 
but without any proven infections. Once these were treated, his Cr would normalise 
again to his baseline (35 μmol/l). The patient also developed issues with postponed 
voiding and holding manoeuvres and his toilette training had to be postponed for a 
few months. Various repeat US urinary tract performed locally demonstrated stable 
appearances of both kidneys with stable mild upper urinary tract dilatation bilater-
ally. He was reviewed again at 4  years of age and had remained well during a 
period of about 6 months. He had started toilette training again but was having 
intermittent urinary incontinence. His Cr was stable at 35 μmol/l, as well as his 
BP. A renal US performed at 3 and a half years of age showed some mild progres-
sion of the bilateral distal ureteric and renal pelvis dilatation, with some increase 
in the right calyceal dilatation compared to the previous scans. A subsequent US 
urinary tract demonstrated some further increase in the upper urinary tract dilata-
tion with incomplete bladder emptying and significant post-void residual volumes, 
and he suffered from 2 febrile UTIs requiring admission for IV Abs. His issues 
with urinary incontinence worsened and he also developed increased frequency 
and urgency (Fig. 9.89).

Fig. 9.88  US urinary tract at 2 years of age. Stable right pelvicalyceal dilatation, with renal pelvis 
APD 16 mm and parenchymal thinning. Persistent mild left renal pelvis dilatation, APD 9 mm, 
with some major calyceal prominence. No distal ureteric dilatation
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Fig. 9.89  (a) US urinary tract at 3½ years of age. Mild to moderate collecting system dilatation 
bilaterally, worse on the left with right renal pelvis APD of 17 mm and left APD 9 mm. No obvious 
ureteric dilatation. (b) US urinary tract at 4 years of age. There is global cortical thinning bilater-
ally, with mild increase in pelvicalyceal dilatation, with renal pelvis APD of 13 mm on the right 
and 17 mm on the left. Both distal ureters are dilated up to 9 mm on the left. Evidence of incom-
plete bladder emptying with post-void residual volume of 127 ml (pre-void volume 240 ml)
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Question 6. What Is Your Definitive Management for This Patient and Why?
In this case, the medical treatment has failed as he developed further UTIs, progres-
sive upper urinary tract dilatation and symptoms of voiding dysfunction, all likely 
related to his underlying high grade VUR. Because of this, he should undergo surgi-
cal treatment and the first option can be an endoscopic injection of a bulking agent 
into de UOs. Reconstructive surgery is also an alternative, although it is a much 
more invasive approach especially considering the lack of evidence for the real 
underlying cause of his symptoms (i.e. VUR vs voiding dysfunction).

An alternative would be to repeat the NM scan (or even an MCUG, although 
contraindicated at his age) to reassess the presence of VUR and the differential 
renal function. However, a diagnostic and potentially therapeutic cystoscopy is a 
much easier option considering the possibility of treating the VUR immediately. The 
disadvantage is the requirement of GA for the procedure.

A video-urodynamic study could also be performed to assess his bladder dynam-
ics during filling and emptying, and if there is evidence of persistent VUR. This study 
could also help determine if the VUR is responsible for his urinary symptoms and 
voiding dysfunction and decide the best management. If VUR is confirmed it could be 
corrected either with endoscopic or reconstructive surgery, as mentioned above.

Because of his worsening symptoms and deterioration of his bladder function 
with recurrent UTIs, his chemoprophylaxis was restarted to try and prevent further 
UTIs and decision was made to proceed to a diagnostic cystoscopy with the view of 
also performing endoscopic treatment for his VUR and to assess if his bladder dys-
function also improved. The procedure was performed when he was 4½ years old 
and the cystoscopy demonstrated a non-trabeculated, cone shaped bladder, with 
orthotopic gapping UOs; he underwent injection of deflux® into both UOs without 
complications (Fig. 9.90).

He recovered well from the procedure and was discharged on prophylactic Abs 
for 3 months. He remained well and asymptomatic with no further UTIs and his 
urinary incontinence improved, with resolution of the urgency and frequency. A 
repeat US urinary tract demonstrated stable appearances of the bilateral upper uri-
nary tract dilatation, which improved after voiding with almost complete bladder 
emptying, and his Ab Px was stopped again (Fig. 9.91).

9.26.1	 �Discussion

In this case, the main underlying condition to exclude in the presence of bilateral 
upper urinary tract dilatation and urosepsis in the neonatal period, is PUV. The child 
was managed accordingly with the insertion of a urethral catheter for bladder 
decompression and stabilization of his renal function, and subsequently underwent 
further investigations to confirm the diagnosis. A MCUG demonstrated high grade 
bilateral VUR and he was commenced on prophylactic Abs and underwent a cir-
cumcision to prevent further UTIs. His initial MAG-3 demonstrated preserved dif-
ferential renal function and right VUR; however, repeat functional imaging indicated 
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some deterioration in his right renal function with progression of the right pelvi-
calyceal dilatation. The patient remained asymptomatic the first 2 years of life and 
was therefore managed conservatively. Most of his issues appeared when he started 
toilette training and he developed holding manoeuvres with secondary urinary 
incontinence due to incomplete bladder emptying. Although it was not clear if the 
VUR was the reason for his voiding dysfunction, with the so called “Jo-Jo” mecha-
nism and constant refilling of the bladder immediately after micturition, or if the 
bladder dysfunction was causing a worsening of his underlying primary VUR. This 

Fig. 9.90  Cystoscopy and injection of bulking material into the UOs at 4½ years of age. Evidence 
of a cone shaped bladder, non-trabeculated, with orthotopic gapping UOs
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also triggered recurrence UTIs, which meant he could not be managed conserva-
tively anymore. A strong effort was made to improve his bladder behaviour, but with 
the risk of further deterioration of his renal function we opted to treat the VUR in 
this case. Because we were unsure of the underlying mechanism for the symptoms 
we decided to proceed with endoscopic injection of a bulking agent and perform a 
diagnostic cystoscopy prior. This would allow us to also determine if the correction 
of the VUR would have an impact in his bladder function as well. This seemed to be 
the case as his urinary incontinence improved with time. He also remained UTI-free 
after the procedure. An alternative in his case could have been to perform Urodynamic 
studies to assess the bladder behaviour prior to surgery, but with the recurrent UTIs 
and quick deterioration of his renal function with each episode, treatment needed to 
be more aggressive.

Fig. 9.91  US urinary tract 3 months after the procedure. There is evidence of deflux material at 
both VUJ. Both kidneys demonstrate increased echogenicity and a generalised cortical thinning 
with more focal areas of scarring and significantly reduced corticomedullary differentiation. There 
is persistent bilateral moderate pelvicalyceal dilatation, which is more marked with a full bladder. 
Left renal pelvis APD 22 mm pre-void and 16 mm post-void; left renal pelvis APD 16 mm pre-void 
and remains stable at 10 mm post-void. The left distal ureter is dilated up to 7 mm and there is 
diffuse urothelial thickening
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An important aspect of VUR management is the treatment of voiding dysfunc-
tion, as it is associated with an increased risk of recurrent UTIs and a reduced prob-
ability of VUR resolution [80, 82]. Most patients present with high bladder capacity 
and incomplete bladder emptying. Over 40% of patients with high grade VUR have 
associated bladder/bowel dysfunction and they usually have persistent VUR, renal 
damage and recurrent UTIs during follow-up [68, 82]. Most patients with Lower 
Urinary Tract Dysfunction (LUTD) have voiding phase symptoms and a minority 
presents isolated OAB, although many children have a combination of both types of 
symptoms [69, 82]. Voiding phase problems are associated with higher rates of 
VUR and persistent VUR in children with LUTD at follow-up. Patients with LUTD 
have a higher rate of renal damage, as also noted in young children with high grade 
VUR. LUTD is also a risk factor for recurrent UTIs, but the overall recurrence rate 
is higher in girls than in boys [82]. Treatment of bladder and bowel dysfunction 
should include behavioural therapy, biofeedback (particularly for school-age chil-
dren), anticholinergic medications, alpha blockade, and constipation management. 
Only behavioural measurements were attempted in this case, but failed, and deci-
sion was made to proceed with endoscopic treatment worried about further 
renal damage.

9.27	 �F. Multicystic Dysplastic Kidney

9.27.1	 �Case 27

A 3-months old female with antenatal diagnosis of a left cystic kidney, identified on 
the 20 weeks GA scan, is referred for further investigations and management. She 
was monitored with antenatal scans every 4 weeks before birth and underwent 2 
further US urinary tract at 12 days and 5 weeks of life (Fig. 9.92).

Question 1. Please Describe the Typical Sonographic Characteristics of a 
MCDK on These Ultrasounds
The classical findings on imaging are:

–– Reniform-shaped multicystic mass occupying renal fossa
–– Lobulated outer contour due to cysts of variable size
–– Wide range of sizes: up to 15 cm in length in newborn period, but may be only 

1–2 cm after years of involution
–– Cysts of varying sizes that are not connected
–– Poorly defined intervening echogenic parenchyma without normal corticomedul-

lary architecture
–– The classic type has a random configuration of cysts, whereas the hydronephrotic 

type presents with a discernible, dilated renal pelvis surrounded by cysts.
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In this case there is presence of cysts of various sizes connected by insubstantial 
fibrous tissue; no functional renal tissue can be identified. Both ultrasounds demon-
strate appearances suggestive of a hydronephrotic MCDK. The first US shows a left 
MCDK with at least 3 large cysts of varying size and echogenic surrounding renal 
parenchyma. The second ultrasound demonstrated multiple cysts with minimal left 
renal parenchyma.

Question 2. What Is Your Management for This Girl and Why?
The patient should be managed conservatively, as long as she remains symptomatic, 
and does not require surgical intervention. The natural history is for the MCDK to 
progressively involute and not cause any complications.

The patient should be referred to the nephrology team and continue surveillance 
with US and monitoring of the BP. Further investigations are not required unless the 
patient becomes symptomatic or there is progressive increase in the size of the kid-
ney or the cysts. Some centres advocate performing a NM scan (DMSA) for docu-
mentation of lack of renal function.

She remained well after birth and asymptomatic. She also had a finding of a nasal 
infantile haemangioma that was treated with propranolol and resolved completely. 
A repeat US was performed when she was 6 months of age, which again demon-
strated a left multicystic dysplastic kidney and a normal right kidney. She was 
reviewed again at 2 years of age with a repeat US urinary tract. She had progressed 
well, was thriving and had not developed any UTIs nor other symptoms. Her BP 
remained within normal limits as well as her renal function, and her left MCDK 
seemed to be involuting on US images (Fig. 9.93).

a

b

Fig. 9.92  (a) US day 12 of life. (b) US urinary tract at 5 weeks of age
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9.27.2	 �Discussion

This girl was diagnosed antenatally with a dysplastic kidney and the postnatal US 
confirmed a left MCDK, which seemed to be involuting on follow-up imaging. She 
remained asymptomatic and was therefore managed conservatively.

Multicystic dysplastic kidney (MCDK) is the most common form of renal cystic 
disease in children, reported to occur in 1/2400–1/4300 live births [83, 84], and 
most cases are diagnosed antenatally. Routine postnatal US is performed to confirm 
the diagnosis, with the classical US features of multiple, non-communicating cysts 
of varying size, separated by dysplastic parenchyma and the absence of a normal 
pelvicalyceal system. However, in few instances it will be difficult to differentiate 
between MCDK and hydronephrosis based on the US alone. The value of further 
investigations for confirming the diagnosis is debatable. In the presence of classical 
ultrasound appearances and a normal contralateral kidney, a nuclear medicine scan 
is not necessary [83–85]. An associated contralateral anomaly has been reported in 
up to 40% of patients, with VUR being most commonly encountered (15–25%), 
followed by PUJO (4–5%), VUJO and ureterocoele. Many patients used to be 
screened with MCUG, since there is a higher possibility of contralateral reflux even 

a

b

Fig. 9.93  (a) US urinary tract at 6 months of age. The left kidney measures 3.9 cm (<5th centile) 
and is composed of multiple cysts of varying sizes, largest measuring approximately 
24 × 16 × 19 mm. The cysts are all simple in nature with no septations, loculations or debris. The 
intervening parenchyma is echogenic and dysplastic with no evidence of normal renal surrounding 
tissue. There is evidence of compensatory hypertrophy of the right kidney, which measures 6.2 cm 
(95th centile). (b) US urinary tract at 18 months of age. The left kidney is replaced by multiple 
anechoic variably sized cysts with no normal intervening parenchyma, the largest one measuring 
26 × 23 mm. The left kidney measures 3.6 cm (previously 3.9 cm). Compensatory hypertrophy of 
the normal right kidney with interval growth to 7.6 cm (>95th centile); previously 6.2 cm
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with normal US [85]. Although US is a poor tool for assessment of VUR, almost all 
cases that could be missed will be likely of low grade and with a high rate of spon-
taneous resolution [83]. A NM scan should be used to obtain additional prognostic 
information from the contralateral urinary tract in patients who had upper urinary 
tract dilatation on postnatal imaging. MCDK might persist without any change, 
increase in size, or undergo spontaneous involution, which occurs in most cases. 
Complications of MCKD include hypertension and infection, and the risk of malig-
nancy in this lesion is considered remote. Hypertension has been reported in 0–3% 
of patients with MCDK [83–85], however, the majority of patient does not require 
surgical intervention. The association of MCDK with neoplastic transformation is 
rarely encountered and several studies reported no malignancy in large series of 
patients with MCDK. Only case reports of either a Wilms’ tumor or renal cell car-
cinoma in association with MCDK have been documented [84, 85].

Most patients with MCDK will not require any sort of intervention, as most of 
the cases tend to involute over time with the fastest rates during early life, although 
the involution rates vary from 20 to 75% [83–85]. The main factor that determines 
involution is the in size on US, with the major prognostic indicator for spontaneous 
involution being an initial size of ≤5 cm on presentation.

A conservative approach to MCDK cases is still recommended and routine 
nephrectomy is not indicated, as the risk of complications is extremely low. The 
surgical treatment of MCDK should be considered in only few selected conditions, 
such as a very large kidney (>6 cm), when the retained mass appears to be growing, 
when there is a history of recurrent UTIs, and if hypertension or other symptoms 
develop [83, 85].
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10Congenital Upper Tract Anomalies: 
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Multicystic Dysplastic Kidney
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Learning Objectives
	1.	 Explain the basic embryology of the kidneys and ureter and how that relates to 

pathologic conditions associated with duplication anomalies.
	2.	 List the surgical options for managing duplication anomalies, ectopic ureteral 

insertion, ureterocele
	3.	 Develop a comprehensive differential diagnosis for renal cysts in children.
	4.	 What is the appropriate evaluation and investigations to consider for renal cysts 

in the pediatric population?

10.1	 �Introduction

A basic understanding of embryology is an important foundation for morphologic 
upper tract abnormalities. The embryologic development of the urinary tract occurs 
in several well-described stages [1]. In summary, there are three sets of nephric 
structures: the pronephros, mesonephros and metanephros. The pronephros is tran-
sient and regresses. The mesonephros is regulated by signals in the Wolffian duct 
and also regresses, although there is a functional component. The metanephros ulti-
mately becomes the definitive kidney and development begins with the outgrowth 
of epithelial cells called the ureteric bud from the Wolffian duct. As the ureteric bud 
extends out from the mesonephric duct to reach the metanephric mesenchyme 
(metanephric blastema), signaling causes a critical branching cascade, which forms 
the elaborate collecting duct system.
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Reciprocal interactions between the ureteric bud and metanephric blastema 
explain much of the pathophysiology described within this chapter. The first branch-
ing interactions give rise to the major and minor calyces, into which the collecting 
ducts from the renal papillae drain. Branching problems can cause decreased kidney 
mass (hypoplasia) and defective structures (dysplasia). Alternatively, if the ureteric 
bud bifurcates or there are two distinct buds that arise from the mesonephric duct, 
partial or complete duplication of the kidney may result.

10.2	 �Renal Duplication

10.2.1	 �Scenario 1

A newborn infant is known antenatally to have a left duplex kidney with possible 
complete ureteric duplication. Postnatal VCUG is shown below (Fig. 10.1 a and b).

10.2.1.1	 �Question 1
What does this show and how can this be explained embryologically?

10.2.1.2	 �Answer 1
The VCUG shows reflux into both upper and lower moiety ureters on the left but no 
clubbing of the calyces. The urethra is not seen but from the limited views available, 
the bladder looks normal. There is suggestion of duplication on the right with reflux 
on the right.

Embrylogy and Anatomy
When multiple ureteric buds emerge from the developing Wolffian Duct, a variety 
of duplication anomalies can result, ranging from partial duplication, which may 
not be clinically significant, to complete duplication, representing two distinct col-
lecting systems within the kidney and separate ureters inserting into the bladder. In 
>95% of cases, the anatomy follows the predictable Weigert-Meyer law [2, 3]. The 
upper and lower pole ureters cross prior to their respective insertions into the blad-
der. The lower pole moiety ureter enters the bladder at a lateral location relative to 
the upper pole moiety orifice. This leads to a shorter tunnel through the detrusor that 
is prone to reflux. The upper pole moiety ureter inserts more distally relative to the 
lower pole orifice, and more commonly results in an obstructive phenomenon, such 
as ureterocele. However, there is considerable variability in the possible pathology 
and it is possible for both poles to reflux, to drain normally, or for an ectopic loca-
tion to obstruct. Consequently, while duplex kidneys may be normal, they are prone 
to dysplasia or progressive obstruction depending on the anatomy of their insertion 
at the level of the bladder. The more ectopic the ureteral orifice, the greater the like-
lihood of obstructing or refluxing pathology, and, consequently, associated dypla-
sia. When identified on voiding cystourethrogram, reflux into a lower pole presents 
in a pelvicalyceal pattern described as the “drooping lily” sign, with the lower pole 
calyces in a characteristic downward-deviating orientation.
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Vesicoureteric Reflux in Duplex Kidneys
Due to the more lateral insertion site of the lower pole moiety orifice, reflux is a 
common finding, particularly in children presenting with UTI [4]. Repeated pyelo-
nephritis in the setting of lower pole reflux may lead to a characteristic appearance 
of dysplasia or scarring limited to the lower moiety. It may also lead to hypertension 
and/or proteinuria. Pain should not be a presenting symptom of reflux.

a

b

Fig. 10.1  (a and b) Select 
voiding cystourethrogram 
images of the bladder and 
left upper tract
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10.2.1.3	 �Question 2
What would be your indications for surgical intervention in the above case?

10.2.1.4	 �Answer 2
Indications for surgical intervention in the setting of a refluxing duplex kidney are 
not different from a single system, and include prevention of recurrent UTIs, par-
ticularly febrile, and renal scarring. However, the natural history of reflux in duplex 
kidneys may not be as favorable. While lower grades of reflux may still resolve 
spontaneously, higher grades likely have a lower rate of resolution over time, which 
may prompt a more aggressive surgical decision [5].

10.2.1.5	 �Question 3
What are the surgical options if surgery is contemplated in duplex kidneys 
with reflux?

10.2.1.6	 �Answer 3
The traditional method of anti-reflux surgery for duplex systems is the common 
sheath reimplantation, where both the upper and lower pole moieties are mobilized 
and reimplanted together, regardless of the surgical technique [6]. Despite the addi-
tional degree of difficulty, success rates reportedly mirror traditional reimplantation 
outcomes. Of note, it is important to understand from a surgical perspective that the 
duplicated ureters share a common fascia as they course into the bladder, which 
includes a blood supply that would be compromised if separation were attempted. 
To avoid devascularization, the ureters should be reimplanted together, even if one 
of them does not reflux.

Endoscopic injection to treat reflux in duplex systems remains somewhat controver-
sial. While many studies site a decreased success rate compared to single systems, the 
difference may not be statistically significant [7]. This choice likely remains very 
dependent on the bias of the surgeon and the shared-decision making goals of the family.

Lastly, there may be occasions when the lower pole of a duplex kidney is dyplas-
tic and provides little function. If it continues to cause problems, while providing no 
benefit, a hemi-nephrectomy, either laparoscopic or open, is a reasonable option. 
Typically, the blood supply to a small, dyplastic pole is not robust and can be man-
aged safely and easily. The goal is to remove as much of the associated ureter as 
possible, although leaving a short ureteral stump is rarely problematic [8].

10.2.1.7	 �Question 4
How can an ectopic ureteric insertion be explained embryologically and how 
can this be confirmed?

10.2.1.8	 �Answer 4

Ectopic Ureter in Duplex Kidneys
While ectopic ureteral insertion may occur in single system anatomy, the embry-
ology of duplex systems encourages the upper pole moiety to insert more distally. 
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If the ureteral bud originates in an abnormally cranial position from the meso-
nephric duct, the distal ureter will migrate for a longer period along the path that 
the mesonephric duct follows before it is incorporated onto the bladder. If this 
position is too ectopic, it may not separate from the mesonephric duct at all and 
instead terminate in a mesonephric duct structure. In females, ectopic ureters may 
drain distal to the urinary sphincter into the vagina, which can result in continuous 
urinary incontinence. Asking parents if their girl seems to be constantly wet, or 
can be dry for distinct stretches of time can be revealing. Likewise, a careful 
examination of a girl with an ectopic ureter may identify continuous dripping of 
urine from the introitus. In males, a distal ectopic insertion may result in a ureter 
draining into a structure of the mesonephric duct, including the ejaculatory duct, 
seminal vesicle, vas deferens or epididymis. Although rare, the classic presenta-
tion is recurrent epididymo-orchitis.

Regardless of the patient sex, ectopic ureter leads to associated obstruction and 
resulting hydronephrosis. However, identifying the true orifice location can be 
challenging during cystoscopy or vaginoscopy. A variety of imaging studies can 
be used to help understand the anatomy. First, ultrasound is the most common 
screening tool to identify hydroureteronephrosis and perhaps an associated dys-
plastic appearing upper pole. However, it rarely can pinpoint the precise orifice 
location. Voiding cystourethrograms can be helpful, as ectopic ureters are fre-
quently associated with reflux observed on. A ureteral orifice superior to the 
sphincter will demonstrate the reflux during filling, while a ureteral insertion 
below the sphincter commonly demonstrates reflux during the voiding phase. 
Lastly, CT and MRI imaging with delayed sequences may most accurately cap-
ture the precise anatomy of an ectopic insertion, however, these also represent the 
most time and cost intensive modalities.

10.2.1.9	 �Question 5
What are the management options for an ectopic ureteric insertion?

10.2.1.10	 �Answer 5
Ectopic ureteral insertion most commonly requires surgery. Most commonly, the 
associated upper pole is poorly functioning and requires upper pole hemi-
nephrectomy. Similarly to the above-mentioned lower pole hemi-nephrectomy, 
retaining the distal ureteric stump is typically safe and may obviate the need for a 
more morbid complete ureterectomy [9]. In situations where there is upper pole 
function worth salvaging, alternatives to hemi-nephrectomy include reimplantation 
or uretero-ureterostomy depending on the surgeon’s preference for a upper or lower 
tract reconstruction approach.

10.2.1.11	 �Question 6
What are the management options for a ureterocele associated with a 
duplex kidney?
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10.2.1.12	 �Answer 6

Ureterocele in Duplex Kidneys
The risk of ureterocele is markedly higher in duplex kidneys compared to single 
systems, perhaps as high as 5–20% [4]. Antenatal sonography most commonly 
identifies hydronephrosis associated with the obstructive nature of ureteroceles, 
although UTI is also a possible presentation and distal ureteral stones can be 
observed in adult patients presenting with previously undiagnosed ureteroceles. In 
duplex kidneys, the ureterocele is almost always associated with the upper pole 
system, however, the size of the ureterocele may impact the bladder and other ure-
ters more globally. The lower pole moiety may be obstructed by a markedly dilated 
upper pole ureter. Meanwhile, a cecoureterocele may obstruct the bladder outlet and 
affect the contralateral system as well. Finally, concurrent reflux to the ipsilateral 
lower pole system, and the contralateral kidney is significantly elevated [10]. It is 
beyond the scope of this chapter to describe all the various management options for 
ureterocele, and depends on the degree of obstruction, range of symptoms, and 
associated renal function. Options vary tremendously, from simple conservative 
observation, to endoscopic ureterocele puncture, to extirpative upper pole hemi-
nephrectomy, to complex reconstruction with ureterocele excision, bladder neck 
repair and re-implantation.

10.3	 �Cystic Renal Dysplasia

10.3.1	 �Overview

Renal cysts represent an enclosed, fluid-filled cavity that may develop in a tubular 
segment of the kidney. They represent an imbalance of secretory and absorptive 
properties of renal epithelial cells. Cystic disease may represent a wide spectrum of 
entities that are inheritable or sporadic, with each class representing benign and 
morbid conditions. Simple renal cysts, multilocular cyst (cystic nephroma), and 
acquired cystic renal disease represent some of the most significant sporadic condi-
tions. Polycystic disease, Tuberous Sclerosis and von Hippel–Lindau disease are 
some of the most significant inheritable conditions. Finally, multicystic dysplastic 
kidney is a unique, non-inheritable entity.

10.3.2	 �Scenario 2

10.3.2.1	 �Question 1
This child was noted to have an incidental finding in the left kidney on a CT scan 
(Fig. 10.2) done for other reasons. What does this show and is the finding signifi-
cant? What would be your management?
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10.3.2.2	 �Answer 1
The CT scan shows a simple renal cyst in the left kidney.

Simple Renal Cysts
Simple renal cysts are quite common in adults, but rarely found in children, thus 
commonly raising concern for more serious conditions. However, simple isolated 
renal cysts are overwhelmingly benign and are clinically insignificant. Simple renal 
cysts are asymptomatic and discovered incidentally by imaging. Symptoms are very 
rare, but could include pain from a cyst so large that there is a mass effect, or if the 
cyst becomes infected or hemorrhages. Observation, perhaps with serial imaging, is 
commonly all that is necessary, in order to rule out a developing cystic malignancy 

Fig. 10.2  CT scan of  
the abdomen and pelvis 
with contrast 
(nephrogenic phase)
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or developing polycystic kidney disease. Interventions for those complications are 
rarely necessary. Complex cysts include features such as internal echogenicity, non-
distinct or thickened walls, septations, or solid vascular components. The Bosniak 
classification system, commonly used to risk stratify adult cystic lesions, can also be 
applied to pediatric cysts to assess concern for malignancy.

10.3.2.3	 �Question 2
What other cystic lesions may be found in the kidney in children?

10.3.2.4	 �Answer 2

Multilocular Cyst (Cystic Nephroma)
Multlocular cyst, or multilocular cystic nephroma, is considered a benign entity, 
although related to Wilms tumor by classification. The entity presents in a bimodal 
pattern of young children before 4 years of age and adults after 30 years of age. The 
kidney may be quite enlarged and present as a palpable mass. It is understandable 
that the first concern is to rule out a more serious malignancy, such as a cystic Wilms 
Tumor. Ultrasonography and CT scan imaging cannot rule this entity out with cer-
tainty so the treatment for any multilocular cystic lesion is nephrectomy.

Acquired Cystic Disease
Acquired renal cystic disease is defined as bilateral cyst development in the setting 
of end-stage renal disease. The phenomenon has been observed most commonly in 
adults receiving long term hemodialysis, but it is common in children as well [11]. 
The majority of patients are asymptomatic, however bleeding into the cysts can 
cause pain or hematuria, complicated by associated coagulation defects commonly 
seen in uremia. Furthermore, there is an increased risk of malignancy in kidneys of 
patients undergoing long term dialysis, including renal cell carcinoma [12, 13]. 
Duration of dialysis is an important risk factor for developing malignancy although 
not the type of renal replacement therapy. Monitoring of cyst development and cyst 
characterization is recommended after 3  years of dialysis. Interestingly, cysts of 
acquired cystic disease tend to regress after renal transplantation, but the elevated 
risk of malignancy may persist for many years [14].

Autosomal Dominant Polycystic Kidney Disease (ADPKD)
ADPKD is one of the most common CAKUT pathologies leading to adult dialysis 
or renal transplantation [15]. In contrast to the previously mentioned cystic diseases, 
it is inheritable. The vast majority of patients have a strong family history and the 
diagnosis is confirmed as renal cysts develop into adulthood. An estimated 95% of 
ADPDK patients will develop cysts by the third decade of life [16]. Likely compli-
cations include nephrolithiasis, UTIs/pyelonephritis, flank pain and hematuria. 
Associated medical problems include hypertension, hepatic and pancreatic cysts, 
and cerebral (Berry) aneurysms.

Well-described mutations include PKD1 and PKD2, which account for the over-
whelming majority of ADPKD cases [17]. Mutations in the PKD1 gene, located on 
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chromosome 16p13, generally lead to an earlier onset of symptoms, compared to 
PKD2, located on 4q13–q23. However there is significant variability both. Each 
gene encodes a polycystin protein, which interacts with plasma transmembrane 
complexes to inhibit cell proliferation [18].

In addition to numerous extrarenal medical problems, there is an increased risk 
of renal adenomas associated with ADPKD, similar to acquired cystic disease. 
However, the incidence of renal cell carcinoma is not elevated above the risk of the 
general population [19]. Evaluation and risk assessment for malignancy is compli-
cated by cystic hemorrhage, proteinacious debris, and the complex architecture of 
the cysts. Additional management strategies are focused on delaying the onset of 
dialysis as long as possible. This includes aggressive blood pressure management, 
pain control if the cyst sizes becomes symptomatic or bleed, or even surgical cyst 
decortication or nephrectomy.

Autosomal Recessive Polycystic Kidney Disease (ARPKD)
ARPKD is much less common than ADPKD, about 1 in 10,000–50,000, and more 
commonly presents during childhood or even prenatally [20]. Prenatal sonography 
may identify bright, echogenic, enlarged kidneys. If there is severe bilateral disease, 
there is an increased chance of impaired lung development, particularly if oligohy-
dramnios is noted [21]. Anydramnios may even be incompatible with life. Overall, 
about 85% of newborns surviving prenatally survive through infancy and the sur-
vival rate into the teenage years is about 70% [22]. Hypertension is the most signifi-
cant associated medical problem, commonly requiring multiple medications. As the 
patient ages into adulthood, cysts may enlarge as seen below (Fig. 10.3) and hepatic 
fibrosis is an expected cormobidity related to the genetic pathophysiology.

The severity of the disease is dependent on the nature of the genetic defect. 
ARPKD is caused by mutations in the polycystic kidney and hepatic disease 1 gene 
(PKHD1), which is located on chromosome 6p21 and encodes a protein called 
fibrocystin [23]. Fibrocystin belongs to a class of proteins regulating cell prolifera-
tion and cellular adhesion/repulsion [24].

Fig. 10.3  Renal 
ultrasound of the left 
kidney, sagittal view
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It is difficult to provide a prognosis for patients with ARPKD since the clinical 
spectrum is so diverse. However, treatment is focused on supportive pulmonary 
care, particularly in infancy, management of hypertension, and renal replacement 
and hepatic failure, including decompression of portal hypertension.

Syndromes with Renal Cysts
Tuberous sclerosis and von Hippel Lindau (VHL) are two autosomal dominant dis-
orders most commonly encountered by pediatric urologists due to the fact that cys-
tic dysplasia is a common feature. Tuberous sclerosis complex (TSC) is a 
neurocutaneous disorder characterized by the classic triad of epilepsy, mental retar-
dation and adenoma sebaceum (angiofibromas). However, there are a variety of 
other major and minor criteria that now help comprise a diagnosis of TSC. Renal 
angiomyolipomas and renal cysts are two of those possible features. TSC1 and 
TSC2 genes are located on chromosome 9q34 and 16p13 respectively. TSC1 
encodes the protein hamartin and TSC2 encodes tuberin. They are both important 
tumor suppressor genes part of the well described mTOR pathway [25]. Renal angi-
omyolipomas occur in over 50% and renal cysts develop in over 20% of patients 
with TSC [26]. Management of TSC renal lesions is most commonly focused on 
preventing hemorrhage of large angiomyolipomas. In general, sizes greater than 
4 cm in diameter merit consideration for prophylactic embolization or surgical exci-
sion. Annual surveillance with ultrasonography or CT scan is a reasonable approach. 
A small association with renal cell carcinoma is also worth noting, although likely 
only about 2% [27].

VHL disease is also characterized by a spectrum of renal and extrarenal manifes-
tations. They include angiomatous renal lesions, cerebellar hemangioblastomas, 
pheochromocytoma, epididymal cystadenoma, clear cell carcinoma of the kidney, 
and cysts of the pancreas, kidney, and epididymis. It is a rare diagnosis with a high 
penetrance in affected patients. The VHL gene is a tumor suppressor gene located on 
chromosome 3p25. The mean age of presentation is 35–40 years of age and most 
frequently presents with renal cysts [28]. They are frequently multiple and bilateral 
cysts. Careful surveillance is the most important job of the urologist, since the risk 
of clear cell renal cell carcinoma is approximately 50% in VHL patients and the risk 
of pheochromocytoma is estimated to be over 10% [29]. The recommended mindset 
is not cancer cure, but cancer control, which can be a challenging balance of surgi-
cal excision of enlarging, dangerous appearing cysts, while preserving as much 
renal parenchyma and adrenal gland tissue as possible.

10.3.3	 �Scenario 3

A 3 month old infant had an antenatal diagnosis of a possible multi cystic dys-
plastic right kidney. An ultrasound scan at 3 months is shown below (Fig. 10.4).

10.3.3.1	 �Question 1
What is the differential diagnosis?
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10.3.3.2	 �Answer 1
Differential diagnosis can include an MCDK, or a UPJ obstruction.

10.3.3.3	 �Question 2
What further imaging would you consider?

10.3.3.4	 �Answer 2
As a UPJ obstruction is being considered, A MAG 3 renogram should be considered.

10.3.3.5	 �Question 3
The MAG 3 renogram is shown below (Fig. 10.5). What does this show and 
what would be your diagnosis?

10.3.3.6	 �Answer 3
The lack of function in the right kidney would be consistent with a right MCDK.

10.3.3.7	 �Question 4
What would be your subsequent management of the MCDK?

10.3.3.8	 �Answer 4
Multicystic Dysplastic Kidney.

Overview
MCDK represents the most common congenital cystic anomaly of the kidney, and 
is characterized by multiple non-communicating cysts with non-functional, mini-
mal parenchyma. The size of the kidney may vary tremendously, from a small 
nubbin of tissue to a size capable of exerting a mass effect on other abdominal 
structures.

Fig. 10.4  Renal 
ultrasound of the right 
kidney, sagittal view
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Unlike other cystic kidney diseases, there is not a clear etiology for MCDK. It 
occurs sporadically and a variety of embryologic hypotheses have been proposed:

	1.	 MCDK represents the most extreme form of congenital obstruction, occurring 
early in nephrogenesis [30]

	2.	 Abnormalities of reciprocal induction between the ureteric bud and metanephric 
blastema [31]

The incidence of MCKD is about 1  in 4000 and is more common in males. 
Although the contralateral kidney must be “normal” for the fetus to be compatible 
with life, there is a higher incidence of ureteropelvic junction obstruction (about 
10%) and vesicoureteral reflux (about 25%) in the contralateral kidney [32, 33] 
Historically, a palpable mass per abdomen was the most common presentation. 
Today, the overwhelming majority of MCDK is discovered during antenatal ultraso-
nography. The hallmark appearance is a cluster of non-communicating cysts of 
varying sizes. In contrast, the cystic appearance of a dilated ureteropelvic junction 
obstruction should be a more organized appearance of smaller cysts around a larger 
dilated renal pelvis, and they should communicate.

MCKD should demonstrate almost no renal parenchyma. If the diagnosis is in 
doubt, a nuclear scan such as DMSA or MAG3 scan should confirm an absence of 
any function.

MCKD Management
A uniform management strategy for MCKD has not been established, however 
the recent trend has been towards less aggressive treatment regarding both imag-
ing investigations, as well as surgery. First, if congenital hydronephrosis is pres-
ent in the contralateral kidney, there is a greater concern for concurrent 
ureteropelvic junction obstruction. Ultrasongrapy and MAG3 scan can reliably 

Fig. 10.5  MAG-3 study, functional/cortical phase
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distinguish obstruction vs physiologic hydronephrosis. Likewise, consideration 
of VCUG has been advocated to assess for contralateral vesicoureteral reflux. 
However, as our understanding of the natural history of reflux has evolved 
towards a non-surgical approach, the impetus for proactively assessing for reflux 
has diminished as well. Furthermore, recent studies have highlighted that the 
majority of reflux diagnosed by VCUG is low grade and likely to resolve sponta-
neously [34]. In this light, VCUG imaging in the setting of a MCDK diagnosis 
may be considered optional.

In the past, there has also been a concern regarding malignant transformation of 
MCDK due to reports of both Wilms tumor and Renal Cell Carcinoma. For this 
reason, prophylactic nephrectomy has been considered. However, numerous studies 
have demonstrated that the risk of malignancy is not increased [35, 36], including 
data from a large MCKD registry [37]. Similarly, the risk of other surgical indica-
tions for removal, such as hypertension, remains somewhat controversial. While 
there have been case reports of successful hypertension resolution following MCKD 
nephrectomy [38], this remains uncommon.

A final consideration regarding conservative versus surgical management for 
MCKD is the natural history. The majority of MCKD kidneys regress and involute 
over time. The MCKD registry noted an undetectable ultrasound appearance of 20 
by 3 and 50% by 5 years [9]. Many urologists elect to follow MCKD with serial 
ultrasound imaging, as it is safe to observe a progressively decreasing size in an 
asymptomatic patient. The frequency and duration of this monitoring is not known 
and a failure to regress or failure to completely involute are relative indications for 
surgery.
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Learning Objectives
•	 Identify patients at risk of having vesicoureteral reflux as well as those in whom 

the vesicoureteral reflux is more likely to be associated with renal injury
•	 Describe the natural history of vesicoureteral reflux and the patient risk factors 

for non-resolution
•	 Explain the current non-surgical management options for patients with vesico-

ureteral reflux
•	 Understand the pros and cons of cystoscopic, minimally invasive, and open sur-

gical treatment approaches to vesicoureteral reflux
•	 Review the current evaluation and management strategies associated with symp-

tomatic bladder diverticula

11.1	 �Introduction

Vesicoureteral reflux (VUR), defined as retrograde flow of urine from the bladder 
into the ureters and upper urinary tract, is one of the most well-recognized entities 
in pediatric urology. Affecting up to 30% of all children with a urinary tract infec-
tion (UTI) [1], VUR has been linked to pyelonephritis and renal scarring, end-stage 
renal disease, and hypertension. Despite the long history of VUR in the medical 
literature, controversy remains on which patients benefit from the diagnosis and 
treatment of reflux. This lack of consensus is due in part to the paucity of high-
quality studies as well as the heterogenous nature of the disease and study designs. 
Nevertheless, VUR remains an important clinical finding with potential short and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_11&domain=pdf
https://doi.org/10.1007/978-3-030-54020-3_11#DOI
mailto:Jonathan.walker@erlanger.org


264

long-term health consequences. The following case studies will highlight several 
common clinical scenarios encountered by the pediatric urologist, and provide an 
evidence-based review of the current management strategies available.

Case 1
A newborn male infant was found to have bilateral hydronephrosis on prenatal 
anatomy scan. Amniotic fluid levels were reportedly normal. He is currently 
asymptomatic and voiding spontaneously. Renal ultrasound and voiding cysto-
urethrogram (VCUG) on day of life 4 are shown below:

	1.	 Based on his history, what are the potential diagnoses?
	2.	 What does the imaging reveal?
	3.	 What is the natural history associated with these findings?

Prenatal hydronephrosis is present in up to 3% of all fetuses and is associated 
with several anatomic abnormalities, including, but not limited to, ureteropelvic 
junction obstruction, VUR, ureterovesical junction obstruction, and bladder outlet 
obstruction. In a male child, the major concern is that bilateral hydronephrosis may 
represent bladder outlet obstruction from posterior urethral valves (PUV). This 
postnatal renal ultrasound confirms the presence of hydronephrosis bilaterally 
(Fig. 11.1). Fortunately, this child’s VCUG demonstrates a normal posterior urethra 
without evidence of PUV, but is significant for bilateral VUR (Fig. 11.2). There are 
five grades of vesicoureteral reflux as defined by the International Reflux Study, 
ranging from mild reflux of urine into the distal ureter without ureteral dilation to 
severe dilation and tortuosity of the ureter associated with refluxing urine into the 
renal pelvis and blunted renal calyceal system. This VCUG depicts bilateral grade 3 
VUR based on this classification system.

a b

Fig. 11.1  Postnatal ultrasound images from a newborn male infant of the right (a) and left (b) 
kidneys in the sagittal plane. The renal parenchyma is normal in appearance. Both kidneys demon-
strate splitting of the renal pelvis consistent with mild hydronephrosis that does not extend into the 
proximal ureter
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Although this child was diagnosed with VUR during the evaluation of his asymp-
tomatic hydronephrosis, VUR is found in up to 70% of infants <1 year of age who 
present with a UTI [2]. VUR is more common in male infants who present with a 
UTI [3]; however, female infants are more likely to have UTIs in general.

Most VUR resolves spontaneously, usually within 5 years, as progressive elon-
gation of the intravesical ureteral tunnel and stabilization of bladder dynamics natu-
rally correct the anti-reflux mechanism. This is especially true in male children, in 
whom VUR is more likely to spontaneously resolve [4]. Additionally, the likelihood 
of resolution is inversely proportional to the initial VUR grade at the time of diag-
nosis with about 80% of grades I and II and 50% of grade III resolving spontane-
ously. Grades IV and V may have lower likelihood of spontaneous resolution, 
particularly if bilateral [5].

Principles of management in infants diagnosed with VUR aim at minimizing 
UTIs in order to allow time for spontaneous resolution while protecting renal func-
tion. Importantly, however, not all VUR is symptomatic. Patients with VUR but 
without a history of febrile UTIs or renal anomalies are more appropriate for con-
servative management.

	4.	 How could the risk of UTI be minimized in this currently asymptomatic 
male infant?

a b

Fig. 11.2  Voiding cystourethrogram of the same male infant demonstrating bilateral, dilating 
vesicoureteral reflux (a). Voiding phase images (b) confirm a normal posterior urethra without 
evidence of posterior urethral valves
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11.1.1	 �Continuous Antibiotic Prophylaxis

As VUR often resolves spontaneously, many patients with VUR undergo conserva-
tive treatment initially with surveillance alone or continuous antibiotic prophylaxis 
(CAP). The Randomized Intervention for Children with Vesicoureteral Reflux 
(RIVUR) trial rigorously studied the utility of CAP in children with grades I-IV 
VUR who had at least one febrile or symptomatic UTI. After 2 years of follow up, 
the group treated with prophylactic trimethoprim-sulfamethoxazole had half the 
risk of UTI recurrence (hazard ratio 0.50; 95% confidence interval 0.34–0.74). In 
addition, CAP reduced the absolute risk of UTI recurrence by 12% compared to 
observation alone. Importantly however, CAP did not reduce the incidence of new 
renal scarring [6], although the study may not have been powered to fully evaluate 
this outcome.

Which patients most benefit from CAP is somewhat controversial, with many 
reserving CAP for symptomatic patients (i.e. those with a febrile UTI) and surgery 
for those who have breakthrough infections while on CAP.  Both the American 
Urological Association (AUA) and European Association of Urology (EAU) list 
CAP or observation alone as management strategies for infants with grades I–II 
VUR without renal scarring at diagnosis. However, these organizations recommend 
CAP as the preferred initial management in infants who either have had a febrile 
urinary tract infection or who have a history of high-grade VUR [7].

11.1.2	 �Circumcision

The presence of foreskin has historically been cited as a risk factor for UTIs in male 
infants <2 years of age, and a recent meta-analysis published by Eisenburg et al. 
found that uncircumcised males had a much higher rate of UTIs (2.68 vs. 0.59 per 
100-person years) than their circumcised counterparts. The calculated number 
needed to treat with circumcision in this study to prevent one UTI was 37, but 
dropped to 25 in males with a history of VUR [8]. As male infants with VUR are at 
an increased risk of developing UTIs, studies have evaluated the utility of circumci-
sion in this population. Gücük et al.’s 2013 report demonstrated that circumcision 
was protective against recurrent febrile UTIs in male infants with low-grade VUR 
with or without simultaneous CAP [9]. As such, the AUA supports the consideration 
of circumcision in male infants with VUR [7].

	5.	 At what point should surgical intervention be considered?

Surgery is most often considered when prophylactic antibiotics are no longer 
effective in preventing recurrent UTIs, if there is deterioration of renal function, if 
renal scarring progresses, if renal growth stunts, with complex anatomy that makes 
spontaneous resolution less likely, if reflux persists into older age, or if families 
desire surgical intervention [10]. The most common indication is breakthrough 

J. Walker et al.



267

UTIs while on CAP, although there is still no universal consensus on when surgical 
intervention is warranted.

Case 2
A 3-year-old female presents for evaluation after her second febrile urinary 
tract infection over the past year. She began potty training at age 2 and at base-
line she voids 3–4 times a day with daily accidents. She has a hard bowel move-
ment 3–4 times a week. Representative images from a renal ultrasound (RUS) 
and voiding cystourethrogram (VCUG) obtained by the referring provider are 
shown below:

	1.	 What are the pertinent findings on ultrasound and VCUG?
	2.	 What are the key components to this patient’s presentation?
	3.	 What are your potential management options and are any additional tests 

warranted?

Ultrasound of this patient’s kidneys demonstrates normal renal parenchyma 
associated with mild hydronephrosis bilaterally (Fig.  11.3). The VCUG demon-
strates grade 4 VUR into the left collecting system (Fig. 11.4). The patient’s voiding 
and defecatory habits are consistent with lower urinary tract dysfunction (LUTD) 
and a full evaluation for this comorbid condition should be performed. Any child 
with VUR and LUTD has a higher risk of developing recurrent UTIs and renal scar-
ring and has a lower rate of spontaneous VUR resolution [11]. Therefore, all initial 
treatment goals should be focused on eliminating the LUTD through healthy elimi-
nation habits, biofeedback, and supplementary medications when indicated prior to 
any surgical intervention. Because this patient is at such a high risk of recurrent 
UTI, continuous antibiotic prophylaxis (CAP) is recommended. Advanced second-
ary analysis of the RIVUR study identified patients with high grade reflux and 

a b

Fig. 11.3  Renal ultrasound images of a 3-year-old female with recurrent urinary tract infections. 
The right (a) and left (b) kidneys have mild dilation of the renal pelvis and major calyces. No obvi-
ous renal parenchymal scarring is noted
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LUTD as those who receive the most benefit from CAP in regards to reducing the 
number of febrile UTIs [12]. Unfortunately, it is still unclear based on the current 
evidence as to whether or not CAP also results in a reduction in new renal scarring. 
Since the evidence is not definitive, a risk-based approach to CAP is often adopted. 
In children who have symptomatic VUR but do not have LUTD, CAP is an option 
because it has not been established that CAP prevents recurrent episodes of pyelo-
nephritis or renal scarring in this population. Likewise, patients with asymptomatic 
VUR without LUTD are candidates for CAP or observation alone. Patient specific 
considerations such as bilateral VUR, female sex, uncircumcised males, high grade 
VUR and LUTD should all be considered when choosing whether or not to initiate 
CAP. Additionally, the risk of increased antibiotic resistance seen in patients on 
CAP must be considered.

Since a normal renal ultrasound does not exclude the possibility of renal paren-
chymal injury [13], additional evaluation of the renal parenchyma for evidence of 
renal scarring with nuclear medicine dimercaptosuccinic acid (DMSA) or mercap-
toacetyltriglycine (MAG3) imaging is also an option. Detecting the presence of 
renal scars in the setting of VUR is prognostically important, as renal scarring is 
associated with non-resolution of reflux and renal insufficiency [14, 15].

Fig. 11.4  Voiding 
cystourethrogram from the 
same female patient 
demonstrating high-grade 
vesicoureteral reflux into 
the left kidney that is 
associated with blunting of 
the renal calyces and 
tortuosity in the 
proximal ureter
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The patient completed a DMSA scan shown below (Fig. 11.5):
DMSA images reveal evidence of left renal parenchymal damage. At this point, 

CAP and aggressive management of her LUTD are still appropriate prior to surgical 
intervention. She should be monitored closely for recurrent UTIs and/or non-
resolution of her LUTD. A full repeat evaluation of her VUR should be performed 
once the LUTD has resolved. Conservative management is appropriate in this 
patient, as it is known that a large percentage of both low and high grade VUR will 
spontaneously resolve within 5 years of follow-up [16]. Reasons to consider surgi-
cal intervention may include breakthrough UTIs, parental preference for definitive 
intervention, or persistence of high grade VUR on follow-up.

	4.	 What are the long-term follow-up recommendations for this patient?

Yearly height, weight, and blood pressure measurements, renal ultrasound, and 
urinalysis testing for early signs of proteinuria and hematuria are recommended by 
the AUA. Additionally, the AUA recommends a repeat diagnostic assessment for 
persistent VUR within 12–24 months of diagnosis [7].

Case 3
A 5-year-old female with a history of febrile UTIs and known bilateral G3 
VUR without prior LUTD has been conservatively managed for the past 
3 years on a trimethoprim-based antibiotic. She was doing well until the past 
3 months, during which she has had two symptomatic, culture-positive UTIs, 
one with a fever to 39.5  °C.  Both organisms have been E.coli resistant to 
trimethoprim.

	1.	 What are the next steps in evaluation of this patient?

This patient has now had two breakthrough UTIs while on CAP, one of which 
was febrile. It is generally accepted that a change in management is appropriate for 
this patient. The first step should be a repeat, thorough evaluation for the develop-
ment of LUTD.  As mentioned previously, LUTD should be ruled out or 

Fig. 11.5  Dimercaptosuc-
cinic acid scan from a 
3-year-old female with 
recurrent febrile urinary 
tract infections. The left 
kidney demonstrates areas 
of photopenia in the upper 
and lower poles consistent 
with renal scarring. Split 
renal function is 52% on 
the right, 48% on the left
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aggressively treated when present, and could be the most likely cause of break-
through UTIs in this patient. Simultaneously, obtaining renal ultrasound or DMSA 
imaging may be useful to assess for the development of new renal scarring, which 
could help to determine the need to abandon conservative therapy. In addition, con-
firming the status of her VUR (persistent, down-graded, resolved) through repeat 
VCUG will help to better characterize her risk profile.

On further questioning, this patient does not have any evidence of 
LUTD. Representative renal ultrasound and updated VCUG images are shown below:

	2.	 What do the renal ultrasound and VCUG images tell us about this patient’s 
clinical risk?

	3.	 What are the options to manage her VUR moving forward?

The renal ultrasound images of the kidneys reveal that the right kidney has expe-
rienced stunted growth with areas of cortical thinning (Fig. 11.6). This patient also 
continues to have VUR bilaterally (Fig. 11.7). In this scenario, the patient has had a 
BT UTI associated with renal injury despite CAP. Based on these findings, it is 
appropriate to consider definitive surgical intervention, either with endoscopic ther-
apy or ureteral reimplantation.

The choice between endoscopic management of VUR or formal ureteral reim-
plantation often depends on the grade of VUR involved. In a meta-analysis of over 
8000 renal units with VUR treated with subuteric injection of a bulking agent, it was 
found that VUR resolution rates after a single injection were inversely proportional 
to the grade of reflux (GI–II 78.5%, GIII 72%, GIV 63%, and GV 51%). A second 
injection provided an additional benefit in some cases, but overall success rates 
were lower in those with duplicated systems (50 vs. 73%) and those with neuro-
genic bladders (62 vs. 74%) [17]. In one of the largest prospective, randomized 
studies, The Swedish Reflux Trial, dilating VUR managed with subuteric injection 
vs CAP vs observation alone was assessed for VUR resolution. The authors found 

a b

Fig. 11.6  Renal ultrasound images from a 5-year-old female with recurrent urinary tract infec-
tions and known vesicoureteral reflux. The right kidney (a) appears relatively smaller and has 
parenchymal thinning at the lower pole. The left kidney (b) is normal in appearance without hydro-
nephrosis or renal scarring
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that resolution rates were highest in the endoscopically managed group (71%) when 
compared to those on CAP (39%) or surveillance (47%). However, the recurrence 
rate of VUR in the endoscopic group was 20% at 2 years, and new scar formation in 
this group was higher than those who were managed with CAP (7 vs. 0%) [18]. As 
such, the unknown long-term success rates after endoscopic management of VUR 
need further evaluation.

Open ureteral reimplantation remains the gold-standard for surgical management 
of VUR. There are several open surgical approaches utilized, including both intra-
vesical and extravesical approaches, and conceptually, the goal of all of these pro-
cedures is similar: to elongate or enhance the intramural portion of the ureteral 
tunnel. Success rates of open surgical techniques are reported from 90 to 98% and 
with very low complication rates [19], although these historical numbers may be 
skewed by the higher percentage of low grade reflux in the study cohort.

More recently with the advances in minimally invasive surgery, laparoscopic and 
robot-assisted laparoscopic ureteral reimplantation (RALUR) are available as well. 
Several single-center and multi-center studies have compared outcomes between 
open and robot-assisted techniques. A meta-analysis of six studies containing over 

Fig. 11.7  Voiding 
cystourethrogram from the 
same 5-year-old female 
confirming persistent grade 
3 vesicoureteral reflux on 
the right and grade 3 
vesicoureteral reflux on 
the left
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7000 patients published by Deng et al. determined that operative times were longer, 
hospital stay shorter, analgesic requirement less, and short-term (90-day) complica-
tions more common in the RALUR cohort. Success rates between the two approaches 
were no different, but the direct cost of RALUR was significantly higher [20].

Case 4
A 9 year old male presents with hematuria, back pain, and fever to 38.7 °C. His 
urinalysis is consistent with a UTI. This is his third UTI in the past 6 months. 
After a course of culture specific antibiotics, a renal ultrasound and VCUG are 
obtained and are shown below:

	1.	 What do the ultrasound and VCUG show?
	2.	 What are your options for management of this patient?

The renal ultrasound demonstrates a normal right kidney, mild left pelviectasis, 
and a bladder with a large amount of echogenic debris and mild concentric wall 
thickening (Fig. 11.8). The VCUG has evidence of bilateral VUR that is associated 
with bilateral large diverticula vs ureteroceles (Fig. 11.9).

a b

c d

Fig. 11.8  Renal ultrasound from a 9-year-old male with recurrent urinary tract infections. The 
right kidney (a) is normal in appearance and the left kidney (b) demonstrates grade 1 hydronephro-
sis. The bladder wall appears thickened with intra-luminal debris (c, d)
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At this point it would be reasonable to obtain nuclear medicine imaging of the 
kidneys to assess for evidence of renal parenchymal damage. Additionally, proceed-
ing with cystoscopy to delineate bladder anatomy is advisable since management 
would greatly differ if the anomalies seen on VCUG represented ureteroceles vs 
diverticula. If diverticula are present, it is important to assess the relationship 
between the ureterovesical junction (UVJ) and the diverticula. Cystoscopy in this 
patient reveals both ureteral orifices inserting into large diverticula. The bladder 
appears to have normal capacity without trabeculations or other sequela of dysfunc-
tional voiding.

	3.	 What is your next step?

Options at this point include observation or surgical intervention. Primary blad-
der diverticula are rare in children. The diverticulum represents an out-pouching of 
mucosa without muscular backing and is usually found in close proximity to the 
ureteral orifice [21]. Further, as the diverticulum enlarges over time with voiding, it 
can grow to incorporate the ureteral orifice. This obscures the musculature of the 
intramural tunnel, impacting the natural anti-reflux mechanism of the UVJ and 
results in VUR [22]. VUR associated with paraureteral diverticula was shown to 
have rates of resolution similar to VUR without paraureteral diverticula in a retro-
spective review by Afshar et al. [23]. Thus, in the majority of patients, the standard 

Fig. 11.9  Voiding cystourethrogram from the same male patient. There is bilateral grade 1 vesi-
coureteral reflux that is associated with large peri-ureteral diverticula
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principles in VUR management apply, including the option for conservative man-
agement. If a patient qualifies for surgical intervention, diverticulectomy with or 
without ureteral reimplant is indicated in these cases.

In this older patient, surgical intervention is indicated as he has now had multiple 
febrile urinary tract infections. Since his VUR is associated with bilateral large 
diverticula that encompass the ureteral orifices, he will require bilateral ureteral 
reimplant with simultaneous diverticulectomy. Diverticulectomy and ureteral reim-
plant have been described by laparoscopic/robotic [24] and open approaches. 
Historically patients requiring bilateral ureteral reimplant would undergo an intra-
vesical approach to avoid bladder denervation seen during the extravesical dissec-
tion, which often lead to high rates of post-operative urinary retention [25]. However, 
recent reports of nerve-sparing approaches used during RALUR have shown low 
overall rates of post-operative urinary retention (<10%) with no differences in uri-
nary retention rates during unilateral vs bilateral extravesical ureteral reimplanta-
tion [26].
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12Lower Urinary Tract Obstruction

Brian T. Caldwell

Objectives
•	 Identify patients prenatally at risk for lower urinary tract obstruction.
•	 Demonstrate immediate post-natal management of patients with posterior ure-

thral valves.
•	 Predict long-term renal outcomes of patients with lower urinary tract obstruction 

based on early renal function measurements.
•	 Explain the theory of Valve Bladder Syndrome and state the importance of devel-

opmental changes to bladder throughout childhood.

Case #1
A newborn boy did not void in the first 12 h of life after full-term gestational age 
(GA) birth. He has since voided with a marginal urine stream. Prenatal course was 
unremarkable and had normal imaging at 20 weeks GA. A renal/bladder ultrasound 
(RBUS) was obtained on day of life #1 prior to calling for consultation, which is 
visible below. The patient is preparing to discharge home per the NICU team at the 
referring hospital. He has an otherwise normal physical examination and there is 
no family history of urologic anomalies.

RBUS on DOL #1
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Q1: What does the renal/bladder ultrasound show? What is the ideal time to 
obtain postnatal renal ultrasound images?

A1: Bilateral hydronephrosis with Society for Fetal Urology (SFU) grade I on 
the right and SFU grade II on the left. The bladder appears thickened but this is not 
definitive since the bladder is not well distended.

Neonates have a transient dehydration after birth due to a combination of birth 
stress and inadequate sustenance. The neonatal feeding volumes will rapidly expand 
over the first few days of life leading to increased urine production. It is recom-
mended that RBUS be delayed until a minimum of 48–72 h of life, otherwise under-
staging of the hydronephrosis may occur due to relative dehydration.

Q2: Discuss what concerns arise from the clinical presentation and ultrasound 
imaging. What are the options for the next steps in management?

A2: In a neonatal boy who has difficulty voiding and is found to have bilateral 
hydronephrosis, then a lower urinary tract obstruction (LUTO) should be high on 
the differential diagnosis, even with low grade hydronephrosis. This is especially 
true with the suspicion of a thickened bladder. Because of the high cost of misdiag-
nosis of LUTO, a low threshold should be held for further evaluation in these cases.

In boys with bilateral hydronephrosis, if a diagnosis of LUTO is considered, then 
a VCUG should be obtained prior to discharge from the hospital if able [1, 2]. If 
VCUG is not possible, cases of severe hydronephrosis will need transfer to a loca-
tion with VCUG capability. With lower grade hydronephrosis, a short interval fol-
low up with outpatient VCUG would need to be arranged. When hydronephrosis 
grade is severe and there is suspicion for PUV, then an indwelling catheter is placed 
for bladder drainage immediately.

A VCUG was recommended prior to discharge home and was obtained.

 

B. T. Caldwell



279

The referring facility had little experience with neonatal VCUG, therefore, no 
oblique views were obtained. Even with this limitation, there is clear bladder tra-
beculation and dilated posterior urethra consistent with posterior urethral 
valves (PUV).

The patient was transferred for further management with an indwelling catheter 
on day of life #2.

RBUS was repeated after transfer as below.

 

Q3: Why is persistent hydronephrosis present?
A3: Persistence of hydronephrosis after catheter drainage in PUV patients can be 

related to inadequate bladder decompression or due to upper urinary tract obstruction.

–– A severely thickened bladder, once decompressed, can contribute to obstruction 
of the distal ureter as it passes through the detrusor muscle. The obstruction can 
be transient and improve over a few days or remain persistent, presenting a need 
for upper urinary track diversion.

–– More commonly, the bladder will not be effectively drained, as above on RBUS, 
suggesting catheter malfunction or dislodgement. Because of small neonatal 
size, a 5fr feeding tube or 6fr catheter is often placed initially. A small size cath-
eter can become coiled in the enlarged posterior urethra, thus, ineffectively 
decompressing the bladder. At times, only a 3.5fr umbilical catheter will traverse 
the diminutive urethra in premature infants. Bladder decompression and catheter 
position can be evaluated with bedside ultrasound or formal RBUS.
Foley catheters with balloon inflated are also at risk of ineffective bladder decom-
pression. The balloon may withdraw into the posterior urethra, effectively 
obstructing the catheter drainage. Additionally, balloon catheters with larger bal-
loons have the capacity to compress the ureteral orifices leading to iatrogenic 
ureteral obstruction from the catheter balloon [3].
These common catheter issues have led to some creative solutions such as using 
a short double-J ureteral stent to traverse the urethra. The curl at each end helps 
maintain the position within the bladder and at the tip of the penis. The stent can 
also be exchanged over a wire to help ensure proper positioning [4].
Repositioning of the catheter decompresses the bladder and resolves the 

hydronephrosis.
Q4: What surgical options are available to resolve the persistent obstruction?
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A4:

–– Cystoscopy and ablation of PUV
–– Vesicostomy
–– Cutaneous ureterostomy
–– Nephrostomy tubes

Discussion: Choice of technique used is largely dependent on the level of the 
obstruction and size of the patient and/or his urethra. In this case, the patient is full 
term and had initial placement of 6fr foley catheter without difficulty. There are no 
contraindications to continued catheter drainage until the patient is large enough to 
proceed with cystoscopy and ablation of PUV. Ablation provides resolution of the 
offending obstructing agent in a minimally invasive technique. A general guideline 
for adequate patient size could be 3.5 kg and/or ability to accommodate an 8fr ure-
thral catheter, since standard infant urethrotomes range between 7.5fr to 9fr. A vari-
ety of techniques can be used including cold knife (Collins knife, sickle blade, etc), 
electrocautery (bugbee, angled tip) or Holmium-Yag laser. Interestingly, a historic 
description involved blind passage of crochet hook to ablate the valves which was 
insulated and connected to electrocautery later [5]. More recently, usage of fogarty 
endarterectomy balloons have been described as well [6].

Vesicostomy is reserved for those patients that are too small to pass a catheter for 
effective bladder decompression or who will need catheterization for a prolonged 
period of time prior to ablation (severely premature patients). There were originally 
concerns that vesicostomy deprives the bladder of its filling and emptying cycle lead-
ing to defunctionalization of the bladder. A properly created vesicostomy will provide 
some cycling, which has been shown to be protective of bladder function [7].

Cutaneous ureterostomy is a technique utilized for persistent hydronephrosis due 
to obstruction at the ureterovesical junction (UVJ). The ureter is brought out to 
drain at the level of the skin, providing a low pressure drainage system. Cutaneous 
ureterostomy can be created as a loop, theoretically allowing some urine to pass 
distally into the bladder in order to promote cycling [8–10]. In addition, the distal 
limb can be utilized as a ureteral Mitrofanoff at the time of ureteral reimplant. 
Alternatively, the ureter can be ligated distally and ureter brought to the skin as an 
end anastomosis.

Post-Valve Ablation Follow-up at 6 weeks:
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Post-ablation VCUG compared to initial VCUG:

 

Q5: Why does the post-ablation VCUG now show vesicoureteral reflux when it 
did not initially? Does this mean it is worse than before?

A5: On a post-ablation VCUG, the bladder shows grade III bilateral VUR, which 
was not seen initially. However, the bladder is smooth-walled and the urethra now 
looks normal, without dilation of the posterior urethra or abrupt caliber change. The 
most likely explanation is that the bladder was inadequately filled on initial VCUG 
leading to understaging of VUR [11, 12].

Q6: What are the next steps in management for this patient post-ablation?
A6: At this point, it is vitally important to engage the family in discussion about the 

chronicity of the PUV disease state. Many families will feel that since the valve tissue 
has been ablated and the patient is visibly voiding without difficulty, then no further 
issues will arise. Simple observation of patients with PUV would not be prudent due to 
the changes that occur in the developing bladder. A classic pattern of PUV bladder 
dynamics progression from infancy through adolescence has been identified. During 
infancy a pattern of high pressure compensated voiding occurs. This high pressure often 
settles out during childhood to near normal pressures. By adolescence, however, detru-
sor myogenic failure can occur in conjunction with polyuria due to renal dysplasia. The 
overwhelmed bladder becomes floppy and ineffective at emptying [13]. A discussion of 
goals of care with the family frames the conversation about long-term care.

Knowledge of this classic development pattern should lead to long-term urologic 
follow-up in addition to nephrologic follow-up. Ideally, a multidisciplinary approach 
is utilized, which may also include psychology and nutritionist support.

Initially, adequacy of valve ablation is confirmed using either repeat VCUG or 
cystoscopy. The timing of this evaluation varies but will largely fall within the first 
1–6  weeks after ablation. Periodic renal ultrasound is a mainstay of follow-up to 
evaluate and monitor the level of hydronephrosis in a non-invasive fashion. VCUG 
can provide ongoing information about VUR and for evaluating concerns within the 
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urethra. VCUG seems best utilized on an as needed basis. Catheterization may be dif-
ficult in PUV patients due to sensate urethra and concomitant high bladder neck, 
therefore repeat cystoscopy may be necessary to assist catheter placement for VCUG 
or urodynamics. Uroflowometry and assessment of post-void residual provides infor-
mation on voiding adequacy and simple bladder dynamics after toilet training.

Urodynamics testing (UDS) should be obtained as a baseline study over the months 
after valve ablation. This helps assess for bladder overactivity and provides baseline 
pressure measurements. Coupling UDS with video allows incorporation of informa-
tion from VCUG including VUR, bladder contour and urethral anatomy. Follow-up 
UDS testing is approached in a variety of way by practitioners, either as an annual test 
or on an as needed basis using clinical or imaging changes to dictate that need [14].

UDS obtained at 6 months of age showed a smooth walled, normal capacity 
bladder with low filling pressures and only late loss of compliance with late over-
activity. There was also resolution of the VUR.

 

Case #2
A pregnant 31 year old female presented at 24 weeks GA for consult with the Fetal 
Center. She is P3G2 with no personal or family history of urologic anomalies. Her 
pregnancy had been uneventful until 20 week anatomy ultrasound revealed bilateral 
hydronephrosis with thickened bladder in a male fetus. She presented for discussion 
of prenatal options.

US of fetal bladder and kidneys at 24 weeks GA.
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Fetal MRI at 24 weeks GA.

 

Q1: What is shown on the fetal imaging?
A1: The ultrasound demonstrates severe bilateral hydronephrosis with a classic 

“keyhole appearance” of dilated, thickened bladder with dilated posterior urethra. 
The MRI supports the ultrasound findings with enlarged bladder and dilated poste-
rior urethra, along with bilateral severe hydronephrosis. The imaging also demon-
strated normal amniotic fluid index (AFI).

Q2: Should she be offered fetal intervention for suspected posterior urethral 
valves? What are indications for fetal intervention and what benefits have been 
described?

A2: The only defined benefit of fetal intervention for LUTO is improved pulmo-
nary outcomes due to avoidance of severe pulmonary hypoplasia. At this point, 
there are no convincing benefits to renal or bladder function from fetal intervention. 
Pulmonary hypoplasia remains the greatest cause of peninatal mortality in patients 
with PUV [15].

The Percutaneous vesicoamniotic shunting versus conservative management for 
Lower Urinary Tract Obstruction trial (PLUTO) was meant to provide prospective 
evaluation of prior claims about survival benefit from fetal intervention [16, 17]. 
The study was plagued by low enrollment and termination of pregnancy resulting in 
only 12 live births in each cohort. The results pointed toward a survival benefit in 
the shunting group at 28 days but did not reach statistical significance. At 2 years, 
there was very poor survival in both groups largely due to complications of pulmo-
nary hypoplasia. Furthermore, higher levels of loss of pregnancy were thought to 
result from the procedures for fetal intervention leading to premature labor and 
early rupture of membranes [18].

Vesicoamniotic shunting has been the most commonly described technique for 
fetal intervention, but other, more complex techniques exist. Fetal cystoscopy and 
antegrade valve ablation, cutaneous ureterostomy and vesicostomy have been 
described. An abundance of caution should be exercised as the results of fetal surgery 
can lead to fetal demise in up to 40% of cases [19–21]. Fetal intervention for LUTO 
should be limited to experienced centers with proper resources and oversight. A 
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multidisciplinary approach to evaluation and family counseling is mandatory in these 
severe cases. Additionally, due to the lack of strong evidence promoting outcomes, 
fetal intervention should preferentially be conducted under research protocols.

If fetal intervention is to be considered, general criteria is used for patient selec-
tion [19, 22]:

•	 18–24 weeks gestational age with LUTO
•	 Oligohydramnios
•	 Dilated bladder
•	 Severe hydroureteronephrosis
•	 No renal cortical cysts
•	 Normal male karyotype
•	 Favorable prognosis based on urine electrolytes (May need serial bladder 

aspirations)
–– Sodium <100 mEq/l
–– Chloride <90 mEq/l
–– Osmolarity <200 mEq/l
–– 2-microglobulin <6 mg/l

This patient did not have oligohydramnios at 24 week GA evaluation, so fetal 
intervention was not an option. At 36 weeks GA, however, she delivered due to oli-
gohydramnios. Images were obtained at 48 h of life.
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As expected based on prenatal imaging, the postnatal imaging revealed suspi-
cion for posterior urethral valves with dilated posterior urethra, bladder trabecula-
tion and grade V bilateral VUR on VCUG. The ultrasound also showed bilateral 
SFU grade IV hydronephrosis with a thickened bladder.

A catheter was placed with confirmed decompression of the bladder, however, 
without improvement in hydronephrosis. Creatinine continued to rise daily. Due to 
suspected UVJ obstructions, bilateral nephrostomy tubes were placed with ante-
grade nephrostograms confirming distal obstruction of the ureters at the level of the 
bladder.

Q3: What are the treatment options?
A3:

–– Vesicostomy
–– Cystoscopy and valve ablation
–– Maintain nephrostomy tubes
–– Cutaneous ureterostomy

12.1	 �Discussion

With the bladder decompressed, persistent hydroureteronephrosis and worsen-
ing creatinine, there is concern for a persistent obstruction at the ureterovesi-
cal junctions (UVJ). Direct upper tract intervention is necessary to properly 
drain the kidneys, therefore a cystoscopy and valve ablation or vesicostomy 
would not provide any improvement over urethral catheter drainage. 
Nephrostomy tubes can be a good short-term solution that provides adequate 
direct renal drainage as well as the ability to evaluate for distal obstruction, as 
in this case. Nephrostomy tubes are complicated by the need for periodic 
exchanges, risk of dislodgement/obstruction and position of the tubes in the 
back, which is difficult in infant patients who are most comfortable on 
their backs.

Cutaneous ureterostomies would provide adequate drainage into the diaper with-
out the difficulty of tubes emanating from the back. Creating loop ureterostomies 
provides the potential benefits of bladder cycling if the UVJ obstruction resolves 
over time. It also provides the opportunity to use the distal ureteral stump as a ure-
teral MItrofanoff at the time of ureterostomy takedown [8–10].

Bilateral loop ureterostomies were performed at 2 weeks of life and cystoscopy 
performed concurrently, which confirmed posterior urethral valves.

His renal function was monitored via serum creatinine measurements throughout 
the first year of life as demonstrated in the following graph.
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Q4: What does his nadir creatinine of 0.34 mg/dl predict about his long-term 
renal function?

A4: Serum creatinine is the usual method to assess early renal function in 
patients with PUV. After catheter drainage of the bladder, daily creatinine levels 
are often monitored to assess for proper trending down of the creatinine level. 
The levels in the first days of life correlate with maternal serum creatinine and 
this takes time to fully clear. Normal neonatal serum creatinine levels vary but 
are generally below 0.4  mg/dl. Patients with LUTO often have vastly slower 
clearance of maternal creatinine and thus can take weeks to achieve an initial 
nadir creatinine. There is usually an asymptomatic descent of the creatinine 
level, with initial large creatinine decrease with improvement slowing over time. 
If serum creatinine levels do not decrease and/or rise in the PUV neonate with 
confirmed catheter decompression of the bladder, then consideration should be 
given to intrinsic renal dysplasia or inadequate decompression of the upper uri-
nary tracts.

For the patient above, after upper tract decompression, his creatinine achieved 
nadir of 0.34 mg/dl within the first year of life. Creatinine levels have long been 
thought to be predictive of long-term renal outcomes, and different timepoints 
of nadir creatinine levels have been explored. It appears that nadir level in the 
first year of life is most predictive of long-term renal prognosis compared to 
nadir at 1 month of age [23–25]. Serum creatinine level of less than 0.8 mg/dl 
seems predictive of a minimal risk of progression to end stage renal disease 
(ESRD) [23, 26].

At age 3, he underwent ablation of posterior urethral valves, bilateral ureteral 
reimplantation and creation of right ureteral Mitrofanoff from the stump of loop 
ureterostomy with continued good kidney function.
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Case #3
Neonatal male born at 35 weeks GA via spontaneous vaginal delivery. He had a 
prenatal diagnosis of bilateral hydronephrosis and oligohydramnios that was fol-
lowed in his local area with periodic ultrasounds. He had an initial void at 6 h of 
life and urine output of 2-3 ml/kg h afterward. Initial RBUS at 48 h revealed bilat-
eral hydronephrosis and catheter placement was unsuccessful.

Creatinine was trended and rose precipitously:
DOL #0 = 0.8 mg/dl
DOL #1 = 1.4 mg/dl
DOL #3 = 3.27 mg/dl
Patient transferred and 3.5fr umbilical catheter placed.
RBUS with indwelling catheter and VCUG
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Q1: Describe the findings on RBUS and VCUG.
A1: The RBUS shows bilateral echogenic kidneys with cortical cysts and mini-

mal hydronephrosis. VCUG demonstrated a classic “keyhole sign” with dilated 
bladder and posterior urethra.

Echogenic kidneys with cystic changes suggest renal dysplasia and poor progno-
sis for renal function. Neonatal creatinine peaked at >4  mg/dl before trending 
downward with catheter drainage. Nadir creatinine of 1.59  mg/dl was reached 
within the first 4 months of life as shown in the following graph and did not improve 
beyond this within the first year of life.
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Q2: What does a nadir creatinine of 1.59 mg/dl in the first year of life predict 
about long-term renal function?

A2: As discussed in the previous case, the nadir creatinine in the first year of life 
is predictive of long-term renal outcomes. While a nadir <0.8 mg/dl is reassuring, a 
nadir serum creatinine >1.2 mg/dl is high risk for progression to ESRD [23, 26, 27].

Viewing the entire clinical picture, his hydronephrosis was not severe on postna-
tal imaging and kidneys were echogenic with cystic changes. These findings cou-
pled with a significantly elevated creatinine are predictive of significant renal 
dysplasia. Sustained increased pressures within the obstructed bladder transmit 
pressure throughout the upper urinary tract (ureters, renal collecting system) and 
eventually to the renal parenchyma and glomeruli. Persistent pressure at the glom-
eruli may lead to structural and functional changes of the kidney [28, 29]. The 
hydroureteronephrosis with dilated, thickened bladder associated with PUV is illus-
trative of this idea. Renal dysplasia manifests as increased renal echogenicity, 
thinned and cystic renal parenchyma and loss of corticomedullary differentiation, 
which portends a poor prognosis. There is some debate about the origins of renal 
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dysplasia in the PUV population. Classically, as described above, renal dysplasia 
was thought to result from prolonged pressures upon the renal units, however even 
with early fetal intervention and urinary tract decompression, renal function is not 
improved. This suggest the possibility of concurrent and separate development of 
renal dysplasia rather than a result of PUV [30, 31]. This patient had a surprisingly 
mild antenatal hydronephrosis with apparent severe renal dysplasia leading to renal 
failure, which supports the latter theory.

Shortly after the nadir of creatinine, his renal function deteriorated precipitously 
as evidenced in the following graph of creatinine over 20 months. By 1 year of age, 
he had progressed to end stage renal disease (ESRD) and peritoneal dialysis was 
started. At 20  months of age he received a living related renal transplant from 
his mother.

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

0552
12/13/16

0732
1/9/17

1052
3/4/17

0912
2/5/17

1232
3/31/17

1413
4/27/17

x

xx

xx
xx

xx
x
x
xx

x
x
xx

x
x
x

 

Q3: Prior to renal transplant, what evaluation needs to be completed for a patient 
with ablated PUV?

A3: Up to 50% of PUV patients progress to ESRD and obstructive uropathy is 
the second most common cause of renal transplant [32]. Patients who are candidates 
for renal transplantation need to undergo a multidisciplinary evaluation at baseline, 
but in those with ablated PUV, it is especially important that a urologist evaluate the 
bladder. Transplanting a kidney to drain into a hostile bladder would be irresponsi-
ble and likely lead to failure of the allograft [33].

Several aspects of bladder function need to be evaluated including bladder capac-
ity, ability to empty and pressures generated with bladder filling, voiding and leak-
ing. Uroflow with or without EMG and a post-void residual measurement or 
urodynamics can provide much of the needed information. Patients will present at a 
variety of ages and variety of urine outputs ranging from anuria to polyuria. In an 
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anuric patient, the bladder can be cycled with filling and emptying prior to UDS in 
order to achieve a more accurate measure of the bladder capacity. In older kids, a 
uroflow and post-void residual should be assessed initially to evaluate urine flow 
rate and completeness of emptying. If the bladder is full to start, then bladder capac-
ity may be estimated. The vast majority of post-ablation patients should undergo 
UDS to better assess for dangerously high bladder pressures [34, 35].

If bladder pressures are unsafe, then there are options of urinary diversion with 
vesicostomy or cutaneous ureterostomy. Bladder augmentation is often a last option 
in PUV patients but remains a reasonable one if the bladder pressures are unsafe. 
There is debate about the best timing of bladder augmentation in relation to renal 
transplant [36, 37].

Case #4
Neonatal infant born at 32 weeks gestational age secondary to spontaneous rupture 
of membranes. Bilateral hydronephrosis was detected late in pregnancy at 30 weeks 
GA. There was poor prenatal follow-up as well as in utero drug exposure.

RBUS obtained after 48 h and initial VCUG shown below. The ultrasound dem-
onstrated right SFU grade IV hydronephrosis and left SFU grade III hydronephro-
sis with a thickened bladder. VCUG showed bladder trabeculation with dilated 
posterior urethra, abrupt caliber change and bilateral grade V VUR with left intra-
renal reflux.

 

Presentation is consistent with posterior urethral valves. Because of his prema-
turity and small size, 5fr feeding tube was initially placed and follow-up ultrasound 
was obtained.
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Q1: What are the concerning findings on the follow-up RBUS?
A1:

	1.	 Hydronephrosis and hydroureter appear worse despite a decompressed bladder.
	2.	 Echogenic focus in lower pole of left kidney. This was present on multiple 

images, was non-shadowing and had no twinkle artifact.

Q2: What is the most likely etiology of the echogenic focus and what further 
workup is needed? What is the treatment?

A2: The echogenic focus is most likely a stone or fungal ball. With no shadowing 
or twinkle artifact, a stone is less likely. A urine culture was obtained, which showed 
yeast. He was started on empiric fluconazole and had persistent fevers. Speciation 
confirmed the organism as candida glabrata, which was resistant to fluconazole. 
Amphotericin B was then initiated with periodic RBUS to follow for resolution of 
the fungal ball, which occurred after approximately 6 weeks. Premature infants in 
the NICU are at risk of fungal infections, which often have a poor prognosis and 
need to be treated aggressively.

Q3: With persistent hydronephrosis despite bladder decompression by catheter, 
what are options for treatment?

A3:

•	 Surveillance: Trend creatinine and periodic RBUS.
–– UVJ obstruction may occur with bladder decompression because of severe 

bladder wall thickening. This obstruction can be transient or persistent.
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If the patient’s creatinine is trending down and hydronephrosis improves, 
then continued monitoring is a reasonable approach.
If creatinine is rising and/or hydronephrosis does not improve or worsens, 
then intervention is warranted.

•	 Vesicostomy
•	 Cutaneous ureterostomy
•	 Percutaneous nephrostomy

After several weeks of treatment for his funguria and fungal ball, adequate 
growth and upsizing his catheter to 8fr, cystoscopy and valve ablation were com-
pleted. Post-ablation RBUS images are below.

 

He was fully treated for his funguria and fungal ball resolved on RBUS. The 
patient was discharged from the hospital under the care of a foster family and fur-
ther follow-up imaging was delayed till months later.

 

Q4: What does the imaging show?
A4:

–– Bilateral grade II hydronephrosis
–– Bladder trabeculation
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–– Bilateral periureteral diverticuli
–– Right grade V VUR, grade II left VUR
–– Abrupt urethral caliber change and dilated posterior urethra

Q5: What are his treatment options?
A5: There is persistent dilation of the posterior urethra and abrupt caliber change 

after prior cystoscopic ablation of posterior urethral valves. He also continues to 
show evidence of increased bladder pressures with periureteral diverticula and 
VUR.  The cause of these persistent findings are most consistent with persistent 
valvular tissue, but may also represent scarring and bulbar urethral stricture. A stric-
ture is more likely than usual in this setting because of his extensive history of 
fungal urinary tract infection and intrarenal fungal ball.

–– Antibiotic Prophylaxis. With the high grade reflux and bladder diverticuli, anti-
biotic prophylaxis should be discussed and recommended if not already 
established.

–– Cystoscopic incision of persistent posterior urethral valves versus direct visual 
internal urethrotomy for stricture, needs to be initiated urgently for evaluation 
and treatment of his urethral obstruction.

Cystoscopic evaluation revealed persistent PUV and the valves were ablated at 
the 5, 7, and 12 o’clock positions.

Case #5
An 8 year old boy presented to the bowel and bladder clinic with dysuria and strangu-
ria. He embraces dysuria but denies straining, although his family details that he shakes, 
sweats and turns red with voiding. He was initially treated with standard bowel and 
bladder behavioral modification without improvement. RBUS was obtained, which did 
not show hydronephrosis, but the appearance of a thick-walled bladder. A VCUG was 
then obtained due to the concern for the thickened bladder and straining to void.

RBUS and VCUG
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Q1: What is shown on the VCUG imaging?
A1: The VCUG shows a dilated posterior urethra and abrupt urethral caliber 

change with trabeculated bladder. There is also a left sided periureteral diverticulum 
with left SFU grade III VUR. These findings are consistent with a delayed presenta-
tion of posterior urethral valves.

Discussion: With increased sensitivity and availability of prenatal ultrasonogra-
phy, it is normally assumed that a diagnosis of posterior urethral valves will be made 
perinatally. However, there have been several studies showing that delayed presen-
tation and identification of PUV is common. One study indicated that 43% of PUV 
patients presented after 6 months of age, while another revealed that 64% of PUV 
patients had normal prenatal imaging. Most of the younger children presented with 
urinary tract infections, acute kidney injury, or difficulties with voiding [38, 39].

It has been assumed that earlier diagnosis of PUV leads to earlier intervention and 
thus improved renal outcomes, however, there is conflicting data related to timing of 
diagnosis. During the era of prenatal imaging, an overall rate of progression to ESRD 
has been noted at 36% of PUV patients [25]. One study saw a 41% rate of ESRD if 
diagnosed prior to 1 year of age, with only 15% if diagnosed after 1 year [40]. An 
assumption has been that later presenting children have a more mild form of obstruc-
tion, thus allowing later presentation and protecting renal function. However, several 
other studies have shown a significantly higher creatinine levels and worse long-term 
renal outcomes in patients who presented in delayed fashion [31, 41, 42]. These risks 
caution the practitioner to keep a high suspicion for posterior urethral valves in even 
older children who present with symptoms of lower urinary tract dysfunction: UTI’s, 
incontinence, hematuria and renal insufficiency [39, 43, 44].

Cystoscopy and PUV ablation was completed. Follow-up imaging at 6 weeks is 
shown below.
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At follow-up, symptoms of dysuria had almost completely resolved. His family 
noted resolution of his straining symptoms of sweating and redness, but he had 
some persistent mild shaking associated with voiding. His renal ultrasound showed 
no hydronephrosis and bladder appeared less thickened. VCUG revealed a smooth-
walled bladder with improvement of his left periureteral diverticulum and left VUR 
to SFU grade 2.

Case #6
14 year old boy with history of posterior urethral valve ablation during infancy, 
who now presents in adolescence with infrequent voiding and incontinence episodes 
after urine holding. Recently, his hydronephrosis and chronic kidney disease (CKD) 
have worsened, with increase from stage 2 to stage 3. He has full urethral sensation 
and is unable to perform clean intermittent catheterization due to discomfort.

RBUS on presentation in adolescence.

 

Q1: The RBUS shows SFU grade IV hydronephrosis bilaterally with bilateral 
hydroureter. What further workup should be performed?

A1:

–– Assessment for polyuria.
With a history of ablated posterior urethral valves he is at risk for polyuria 
secondary to concentrating defect from renal tubular damage (nephrogenic 
diabetes insipidus). This is a classic finding during the adolescent period, 
which contributes to the process described by Dr. Mitchell in 1982 as Valve 
Bladder Syndrome [29]. An analysis of his urine volume can be obtained with 
a simple voiding diary or a 24 h urine collection. While a 24 urine collection 
is more accurate, it is reliant on adherence by the patient. Knowing the extent 
of polyuria can help frame the results of other testing and help guide interven-
tions such as overnight urine drainage.

–– Uroflow with post-void residual (PVR).
A uroflow provides noninvasive information about the effectiveness of detru-
sor contraction. Assessment of post-void residual is imperative to assess suc-
cessfulness of bladder emptying and guide the addition of anticholinergic 
medications.

–– Urodynamics testing.
With his worsening hydronephrosis and CKD, as well as incontinence, UDS 
will provide needed information about bladder capacity, pressure and VUR.
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–– Renal scan
If there is a suspicion for UVJ obstruction with his high grade hydronephrosis 
and hydroureter, then a renal scan is warranted. During testing, to specifically 
evaluate for upper tract obstruction, an indwelling catheter may be beneficial. 
This isolates evaluation of the upper urinary tracts and removes the concern 
for high bladder pressures inhibiting drainage.

12.2	 �Discussion: Valve Bladder Syndrome

Valve Bladder Syndrome has been described as a “vicious cycle” which involves 
three major elements in some patients with PUV: compromised bladder emptying, 
polyuria and high pressure transmitted to the kidneys. Initially, the PUV bladder 
compensates with high pressure voiding to overcome resistance, then over time can 
develop decreased effectiveness of emptying leading to increased post-void residual 
in the bladder. Coupled with polyuria from renal injury to the proximal tubules, the 
bladder remains under continuous stretch without effective decompression, which 
leads to changes in the bladder wall and decreased compliance. A bladder pressure 
increase ensues that is transmitted to the renal collecting system, contributing to 
increased hydroureteronephrosis. With voiding, the reservoir of urine stored as 
hydronephrosis quickly drains and fills the bladder, prompting a continuation of the 
cycle of damage to bladder contractility and renal function [13, 14, 29].

Overnight drainage has been shown to interrupt this cycle by providing a period 
of 7–12 h of bladder and upper urinary tract decompression. There is good evidence 
that overnight drainage improves hydroureteronephrosis, continence, rate of urinary 
tract infections and stabilizes renal functional impairment [28, 45].

A voiding diary revealed that he has a 24 h urine volume of 5 l.
Uroflow/PVR demonstrated a 12 ml/s flow rate with staccato pattern and 14 ml 

post-void residual.
UDS results:

•	 Bladder Capacity 300
•	 Max filling pressure—54
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Q2: What are options for treatment?
A2: The UDS reveals a bladder capacity lower than expected for his age with a 

decreased compliance leading to a maximum detrusor pressure of 54  cm H2O, 
which is greater than the level generally considered concerning for renal damage 
(40  cm H2O). Interventions need to be focused on decreasing bladder pressure, 
increasing bladder capacity and improving compliance without compromising blad-
der emptying.

–– Overnight drainage
Placement of indwelling foley catheter during sleep allows for a period of 
complete bladder emptying and low pressure. Normal circadian physiology 
leads to overnight decrease in urine production, however, the nighttime 
decrease is not seen in adolescent PUV patients with polyuria due to a defect 
of urine concentration. Several studies have demonstrated that overnight 
drainage decreases the persistent hydronephrosis and hydroureter, and can 
improve incontinence and renal function [28, 45]. The overnight drainage is 
thought to provide a period of bladder decompression which interrupts the 
cycle of damage and remodeling that occurs with Valve Bladder Syndrome.

–– Mitrofanoff
Patients with PUV normally have sensate urethras and often an associated 
high bladder neck which makes urethral catheterization intolerable. A useful 
option is creation of an appendicovesicostomy or enterovesicostomy (Monti) 
using the Mitrofanoff Principle. Overnight drainage or clean intermittent 
catheterization can be completed without the challenge of oversensitivity, 
vastly improving adherence with catheterization.

–– Clean Intermittent Catheterization
Passage of a catheter to drain the bladder via urethra or Mitrofanoff during the 
day is largely reserved for patients who demonstrate incomplete bladder emp-
tying or persistent findings of hydronephrosis, hydroureter and worsened 
renal function.

–– Anticholinergic
With low post-void residual, consideration can be given to initiation of an 
anticholinergic medication, which provides increased compliance and capac-
ity of the bladder. This may be especially helpful in those patients with higher 
bladder pressures and those with increased incontinence. Increased compli-
ance can lead to compromised bladder emptying, at which point cessation of 
the medication or CIC may be initiated [9, 46].

–– Bladder augmentation
Intestinal or ureteric augmentation of the bladder provides larger capacity and 
vastly increased compliance [47]. Likely because of an improved understanding of 
the changes that occur leading to Valve Bladder as well as earlier intervention with 
overnight drainage, bladder augmentation for PUV patients has been reserved for 
those severe patients that have been refractory to all other interventions.

–– Botox
OnabutulinumtoxinA injection to the detrusor muscle can provide longer act-
ing increase in bladder compliance than anticholinergics, without the inva-
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siveness of a bladder augmentation. Repeat administration is often necessary 
every 6–9 months and there is risk of urinary retention requiring catheteriza-
tion. This risk must be discussed with the patient and family.

RBUS post Monti-Mitrofanoff

 

There was improvement in hydronephrosis and hydroureter post Monti-
Mitrofanoff, oxybutynin and overnight drainage. CKD also improved with a return 
to stage 2. He voids spontaneous during the day and completes overnight drainage. 
He has some persistent incontinence via Mitrofanoff, especially with voiding.

Q3: What are the options to improve his incontinence?
A3: His incontinence is largely via his Mitrofanoff instead of urethra. This can 

signal an issue with overflow or with the Mitrofanoff channel itself.

–– Strict timed voiding and double voiding for any residual urine
Strict adherence to a voiding schedule will often improve incontinence by 
preventing urine overflow due to bladder overdistention. With incomplete 
bladder emptying, double voiding can be initiated to more fully evacuate the 
bladder.

–– Improve Bladder Emptying
Biofeedback. Posterior urethral valve patients are at higher risk of voiding 
dysfunction and studies have shown a benefit with biofeedback [48].
Alpha adrenergic blocker. With high bladder neck and voiding dysfunction, 
there may be increased resistance of the bladder outlet. Alpha adrenergic 
blockers target receptors of the bladder neck and proximal urethra, which can 
lead to a decreased resistance with voiding [49].
Initiation of CIC during the day. As discussed above, if hydronephrosis, 
hydroureter and worsening CKD are persistent, then escalation to daytime 
CIC would be warranted. If incontinence is troublesome to the patient, then 
CIC is also an option.

–– Increase bladder compliance
Increase anticholinergic. If anticholinergic is not at maximum dosage, then 
an increase may be reasonable. As discussed previously, this may improve 
compliance and incontinence, but worsen incomplete bladder emptying, thus 
necessitating CIC.
Botox. OnabotulinumtoxinA injection to the detrusor also provides an option 
to further increase bladder compliance, but as discussed previously, may com-
promise bladder emptying and necessitate CIC.
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–– Revision or Bulking agent to Mitrofanoff channel
When incontinence is persistent via Mitrofanoff despite good bladder compli-
ance and patient adherence to bladder emptying, then intervention to the 
Mitrofanoff channel may improve the incontinence via the channel.

The patient was previously voiding spontaneously 2 times during the day. 
Initiation of strict timed voiding schedule during the day, in addition to his prior 
regime of overnight drainage via Monti-Mitrofanoff and oxybutynin, resolved his 
incontinence.

Repeat UDS results:

•	 Bladder Capacity 350
•	 Max filling pressure 25

 

Case #7
Neonatal male born full term with prenatal diagnosis of bilateral hydronephrosis 
and dilated bladder but no oligohydramnios during pregnancy.

–– RBUS at 48 hours of life shown below revealed SFU grade III right and SFU 
grade IV left hydronephrosis with thickened bladder and hydroureter.

–– VCUG demonstrated a trabeculated bladder but lacked distinct urethral transi-
tion point or dilated posterior urethra.
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Q1: What could account for his presentation?
A1: The patient has stigmata of lower urinary tract obstruction (LUTO) without 

definitive obstructive patholology noted in the urethra on VCUG. He is otherwise 
normal without any signs of neurologic compromise or spinal defect.

–– Posterior urethral valves. Underdistention on voiding phase of single cycle 
VCUG may not distinctly show true posterior urethral dilation or urethral cali-
ber change.

–– Neurogenic bladder. Without clear indication of urethral anomaly, evaluation for 
a neurologic source of bladder dysfunction is advisable. Spine ultrasound is a 
good non-invasive screening tool for spinal anomalies in the neonatal period. If 
equivocal results, consider MRI for further workup.

–– Other urethral abnormality such as anterior urethral valve, diverticulum, 
Cowper’s gland cyst, urethral atresia

Spine ultrasound was negative for any anomalies. Cystoscopy revealed an 
obstructive membrane in the penile urethra that was not affiliated with any other 
urethral anomalies (i.e. diverticulum, bulbourethral gland abnormality). The ante-
rior urethral valve was incised.
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12.3	 �Discussion

Anterior urethral valves, while the most common obstruction of the anterior urethra, 
are approximately 30 times more rare than posterior urethral valves. Anterior ure-
thral valves can occur anywhere along the anterior urethra, from bulbar to penile 
urethra. The etiology of the anterior urethral valve has been described as associated 
with abnormalities of the bulbourethral gland, either associated with a large urethral 
diverticulum or fold of the anterior urethra [50].

Presentation can vary widely from early obstruction to dysuria and UTI’s. 
Diagnosis is confirmed with VCUG and should be differentiated from other rare 
obstructive processes of the anterior urethra such as Cowper’s duct cyst/syringocele 
or urethral atresia. On VCUG, an anterior urethral valve will often show a dilated 
anterior urethra with signs of chronic obstruction such as high grade VUR and blad-
der trabeculation and/or diverticuli [51]. Treatment depends on age and size of the 
patient, similar to posterior urethral valves. The mainstay treatment is cystoscopy 
and ablation of simple anterior urethral valves. If a large diverticulum is present, 
then urethral reconstruction may be necessary. Premature or small infants may need 
supravesical drainage such as vesicostomy [52].

Similar to posterior urethral valves, patients have a high risk of developing blad-
der dysfunction and long-term renal function is dependent on early evidence of 
renal injury. Anterior urethral valves have a significantly better overall renal prog-
nosis than PUV, with 78% having normal renal function. Regardless of the com-
paratively superior renal outcomes, patients need long-term follow-up to ensure 
continued preservation of bladder and renal function [53].

Post ablation imaging below demonstrated decompression of the entire collect-
ing system. There was near resolution of right hydronephrosis and bilateral hydro-
ureter with significant improvement of his left hydronephrosis. VCUG revealed a 
smooth-walled bladder and normal appearing urethra.
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13The Lower Urinary Tract

John M. Hutson

Learning Objective
•	 Learning objectives: enable trainees to understand the usually rare causes of ure-

thral pathology apart from PUV.

13.1	 �The Lower Urinary Tract

13.1.1	 �Case 1

A small boy is referred to you as the mother notices a small lump adjacent to the 
urethral meatus on the glans, shortly after circumcision has been performed for 
religious indications. The lesion has the appearance of a cyst and is bluish in colour 
(Fig. 13.1).

Q.1.1 What is the likely diagnosis?
A.  Cystic duplication of glanular urethra
Q.1.2	What is aetiology of the anomaly?
A. Probably duplication of the canalisation process that makes the glanular ure-

thra from the endodermal strip on the ventral surface of the phallus. Canalisation of 
the proximal urethra occurs at 8–12 weeks under the control of circulating andro-
gens from the testis. As the Leydig cell mass is still small at the onset of sexual 
differentiation the concentration of testosterone in the serum is low. Conversion of 
testosterone into dihydrotestesterone (DHT) by the enzyme, 5α-reductase, enables 
DHT to bind to androgen receptors and trigger urethral canalisation. The process 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_13&domain=pdf
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brings the urethral opening to the coronal groove by about 12 weeks, but canalisa-
tion of the endodermal plate on the glans occurs more slowly, so that it is not until 
after about 15 weeks that the urethral meatus reaches its definitive position on the 
tip of the glans. Minor aberration of this process may be the cause of the cystic 
duplication.

Q.1.3 Why was the anomaly not noticed at birth?
A. The presence of the foreskin may mask the anomaly by preventing proper 

examination of the glans until at time of circumcision. The blue colour is consistent 
with haemorrhage into the cyst after minor trauma. As the cyst is usually lined with 
transitional epithelium or squamous epithelium, it does not naturally fill with fluid 
by secretion from the lining.

Fig. 13.1  Lateral cystic 
duplication of urethra filled 
with blood after minor 
trauma. (Reproduced from 
Pediatric diagnosis second 
edn, Beasley, Hutson, 
Stringer, Teague & King)
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13.1.2	 �Case 2

An infant boy presents with a tiny sinus opening on the pubic region, just above the 
shaft of the penis, that has exuded a few drops of purulent fluid several times. The 
pinhole was first noticed shortly after birth when the mother was bathing the infant, 
who had otherwise normal male external genitalia (Fig. 13.2).

Q.2.1 What is the likely diagnosis?
A. The anomaly is a blind-ending sinus that is a variant of urethral duplication, 

as the sinus usually contains transitional epithelium. The discharge is likely to be 
secondary to contamination with faecal flora causing low-grade sepsis in the sinus.

Q.2.2 What is the aetiology?
A. The sinus is likely to be a form fruste of duplication/epispadias, which sug-

gests that the morphological anomalies of epispadias and dorsal urethral duplication 
may overlap. In this regard it is important to examine the genitalia carefully to 
exclude epispadias, which may show failure of the two halves of the genital tubercle 

a

b

Fig. 13.2  (a) Congenital pre-pubic urethral sinus. (b) Lacrimal probe showing the sinus was 
about 1 cm long. (Reproduced from Pediatric diagnosis second edn, Beasley, Hutson, Stringer, 
Teague & King)
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to fuse, leaving two hemi glans clitoris. Also it is important to check that there is no 
separation of the pubic symphysis.

Q.2.3 Where does this sinus go?
A. Usually it is blind-ending at the symphysis pubis, but there are reported cases 

of connection to the bladder neck, in which case urine may be passed through 
the tract.

13.1.3	 �Case 3

An apparently male baby presented to the neonatal ward with absence of the phal-
lus, and an empty scrotum with no median raphe. In the perineum on the anterior 
rim of the anus was a small opening with pigmented skin tags around it, and from 
which a few drops of urine were passed (Fig. 13.3).

Q.3.1 What is the nature of the anomaly?
A. Aphallia, or penile agenesis, is presumed secondary to absence and/or loss 

during early embryogenesis of the genital tubercle.
Q.3.2. Is anomaly caused by androgen deficiency during sexual 

differentiation?
A. No, this is a non-hormonal disorder of sex development. Fusion, pigmentation 

and wrinkling of the scrotum shows effects of androgen between 8 and 12 weeks, 
but undescended testes suggest a possible deficiency of androgen in late gestation. 
However, the absence of the median raphe suggests a complex anomaly of morpho-
genesis of the genitalia affected the genital folds as well as the genital tubercle.

Q.3.3 When the genital tubercle is absent, what happens to the urethra?
A. The posterior urethra forms independently from the genital tubercle, and is 

usually normally present. When the genital tubercle is absent no anterior urethra can 
form in the male, so the urethra remains connected to the posterior cloacal struc-
tures. Depending on whether anorectal development is normal or not the urethra 
will open in the perineum associated with a cutaneous fistula in an anorectal 

Fig. 13.3  Posterior 
ectopia of the penis 
presenting as penile 
agenesis. There is no 
phallus cranial to the 
scrotum which has no 
median raphe, but there is 
ectopic foreskin presenting 
as loose skin folds on the 
anterior rim of the anus. 
(Reproduced from 
Pediatric diagnosis second 
edn, Beasley, Hutson, 
Stringer, Teague & King)
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malformation, or in the anterior wall of the anal canal. The skin tags represent an 
abortive attempt to create a foreskin [1].

Q.3.4 What does absence of the median raphe imply for prognosis?
A. In neonates with aphallia but with a normal scrotum containing a median 

raphe the anomaly is usually confined to the absent phallus itself, and the rest of the 
genitourinary system is normal. However, absence of the scrotal raphe is a marker 
of a more profound morphological anomaly and it is very likely that the entire uro-
genital tract may be abnormal, as absent scrotal raphe has a very strong association 
with absent or very dysplastic kidneys, so that the infant is likely to have renal fail-
ure (and may show features of Potter syndrome from oligo- or anhydramnios).

13.2	 �Urethral Duplication

Urethral duplication may be partial or complete. Variants include

	1.	 Incomplete duplications presenting as cysts on the glans adjacent to the ure-
thral meatus.

	2.	 Short, incomplete duplications with an ectopic opening lateral or dorsal to the 
orthotopic urethral meatus. The second urethra many be very short, and blind-
ending in the glans or extend down the shaft of the penis and into the sphincter 
zone of the posterior urethra.

	3.	 Long, complete duplications may enter the bladder parallel to the orthotopic 
urethra or have an ectopic pathway through a deficient pubic symphysis, sug-
gesting a relationship with an epispadiac urethra.

	4.	 Long ectopic duplications may form an “H” fistula linking the bladder neck with 
the anterior rim of the anal canal.

	5.	 Urethral duplication can be part of a caudal duplication syndrome [2].

Simple/short duplications are treated by marsupialisation or complete excision 
while complex/complete duplications may be not amenable to excision but might 
need ligation and division where they exit from the bladder. In some cases it may be 
impossible to tell which of the two urethral channels is the orthotopic one, but this 
may not matter as long as the urethral channel left behind has a continence 
mechanism.

13.2.1	 �Case 4

A 10-year-old boy presented with a recurrent stricture in the urethra and a history of 
recurrent sepsis in the urinary tract, which occurred whenever he had a urethral dila-
tation for his stricture. He had a past history of proximal hypospadias with a bifid 
scrotum and a unilateral impalpable undescended testis. The hypospadias had been 
repaired in infancy and the groin explored, but no testis was identified, and it was 
assumed that he had a vanishing testis. In early childhood he developed a recurrent 
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urethral stricture at the proximal end of the neourethra, and this was treated by 
recurrent dilatations under GA in the local country hospital. Frequently after the 
dilatations he developed a urinary tract infection which often required intravenous 
antibiotics after signs of bacteraemia/septicaemia appeared.

Q.4.1 Why does he develop sepsis so frequently after urethral dilatation of the 
anterior urethral stricture?

A. The original clinical problem was thought to be hypospadias and vanishing 
testis, but in fact he had an undiagnosed disorder of sex development with mixed 
chromosomes (XO/XY) producing a streak gonad and retained hemiuterus and 
hemivagina on the ipsilateral side. After the hypospadias repair the increased distal 
urethral resistance led to progressive enlargement of the vaginal remnant. Eventually 
the ‘utriculus’ formed a large urine-storing cavity that became chronically infected 
with E. coli. The large cavity was demonstrated on urethrogram (Fig. 13.4).

Q.4.2 What is the anatomy of the vas deferens and ejaculatory duct when there 
is an enlarged prostatic utricle?

A.  In rare cases the involution of the distal Müllerian ducts and vaginal plate are 
incomplete despite normally functioning hormones (AMH/DHT). In this rare cir-
cumstance it would be expected that there should be a normal verumontanum in the 
posterior urethra, with a small opening on the summit of the mound between the two 
ejaculatory ducts. Enlargement of this small cavity is rare in childhood but it occa-
sionally presents in adults with lower urinary tract symptoms.

More frequently the ‘prostatic utricle’ is really a vaginal remnant in a child with a 
DSD, as evidenced by the ambiguity of the external genitalia. During urethroscopy a 
retained vaginal remnant can be identified by the absence of the verumontanum, 
(which indicates deficient androgenic function), and the opening is frequently lower 
in the posterior urethra than the normal verumonatanum. In addition, a retained 

Fig. 13.4  Retrograde 
urethrogram showing 
irregular neourethra after 
previous hypospadias 
repair and a retained 
vaginal remnant attached 
to the posterior urethra
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vaginal remnant often has mucusal folds obscuring the opening, which represent 
hymenal tissue.

Usually the vasa deferentia open into the top of the vaginal remnant on each side, 
and the distal Wolffian duct structures, the seminal vesicles and ejaculatory ducts, 
have undergone regression and are absent.

13.2.2	 �Case 5

A 5-year-old boy presents with a 1-year history of recurrent suprapubic pain, fever 
and swelling and tenderness of the right hemiscrotum. He has a past history of peno-
scrotal hypospadias managed successfully by a two-stage urethroplasty. At the first 
procedure for chordee release he had a cystoscopy,that showed a moderate-sized 
utriculus of about 1 cm in length. Scrotal ultrasound excludes ischaemia of the testis 
and shows increased blood flow in a swollen epididymis.

Q.5.1 Why is this boy developing epididymitis?
A. Epididymis is an infection of the epididymis, nearly always by spread of 

organisms up the vas deferens from the urinary tract, not from the blood, as blood-
borne infections preferentially seed to organs with a high blood flow. Transmission 
of germs along the vas requires a patent lumen, which occurs only when there is 
circulating androgens, e.g. at 3–6  months of age at minipuberty and in puberty 
itself, from 13 years of age and older. In rare circumstances faecal flora can travel 
along the vas deferens to the epididymis when there is increased pressure in the 
urethra during voiding, which occurs in boys having CIC for neurogenic bladder, 
and after hypospadias repair. In the latter the urethroplasty increases urethral resis-
tance, and if there is a retained utriculus, as in this boy, the utriculus may enlarge 
and urine (along with faecal flora) may be pushed up the vas deferens. The boy’s 
suprapubic pain may be caused by chronic inflammation in the enlarged utriculus, 
as the urine-storing cavity has become colonised by faecal organisms.

Q.5.2 What treatment options are there?
A. Long-term antibiotic treatment sometimes works but risks allowing the micro-

biome to adapt and cause sepsis with antibiotic-resistant organisms. The retained 
vaginal cavity may need excision, but since the vasa drain into it this is tantamount 
to doing bilateral vasectomy. Nevertheless, surgical excision and/or bilateral vasec-
tomy may prevent chronic inflammation in the epididymis which enables it to func-
tion as a normal site for sperm maturation after puberty. Fertility can then be 
achieved by aspiration of mature sperm from the epididymis and in  vitro 
fertilisation.

13.3	 �Enlarged Prostatic Utricle

During development the mesonephric (Wolffian) ducts initially drain the “middle 
kidney”, or mesonephros to the urogenital sinus [3]. Later the Müllerian ducts form 
as invaginations of the peritoneum covering the urogenital ridge at the cranial poles 
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of the developing gonads. Each Müllerian duct elongates as a solid epithelial cord 
that canalises to form a lumen, passing caudally, following the adjacent Wolffian 
duct. Below the gonads the Müllerian ducts rotate around the Wolffian ducts and 
come in contact with each other, then as a fused, double cord migrate to the urogeni-
tal sinus between the Wolffian ducts. Contact with the urogenital sinus triggers pro-
liferation of the epithelium to form the Müllerian tubercle. In developing females 
the Müllerian tubercle triggers proliferation of epithelium to form the vaginal plate, 
which subsequently canalises to form the vagina. By contrast, in male fetuses the 
circulating androgens suppress formation of the vaginal plate and anti-Mullerian 
hormone (AMH, also called Müllerian Inhibiting Substance, MIS) causes regres-
sion of the Müllerian ducts, leaving a small cranial remnant, the hydatid of Morgagni, 
and probably a small caudal remnant, the prostatic utriculus. The latter structure is 
short, blind-ending cavity opening onto the summit of the verumontanum between 
the two ejaculatory ducts [4].

The prostatic utricle is usually short, <0.5 cm, but in disorders of sex develop-
ment (DSD) where androgen and AMH levels are lower than in a normal male, the 
cavity may be much larger, representing a persistent vagina [5].

When the cavity has canalised to form a persistent vagina, its opening in the 
posterior urethra is abnormally lower, near to the bulb of the urethra, and the veru-
montanum is absent.

The enlarged vaginal remnant may fill with urine on voiding, which can distort 
the urethra and lead to partial obstruction [6]. A urine-storing vagina also may 
become a reservoir for infected urine, leading to recurrent and/or chronic urinary 
sepsis. During urethral catheterisation, the catheter commonly enters the vagina 
rather than the bladder.

Excision of a retained vaginal remnant can be done by laparoscopy, but also 
sometimes by a transvescial approach as described by Monfort, and occasionally by 
a simple perineal approach to the bulb. In patients with a 46, XY DSD and a retained 
vaginal remnant the cranial ends of the Müllerian ducts are usually absent, as the 
dysplastic testes still make enough AMH to cause regression of the fallopian tubes 
and uterus. In this circumstance the Wolffian ducts usually drain into the vault of the 
vaginal cavity, so surgical excision of the vaginal remnant is tantamount to bilateral 
vasectomy.

Occasionally an enlarged prostatic utricle opens on a normal verumontanum, and 
in this case the cause is unlikely to be deficient androgen and AMH, but a morpho-
logical anomaly of the Müllerian tubercle and its subsequent canalisation.

13.3.1	 �Case 6

An adolescent boy presents with a history of acute/chronic urethritis for 6–12 months, 
with dysuria but only occasional malaise and fever. Urethroscopy shows a normal 
anterior urethra and normal posterior urethra around the verumontanum, and the 
bladder itself is normal, with no cystitis cystica. Around the proximal portion of the 
anterior urethra and bulb, however, the urethral mucosa is chronically inflamed.
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Q.6.1 What is the likely diagnosis?
A.  Acute/chronic infection in one or both Cowper’s glands, which respond to 

pubertal androgen by some enlargement and secretion of mucus, which can become 
infected by faecal flora. Occasionally, an ultrasound scan via the perineum may 
show the inflamed Cowper’s gland behind the bulb of the urethra.

Q.6.2. Is surgery required?
A. Only on rare occasions when an abscess may form, but usually antibiotic treat-

ment for some weeks is sufficient to clear the infection and allow for re-establishment 
of function of the gland. If the duct becomes blocked by inflammatory debris the 
sepsis may drain spontaneously into the urethra, and create a syringocele.

13.4	 �Cowper’s Gland Cysts and Syringoceles

Cowper’s glands develop as solid paired epithelial buds in the urogenital sinus at the 
junction of the pelvic and perineal urethra. The buds canalise and the mucus-
secreting Cowper’s glands come to lie just behind the posterior urethra distal to the 
external sphincter. The ducts elongate with growth of the bulbar urethra and open 
into the anterior urethra, with two paramedian small orifices.

The Cowper’s gland duct can be obstructed, which leads to a dilated proximal 
duct that may obstruct the urine flow in the urethra. An ectatic duct opening may 
obstruct micturition like a spinnaker sail: a syringocele [7, 8].

Infection in the Cowper’s glands may be the cause of posterior urethritis in ado-
lescent boys.

At cystoscopy a syringocele will appear as a defect in the ventral floor of the 
urethra, which may need division of its distal edge by diathermy hook or cold knife 
to overcome urinary obstruction.

13.4.1	 �Case 7

You are called to the neonatal ward to see a newborn female, as the staff report see-
ing a mass protruding from the introitus. Physical examination shows an otherwise 
normal female baby with no genital ambiguity. The vagina is partly covered by 
hymenal folds and there is a 1  cm diameter mass protruding from the urethral 
meatus. Abdominal examination as well as careful rectal examination exclude a 
significant space-occupying lesion in the pelvis. While you are doing the examina-
tion both urine and stool are passed, and both are normal.

Q.7.1 What is the differential diagnosis?
A. The conditions causing a mass protruding from the urethra in an infant female 

include (1) prolapsing ureterocele in an infant with renal duplication (2) a urethral 
polyp (Fig.  13.5) (3) prolapsing urethral mucosa (Fig.  13.6) or (4) a prolapsing 
rhabdomyosarcoma, usually arising from the bladder base (Fig. 13.7).

13  The Lower Urinary Tract



314

13.4.2	 �Case 8

A male toddler presents with a long history of intermittent difficulty passing urine, 
where sometimes he could void easily and other times he was straining and could 
only manage a few drops. Posterior urethral valve is suspected and an MCU is per-
formed, that shows a filling defect in the bulbar urethra (Fig. 13.8).

Q.8.1 What is the likely diagnosis?
A. A urethral polyp is a rare cause of strangury in a boy but the intermittent fea-

ture of the symptoms suggests this is likely, as the polyp develops a long stalk sec-
ondary to the force of the urinary stream, and the polyp can flop into the bladder or 
urethra from its insertion at the verumontanum

Fig. 13.5  Urethral polyp 
in a baby girl. (Reproduced 
from Pediatric diagnosis 
second edn, Beasley, 
Hutson, Stringer, 
Teague & King)
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13.5	 �Verumontanum Polyp

This is a rare anomaly that is thought to be caused by abnormality of the absorption 
of the common stem of the Wolffian duct into the back of the urogenital sinus [3].

The polyp causes partial and intermittent obstruction of the urinary stream dur-
ing voiding, and if diagnosis is delayed may lead to renal failure, similar to that seen 
in posterior urethral valve. The polyp acts like a ball valve in the urethra [9].

Management includes confirmation of diagnosis by MCU, where a mobile filling 
defect will be seen in the posterior urethra or bladder, depending on the direction of 
flow of the contrast.

Surgery is cystoscopy and excision of the polyp and its stalk where it arises from 
the verumontanum.

Fig. 13.6  Urethral 
prolapse in a small girl. 
(Reproduced from 
Pediatric diagnosis second 
edn, Beasley, Hutson, 
Stringer, Teague & King)
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Fig. 13.7  Prolapse of a 
rhabdomyosarcoma of the 
bladder. (Reproduced from 
Pediatric diagnosis second 
edn, Beasley, Hutson, 
Stringer, Teague & King)

Fig. 13.8  Urethral polyp 
in a boy, shown on 
MCU. There is proximal 
dilatation of the posterior 
urethra and bladder with a 
narrow anterior urethra. 
The polyp, which is on a 
stalk arising from the 
verumontanum, is 
occluding the bulbar 
urethra. (Reproduced from 
Pediatric diagnosis second 
edn, Beasley, Hutson, 
Stringer, Teague & King)
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Urethral polyp can also occur in the female, when the polyp usually presents as 
a solid lesion prolapsing from the urethral meatus. A urethral polyp in either sex 
must be distinguished from a rhabdomyosarcoma, which may occur in infants and 
even in the neonate, especially in those patients carrying the genetic anomaly caus-
ing neurofibromatosis, type 1 (NF1).
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Learning Objectives
•	 Practical aspects of diagnosis and classification of hypospadias subtypes
•	 To review the evidence base for preoperative hormone treatments and potential 

indications
•	 To describe the surgical decision-making based on published outcomes
•	 To illustrate the challenges with DSD patients and to emphasize the importance 

of a multidisciplinary approach
•	 To discuss possible treatment options in failed hypospadias repair

14.1	 �Glanular Hypospadias

A 6 months old boy is referred to the urology clinic by the GP for distal hypospadias 
(Fig. 14.1).

	1.	 a.  How is hypospadias classified?
b.  What type of distal hypospadias does this baby have?

	2.	 What is the incidence of this condition?
	3.	 What is the differential diagnosis?
	4.	 Do all distal hypospadias need surgical correction?
	5.	 What are the surgical options?
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	1.	 a.  The common classification system divides hypospadias in three different 
groups according to meatus position: distal-anterior hypospadias (located on the 
glans or distal shaft of the penis), intermediate-middle hypospadias (penile) and 
proximal-posterior (penoscrotal, scrotal and perineal) [1]. However, after skin 
release during surgery, the pathology might be different and a reclassification 
may need to be done. The position of the meatus alone is therefore not a reliable 
indicator of hypospadias severity as far as the choice of an appropriate surgical 
procedure is concerned [1, 2]. Several aspects should be considered such as: 
level of division of the corpus spongiosum, the degree of hypoplasia of the tis-
sues forming the ventral surface, degree of curvature, urethral plate quality, 
penile size, glans size and shape and preputial skin availability [2]. The EUA 
Guidelines (2018) on Pediatric Urology suggest an alternative classification 
based on severity of the problem: mild hypospadias (glanular or penile isolated 
hypospadias without associated chordee, micropenis or scrotal anomaly); and 
severe hypospadias (penoscrotal, perineal hypospadias with associated chordee 
and scrotal anomalies) [1].
b.  This baby has a glanular hypospadias. Clinical examination alone is sufficient 
for the diagnosis. The clinical findings include:
•	 Glanular meatus, above and distal to the coronal sulcus.
•	 Good glans size and groove.
•	 Hooded foreskin, deficient ventrally.
•	 No curvature (chordee).
•	 Both testes fully descended.

	2.	 In newborn males, hypospadias is the second most common congenital anomaly 
after undescended testis [3]. Over the last 25 years, a significant increase in the 
incidence of hypospadias has been found which may simply reflect a more fre-
quent or early diagnosis of minor forms of hypospadias over time, or an increas-
ing tendency to report them to congenital-anomaly registries [4]. According to 

Fig. 14.1  Glanular hypospadias
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the last EUROCAT registry-based study (from 2001 to 2010) the total prevalence 
of hypospadias in Europe is 18.6 new cases out of 10,000 births (5.1–36.8). The 
mean worldwide prevalence varies from 34.2  in North America, 5.2  in South 
America, 0.6–69 in Asia, 5.9 in Africa and 17.1–34.8 in Australia [ 1].

	3.	 The differential diagnosis includes other forms of distal hypospadias. This is the 
most common type and represent 65% of all cases of hypospadias [1, 5]. They 
include four distinct forms: glanular 15%, coronal 50%, sub coronal 30% (distal 
shaft of the penis) and a fourth type mega meatus with intact prepuce (MIP) 
which represents 5% [5, 6].

	4.	 The primary goal of hypospadias repair is to achieve both cosmetic and func-
tional normality [7]. In theory therefore, penile curvature must be corrected and 
a neo-urethra of an adequate size with opening on the tip of the glans formed, 
with adequate skin coverage of the penile shaft [8]. Ironically, the very distal 
forms of hypospadias, are sometimes the most challenging in terms of the 
decision-making process, because cosmesis is often the only real indication for 
surgery [7]. Meatal stenosis, a ventrally deflected urine stream and parent prefer-
ence are the most usual indications for surgical correction of glanular hypospa-
dias. Increasing dissatisfaction with urethroplasty techniques, such as the 
Snodgrass repair, have led to many surgeons preferring more minimal proce-
dures (circumcision, chordee correction, meatoplasty) that have minimal com-
plications but an equal patient and parent satisfaction.

According to a survey conducted by the European association of urology 
including pediatric urologists, pediatric surgeons, urologists, and plastic sur-
geons in 68 countries, 78% opted for a surgical management on distal hypospa-
dias and only 12% for non-surgical approach [9]. Although the majority of 
pediatric urologists choose a surgical correction for distal hypospadias, conser-
vative management is still a valid option considering there is not always func-
tional compromise in these group of patients. Parents should be fully informed 
about all the different management options.

	5.	 For children with glanular hypospadias, the need for surgery and the surgical 
technique to be used remain controversial. Techniques described include meatal 
advancement and glanuloplasty (MAGPI) [9], meatal mobilization and glanulo-
plasty (MMGPI) [5], glanular approximation procedure (GAP) [6], a simple 
modified circumcision and meatoplasty, tubularized incised plate procedure 
(TIP) and Mathieu flap technique. Case selection is a crucial factor influencing 
the complication rate. For example, the MAGPI technique is one of the most 
common operation for glanular and coronal hypospadias repair. Ventral glanular 
tilt, meatal retraction (seen in up to 22%) [10] and splaying of the urinary stream 
can result from performing a MAGPI in a patient with non-compliant urethra 
with deep grooved glans [8]. Whatever technique is used, one should expect a 
predictable outcome with complication rates below 10% in distal hypospadias 
(fistula, meatal stenosis, dehiscence, recurrent ventral curvature, and haema-
toma) [1].
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14.2	 �Proximal Hypospadias

A male infant is born at 33 weeks’ gestation (IVF twin pregnancy). He attends the 
clinic at the age of 3 months because his parents are concerned that he urinates from 
the base of a small penis. Both testes are palpable on the scrotum (Fig. 14.2).

	1.	 What is the most likely diagnosis?
	2.	 What other clinical features are mandatory to examine in a boy with this 

diagnosis?
	3.	 What are the risk factors for this condition?
	4.	 Is hormone therapy recommended in this case?
	5.	 What are the surgical options for this condition?

	1.	 The most likely diagnosis is proximal-posterior penoscrotal hypospadias.
	2.	 The diagnostic evaluation, apart from the hypospadias clinical features, includes 

an assessment of associated anomalies, which are:
•	 cryptorchidism (in up to 10% of cases of hypospadias);
•	 patent processus vaginalis or inguinal hernia (in 9–15%) [1].

Severe hypospadias with unilaterally or bilaterally impalpable testes, or with 
ambiguous genitalia, requires a complete genetic and endocrine work-up imme-
diately after birth to exclude a disorder of sex development (DSD), especially 
congenital adrenal hyperplasia [1].

	1.	 Risk factors associated with hypospadias can be genetic, placental and/or envi-
ronmental (Level of Evidence: 2b) [1, 11]. In the case of this infant, prematurity, 
low weight at birth together with in vitro fertilization (IVF) would be identified 

Fig. 14.2  Proximal-posterior hypospadias
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as risk factors to his condition. IVF is associated to a five-fold increased risk of 
hypospadias, which may be related to maternal progesterone administration 
[12]. Parents should be counseled about this risk as well as the possibility that 
7% of other family members may also be affected [1]. Interactions between 
genetic and environmental factors may help explain non-replication in genetic 
studies of hypospadias. The use of oral contraceptives prior to pregnancy has not 
been associated with an increased risk of hypospadias in offspring, but their use 
after conception increases the risk of middle and posterior hypospadias [1].

	2.	 Pre-operative hormonal treatment may be recommended in this case due to small 
penile and glans size. Therapy options are local or parenteral application of tes-
tosterone, dihydrotestosterone or beta-chorionic gonadotropin. It use is limited 
to small appearing penis, reduced glans circumference or reduced urethral plate 
because it was reported to lead to significant enlargement of the glans and shaft 
of the penis (Level of Evidence: 1b) [13, 14]. According to expert opinion, a 
small penis is defined as penile length <25 mm during the first year of life and a 
glans with a diameter <14 mm [15].

Moderate quality evidence from three randomized controlled studies demon-
strated significantly lower rates of urethrocutaneous fistulae and reoperation 
rates in patients who received pre-operative hormonal treatment [16].

Side effects such as changes in child’s behavior, increased genital pigmenta-
tion, appearance of pubic hair, penile skin irritation and redness, increased erec-
tions and peri-operative bleeding have been reported, but no persistent side 
effects related to hormonal stimulation have been reported in the literature. There 
is also no evidence about possible effects on bone maturation [16–18].

	3.	 Surgical options for this infant include either one stage repair versus a two stage 
repair. Considering the short urethral plate, the severe ventral curvature (more 
than 45°) and the proximal division of corpora spongiosum, this infant is most 
likely to require a two-stage repair. The decision making should be taken after 
assessment of the length and quality of the urethral plate and the degree of chor-
dee once the penis has been degloved [1].

Previously reported series of single-stage repairs for proximal defects have 
reported high complication rates of 20–50% [19]. Regardless of convincing 
results recently published [ 20], in the survey conducted by the European asso-
ciation of urology, the TIP repair in the correction of proximal hypospadias is not 
widely used and around 43.3–76.6% prefer a two-stage repair for these complex 
cases [9]. The two-stage procedure has become more popular due to lower risk 
of chordee recurrence and more robust long term favorable outcome [1].

Two stage procedures include two-stage preputial flaps (Byars or Dennis 
Brown) or two-stage preputial graft repair (Bracka). According to Cuckow et al. 
[21], in a cohort of 208 pediatric patients who underwent two-stage Bracka pro-
cedure using free grafts (preputial, buccal or retro auricular), cosmetic and func-
tional result were considered excellent in 90% of patients, good in 3.7% and 
6.3% required reoperation. Complications after the second stage were: 
urethrocutaneous fistulae (3.4%), meatal stenosis (1.4%), and three partial glans 
dehiscence (1.4%).
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14.3	 �DSD (5α Reductase Deficiency)

A new-born baby, with no antenatal history, is in NICU for respiratory distress. The 
neonatal team is concerned with the sex assignment due to the genital appearance, 
which are ambiguous with severe penoscrotal transposition, a small phallus, 
perineal-scrotal hypospadias, bifid scrotum and two perineal openings (Fig. 14.3). 
Both gonads are palpable in the genital folds.

	1.	 How are these group of disorders named?
	2.	 How should this patient be managed?
	3.	 What is the most likely diagnosis and what are the differential diagnosis?
	4.	 When is the best timing for surgical repair? Is hormone therapy indicated in 

this case?

	1.	 These disorders, formerly called ‘intersex disorders’, are characterized by a pre-
sentation in which there is a discordance between chromosomal, gonadal, or 
anatomical sex [1]. They were renamed in 2005 as “disorders of sex develop-
ment” (DSD), by the European Society for Paediatric Endocrinology and the 
Lawson Wilkins Pediatric Endocrinology Society in a document known as the 
Chicago Consensus Statement [22]. However, in a recent publication, Gorduza 
et al. suggest a new terminology to avoid the confusion and distress the terms 
‘disorder’ or ‘sex’ may cause [23]. The term “anomalies of gonadal/genital 
development” (AGD) was proposed to outline the current surgical approach to 
these very distinct conditions and address the many current controversies regard-
ing each of them. AGD can be divided into five main groups: virilized 46 XX, 
unvirilized 46 XY, chromosomic mosaicism or chimerism (essentially the mixed 
gonadal dysgenesis 45 XO/46 XY and 46 XX/46 XY), ovotesticular 46 XX and 
heterogeneous category including cloacal exstrophy, aphallia and some complex 
cloacal anomalies.

	2.	 This baby should be referred to a DSD multidisciplinary team, comprising genet-
icists, pediatric urologist, gynaecologists, endocrinologists, psychologists and 
biochemists. The challenge during the neonatal period is to use the information 
available to make the most appropriate choice in order to select a gender concor-

Fig. 14.3  Desorder of sex development (DSD)
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dant with the individual identity of the child (which is invisible during this 
period), the social identity (which is the way the ‘society’ looks at the individual 
and the only tangible identity approachable after birth) and the behavioral iden-
tity, which is not yet apparent [24]. The situation should be explained to the 
caregivers fully and kindly. Registering the birth and naming the baby should be 
delayed as long as necessary [1].

A careful physical examination is mandatory evaluating pigmentation of gen-
ital and areolar area, hypospadias or urogenital sinus, size of phallus, palpable 
and/or symmetrical gonads and blood pressure [1]. If it is possible to palpate a 
gonad, it is almost certainly a testis; this clinical finding therefore virtually 
excludes 46XX DSD [1]. The following laboratory investigations are needed for 
the initial assessment: karyotype, plasma 17-hydroxyprogesterone assay and 
plasma electrolytes. Abdominal ultrasound to evaluate the presence of Müllerian 
duct structures is also recommended [1].

	3.	 Laboratory results exclude congenital adrenal hyperplasia (CAH), which is the 
most frequently occurring DSD.  Karyotype result is 46 XY.  Abdominal US 
revealed no Mullerian structures. Endocrine evaluation detected elevated mean 
plasma testosterone but low dihydrotestosterone (DHT) levels. After hCG stimu-
lation, the testosterone-to-DHT ratio increased to greater than 20:1. According to 
these results, this baby’s most likely diagnosis is a 5-α-Reductase type 2 defi-
ciency. The diagnosis is confirmed by sequencing the entire 5α-reductase type 2 
(SRD5A2) gene [25]. It is a rare autosomal recessive sex-limited condition result-
ing in the inability to convert testosterone to the more physiologically active 
DHT. Wide range of genital ambiguity can manifest at birth and pronounced 
masculinization at puberty.

Differential diagnosis includes other apparent female DSD with clitoral hyper-
trophy, such as CAH or other under virilized 46 XY such as partial androgen 
insensitivity syndrome (PAIS). Genetic studies will exclude 46XX or chromo-
somal mosaicism. Furthermore, endocrine evaluation is crucial to determine 
exact entity.

	4.	 In reference to the consensus statement [22], it is clear that the timing of surgery 
is nowadays much more controversial. The rationale for early surgery includes: 
beneficial effects of oestrogens on infant tissue; minimizing family anxiety; miti-
gating the risks of stigmatization and gender-identity confusion [26]. However, 
adverse outcomes have led to recommendations to delay unnecessary surgery to 
an age when the patient can give informed consent. Surgery that alters appear-
ance is not urgent [1].

In this case, where male assignment has been done early in life, treatment 
includes hormone and surgical correction of severe hypospadias. Knowing that 
5-α-Reductase type 2 deficiency patients will have an acceptable physiological 
virilization during puberty, deferring hypospadias reconstruction may be 
advantageous. Although the recommended age for surgical correction of hypo-
spadias is 6–18 (24) months [1], there is a view that this group should be the 
exception and hypospadias repair should be delayed until post puberty.

14  Hypospadias



326

14.4	 �Midshaft Hypospadias

A year-old male infant is referred to the urology service by the GP for hypospadias. 
On clinical examination both testes are in the scrotum, there is some degree of chor-
dee with a midshaft meatus and hooded foreskin. The glans is small and has no 
groove (Fig. 14.4).

	1.	 What is the incidence of midshaft hypospadias?
	2.	 Are all midshaft hypospadias treated in the same way?
	3.	 a. What are the surgical options for this case?

b. Is a graft needed?
	4.	 How is the follow up of hypospadias patients?

	1.	 Midshaft hypospadias is the least common variety, accounts for 10% of hypospa-
dias [7].

	2.	 Midshaft hypospadias should be reassessed after the shaft has been degloved and 
the degree of chordee is measured [1]. The level of division of the corpus spon-
giosum is the main determinant of the severity of hypospadias, as the urethral 
segment sitting proximal to the meatus is usually hypoplastic and deficient of 
spongiosum. Only then can the appropriate urethroplasty technique be chosen 
for each case in particular, not being able to universalize one technique [2]. 
Caregivers should be correctly informed about the different options before the 
surgery takes place.

	3.	 a. During this baby’s surgery, after shaft is degloved, mild chordee (<30°) is 
evident, and the urethral plate is adequate to be preserved. Chordee is corrected 
with a dorsal plication. Assessment of the urethral plate is crucial to determine 
whether it can be closed without a midline incision (Thiersch-Duplay), if a 

Fig. 14.4  Midshaft hypospadias
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medial deep dorsal incision is required (Snodgrass TIP procedure), or if augmen-
tation is necessary (onlay flap, Snodgraft procedure). However, this assessment 
is somewhat subjective [2, 15]. Mouriquand believes that length, width and 
thickness define the quality of the urethral plate and therefore need to be taken 
into account in decision making [15]. Ru W et al. highlights the value of the ratio 
between the urethral plate and the glans width for objectivity and accuracy in 
urethral plate evaluation, which in turn serves as an independent factor influenc-
ing outcomes in tubularized incised plate repair [27]. According to Seleim et al., 
in a recent prospective evaluation of 104 preservable narrow plate primary hypo-
spadias repair (<8 mm), 4 mm width is the lower limit of clinical relevance that 
defines poor urethral plate [28].

b. In this case, an augmenting graft should be considered as a good option. In 
the presence of a narrow, shallow, inelastic urethral plate and conical small glans, 
a more substantial augmentation is required, rather than just incising the plate 
[7]. This can apply to distal hypospadias, but more particularly to severe penile 
forms where the application of an extended Snodgrass procedure may generate 
concerns for the long-term outcome [ 7]. The onlay preputial island flap, 
described by Duckett, is a good option. However, the more recent Snodgraft 
procedure could also be considered. The resulting meatus is wide and slit like. 
The excellent take of graft material enables a satisfactory urethra to be recessed 
back into the glans [29]. The Snodgraft procedure has been also utilized in redo 
hypospadias repair and specifically BXO cases [7].

	5.	 EUA Guidelines strongly recommend long-term follow-up to detect urethral 
stricture, voiding dysfunctions, recurrent penile curvature, ejaculation dysfunc-
tion and patient satisfaction [1]. However, urethral performance after reconstruc-
tion is still difficult to assessed. Most often surgeons only rely upon the parent’s 
or the patient’s views, or the observation of the urine stream is not done in opti-
mal conditions. Urine flow studies are not reliable as most patients who received 
urethral surgery have long-lasting dyssynergic voiding and because the urody-
namic profile of the reconstructed urethra is abnormal even without significant 
urethral stricture [7]. This explains why most urine flow studies after hypospa-
dias surgery have a flat profile despite satisfactory urethroplasty [15]. Although 
peak flow rates and uroflow curve rates have unclear meaning, Snodgrass recom-
mends urethroscopy when there is a flat tracing with a flow rate less than 5 cc/s, 
and/or in patients with obstructive voiding symptoms [15]. The use of validated 
objective scoring systems to assist in evaluating the functional and cosmetic out-
come should be developed [1].

14.5	 �Mega-Meatus Intact Prepuce (MIP)

A 2-year old boy is referred to the clinic because parents notice a wide meatus 
proximal to the coronal sulcus with splayed urinary stream and normal retractable 
prepuce (Fig. 14.5).
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	1.	 What is the most likely diagnosis?
	2.	 What are the clinical features that characterizes this entity?
	3.	 How is the diagnosis done? Is it the same as other type of hypospadias?
	4.	 What is the incidence of this condition?
	5.	 What are the different modalities of treatment?

	1.	 The most likely diagnosis is megameatus with intact prepuce.
	2.	 MIP is a unique anatomical variant of hypospadias characterized by a deep glan-

ular groove, a large meatus and an intact prepuce that completely covers the 
glans [30].

	3.	 Diagnosis and management of MIP can be particularly challenging [31]. Typical 
hypospadias diagnosis is usually straightforward, identified at birth or even ante-
natally [32]. However, in MIP cases, the diagnosis is often delayed either late in 
life in non-circumcised boys at the time of retraction of the prepuce or at the time 
of neonatal circumcision [30]. It was once hypothesized that the cause of the 
glans defect was previous surgery, however it is now understood that this is a 
urethral formation defect [32, 33].

There are several differences between MIP and typical distal hypospadias. In 
MIP, by definition, there is a completely formed prepuce with a patulous meatus, 
no chordee and the frenulum is usually absent [34]. Fahmy et al. identified 15 
cases of MIP, in a cohort of 12,518 boys, concluding that any deviation from 
normal penile medial raphe (deviation, hyperpigmentation, prominent or 
bifurcation) should raise suspicion about presence of MIP, with a sensitivity of 
80%, a specificity 99.8% and positive predictive value of 24.4% [32].

	4.	 The MIP is a rare variant of glanular hypospadias first described by Juskiewenski 
et al. in 1983 [35]. The reported prevalence is 1 of 10,000 patients, which repre-
sents an incidence of 3–6.8% of all hypospadias although its true incidence is 
unknown given the fact that a number of patients with MIP may not be identified 
[32, 36].

Fig. 14.5  Megameatus intact prepuce (MIP)
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	5.	 Patients diagnosed with MIP variant of hypospadias should be referred to a pedi-
atric urologist before age 6  months [36]. Surgical repair could be offered, 
between the age of 6–18 months, for those patients with a large fish mouth or 
blunderbuss appearing meatus that opens close or at the coronal margin. When 
the caliber of the urethral meatus is minor, the location is close to the tip of the 
glans with good urinary stream, surgical repair may not be necessary [36].

Several anatomical considerations should be taken into account during MIP 
reconstruction surgery. In general, the urethral plate is often irregular and may 
extend laterally to the level of the coronal margin making the dissection more 
difficult. If the lateral extent of the urethra is not recognized, injury can occur at 
the time of repair, making reconstruction more problematic [36].

Numerous techniques have been described, starting by Duckett and Keating 
in 1989 who being dissatisfied with the results of the MAGPI and peri meatal-
based flap procedure, described the “pyramid procedure” [37]. Yet another tech-
nique designed to overcome the challenges of a wide, deep glanular groove and 
a noncompliant fish mouth procedure is the glans approximation procedure 
(GAP) [6]. Tubularized incised plate urethroplasty and modified Thiersch-
Duplay tubularization of the urethral plate are other techniques with excellent 
cosmetic and functional results [36, 38]. Cedron adapted the principle of the 
Mathieu procedure to the repair of MIP with the advantage of an improved visu-
alization of the urethra during dissection and also providing healthy vascularized 
coverage to the reconstructed urethra [36].

Reported complications of surgical treatment are: 0–9% rate of urethra cuta-
neous fistula and 0–18% rate of meatal stenosis [36, 39].

14.6	 �Failed Hypospadias Repair

A 12-year old boy attends with his parents to the urology clinic. They are concerned 
about the cosmetic appearance of his penis after three surgical procedures in another 
centre. He is having curved erections, and has to urinate siting down on the toilet 
because the urine stream flows downwards. He describes abdominal straining dur-
ing micturition. On clinical examinations there is firm scar tissue in the ventral 
aspect of the shaft, with a narrow distal penile meatus (Fig. 14.6).

	1.	 How should this patient be managed?
	2.	 When is the best timing for surgery?
	3.	 What are the surgical options in this case?
	4.	 What grafts are there available when prepuce is absent?

	1.	 This patient is a case of failed hypospadias repair. This group includes patients 
with persisting functional complications after previous hypospadias repair, that 
present either as recurrent stricture, urethrocutaneous fistula, glans dehiscence, 
urethral dehiscence, chordee, or glans deformity. In a series of 100 redo hypo-
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spadias surgery, BXO was found as one of the most important yet often unrecog-
nized causes of late hypospadias failures [7].

Failed hypospadias is a complex and challenging issue [40]. Preoperative uro-
flowmetry and post voiding US are important to asses for any bladder or upper 
urinary tract compromise. The assesment should begin with a diagnostic cystos-
copy to evaluate the neo-urethra and the severity of any stricture.

	2.	 In this case, at least minimal intervention should be done as soon as possible to 
treat outlet obstruction. Suprapubic line or even perineal urethrostostomy should 
be considered as transient solution if the patient is not psychologically ready for 
a major reconstruction.

Once the obstruction has been dealt with, there is controversy on the age at 
which to operate as well as the technique to be used. These group of patients are 
usually older and therefore the patient himself should play an essential role in the 
decision making.

	3.	 There are no clear guidelines for the management of these types of patients [1]. 
Single stage repair of redo cases usually is not possible due to the lack of vascu-
larized tissues to reconstruct the urethra, provide good skin cover and an inter-
posing tissue layer [41]. Hence, failed hypospadias merit two-staged grafted 
urethroplasty [41]. Planning the surgery in a staged fashion gives the surgeon the 
opportunity to remove the non-vascularized tissues, address the curvature and 
lay down a vascularized tissue usually a graft to be utilized in a second stage for 
urethral reconstruction. It has been reported an overall success rate of 72% using 
staged graft repair [41].

	4.	 Grafts are commonly taken from either genital or non-genital sites like inner 
preputial graft if the child is not circumcised, buccal mucosa graft and post auric-
ular skin graft. Following the principles published by Cuckow et al., in the case 
of not having enough foreskin in proximal hypospadias, alternatives are posterior 
auricular Wolfe graft and / or oral mucosa [19].

Fig. 14.6  Failed hypospadias repair
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However, up to 12% of patients will need a revision of the first stage because 
of graft retraction. Leslie et al. [42], in retrospective study on 30 children with 
prior failed repairs reported induration and thickening in the graft after the first 
stage that in their experience affected the incidence of complications in a signifi-
cant way. This may support the use of corticoid betamethasone cream beginning 
4 weeks after healing of the graft and thereafter for at least 6 months to prevent 
the occurrence of hypertrophy and induration.
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15Bladder Exstrophy

Chapter in Book “Practical Pediatric Urology—An 
Evidence Based Approach”

Sébastien Faraj and Marc-David Leclair

Learning Objectives
•	 Provide appropriate prenatal counselling
•	 Understand differences in possible neonatal management strategies
•	 Manage urethral complications after closure of bladder exstrophy

15.1	 �Case 1

A couple is seen in clinic with a prenatally possible classical bladder exstrophy 
diagnosed. The ultrasonography performed at 24 WG shows absent bladder on 
repeated examinations, low insertion of the umbilical cord.

Q1. What do you tell them?
A1. Classical bladder exstrophy is a rare malformation, with an incidence of 

approximately 1:46.000 birth [1]. The absence of visualization of the bladder is the 
strongest sign in favor of this diagnosis, together with low insertion of the umbilical 
cord [2], and spreading of the pubic bone ossification points [3]. The main messages 
to emphasize at the time of the first prenatal consultation are:

	1.	 The surgical management can follow different approaches [4], but all require 
possible multiple surgeries during life (childhood and adulthood) with subse-
quent follow-up by pediatric urologist, nephrologist and gynaecologist [5].

	2.	 Urinary continence is a major concern, and several reconstructive attempts may 
be necessary. It is accepted that at least 80% of these children will achieve dry-
ness [6, 7], but only a minority will achieve physiological continence and void-
ing per-urethra.
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	3.	 Overall survival is excellent [6–10].
	4.	 Neonatal referral of the child to an expert centre should be considered.
	5.	 Termination of the pregnancy may be an option, in some countries, especially for 

boys whose genital prognosis remain poor. It may be a great help to ascertain 
fetal gender by non invasive methods (detection of circulating SRY sequence in 
maternal boy) [11] before undertaking any further discussions.

At birth, you see a malformation similar to the two examples below (Figs. 15.1 
and 15.2).

Q2. How can you describe the different elements of these bladder exstrophy 
patients?

A2. Classical bladder exstrophy gathers several anomalies [12]:

	1.	 bladder template is open. Here we can see a small/good sized bladder template 
[13] with/without bladder polyps [14].

	2.	 the urethra is wide open along the dorsal aspect, forming an epispadias, always 
present in classical bladder exstrophy [15]. In some cases, epispadias can be 
isolated and state as a complete malformation.

Fig. 15.1  Large bladder, 
normal mucosa
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	3.	 pubic bones are separated with a wide diastasis. This examination detail can be 
the only visible particularity found in very distal epispadias.

	4.	 length of the penis is always a short [16], because of the attachment of the cor-
pora cavernosa on a distracted pubic bones, associated with dorsal curvature [17].

Q3. What do you do at birth?
A3. At birth, there are some important things to do:

	1.	 Explanation of the malformation to the parents, on their newborn.
	2.	 Refer the child to an expert center [18], or make contact with it to determine tim-

ing and stages of the surgical strategy
	3.	 Protection of the bladder template can be advised using silicon non adherent sili-

con dressings, if a delayed strategy is chosen.
	4.	 Minimal imaging workup studies can be performed: pelvic X-ray, renal ultra-

sound, and ultrasound of the spinal cord

Q4. What are the different possibilities of management of classical bladder 
exstrophy?

A4. Surgical management of classic bladder exstrophy is still challenging for 
pediatric and urologic surgeons interested in this complex pathology. The strategy 
has constantly been renewed [4] since the first work in the early twentieth century 
[19–21].

Fig. 15.2  Small bladder 
template, multiple 
polypoid formations
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15.1.1	 �Classic Strategy

The philosophy of the modern staged repair [4, 22] was to allow achievement of 
the different goals of the management of the classic bladder exstrophy in three 
stages (bladder closure, penile reconstruction, continence procedure) at an appro-
priate age for each of them. First step is the bladder closure performed at birth with 
the idea that the more early the closure is done the less complications on the blad-
der template; early closure avoids the need for pelvic osteotomy in a majority of 
newborns [23]. The second step consists on reconstruction of the male genitalia 
[24]. The timing of this step was also under debate and was through history done 
earlier and earlier to be perform during the first year of life, participating to the 
growth of the bladder [24]. The third step is the management of continence, per-
formed later when the child reaches psychological and physical favorable status for 
the procedure to be a success. Ureteric reimplantation and bladder neck recon-
struction are the two procedures performed at this time [25]. Each step of this 
strategy was discussed and modified by numbers of team operating exstrophy [7, 
22] but strategy was considered effective precisely because of the separation of the 
different stages [26]. In the Warsaw approach [27], the last two steps are performed 
together later during the child’s life, at the age of 4–8, in the selected cases of sat-
isfying bladder growth.

15.1.2	 �Complete Primary Repair of Exstrophy

Another approach of the classic bladder exstrophy was popularized by Mitchell 
[28], consisting in a complete primary repair of exstrophy. In this strategy, a com-
plete penile disassembly of the urethral plate and the corporeal bodies is performed 
with total reconstruction at the same time of the bladder neck reconstruction and the 
bladder closure [6]. The idea is to avoid multiple surgeries and so avoid multiple 
general anesthesia by performing all the needed steps in one stage [29]. Two supple-
mentary advantages were linked to this strategy: a theoretical improved growth of 
the bladder [30] because of the earlier reconstruction of the voiding channel with 
early resistance and a theoretical better position of the final bladder inside the pelvis 
[6]. However, the feasibility of such a long/complex procedure during the haemody-
namically unstable neonatal period, and subsequent potential vascular risks, led 
multiple center to avoid this strategy [26].

15.1.3	 �The Kelly Procedure

J.H. Kelly described in 1975 a novel approach [31, 32] aiming at anatomical recon-
struction of the urogenital complex [33]. The objective is to detach and use all skel-
etal muscular structures of the pelvic floor, attached in bladder exstrophy patients on 
the abnormal pelvic girdle, and reconstruction on the midline at the supposed best 
location for continence. The idea is to create passive resistances with existent 
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muscular structures [34]. This reconstruction is enables after a radical soft tissue 
mobilization, which is performed during a second stage at the age of 3–6 months, 
after an initial bladder closure at birth. In theory, the radical soft tissue mobilization, 
by its complete detachment of the corpora from the inferior rami [35], allows 
lengthening of the penis but may also require creation of a hypospadiac meatus to 
optimize length gain [9].

15.1.4	 �The Delayed Bladder Closure Approach

All these strategies included a neonatal bladder closure, associated or not to the 
other goals of exstrophy management, which are reconstruction of genitalia and 
reconstruction of bladder neck to reach a continence status. Alongside these ques-
tionings about the different stages and the possible combinations of them, several 
teams began to delay the bladder closure step [18]. It has been suggested that delay-
ing the bladder closure had finally not so negative consequences on the bladder 
template as previously thought [36, 37]. In several countries throughout the world, 
with limited access to high-level pediatric surgical facilities [38], many children 
reach the age of 5–10 with a bladder template left untouched, some of them still 
being eligible for delayed bladder closure. W.  Rösch and coworkers showed the 
limited and reversible morphological and histological changes observed on the 
bladder mucosa in delayed closure patients series [39].

Additional advantages to elicit a delayed bladder closure strategy include:

	1.	 Potential improvement of mother-child bond building, when the newborn is dis-
charged home soon after birth.

	2.	 Avoiding neonatal catabolism that occurs during the first days of life (wound 
healing), and renal function immaturity, respiratory and haemodynamic instabil-
ity period of the newborn, to take advantage of a more favourable window some 
weeks later.

	3.	 planification, organization of the surgery [40], and possibly referral to an expert 
center or involvement of other paediatric urologists with expertise in bladder 
exstrophy reconstruction [41].

15.1.5	 �The Nantes Approach

The Nantes Approach [10] is a strategy combining delayed closure, and Kelly 
RSTM, resulting in a one-stage procedure, performed at the age of 2 months. In this 
global approach, both parents are seen during pregnancy to provide information on 
the malformation and its management. Protection of the bladder plate is advised 
using non adherent silicon dressing, and peripheral skin care around the plate pro-
tected with ointment cream. Closure is performed during the third month of life, 
combined with RSTM and Kelly reconstruction of the bladder, bladder-neck, and 
epispadias [10].
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Q5. In this particular case, a delayed closure is planned. What are the advices 
regarding wound care.

A5. Dressings protecting the bladder mucosa from mechanical aggression can be 
advised. These dressings can be done with using non adherent silicon interface 
dressing placed on the bladder template. A formula based on paraffin oil, silicon, 
and lanolin oil can be used to protect the peripheral skin around the plate. No spe-
cific risk of infection justifies local/systemic antibioprophylaxis.

15.2	 �Case 2

A 7 year old boy with bladder exstrophy closed at birth has recently moved from a 
remote country. Parents described no dry period longer than 30 min with the neces-
sity for the child to wear diapers permanently. There was no infection but the conti-
nence situation was more and more difficult to accept with impact on his scholar 
life, especially during elementary school. On the clinical examination, there is one 
supra pubic scar and meatus still is in epispadiac position. There is indeed urine 
leakage through the urethra.

Q1. What do you do for further exploration?
A1. The objective is to evaluate all the aspect of the bladder exstrophy complex 

to choose the adequate procedure for this boy.
First, the kidneys and renal function must be analyzed, by performing at least a 

renal ultrasound and serum creatinin [42].
The bladder assessment requires a combination of cystogram, endoscopy, some 

urodynamic evaluation [43]. This can be achieved under general anesthesia, first by 
slow filling of the bladder with physiologic serum, measuring the rise in filling pres-
sure. The advantage of general anesthesia is to combine endoscopy, urethro-
cystogram (with a balloon blocked in the bladder neck), filling-pressure assessment, 
and occasionally, placement of a suprapubic catheter to allow formal urodynamic 
studies. During the bladder endoscopy, position of ureteral meatus and presence or 
not of bladder augmentation has to be noticed. The urethra would be also evaluated 
at this time.

The presence of bladder outlet resistances can be more difficult to appreciate in 
these cases. Interrogation on timing of urinal leakage takes an important place in 
this evaluation. Examination under general anesthesia and urodynamic evaluation 
permit also to better understand the status of the child.

The goal of all these evaluations is to understand the mechanism of the inconti-
nence situation, which is the result of a complex balance between bladder function 
and pressure and infravesical resistances. One must obtain an evaluation of maxi-
mum and functional bladder capacity, end-filling bladder pressure, and sphincteric 
resistances [44].

The urodynamic evaluation of the bladder function revealed a small bladder with 
poor capacity evaluated at about 70 ml at the age of 7. At this volume, intravesical 
pressure was very high inducing a poor compliance of 5. Renal evaluation showed 
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bilateral good parenchymal aspect, normal function, and no hydro-uretero-
nephrosis.

Q2. What management do you propose to perform in this boy?
A2. The surgical management aims to achieve social continence, not jeopardiz-

ing the renal function.
The surgical plan could include an association of:

	1.	 bladder augmentation [45] with continent Mitrofanoff appendiceal cystos-
tomy [46]: the bladder capacity is insufficient, because of absence of infravesical 
resistances resulting in poor bladder growth. Augmentation can be performed 
with ileal or sigmoid patch. A continent derivation must be performed at the 
same time to allow acceptable bladder emptying.

	2.	 urethro-cervicocystoplasty: the objective is to avoid urine incontinence through 
urethra. Multiple procedures exist, as variant of Young-Dees procedure [47]. 
None of them will allow physiological voiding, and one may accept obstructive 
bladder outlet resistances to achieve social dryness [48]. It is therefore manda-
tory that continence bladder neck reconstruction in this context be associated 
with some form of continent diversion (Mitrofanoff) [46].

	3.	 epispadias reconstruction by Cantwell Ransley procedure [49, 50]: the goal 
is to have a well cosmetic aspect of the penis. The functional part of the urethra 
is in this case at a second level because of the presence of the continent channel. 
The Kelly radical softtissue mobilization [9] in this situation allows anatomical 
reconstruction of the penis with maximal length gain.

In this case, a sigmoid patch was used for bladder augmentation and a Young 
Dees cervicocystoplasty procedure was realized. The Mitrofanoff cystostomy was 
positioned at the umbilicus. Urethra was reconstructed following a Cantwell Ransley 
procedure.

Q3. Do you perform ureteral reimplant and how do you perform it?
A3. Ureteral reimplant in bladder exstrophy patients has to be considered as an 

adjunct to bladder outlet procedures [25], to minimize the risks of high pressure 
voiding when voiding per urethra is a viable option [29]. Another situation may be 
the need to displace the ureteral orifices hindering adequate bladder neck tailoring. 
In the present case, and as a matter of principles, vesico-ureteric reimplantation is 
not always necessary, especially when performing bladder augmentation for a low-
pressure catheterizable reservoir. Several open bladder techniques can be used, and 
the classic cranial reimplantation described by R. Jeffs [51] is the one that best adapt 
to natural orientation of the ureters and the need for lengthening the bladder neck. 
The Gil-Vernet trigonoplasty is an alternative [52], with probably very low suc-
cess rates.

Finally, in bladder exstrophy children with non augmented native bladder, one 
may take into consideration the potential negative impact of high grade reflux on 
bladder growth, prompting to early reimplantation at the time or soon after bladder 
closure [25, 42].
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Q4. Do you perform supplementary osteotomy?
A4. The objective of pelvic osteotomy in the bladder exstrophy patient is to 

allow a tension-free closure, increasing the chances of good healing. Through his-
tory of bladder exstrophy management, multiple ways of performing it were 
described, like innominate or posterior osteotomies [53–55]. The choice of doing it 
depends on multiple various facts [56], which can be all discussed for each case:

	1.	 at birth, natural plasticity of all tissues and especially the bone allow closure 
without osteotomy [23]. Osteotomy can be discussed to minimize the tension 
during the postoperative period, which is also done by the immobilization of the 
child (plastercast or other management).

	2.	 in the delayed bladder closure, osteotomy is sometimes needed to allow the 
pubis approximation and so minimize the tension during the postoperative 
period. This is the same for older child for whom we want to perform supple-
mentary surgery as the mitrofanoff procedure or cervicoplasty.

It must be accepted that whether an osteotomy has been performed or not, the 
pubic diastasis will eventually re-enlarge, despite any methods of immobilization. 
This indicates that osteotomy should be considered as a help for closure during the 
operative and for a help to minimize post operative tension but not as an anatomical 
reconstruction of the pelvis [8].

The Kelly procedure in its very essence allows a tension free midline position of 
all the structures of interest by detaching them from the bones [33]. At least, the 
continence results of this technique are independent of pelvic bone reconstruction. 
However, in a delayed and combined approach with the Kelly repair, it may be safer 
to secure abdominal closure with some form of osteotomy [10].

15.3	 �Case 3

A boy with classic bladder exstrophy is followed-up after neonatal bladder closure 
and staged reconstruction. At the age of 3y.o, he presents with recurrent febrile 
UTIs. An examination under anesthesia is performed and reveals a urethral stenosis.

Q1. How can you manage these types of urethral stenosis in boys with classical 
bladder exstrophy?

A1. Urethral stenosis is a common complication after classical bladder exstrophy 
closure and epispadias reconstruction. It can be observed at the level of the neo-
meatus when transposed in hypospadias position, or along the distal urethra. It can 
be explained by ischemia occurring during the urethral reconstruction [57] and so is 
likely more frequent after radical soft tissue mobilization or CPRE, due to extensive 
dissection.

The management of urethral stricture can be performed using:

•	 smooth dilatation performed under local or general anesthesia with upgrading 
catheter.
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•	 dilatation using high-pressure balloon under general anesthesia. Sessions can 
be repeated after a few weeks to increase the chance of success.

•	 endoscopic urethrotomy is rarely possible to perform, because of the short 
length of the urethra in such children.

•	 redo-urethroplasty can be achieve but still is difficult to perform in boys with a 
high risk of recurrence of the stricture. In girls, a meatoplasty can be tried under 
general anesthesia but can also be followed by recurrence stenosis.

In this case, dilatations were performed under general anesthesia followed by 
dilatations with balloon catheter. Infections continued to occur during 2 years with 
multiple hospitalizations. Bladder endoscopy showed some bladder trabeculations 
with a quite good capacity. A new examination under general anesthesia was carried 
out and showed a recurrence of the urethral stenosis leading to this obstructive 
situation.

Q2. What can you propose to this boy in this obstructive situation?
A2. The outlet obstruction and high voiding pressures obviously puts at risk the 

upper-tracts. Incomplete bladder emptying triggers recurrent infections and bladder 
stone formation. Clean intermittent catheterization seems mandatory to avoid fur-
ther bladder and renal deterioration.

CIC through native/reconstructed urethra seems difficult, but is worth to try, with 
dedicated clinical nurses in a specialized setting. Creation of a continent catheteriz-
able channel (appendico-vesicostomy following the Mitrofanoff procedure) is an 
alternative in case of failure of urethral CIC, allowing adequate bladder emptying 
without pain [46].

Q3. Do you perform a supplementary procedure on the bladder neck during the 
mitrofanoff procedure?

A3. Two main problems need to be addressed when undertaking this 
reconstruction:

•	 the urodynamic characteristics of the reservoir during the filling phase need to be 
assessed by formal cystomanometry, to ensure the need for bladder augmenta-
tion in case of small or poorly compliant reservoir.

•	 the efficiency of bladder outlet mechanisms, to clarify whether infra-vesical 
resistances need to be reinforced at the same time of Mitrofanoff creation ± blad-
der augmentation.

Different procedures can be performed at the same time of the appendicovesicos-
tomy on the bladder neck:

•	 cervical injection of bulking agent, which can be done when the bladder is 
open and repeated by endoscopic injections if needed [58].

•	 redo-cervicoplasty following a Young-Dees procedure or one of the modified 
techniques. This procedure can be done only in bladder with good capacity 
because of utilization of part of the bladder and is difficult to perform because of 
the lack of smoothness of the tissues surrounding the bladder neck.
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•	 closure of the bladder neck [59] can be performed even in little bladder. This 
procedure states as a radical procedure, which can be difficult to accept by the 
family. This is still a good choice to avoid urine leakage with a simplest proce-
dure than a bladder neck reconstruction.

It is also possible to choose not to perform any bladder neck procedure, counting 
on the urethral stricture to prevent from leaks. In this situation, injection of bulking 
agent by endoscopy could be done eventually if necessary.

In this case, a bladder neck reconstruction and ileocystoplasty were performed at 
the same time than the Mitrofanoff channel, allowing the patient to achieve dryness 
without infection.

At the age of 14, he is reported to show behavioral and psycho-social difficulties, 
and deterioration of scholar attendance. The genital aspect seems to represent his 
biggest concern.

Q4. What are the possibilities?
A4. It has been well documented that puberty and early adulthood represent a 

difficult transitional period for exstrophy patients [42, 60], with major psychologi-
cal consequences. Most urological problems of early childhood are usually resolved 
at this age, and sexological questioning comes into foreground [61]. Initiating the 
transition of care toward a multidisciplinary adult team is extremely important [62]. 
Among sexological concerns, having a short penis often states as the main problem 
in exstrophic boys reaching adult age [63]. It can be a personal wondering because 
of a poor body self-image, or a demand motivated by the presence of a partner and 
the ask for having intercourses. Sufficient length for a penis should allow efficient 
penetrations without difficulties and without pain. Residual dorsal curvature and 
scars on an intrincally short penis may aggravate the penetrations difficulties. 
Surgical possibilities to lengthen the penis are usually not able to make it longer of 
more than a few centimeters [64], and in some cases, phalloplasty will be the only 
option. It should be performed only in highly specialized centers, after thorough 
urologic, plastic, and psychological preoperative assessment.
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16Genitalia: Undescended Testis, Acute 
Scrotum, Buried Penis

Diboro Kanabolo and Mohan S. Gundeti

Learning Objectives: At the End of the Chapter, the Reader Should 
Be Able To
	1.	 Understand the common presentations, aberrant mechanisms, and conditions 

associated with UPJ obstruction.
	2.	 Provide a differential diagnosis, initial workup, and optimal management time-

line of patient presenting with an acute scrotum.
	3.	 Describe definition, etiology, and management of buried penis.
	4.	 Delineate clinical manifestations, workup, and management of Ureteropelvic 

junction obstruction.

16.1	 �Genitalia: Undescended Testis, Non-Palpable  
(2 Figures Required)

Scenario 1: An ex-38-week gestation, 16-month-old male Caucasian child is 
referred to your clinic with an undescended left testis. Your physical exam is signifi-
cant for orthotopic right testis, though left is nonpalpable in both the inguinal region 
and scrotum. Inspection of the scrotum does not reveal erythema or edema, with the 
epididymis on right shown to be present on palpation. No palpable masses are seen 
in the inguinal region. Scrotal ultrasound (US) confirms undescended testis on the 
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left (unable to locate). Right epididymis and testis show no signs of pathology. 
Metabolic panel significant for creatinine of 0.68 mg/dl suggesting no abnormalities 
in kidney function. Informed consent is obtained from caregivers, and patient under-
goes two-stage left orchiopexy. Intra-abdominal testes is seen on laparoscopy 
(Fig. 16.1). Patient does well with normal intra-scrotal testes post-orchiopexy [1].

Question 1: Please describe the aberrant mechanisms of development in this child.
The etiology of cryptorchidism, or non-palpable undescended testes is somewhat 

controversial. Some suggest the condition is due to blunting of the gonadotropin 
surge seen during development [2, 3]. Some others suggest that hypoandrogenism 
may be a cause. A genetic component may be suggested, as undescended testis is 
associated with a 6–10% fraternal, and 4% paternal concordance [4].

Question 2: Can this patient be managed non-surgically?
In the 2014 American Urological Association (AUA) consensus statement for the 

management of undescended testis, treatment of unilateral or bilateral undescended 
testis using hormonal therapy, such as human chorionic gonadotropin (hCG) or 
Luteinizing Hormone Releasing Hormone (LHRH) is not recommended. This is 
due to the decreased response rates and lack of long-term efficacy. Orchiopexy is 
generally the gold standard for undescended testis, whenever possible [5].

Question 3: What is the theoretical harm to this patient by treating 
conservatively?

In patients with undescended testis, there is increased risk of testicular germ cell 
tumors, in particular seminoma or carcinoma in situ, likely due in part to multinu-
cleation of cells from impaired spermatogenesis. In children under age 12, the rela-
tive risk is 2–3, increasing to 2–6 when repaired after age 12 [6, 7].

Question 4: Is there a role for US in the diagnosis of cryptorchidism?
A Canadian retrospective study published in Pediatrics in 2015 provided evi-

dence that US correctly approximates physical exam findings in only 54% of unde-
scended testes cases. The study also showed that definitive surgical management is 

Fig. 16.1  Undescended 
left testes, non-palpable, 
located within the 
abdomen with 
Laparoscopy
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delayed on average by 3 months with the use of co-incident scrotal US. The 2014 
AUA guidelines provide a Grade B recommendation against the use of ultrasound 
in cryptorchidism, as it rarely changes management of the condition. Thus, it is 
often routine clinical practice not to perform the imaging in nonpalpable testis, as it 
does not often add to clinical management. Laparoscopy under general anesthesia 
will allow localization and orchiopexy in one or two stages, based on location. 
However, there may be role in those with comorbid conditions not amenable to 
general anesthesia. The decision is to be made based on location of testis to prevent 
future malignancy (i.e. intrabdominal, higher risk vs. Inguinal) and consideration of 
pros and cons of surgery.

16.2	 �Genitalia: Undescended Testis, Palpable

Scenario 2: An ex-36-week gestation, 5-year-old male African American child is 
referred to your clinic with an undescended left testis. Inspection of the scrotum 
reveals no (is it what you menat to say?) erythema or edema. Your physical exam is 
significant for orthotopic right testis, with left palpable in the inguinal region. 
Metabolic panel significant for creatinine of 0.88 mg/dl suggesting no abnormalities 
in kidney function. The testis is able to be moved from its location in the external 
inguinal ring down to the scrotum, remaining there for 2 min before beginning to 
rise to the level of the inguinal ring. The patient’s caregiver is reassured that the 
patient may be managed conservatively, with follow up annually.

Question 1: What is the general phenomenon seen in this case known as?
This is a case of retractile testes, due to an overactive cremaster muscle on the 

left side. The cremaster reflex is at its strongest for boys between the age of 2 and 7. 
The testis may be manually replaced into the scrotal position and remains there 
temporarily [8, 9].

Question 2: What is meant by “conservative management” for this patient?
The AUA recommends that providers assess the position of the testicle at least 

annually to ensure there is no further ascent into the inguinal canal. The condition is 
considered a normal variant in pre-adolescence. Hence, the patient must be fol-
lowed with at least annual physical exam and palpation by the urologist until descent 
is noted, usually around puberty. Measures for continued home monitoring by par-
ents are additionally helpful, such as assessment after a warm shower. Descended 
testes help in confirming the retractility of the testis. Some pediatric urologists may 
recommend more immediate follow up if testes fail to descend with warmth.

Question 3: In the event of no descent in the case above, or in the patient without 
retractile testes, what is the appropriate management?

Surgery is recommended due to the elevated risk of testicular cancer (Fig. 16.2). 
If the testicle is palpable, an inguinal or scrotal incision is made with due respect to 
the anatomic location of the testis. Either approach is effective for providing satis-
factory access to the high riding testis [10].
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16.3	 �Genitalia: Undescended Testis, with Hernia

Scenario 3: An ex-39-week gestation, 11-year-old boy was presented to the emer-
gency room with a 10-day history of swelling of the right inguinoscrotal region, of 
slow evolution. 36 h prior to presentation, his pain became acute. The patient had no 
history of hernia or abdominal abnormality. He was afebrile, without abdominal 
pain, and reported no nausea or vomiting. His past medical history was negative. 
Past surgical history was positive for acute appendicitis at age 13. Family history is 
negative. The examination revealed a soft abdomen with bulging inguinal region. 
Right hemiscrotum was distended, tense, and fluctuant but non-trans illuminant 
(Fig. 16.3). With valsalva maneuver, bulge grows in size, causing some pain in the 
right hemiscrotum. Of note, the right testis is not palpable due to edema of scrotum. 
The left testis was confirmed to be in the left scrotum and without apparent abnor-
malities. Complete blood count showed hemoglobin and a hematocrit level of 
13.1 g/dl and 35.7%, respectively, and a white blood cell (WBC) count of 12, 240/
μl with 75% neutrophils [11].

Question 1: Is sonography useful or indicated for the patient at this stage?
While Doppler ultrasound may be a useful test for this patient, as literature has 

shown its diagnostic accuracy, history and physical exam is necessary to confirm the 
diagnosis of hernia [12, 13]. Immediate exploratory surgery is necessary if the 
patient’s signs and symptoms are concerning for an acute abdomen or scrotum. If 
the physician’s interpretation of the history and physical exam is equivocal, doppler 
is able to differentiate between surgical emergency and other causes of scrotal pain 
in 84% of children [14]. Color component may be of use because it allows for the 
characterization of blood flow and may differentiate flow originating in intratesticu-
lar versus scrotal wall regions. Surgery is immediately recommended in any sce-
nario in which flow is found to be diminished or absent to testis [15].

Question 2: What is the role for computed tomography (CT) scan in this scenario?

Fig. 16.2  Palpable 
inguinal testes within the 
hernial sac delivered 
through low transverse 
abdominal incision
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If there is concern for clinically occult groin hernia, as seen by sonography, one 
may opt to pursue non-contrast computed tomographic imaging methods. 1 study 
assessing 158 consecutive patients over 5 years with groin or lower abdominal pain 
showed a positive predictive value detection rate of 92%, and negative predictive 
value of 96% for the patients with occult groin hernia (n = 54). However, CT has 
been deemed by the European Hernia society as being without ‘significant role’ in 
inguinal hernia diagnosis, despite a sensitivity of 79–83% and a specificity of 
between 67 and 83% [16–18].

Scenario continued: Surgical exploration of the right inguinal region was begun. 
Surgery proceeded with a transinguinal approach. The right inguinal canal was 
opened through skin crease incision. After opening the herniated peritoneal sac, 
12 ml of fluid was cleared out. After further exploration, a partial component of 
omentum was found, but most of this component was normal (Fig. 16.4). Of note, 
the testis was found to be normal. The omentum affected was resected and the 
remaining higher portions were reduced back into the peritoneal cavity. The right 
testis was able to return to the scrotum after omentum resection and reduction. A 
high ligation herniotomy was performed, with complete resolution of symptoms at 
2-months postoperatively.

Question 3: How immediate should this boy’s surgery have been performed? 
Describe the risks and benefits of an immediate vs delayed approach.

Fig. 16.3  Dense, enlarged 
right hemiscrotum with 
inguinal bulge on right 
indicative of 
incarcerated hernia
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Immediate repair of an inguinal hernia, whether direct or indirect, reduces the 
risk of recurrent incarceration. This benefit is counterbalanced by the risk of swell-
ing and inflammation, resulting in a more technically challenging procedure due to 
distortion of anatomical landmarks. These combine to create an elevated risk of 
direct herniation as a complication [17–19]. This risk is avoided with delayed repair. 
However, a delay in incarcerated hernia repair, as defined by 0.5–120 days from 
initial incarcerated hernia discovery, is associated with a 16–35 percent risk of 
recurrent incarceration. Many pediatric surgeons opt to hospitalize the patient and 
wait 24–48 h to allow the involved tissues to return to a closer approximation of 
their normal texture [19–21]. When the hernia is detected incidentally, without pre-
vious incarceration, many pediatric surgeons advocate for an elective repair.

16.4	 �Acute Scrotum—Appendix Testes

Scenario 4: A 13-year-old male presents to the ED with sudden testicular pain 
awakening him during the night. He had intermittent left scrotal pain for approxi-
mately 16 h prior to examination. Mild erythema is noted on the left hemiscrotum, 
and mild point tenderness is elicited between the upper testicular pole and epididy-
mis. Patients left scrotal sac appears to have a hypoechoic center with an echogenic 
rim on US. Normal testicular flow is noted bilaterally. Color doppler in left epididy-
mis shows possible increased flow but is inconclusive [22].

Question 1: What may be most concerning in this case?
While acute or sub-acute scrotal pain in the adolescent male can produce diag-

nostic concern, the primary consideration is for testicular torsion, as misdiagnosis 
can be disastrous and irreversible, leading to ischemia and loss of the testis. Other 

Fig. 16.4  Omentum 
incarcerated in inguinal 
bernia with a segmental 
infarct. (Reprinted with 
permission from “Unusual 
cause of acute scrotum in 
children: a case report” by 
Idrissa, Oukhouya, Tazi, 
Mahmoudi, Elmadi, 
Khattala, and Bouabdallah. 
Journal of Surgical Case 
Reports. 2017)
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items to consider include torsion of the testicular appendage, epididymitis in a sexu-
ally active male, orchitis, and tumor. Multiple consecutive case series have provided 
evidence that testicular appendix torsion is the second most common cause of acute 
scrotum, following testicular torsion [23, 24].

Question 2: What features inherent to the testicular appendix facilitated this 
patient’s presentation?

Testicular appendix torsion is represented by persistent vestigial remnants of 
Mullerian and mesonephric duct systems. Most cases arise in children between ages 
seven and fourteen, with a mean age of diagnosis at 10 years. The appendix testis is 
located at the anterosuperior portion of the testis (Fig. 16.5) and is predisposed to 
torsion due to its pedunculated shape [12].

Question 3: If this patient had presented immediately, how might you manage 
this patient?

While in the immediate presentation phase, patients may have considerable pain. 
This should be addressed with the appropriate analgesics. The physical examination 
includes assessment for blue dot sign (gangrenous appendix). Patients will be 
assessed for the presence of a cremasteric reflex, traditionally absent in testicular 
torsion, but present in this case. Sonography shows evidence of testicle adjacent to 
a hypoechoic mass (appendix) surrounded by color Doppler showing an area of 
perfusion. Given this, the patient can continue to be managed supportively, with 
analgesics, bed rest, and scrotal support. Pain usually resolves within 5–10 days, 
with surgery reserved only for pain in persistent cases [13–15]. It cannot be over-
stated that this diagnosis, if equivocal on history and physical and/or US, should be 
confirmed with surgical exploration of the scrotum to rule out testicular torsion. In 
the present scenario, however, the patient was re-evaluated 1 week later and is found 
to no longer have pain.

Fig. 16.5  exploration of 
testicular appendage 
torsion. Hyperemic 
component of testicular 
appendage
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16.5	 �Acute Scrotum-Nonvascular—Epididymo-Orchitis

Scenario 5: A 17-year-old male with a history of sexual activity with 2 female part-
ners in the last 1 year and presents to a community clinic at which you volunteer 
with a 4-day history of one-sided testicular pain. He also complains of intermittent 
white discharge from the penis. When asked, he reports that he does not use barrier 
protection. He also reports pain with urination. Physical exam reveals a swollen 
right testicle with substantial induration. Urinalysis reveals positive leukocyte ester-
ase, negative nitrites, and 23 wbc/hpf. He is prescribed antibiotics for 
epididymitis.

Question 1: What tests for this condition allow us to rule out an emergency?
If there is low suspicion for testicular torsion, Doppler US for blood circulation 

in the spermatic cord may be assessed. The test has a sensitivity for detection of 
torsion of 89%, and specificity of 91.3% (Fig. 16.6) [13, 14].

Question 2: What is the appropriate diagnostic workup in this scenario?
Given high rates of co-infection, the gonorrhea-chlamydia nucleic acid ampli-

fication test (NAAT) of the urine is needed for definitive diagnosis. Additionally, 
98% of symptomatic gonorrhea infections may be found by the presence of gram 
negative diplococci on gram stain [19]. Urinalysis may also be conducted to 
assess for leukocyte esterase and nitrate. The leukocyte esterase, a test of WBC 
activity is positive, with 10 or more cells/hpf. Nitrites, a metabolite induced by 
increased nitrate reductase activity are negative in Neisseria gonorrhea infection 
[25–27].

Question 3: Is there any surgical management indicated in this case?
No surgical exploration is indicated. Antibiotics directed against both 

N. Gonorrhea and Chlamydia are first line in the management of sexually active 

a b

Fig. 16.6  Appearance of epididymo-orchitis (a) Gray-scale image showing minimal-reflective 
areas in upper pole of testis. Extra-testicular fluid and epididymis distortion are seen. (b) Doppler 
image provides evidence of increased blood flow. (Reprinted with permission from “Clinical and 
Imaging Features of Testicular Torsion: Role of Ultrasound: Review” by Sidhu. Clinical Radiology. 
1999, 54, 343–352)
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patients under age 35 with high suspicion for epididymitis or orchitis [26, 27]. In 
addition to surgical management, proper sexually transmitted disease (STD) coun-
selling and education must be provided for this patient.

16.6	 �Acute Scrotum-Vascular—Testicular Torsion

Scenario 6: A 16-year-old male is referred for sudden, severe, right groin pain of 4 h 
duration. Patient denies any urethral discharge or urinary symptoms. Physical 
examination is negative for pain relief with gentle lifting of the testis, and cremas-
teric reflex is not present. Physical exam shows a (approximately 12 ml volume) 
tender, elevated right testis. The patient is immediately taken to the operating room 
for surgical exploration. During surgery, he is found to have a viable left testis and 
hyperemic right testis with a Bell-Clapper deformity. Bilateral 3-point orchiopexy 
is performed [28].

Question 1: Is there a need for USS scan in this scenario?
If immediately available, Color Doppler Ultrasound will conform the diagnosis. 

However, because time is of the essence here no unnecessary time should be wasted 
in confirmation of the diagnosis. If resources are not available and clinical diagnosis 
is confirmatory, immediate surgical exploration is a must, ideally within 6 h to sal-
vage the testis.

Question 2: What is meant by a Bell-Clapper deformity? How may it relate to 
risk of testicular torsion?

Failure of the normal testis to be anchored posteriorly to the epididymis is the 
term for bell-clapper (Fig. 16.7). The term is analogous to the clapper inside of a 
bell because it allows for the testis to swing freely, rotating inside the tunica vagina-
lis of the scrotum. The incidence of bell-clapper in autopsy series is roughly 12%. 
The Bell-Clapper deformity accounts for up to 90% of testicular torsion cases [29].

Question 3: How is testicular size and position impacted by testicular torsion?

Fig. 16.7  Normal 
testicular investment with 
tunica vaginalis parietal 
lamina (TVPL) attached to 
a large portion of 
epididymis. The TVPL 
attaches to a small portion 
of the epididymis, but the 
tail of the 
epididymis is free
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In patients with torsion, the spermatic cord becomes shortened as it continues to 
twist, causing it to rise higher in the testicle. The testis is then seen as higher with 
comparison to the contralateral testis, a specific finding—especially for left sided 
torsion, in which the testicle lays in a more dependent position. Additionally, due to 
venous congestion from the testicular vein, the testis begins to swell. Therefore, the 
normal 3–5 cm in length, 2–4 cm in width testicle may seem larger in the initial 
period (under approximately 6 h). After this, testicular atrophy occurs if vascular 
supply is unrestored beyond 6 h (Fig. 16.8) [30].

Question 4: What features of the case allow you to consider the diagnosis of 
testicular torsion instead of epididymo-orchitis (the presumed diagnosis in the origi-
nal case)?

Acute epididymo-orchitis, an inflammation of the testis and epididymis may be 
due to sterile inflammation, or infection, resulting in pain for a period of less than 
6 weeks. Epididymitis is the most frequent etiology of intrascrotal inflammation. In 
boys up to 13 years of age, the incidence is 1.2 per 1000. In testicular torsion one of 
the hallmark features is a negative cremasteric reflex (sensitivity and specificity of 
96 and 88%, respectively). The absence of this reflex is more likely to lead to a 
diagnosis of testicular torsion [31]. Prehn’s sign (pain relief with elevation of the 
testis) is traditionally associated with epididymitis, but the finding is highly unreli-
able. Doppler US for blood circulation in the spermatic cord has a sensitivity for 
detection of torsion of 89%, and specificity of 91.3% (Fig. 16.9) [13, 14].

Question 5: If this patient’s timeline from symptom to presentation had been 
36 h, how should this have changed management?

With delayed presentation, it is reasonable and common practice to proceed with 
an exploratory surgery. The benefit of this is twofold: first, it is important to rule out 
the possibility of a viable testis, though unlikely; secondly, one must be sure to pin 
the contralateral testis, given the reasonably high risk of torsion (approximately 
40%) [14].

Fig. 16.8  Non-viable, 
necrotic testes—torsion
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16.7	 �Buried Penis-Acquired

Scenario 7: An ex 37-week gestation, 10-year-old male was referred because his 
mother is concerned about the appearance of his penile shaft in combination with 
“peeing on himself”. On examination, you find an obese (BMI >95 percentile), 
uncircumcised child, Tanner Stage 1, with a prominent mons pubis. 2 cm of the 
penis is visible (Fig. 16.10), though suprapubic fat pad palpation shows evidence of 
a penile length that is within normal physiologic limits. Due to the likely absence of 
benefit from surgery, the patient and mother are instructed about the importance of 
lifestyle modification for the management of his condition. The patient and mother 
agree to adhere to your instructions. At follow up over the next several years, patient 
proceeds from Tanner stage 1 up to 3, followed by increasing protuberance of the 
penis [32].

Question 1: What is the strict definition of a buried penis? How does this defini-
tion differ from that of micropenis?

The buried penis is a diagnosis carried by patients in whom a penis of normal 
size can be appreciated (stretched penile length of 4.4  ±  0.6, 5.8  ±  0.8 and 
7.2 ± 1.6 cm at birth, age 5, and age 11, respectively). Micropenis is a disorder of 
the Hypothalamic-Pituitary-Adrenal (HPA) axis in which the penis length is 2.5 
standard deviations less than that of the normal child [33].

Question 2: What is the etiology of acquired buried penis?
The buried penis in childhood is due to two unique etiologies. In this particular 

scenario, the buried penis is from abundant adipose tissue on the anterior abdominal 
wall in older children. As a consequence, it is possible to recognize the condition 
prenatally. This results in poor fixation of the penile skin at the penile base, with 
excessive suprapubic adipose weight causing further symptomatic distress [34].

Question 3: Does timeline for surgery matter?
Buried penis is widely considered as a challenging condition to manage in both 

pediatric and adult populations [34]. Many surgeons decide to delay surgery 

Fig. 16.9  USS showing left sided testicular torsion
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(Fig. 16.11) up to years in extreme cases, in the hopes of providing an improved 
prognosis for obese patients. A considerable concern is for prevention of obesity-
related anesthesia complications. A further reason for the delay in surgical interven-
tion is for the determination of the effect that skin shrinkage may have on the hidden 
penis. Children are often referred primarily on the basis of cosmesis. It is thought 
that children with the condition have a 57% chance of spontaneous resolution, with 
a large proportion of children in the spontaneous resolution group under age 3 [35]. 
After age 3, many urologists indicate that primary reason for repair should take into 
consideration the ability to void while standing during the toilet training period. 
Failure to do so, especially in the uncircumcised, delays proper hygiene, and leads 
to an increased rate of urinary tract infection (UTI). Though the authros preference 
is mainly focuss on diet and obesity has the surgery has poor outcomes.

Fig. 16.10  Obesity 
induced acquired buried 
penis. (Reprinted with 
permission from “Buried 
Penis: Evaluation of 
Outcomes in Children and 
Adults, Modification of a 
Unified Treatment 
Algorithm, and Review of 
the Literature” by King, 
Tahir, Ramanathan, and 
Siddiqui is licensed under 
CC BY 3.0)
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Fig. 16.11  a-g Anatomical repair of buried penis 
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16.8	 �Buried Penis—Congenital Megaprepuce

Scenario 8: A 12-month-old boy is referred with a 9-month history of gross penile 
swelling and an inability to void spontaneously (Fig. 16.12). The child’s mother 
enables him to void with manual expression of the urine from the ballooned penis. 
No evidence of inflammation in the glandular or preputial tissue was found.

Question 1: What is the etiology of this child’s condition?
In normal gestation, the scrotal swellings appear bilaterally about the urethral 

folds in the sixth week of development. The genital tubercle begins its elongation 
into the phallus, stretching the urethral folds forward. The folds then fuse over the 
urethral plate, with the scrotal swellings migrating caudally until they meet across 
the scrotal septum. If all of these developmental planes fail to separate appropri-
ately, the scrotum may be inappropriately elevated in the groin, and the corpora of 
the penis may be tethered to the deep fascia of the pubic region [36, 37]. The condi-
tion has also been postulated to be due to dysgenesis of the dartos fascia in infancy, 
resulting in inelastic tissue with abnormal adhesions to the proximal portion of the 
corpus cavernosum [34]. Abnormalities may be detected prenatally.

Question 2: Surgical management?
Unless the patient presents with recurrent UTI and voiding into the megapre-

puce, surgery is indicated. Many different surgical techniques have been 
described.,the author prefers anatomical repair as described in (BJUI 1999 Smulders 
et al) Still, many authors agree that initial routine circumcision is not recommended 
in the management of children with the condition, as it removes portions of foreskin 
necessary for penile coverage (Fig. 16.13) [38].

Fig. 16.12  Congenital 
megaprepuce, prior 
to repair
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Fig. 16.13  Congenital 
megaprepuce, after repair
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Learning Objectives
	1.	 To differentiate between the common groin/scrotal conditions that present in the 

paediatric age group.
	2.	 To recognize the emergency/urgent vs elective cases and to deal with it 

appropriately.
	3.	 To understand the investigation pathway to assist with the differential diagnosis.
	4.	 To keep updated with current management options of groin/scrotal conditions.
	5.	 To understand the nuances associated with difficult scenarios in groin/scrotal 

pathologies.

17.1	 �Inguinal Hernia

Baby boy born at 32 weeks’ gestation is on NICU. He is now 4 weeks old and 
the neonatal doctor has noted a lump in the left groin. It is reducible.

•	 Q1. What is the most likely diagnosis?
•	 Q2. What is the incidence of this condition?
•	 Q3. What clinical findings help differentiate it from other conditions?
•	 Q4. When is the best time to operate?

A1. The most likely diagnosis is an inguinal hernia.
A2. Inguinal hernia in children is a common presentation to the paediatric urolo-

gist. The incidence of an inguinal hernia in a term neonate is 3–5%. This increases 
to 10–30% with the degree of prematurity [1–3]. It is nearly 5 times more prevalent 
in boys, the right-side hernias being twice as common as the left side ones. 15% 
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occur bilaterally [4]. Conditions that increase the risk of inguinal herniae include 
cystic fibrosis, hydrocephalus, peritoneal dialysis, abdominal wall defects connec-
tive tissue disorders (Ehlers Danlos syndrome) mucopolysaccharidosis (Hunter or 
Hurlers syndrome), ascites, cryptorchidism, congenital hip dislocation and 
myelomeningocele.

A3. An inguinal hernia in a child is usually an indirect hernia. The aetiology is 
the persistence of the patent processes vaginalis (PPV) after birth, which allows 
peritoneal contents like bowel and omentum to come through to present as a lump 
in the groin. Most parents will give a history of a bulge in the groin especially after 
straining or crying.

On clinical examination, positive ‘silk glove sign’ (thickened PPV in the cord) is 
palpated. One may feel the testis separately from the lump but cannot get above the 
swelling (difference from hydrocele). This lump is reducible. Large hernia may 
extend into the scrotum in boys. Ultrasonography may demonstrate a PPV with 
peritoneal contents through it but radiological investigations are not commonly used.

A4. Timing of surgery plays a key role in decision making in children. Most 
surgeons would prefer to repair the hernia in premature infants once they are ready 
to discharge from the neonatal unit [5]. Infants under the age of 6 months are oper-
ated on the next available operating list. Asymptomatic children over the age of 
1 year can be operated electively. Parents are advised about the risk of incarceration 
and the signs and symptoms to watch for during the waiting time till surgery.

9-month-old boy is brought to the Accident and emergency department by 
his parents with a red tender lump in the right groin, which is irreducible.

•	 Q1. What is the diagnosis?
•	 Q2. What are the risks/ complications of this condition?
•	 Q3. What is the management strategy for this patient?
•	 Q4. What are the advantages and disadvantages of open vs laparoscopic 

technique of repair?

A1. This patient has an incarcerated right inguinal hernia.
A2. The complications of incarceration and bowel obstruction along with com-

pression of cord structure is possible. Torsion and ischemia of the ovary (in females) 
is also known to complicate the inguinal hernia.

A3. In emergency cases of incarceration, every attempt should be made to reduce 
the hernia as soon as possible. In infants <3 months of age that have required man-
ual reduction, the inguinal herniotomy should be done before discharge as these 
have a 15% reincarceration incidence with delayed repair after 5 days [5, 6]. In 
older children, the procedure can be done electively. However, in an irreducible 
inguinal hernia the patient should be taken to theatres for reduction and inspection 
of the hernial contents followed by the inguinal herniotomy.

A4. The incidence of incarceration of inguinal hernia ranges between 6 and 18%. 
It is much higher in infants with the risk increasing up to 30% [7]. Surgery is there-
fore an indication to all children presenting with an inguinal hernia. The traditional 
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open inguinal approach still remains popular amongst Paediatric Urologists. The 
PPV is separated from the vas and vessels, high ligation with absorbable sutures (up 
to the deep ring) and divided. The risks following this procedure are low (<1%) but 
the potential injury to the vas and vessels remains, including wound infection, hae-
matoma, testicular atrophy and recurrence of hernia.

Laparoscopic inguinal hernia repair has been in practice since 1993, first 
described by Montupet. The initial description has been of an intracorporeal repair 
consisting of a purse string suture in the peritoneum at the level of the internal ring 
[8]. Since then various modifications and variations have been introduced [9]. It can 
be an intracorporeal or extracorporeal/percutaneous. There is insufficient evidence 
to support one technique from the other [10]. The benefits of laparoscopic approach 
vs the traditional open technique includes visualisation of contralateral open ring, 
improved cosmesis and post-operative pain. However, with every laparoscopic pro-
cedure increase in length of operative timing, cost and introduction of pneumoperi-
toneum in small infants still remains the potential disadvantages.

Many surgeons advocate the advantage of laparoscopic approach in the oedema-
tous groin following an episode of incarceration with subsequent manual reduction. 
It allows inspection of the hernial contents, viability of bowel and avoids the risk of 
damage to the vas and vessels, which in the open inguinal technique can prove be 
very challenging and associated with increased morbidity and complications.

Laparoscopy has over the years evolved with fine instruments and sophisticated 
technical details. It definitely has its benefits in bilateral inguinal hernia repairs, 
visualising uncommon conditions like direct or femoral hernia and reducing the 
occurrence of metachronous contralateral hernia. However, the evidence does not 
show either approach to be superior from one another [11]. Parents should be made 
aware of both techniques with advantages and disadvantages of each.

17.2	 �Hydrocele

2-year-old boy is seen in Accident and Emergency Department. He had a viral 
upper respiratory tract illness and 2 days later they have noticed a swelling in 
the scrotum.

•	 Q1. What is the differential diagnosis of a swelling in the scrotum in a 2-year 
old presenting to the Accident & Emergency Department?

•	 Q2. What is the usual presentation and clinical examination findings of this 
condition?

•	 Q3. How common is this condition? Is it a congenital problem?
•	 Q4. What is the best management approach?
•	 Q5. Name some other types of hydrocele.

A1. The differential diagnosis of an acute scrotum would include torsion of the 
testis, torsion of hydatid cyst of Morgagni, inguinal hernia, hydrocele and idiopathic 
scrotal oedema.

17  Inguinal Hernia, Hydrocele, Varicocele, Spermatocele and Abdomino-Scrotal…



368

A2. Most boys will present with a scrotal swelling usually noticed by the par-
ents. It may precede a viral infection. In girls, there is a groin lump. Some parents 
of the toddlers give a good history of it being small first thing in the morning and 
noticeably bigger at the end of the day suggesting a communicating hydrocele. 
Non-communicating hydroceles are not as common and usually occur in 
older boys.

It is a painless swelling and, in most cases, the underlying testis can be felt 
separately. In the tense hydroceles, the testes are difficult to palpate. The ability 
to get above the irreducible swelling distinguishes it from an inguinal hernia. 
Transillumination test is positive but not a reliable test in children as the incar-
cerated bowel may also transilluminate. Clinical examination is enough to make 
a diagnosis. In some cases of doubt, ultrasonography is a reliable 
investigation.

A3. Hydrocele is a collection of peritoneal fluid within the tunica vaginalis testis. 
It is the result of persistence of the processus vaginalis, allowing fluid to communi-
cate to the scrotum via the patent processus vaginalis (PPV). It is a common cause 
of swelling in the scrotum and occurs in 2–5% of boys, usually before the age of 
5 years [12]. It is uncommon in girls and when present is called Hydrocele of the 
canal of Nuck.

Hydroceles can be classified as congenital or acquired. The acquired or second-
ary causes may be due to infection, trauma, torsion, tumour, or iatrogenic like fol-
lowing varicocele surgery. Children with indwelling ventriculo-peritoneal shunts or 
peritoneal dialysis have increased intraperitoneal fluid which may exacerbate a 
hydrocele.

A4. PPV ligation is a common procedure performed by the Paediatric Urologist. 
However, the surgical indications unlike that of inguinal hernia is age dependent. In 
a recent UK survey, most paediatric surgeons/urologists would manage hydroceles 
conservatively for the first 2 years of life and offer surgery if it persists beyond the 
age of 2–3 years [13]. However, a significant number of surgeons deferred it until 
4 years and offered surgical intervention prior to the child starting school.

Surgery is performed as a day case via a groin incision, with separation of the 
PPV from the vas and vessels and high ligation with an absorbable suture. 
Laparoscopic repairs similar to inguinal hernias with aspiration of the scrotal fluid 
is also practised.

A5. Encysted hydrocele occurs when the fluid gets trapped within its layers dur-
ing the natural closure of the processus vaginalis. Meconium hydrocele is a neonatal 
condition secondary to the gastrointestinal perforation leading to meconium stain-
ing of the hydrocele fluid. Non-communicating hydroceles in older boys can be 
approached via the scrotum and a Lord procedure (excision of excess of processus 
vaginalis) [13, 14] or a Jaboulay procedure (marsupialisation of the free edge of 
tunica vaginalis) is performed. Recurrent hydrocele is rare. Ultrasound is performed 
to exclude a recurrent inguinal hernia and these children may need re exploration of 
the groin combined with the scrotal approach.
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17.3	 �Varicocele

15-year boy is referred to the urology clinic with 4-month history of dull ache 
in the left testis.

•	 Q1. What is the differential diagnosis?
•	 Q2. What clinical findings and investigations are key to the diagnosis?
•	 Q3. What is the pathophysiology of this condition?
•	 Q4. What are the indications for a surgical intervention?
•	 Q5. What are the different modalities of treatment?
•	 Q6. What is the effect on fertility?

A1. The differential diagnosis should always exclude torsion of the testis with 
careful history and clinical examination. The others include inguinal hernia, hydro-
cele, epididymal cyst and varicocele.

A2. The majority of boys and young adult men present with a painless scrotal 
swelling. At times however, there may be a dull ache or dragging sensation, exacer-
bated by exercise or in hot weather conditions.

On examination, the dilated veins are palpated like a ‘bag of worms’. It is imper-
ative that the genitalia are examined in both standing and lying down positions to 
confirm disappearance of the dilated veins in supine position. The clinical grading 
system of Dublin and Amelar was recently expanded by the World Health 
Organisation (WHO) to include an additional ‘subclinical’ grade 0.

•	 Grade 0: Subclinical, detected on ultrasound only.
–– Grade 1: Palpable on Valsalva’s manoeuvre
–– Grade 2: Palpable (not visible) without Valsalva’s manoeuvre
–– Grade 3: Visible, negating the need for palpation

Testicular size or volume should also be assessed as baseline during the physical 
examination. This is useful for assessing size and volume discrepancy between the 
two sides to direct further follow up. Various methods such as Prader orchidometer, 
Rochester (Takihara) orchidometer, rulers and callipers have been used to evaluate 
the testicular size and volume. Lambert’s formula is widely used for calculating the 
testis volume (in millilitres) when applying a two-dimensional measuring system. 
As described by Lambert, the volume is calculated by multiplication of width x 
length x depth in centimetres by a constant usually 0.71 [15].

Ultrasonography is now increasing being used to confirm the diagnosis and accu-
rately document the testicular size. Ultrasound is a more reliable method as com-
pared to an orchidometer as there are less inter-observer differences with the 
imaging modality [15, 16].

It is to be noted that right sided varicoceles are rare. Varicocele in a young child 
is equally rare. An abdominal ultrasound is recommended to rule out neoplasms 
such as Wilms tumour in very young children as a varicocele may be a secondary 
finding in such cases due to venous congestion.
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A3. Varicocele is described as an abnormal enlargement of the pampiniform 
venous plexus that drains blood from the testis. The prevalence in children and ado-
lescents is estimated to be between 10 and 15% [17] and it is uncommon in boys 
under 10 years of age [18].

The pampiniform plexus drains mainly into the testicular vein which drains fur-
ther into the inferior vena cava on the right and into the renal vein on the left. The 
testicular vein draining into the left forms an approximately 90-degree angle that 
leads to the left renal vein being easily compressed between the adjacent superior 
mesenteric artery and the aorta, thus resulting in impeded venous drainage from the 
left testis, described as the nutcracker effect [18, 19]. This anatomical difference 
between the right and the left venous drainage can explain the predominant left 
sided varicocele formation.

A4. In the year 2016, The European Urology Pediatric Guidelines made the fol-
lowing recommendations with regards criteria for varicocele treatment in children 
and adolescents: varicocele associated with low testicular volume, presence of an 
additional testicular condition with affected fertility, varicoceles that are bilateral 
and palpable, abnormal sperm quality in older adolescents with varicoceles, or 
symptomatic varicoceles- irrespective of the grade of the varicocele. Regular follow 
up with clinical examination and ultrasound to measure the testicular size is 
recommended.

Of note, in a study by Cervellione et  al., 28% of their subclinical varicocele 
cohort progressed on to a clinically detectable varicocele at 4 year follow up, and 
67% remained unchanged [20].

A5. Varicoceles can be treated by various techniques. The basic principle of 
treatment is to interrupt the venous return through the internal spermatic vein. 
Angiographic occlusion of the internal spermatic veins can be performed by retro-
grade or antegrade injection of a sclerosing agent. This technique is considered as 
lymphatic and internal artery sparing technique, which in turn prevents hydrocele 
formation. Failure rate varies between 5 and 20% [21].

Surgical approach may either be an inguinal approach (Ivanissevich), the high 
approach (Paloma) or the microsurgical approach. The microsurgical repair tech-
nique is considered to have fewer complications and lower recurrence rates of all 
but does require extensive microsurgical training.

The Paloma technique is widely adopted in clinical practice. It is an open surgi-
cal approach with access achieved proximally on the spermatic vessels.

Laparoscopic varicocelectomy follows the same principles as the Paloma proce-
dure. Its advantages include early post-operative recovery, better optic magnifica-
tion and cosmesis, though the success rates are reported to be similar to the open 
procedure.

Published meta-analysis in children show that results after laparoscopic tech-
nique are similar to open with recurrence rates of 8.6 and 4.7% respectively and 
post-operative hydrocele rate of 6.7 and 7.1% respectively. Laparoscopic lymphatic 
sparing approach has a lower incidence of hydrocele (4.3 vs. 17.6%) but higher 
incidence of recurrence (3.5 vs. 2.2%) than the Paloma procedure [21, 22]. There is 
low level of evidence in support of radiological or surgical intervention for 
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varicoceles in children and adolescents to improve testicular volume or sperm con-
centration [23].

A6. There is a normal 10% size variation between the two testes [24]. Studies by 
Diamond et al. showed that relative testicular size discrepancy greater than 10% in 
Tanner stage 5 adolescents is associated with decreased sperm concentration and 
total sperm count [25]. Further, sperm abnormality was greater for volume differ-
ences in excess of 20% between the two sides [25, 26]. Also to note, small ipsilat-
eral testis has shown that corrective surgery may result in catch up growth in 80% 
of those testes [27]. The cause and relationship between varicocele and fertility is 
not fully clear or understood. Studies have shown that the prevalence of varicocele 
is 20–40% in men seeking investigations for fertility reasons [27–29]. However, 
only 15–20% of men with varicocele require treatment for infertility, suggesting 
that most men with varicocele do not report any adverse fertility issues [30]. This 
fact is important to emphasise during counselling of adolescent boys and their par-
ents and post pubertal boys should be offered semen analysis to confirm appropriate 
sperm count and motility as baseline.

17.4	 �Abdomino-Scrotal Hydrocele

6-month-old boy is referred to the clinic with a large inguinal scrotal lump. He 
is asymptomatic.

•	 Q1. What is the differential diagnosis?
•	 Q2. What clinical examination and radiological investigations help with the 

diagnosis?
•	 Q3. Is this a congenital abnormality? What is the pathophysiology of this 

condition?
•	 Q4. (a) What are the indications for surgical management?
      (b) What is the surgical approach?

A1. The differential diagnosis includes inguinal scrotal hernia, lymphatic mal-
formation and Abdomino-Scrotal Hydrocele (ASH).

A2. On clinical examination, a combination of a scrotal swelling with an abdom-
inal swelling just above the inguinal ligament, ASH should be suspected. The cross 
fluctuant between the tense hydrocele and abdominal mass is the ‘Springing back 
ball’ sign [31]. A cough impulse may be present. It can be partially reduced or emp-
tied on lying supine. Trans-illumination test is positive. Ultrasound is diagnostic. 
Contrast enhanced compute tomography or magnetic resonance imaging are useful 
investigations to demonstrate the extension of the hydrocele. Other commonly asso-
ciated pathologies that occurs in nearly 20% of cases include ipsilateral or contra-
lateral cryptorchidism, contralateral inguinal hernia or simple hydrocele [32].

A3. Abdomino-scrotal hydrocele (ASH) is a rare congenital abnormality of the 
processes vaginalis. It is characterised by a fluid filled mass in the inguinal scrotal 
area with a hidden, often deep intra-abdominal component that communicates in an 

17  Inguinal Hernia, Hydrocele, Varicocele, Spermatocele and Abdomino-Scrotal…



372

hour glass fashion through the inguinal canal. The incidence is between 1.25 and 
3.1% of all hydroceles noted in infancy [32, 33]. The incidence of ASH increasing 
with the expanding use of Ultrasonography. Bilateral ASH is rare.

There is only one sonographic report of prenatal detection [34]. The first paedi-
atric case was reported by Syme, though the term ASH was termed by Bickel in 
1919. Dupuytren described it a ‘hydrocele en bisac’ in 1834. The aetiology is 
unclear. Many theories are postulated including the valve theory, diverticulum the-
ory and displacement as per Laplace’s theory [35]. The most popular and accepted 
theory is that of Dupuytren’s which suggests that excessive intracystic pressure 
causes cephalad extension of the scrotal swelling through the deep inguinal ring [35].

A4 (a) Recent Systematic review (Doudt et al) showed there were no cases of 
complete spontaneous resolution [32]. The potential for compressive or secondary 
effects like lower extremity oedema, hydronephrosis, torsion, haemorrhage, infec-
tion and the tangible chance of malignant transformation are indications for surgical 
intervention [31, 32].

(b) Various surgical approaches have been described in the literature. The ingui-
nal approach is the most common, however given individual presentations com-
bined inguinal+ extra peritoneal, combined inguinal+ scrotal approach is also 
described. A standard inguinal skin crease incision and the external oblique fascia 
and muscles are opened. The inguinal component of ASH is exposed. The tense 
hydrocele makes it difficult to separate it from the surrounding stricture. Aspiration 
of fluid from the scrotum rather than the inguinal area facilitates the procedure [32]. 
A patch of tunica vaginalis can be left attached to the spermatic cord structures 
when the hydrocele is associated with a thickened wall as separation of vas and ves-
sels will be difficult and results in bleeding. The key principle is to excise the 
abdominal and scrotal component. The PPV is not always seen. Pre-operative clini-
cal grading (simple and complex with further subclasses) has been proposed that 
may support differentiation of severity of the associated cumulative risks [32, 36].

17.5	 �Spermatocele

15-year-old boy is referred to the Urology clinic. The GP had arranged an 
ultrasound of the scrotum for another pathology and it showed a 1 cm extra 
testicular cystic structure. The patient is asymptomatic.

•	 Q1. What is the differential diagnosis?
•	 Q2. What is the difference between the two diagnoses?
•	 Q3. (a) What are the typical clinical findings?
      (b) � What are the characteristic features seen on ultrasound to help with 

the diagnosis?
•	 Q4. How should this patient be managed?
•	 Q5. What is the effect on fertility with surgical intervention?

A1. The differential diagnosis includes Epididymal cyst or a Spermatocele.
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A2. Spermatocele or spermatic cyst is a fluid-filled sac within the epididymis. It 
is a common type of extra testicular cyst and represents cystic dilatation of the 
tubules of the efferent ductules in the head of the epididymis. They sometimes can 
develop in varying locations from the testicle to locations along the course of vas 
deferens [37]. These are benign cysts and similar to epididymal cysts. The differ-
ence being the spermatocele contains fluid and sperm cells. Spermatoceles are not 
common in children but when they occur, they usually present around puberty.

A3. (a) Spermatoceles present with a painless lump felt just above and separate 
to the testicle. It is usually small in size ranging from a few mm to 2 cm, however 
large lesions up to 8 cm have been reported. Transillumination may be possible to 
differentiate it from solid lesions [37, 38].

(b) Ultrasound shows typical appearances of spermatocele. MRI is therefore not 
indicated. These cystic lesions show no arterial or venous blood flow within them on 
colour Doppler [38]. It appears as a unilocular or a multilocular hypoechoic cystic 
lesion. They may show low level echogenic internal echoes due to proteinaceous 
fluid containing dead sperms [38, 39].

A4. Small cysts are best left alone. Large asymptomatic cysts can be regularly 
followed up. The cyst if become symptomatic and causes discomfort or is increas-
ing in size should be considered for removal [40]. Spermatocelectomy or excision 
of the cyst under general anaesthetic is performed in young boys. Aspiration of the 
fluid followed by injection of sclerosing agent (99.5% alcohol, phenol, 5% ethanol-
amine) is an alternative to surgery [41].

A5. The surgical procedure itself does not improve fertility. Sclerosing agents 
should be used with caution in reproductive-aged men for the risk of inducing 
chemical epididymitis which further may cause epididymal damage and possible 
future infertility.
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Learning Objectives
	1.	 To understand the diagnostic techniques used to evaluate urinary tract stone dis-

ease in children
	2.	 To understand the various minimally invasive approaches used to manage paedi-

atric urinary stone disease including PCNL, ESWL, URS etc.
	3.	 To understand the indications and the rationale for the use of the various inter-

ventional techniques in paediatric urinary stone disease

18.1	 �Preamble

Urolithiasis is a common but mysterious and a very complex pathology known to 
mankind from at least 3000 B.C. and has many facets. This chapter will focus on the 
surgical management of urolithiasis in children.

It will attempt to cover some common and some not so common presentations of 
paediatric urolithiasis which are presented in the form of case scenarios with their 
representative imaging and laboratory findings. There will be some pertinent ques-
tions to be asked related to the case scenarios and the answers will guide the deci-
sion making process for management. In addition, trouble shooting, problem solving 
and weighing the pros and cons of various treatment modalities will be addressed.

First of all, a brief review of the imaging modalities which may be used, and 
some technical aspects of the techniques employed to remove the stone(s) are 
necessary.

Chapter in Book “Practical Pediatric Urology – An Evidence Based Approach”
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18.2	 �Imaging

18.2.1	 Ultrasonography (USG)

Ultrasonography (USG) of the kidneys, ureters and bladder is the primary imaging 
modality used to evaluate patients and can provide information about the size and 
location (except in the mid ureter) of the stones. At the same time it provides infor-
mation about renal size, cortical thickness and echogenicity, hydronephrosis and 
hydroureter. Scanning with a full bladder can help in picking up distal ureteric stones, 
vesical calculi and associated vesical and distal ureteric abnormalities if present.

18.2.2	 X-Ray

A plain X-ray KUB can pick up radiopaque stones, associated bony abnormalities 
and faecal loading. This information may be pertinent to future decision making.

USG and X-ray KUB may be sufficient imaging in 80–90% of cases [1].

18.2.3	 Intravenous Urogram (IVU)

Intravenous Urogram (IVU) may be performed in selected cases to delineate the 
pelvicalyceal anatomy especially where CT scan is not available or requires general 
anaesthesia. However it is cumbersome and bowel gas shadows in children obscure 
key information at times.

18.2.4	 Non-Contrast Computed Tomography (NCCT)

Non-Contrast Computed Tomography (NCCT) is to be recommended judiciously 
keeping in mind not only its radiation hazards but also that in babies and small chil-
dren it may require general anaesthesia. However, it is helpful in providing more 
precise information about the size and location of the stone and especially for iden-
tifying mid ureteric stones. Therefore it is the first choice of imaging in suspected 
ureteric colic. It allows measurement of the density of the stone which is recorded 
in Hounsfield units, its fragility and composition especially to differentiate between 
calcium and non-calcium stones. It also provides information about the associated 
pathology and any surrounding inflammatory process by looking at the fat strand-
ing. Another advantage of NCCT is the ability to assess the spatial relationship of 
the kidney relative to the stone and that of the kidney in relation to the adjacent 
peritoneal and retroperitoneal structures. Retro renal colon which is not evident on 
USG has been reported although in less than 1% of all patients [2].

•	 Hounsfield Units (HU) It is a quantitative scale to measure and characterise 
relative radio densities/radiation attenuation in different tissues determined by 
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CT. Distilled water at standard temperature and pressure (STP) is defined as 0 
HU, the radio density of air is defined as −1000 HU [3]. Urinary calculi present 
with a wide range of attenuation values. Urate stones are <500 HU, Mixed stones 
(Urate + calcium) are 500–900 HU and calcium stones are >1000 HU [1].

18.2.5	 Contrast Computed Tomography (Urogram)

It is advised only in selected cases of urolithiasis with very large stone burdens, 
atypical pelvicalyceal systems or renal anomalies such as malrotation, ectopic or 
crossed fused kidneys in order to document their complex vascular and urinary tract 
anatomy.

18.2.6	 Dimercaptosuccinic acid (DMSA) Scintigraphy

It is advised to look for differential renal function and presence of scarring, espe-
cially in cases where there is renal size disparity, reduced cortex, altered echotex-
ture, large stone burden and repeated UTI. It serves as a baseline prior to intervention.

18.3	 �Treatment Modalities

18.3.1	 �Open Surgery

Anatrophic Nephrolithotomy, Pyelolithotomy, Ureterolithotomy and 
Cystolithotomy for stones in kidneys, ureters, and bladder are rarely performed 
these days but may be the treatment of choice in <10% of cases which are those with 
a very large stone burden, anatomical abnormalities, sepsis or severe renal dysfunc-
tion [4].

18.3.2	 �Minimally Invasive Surgery (MIS)

The majority (>90%) of stones in the urinary tract in children are being managed 
today by MIS [4, 5] which includes the following.

18.4	 �Renal Stones

18.4.1	 Extra Corporeal Shockwave Lithotripsy (ESWL)

Its outcome depends on the age, size, location, stone composition and the type of 
machine available. It is operator dependent. Certain nomograms have been 
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developed which can predict the outcome of ESWL [6, 7]. In children it is per-
formed under general anaesthesia in almost all cases in order to avoid the patient’s 
apprehension, pain and movement. Therefore, ESWL has a limited role in the man-
agement of paediatric urolithiasis. To avoid repeated anaesthesia and to allay the 
concerns of renal damage in the developing kidney, ESWL is mostly reserved for 
6–15 mm stones in the kidneys [1, 4, 8–10].

18.4.2	 �Retrograde Intra Renal Surgery (RIRS)

RIRS has developed as a result of the advancement in sophisticated, miniaturised, 
actively deflectable, flexible ureterorenoscopes (FLURS), incorporating high power 
Holmium:YAG lasers and intra-corporeal grasping devices. RIRS is gaining popu-
larity as it carries a high possibility of achieving complete stone clearance in a sin-
gle session especially for renal stones up to 2 cm [11–14].

The ureterorenosope is introduced through the natural route thus the urologists 
find the learning curve relatively less difficult as compared to renal puncture tech-
niques. RIRS is more invasive than ESWL but considered less invasive than PCNL 
[15–19]. RIRS could be a good option in cases with a coexisting bleeding diathesis.

RIRS in most cases requires the placement of a 9/11FG Ureteric Access Sheath 
(UAS). This is placed to allow the flexible ureterorenoscope (FLURS) to be removed 
and reintroduced repeatedly in order to allow the stone fragments and dust to clear 
and maintain good vision. The UAS allows irrigation fluid to flow easily and so 
maintain a low intrarenal pressure thereby decreasing the chances of pyelovenous 
and pyelolymphatic backflow. This decreases the chances of developing sepsis. 
However the use of UAS requires active dilatation of the ureterovesical junction/
ureteric orifice which carries the risk of traumatic damage and vesicoureteric reflux 
[20] or passive dilatation by pre-stenting for 3–4 weeks which requires additional 
anaesthesia. In most of these cases post-operative stenting is advisable [14, 16, 21]. 
UAS can also lead to ureteric injury ranging from minor mucosal damage to major 
lacerations, stricture and avulsion [17].

There are controversies in the RIRS results which need to be understood. The 
majority of the series of RIRS in children which document the outcome from a single 
session do not take into consideration the anaesthesia session for pre-stenting to pro-
vide passive ureteral dilatation. Similarly, the majority of cases require postoperative 
stenting especially where an UAS was used and so many of them require another 
anaesthesia session for stent removal. Therefore, the outcome of RIRS in these patients 
is really that of a staged procedure requiring 2–3 general anaesthesia and not a genuine 
single session. The majority of RIRS series, especially where the results are compared 
with PCNL, are biased by the fact that the children treated by RIRS are somewhat older 
and the stone burden generally less than the PCNL groups [16, 18, 22–24].

In addition, FLURS is a very costly treatment option as the endoscopes are very 
costly and fragile. Several studies have highlighted the fact that the flexible scope 
undergoes wear and tear and requires major repair after 14–32 RIRS sessions. Even 
apportioning the high initial cost of the instrument, the maintenance and repair costs 
over each session of RIRS still makes it a highly expensive treatment option [25, 26].
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18.4.3	 �Percutaneous Nephrolithotomy (PCNL)

Classical PCNL in children required a 30FG Amplatz sheath and employed a 24FG 
Nephroscope which had the advantage of achieving very high (>90%) clearance 
rates in a single session but was not easily applicable in small children and risked 
renal damage or excessive bleeding requiring blood transfusion. Miniaturisation has 
led to the development of the ‘Miniperc’ and its derivatives so that the sheath size 
can be reduced to 14FG or less and single puncture composite needles with inte-
grated optics at 4.8FG avoid the need for any tract dilatation (Microperc) [9, 27]. 
The Microperc instruments are costly and meant to be disposable.

In parallel, the stone disintegration modalities have become smaller and more 
effective. Ultrasonic disintegration can effectively be used with Nephroscopes 
≥18FG. The Pneumatic lithoclast can be used with scopes down to 10FG (Mini 
Perc). Ho:YAG Laser fibres can be used even with flexible nephroscopes and 4.8FG 
Microperc needles. Laser technology is advancing rapidly and allows the stone to be 
converted to dust which exits via the irrigation channel.

By careful selection of approach and technology the majority of renal stones can 
now be dealt with successfully by Mini or Microperc techniques [9]. There are cer-
tain limitations of Microperc. Firstly, vision gets compromised more quickly with 
the slightest bleeding and stone dust and secondly stone fragments may migrate and 
can become inaccessible.

Our preferred indications for PCNL are stone sizes of 1.5 cm or more, previous 
open surgery, failed ESWL, or stones where more than two sessions of ESWL would 
be required. Active or untreated UTIs, sepsis and bleeding diathesis are a few of the 
contraindications which should be mentioned. Spinal deformity such as scoliosis and 
kyphosis can affect the choice of procedure and should be elucidated prior to surgery.

PCNL is carried out under general anaesthesia, either in the conventional prone 
position or more recently, supine. Pre-operative considerations should include nega-
tive urine culture, prophylactic antibiotics, proper draping and the availability of 
isotonic irrigation fluid at body temperature.

The puncture site is chosen on the basis of the stone location, bulk, and pelvi-
calyceal anatomy. We prefer subcostal posterior-superior 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 pelviureteric junction and lower calyces in the 
case of stone migration. In certain situations, the supracostal approach can also be 
utilised with marginal risks of hydropneumothorax which can also be avoided in 
experienced hands [1, 4, 28].

18.4.4	 �Endoscopic Combined Intra Renal Surgery (ECIRS)

This is a combined procedure where both RIRS and PCNL are performed simulta-
neously by two surgeons together. It may be performed either in the supine or prone 
positions. ECIRS is usually recommended for complete clearance of a large stone 
bulk, such as a staghorn calculus and for multiple stones located in difficult ana-
tomical positions. Such complex stones cannot be cleared either by RIRS or PCNL 
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alone in a single session. It also reduces the operating time. The most appropriate 
renal puncture and the PCNL tract can be acquired with the assistance of ureterore-
noscopy and especially if combined with ultrasound [29]. There is still limited data 
on the outcomes of ECIRS in children [30, 31].

18.4.5	 �Laparoscopic/Robotic Surgery

Development of laparoscopy and subsequently robotic surgery are other means to 
avoid open surgery. It may be an option if the expertise and facilities are available. 
It may be performed through transperitoneal or retroperitoneal approaches. 
However, because of relatively higher morbidity and longer hospitalization, a lapa-
roscopic or robotic approach for stone removal should be considered only if the 
results with ESWL or other endoscopic approaches are expected to be poor. In cer-
tain cases a laparoscopic or robotic approach is considered to be a reasonable option. 
Situations such as pyeloplasty with pyelolithotomy, stones in poorly functioning 
polar areas or non-functioning kidneys. In pelvic kidneys with a large stone burden 
laparoscopy can be employed to reflect overlying bowel thus facilitating percutane-
ous stone removal or possibly laraoscopic pelolithotomy. It must be recognised that 
such procedures can be technically demanding if they are to be performed with 
minimum morbidity and therefore require a skilled Laparoscopic / Robotic surgeon. 
Case series have been published with stone free rates ranging from 28 to 91% [2, 
32, 33].

18.5	 �Ureteric Stones

Ureterorenoscopy (URS) with a Holmium-YAG laser (LL) and Pneumatic 
Lithoclast (PL) is the mainstay of treatment for ureteric stones. Semi-rigid URS of 
size 4.5/6, 6/7.5, and 8/9.8 FG are used depending on the age and anatomy of the 
patient, the size of the stone and considering the technical requirements. The semi-
rigid URS are more durable, can access the whole ureter even as far as the PCS and 
have better visibility, faster irrigation flow, and larger working channels. In con-
trast, the ability of the scope to bend is limited and, especially with large psoas 
muscles, access to the upper ureter may be difficult in comparison with a flexible 
ureterorenoscope (FLURS). The deflectable tip of the flexible ‘scopes is more suit-
able for a tortuous ureter and for upper ureteric stones which can easily migrate 
into the kidney. The flexible ‘scope can follow them and retrograde intrarenal sur-
gery may be possible in the same session. The flexible ureteroscope permits only 
lasertripsy. FLURS is costly and fragile therefore the treatment is lot more expen-
sive than with semirigid scopes.

Lower ureteric stones can be managed by semirigid ureterorenoscopes by 
employing the pneumatic lithoclast or Ho:YAG lasertripsy. The outcome in terms of 
stone clearance and complication rates are excellent and comparable, whereas PL is 
significantly cheap as compared to LL. PL can only be used through 6/7.5FG scopes 
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and above while LL can be used with small ‘scopes (4.5/6 FG) which is an advan-
tage for infants and small children [1, 4, 34].

18.6	 �Vesical Stones

Most vesical stones can be managed endoscopically via the urethra using a cysto-
lithoclast (PUCL), for stones up to 2 cm in size. The percutaneous cystolithoclast 
(PCCL) is required for stones greater than 2 cm and up to 3.5 cm [1, 4, 35].

18.7	 �Endoscopic Intra Corporeal Lithotripsy (EIL) 
Disintegration Technologies

As has already been noted in passing, various types of devices are available. Each 
device has certain unique properties that make it more suitable for a particular appli-
cation. Manufacturers claims may contain elements of bias and therefore a thorough 
and impartial evaluation is important in order to be able to select the most appropri-
ate device in any particular situation.

Four stone disintegration technologies are available for intra corporeal litho-
tripsy during endoscopic management of urolithiasis [2, 36].

18.7.1	 �Electro Hydraulic Lithotripsy (EHL)

Although EHL is the least costly and can be used even with flexible ‘scopes. 
However it is relatively the most traumatic intra-corporeal lithotripsy and seldom 
used now.

18.7.2	 �Ballistic Lithotripsy (Pneumatic Lithoclast)

It provides a durable, reusable, safe and a cost-effective means for stone fragmenta-
tion. It may be especially advantageous when large and hard stones are encountered. 
Disadvantages could be a higher rate of stone repulsion and it can only be used with 
rigid scopes.

18.7.3	 �Ultrasonic Lithotripsy

It is safe and although it may cause mucosal stripping it does not create deeper per-
forations. For effective stone disintegration it requires relatively larger scopes with 
a 4.5FG working channel to accommodate the hollow probe. It works best with 
standard PCNL for a large stone burden. It is less effective than pneumatic lithoclast 
for hard stones.

18  Urolithiasis



384

18.7.4	 �Combination Devices

A Pneumatic lithoclast combined with an ultrasonic beam aims to combine the 
advantages of both techniques. The superior fragmentation ability of the pneumatic 
component is complemented by the simultaneous evacuation of the fragments via 
the hollow ultrasonic probe.

18.7.5	 �Holmium YAG Laser (Ho:YAG)

This has brought great versatility to EIL by allowing safe fragmentation in the entire 
urinary tract. The laser output (power) can be adjusted by modulating the laser char-
acteristics of energy (PE) and frequency (Fr). There are various generations of laser 
machines ranging from low power (≤20 watts) to high power (120 watts). The later 
machines allow for much more adjustment in PE and Fr thus allowing the stone to 
be disintegrated into fragments (high PE, low Fr) or converted into dust/powder 
(low PE, high Fr). The fragments can be removed by baskets and dust/powder exits 
with the irrigation fluid without the need for retrieval devices [37, 38].

18.8	 �Case 1

A 3 year old girl suffering from abdominal pain with normal renal function, nega-
tive urine culture and normal right kidney on USG.

What are the findings on USG of left kidney and X-ray KUB?

 

A 1. Left kidney shows renal pelvic stone of 1.6 cm with mild hydronephrosis 
and good cortex. X-ray KUB shows radiopaque stone in the left renal area.
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Q 2. What are the possible surgical options in this case? Discuss the Pros and 
Cons to justify the preferred option?

A 2. All options including open pyelolithotomy, laparoscopic pyelolithotomy, 
ESWL, RIRS and all variations of PCNL are applicable and possible in this case. 
Therefore, the decision making, counselling and consent should be undertaken on 
the basis of the facilities and expertise available.

Open Pyelolithotomy can be an option only if no other facility or expertise is 
available, as it carries comparatively high morbidity of a large incision, scar, pain 
and prolonged hospital stay. Similarly laparoscopic/robotic pyelolithotomy requires 
facilities and expertise which may not be available. Even if available this also causes 
relatively more morbidity than some other MIS options. The main problem is the 
risk of stone or fragment migration into a calyx which converts the case into more 
complex surgery.

ESWL considered to be the least invasive of all, however it will also require 
general anaesthesia in a 3 years old. As per the nomogram the risk of failure after 
single session in this case is about 50% [6] and chances of complete clearance in 
one session are only 40% and may require up to 4 sessions for the complete clear-
ance [7]. At the same time it carries the risk of steinstrasse, leading to an unpredict-
able hospital stay or emergency room visit and added procedures such as URS with 
or without JJ stent. As it is a radiopaque stone on X-ray, it is likely to be a dense 
stone such as calcium oxalate monohydrate (COM) and thus difficult to fragment on 
ESWL. If it has an infective (struvite) stone component then any residual fragment 
is even more likely to lead to stone regrowth and recurrence.

RIRS is a recommended treatment modality for renal stones ≤2  cm [11]. 
Therefore it may be an attractive option to treat this stone and carries a good prob-
ability of clearance as compared to ESWL [15, 39]. As shown by Alsagheer et al. 
[39] in comparable group of patients the stone free rate after one session of RIRS is 
higher (81.4%) than ESWL (53.3%) with comparable rates of complications. In this 
series, all patients (100%) in the RIRS group were pre-stented for 2–4 weeks requir-
ing another anaesthesia session. Similarly, this being a 3 years old girl, RIRS would 
require UAS and pre and post procedure stenting [23, 24]. At the same time RIRS is 
relatively the most costly treatment option [25, 26].

PCNL offers the highest (>90%) chance of complete stone clearance in a single 
session. Mini PCNL is relatively more invasive than RIRS and risks blood transfu-
sion in <10% of the cases. It may be performed with a working sheath between 
12–16 FG. and a reusable rigid scope between 10–12 FG. with the help of either 
pneumatic lithoclast or Ho:YAG laser thus making it the cost effective treatment 
option. Micro PCNL, although less invasive than Mini PCNL, requires disposable 
equipment which is costly. Comparative studies between RIRS, Mini and Micro 
PCNL have shown higher stone free rates with Micro and Mini PCNL [23, 24, 28].

18.9	 �Case 2

A 6 year old girl with a 1.4 cm stone in the lower calyx of solitary left kidney as 
shown on USG and X-ray KUB.  The right kidney is congenitally absent. Renal 
function is normal.

18  Urolithiasis



386

 

Q 1. Do you recommend any further radiological imaging for this patient 
and why?

A 1. I would recommend contrast imaging with either IVU or, preferably, con-
trast CT urogram in order to look especially at the lower calyceal anatomy; infun-
dibular length, infundibular width and infundibulo-pelvic angle, the presence of 
diverticula and to determine the density of the stone in Hounsfield unit (HU). This 
information will help in decision making and opting for the right choice of procedure.
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This image of CT urogram shows normal size left kidney with single dense 
(1070 HU) stone of 1.4 cm in a lower calyx. The pelvicalyceal anatomy has bifid 
pelvis with the long upper pole infundibulum. The lower pole calyces have short, 
wide infundibula with an obtuse infundibulopelvic angle (Favourable anatomy).

Q 2. What are the possible surgical options?
A 2.

	 I.	 ESWL A lower calyceal stone has a poor clearance rate compared with the 
same size and composition of stone presenting elsewhere in the pelvicalyceal 
system [9, 10]. However clearance of a lower calyceal stone can be achieved 
with an increased number of treatment sessions. A 1.4 cm lower calyceal stone 
has about 75% risk of failure in single session [6] and up to 91% chance of 
clearance in 4 sessions [7]. Shockwave lithotripsy outcome for the lower caly-
ceal stone varies with lower pole anatomy. The study of Khan et al. in adults 
showed that that lower infundibular length and width are significant anatomical 
factors in determining stone clearance following ESWL treatment and these 
should be assessed before planning the treatment for lower calyceal stones [40]. 
Tan et al. showed that infundibulopelvic angle and infundibular length signifi-
cantly affected the stone-free rates with ESWL for inferior calyceal stones in 
children [41]. In this case, as shown in the CT urogram the infundibulopelvic 
angle is obtuse and lower pole infundibulum is wide and short therefore the 
anatomy is favourable and ESWL can be considered as a treatment option. 
However a radiopaque stone with HU of 1070 is dense and less able to be frag-
mented with ESWL. In view of the solitary kidney and considering the risks of 
steinstrasse and obstruction it would require pre-placement of a JJ stent.

	II.	 RIRS (FLURS) is relatively difficult when treating lower calyceal stone 
because of limited maneuverability and significant discomfort for the surgeon. 
The newer flexible ‘scopes allow for acute deflection to negotiate lower caly-
ceal anatomy. One of the techniques could be to move the stone from the lower 
calyx into the pelvis or upper calyx with the help of a basket and then to pulver-
ise the stone [18]. The other option could be to pulverise the stone in situ (lower 
calyx) with the use of high power laser in dusting mode to avoid any larger 
fragment (>2 mm) and the use of a basket for fragment retrieval.

Several studies have shown high success rate of RIRS for <2 cm renal stone 
including lower calyx. Majority of these cases require pre-stenting, UAS and 
post-stenting thus converting it into a staged procedure with two or more anaes-
thesia sessions [22–24]. Considering the high cost of treatment and possibility 
of staged procedure, RIRS in this case is not our most preferred option.

	III.	 PCNL: Mini PCNL is a valid option with an expected stone clearance rate of 
>90%. A less invasive option but requiring considerable experience and exper-
tise could be direct puncture into the relevant lower calyx using the Microperc 
technique with direct vision using the all seeing needle. This avoids the need for 
any tract dilatation and the stone may be disintegrated into dust using a high 
power laser on the dusting setting.

This 6 year old girl with a dense (1070 HU) lower calyceal stone in a solitary 
kidney stands the best chance of being stone free in a single session with 
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PCNL. Though relatively more invasive but most cost effective. Mini PCNL 
would be our preferred choice in this case.

18.10	 �Case 3

A 6 year old girl presented with a high grade fever and painful urination. Urine 
examination revealed pyuria and a positive culture with E.Coli. Hematology showed 
leukocytosis. There was a history of similar episodes twice in the last 3 months. 
USG KUB showed right kidney full of stones (staghorn stones) in the pelvicalyceal 
system. The cortical thickness and echotexture is normal. The contralateral kidney 
and urinary bladder is normal.

Q 1.How will you manage the patient initially?
A 1. This patient will be treated preferably with the intravenous antibiotic accord-

ing to the sensitivity.
Q 2. What does this X-ray show?
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A 2. X-ray KUB shows radiopaque shadow suggestive of staghorn stone in 
right kidney.

Q 3. What further radiological investigations may be helpful (needed) in this 
patient to plan surgical management?

A 3.

	A.	 Dimercaptosuccinic acid (DMSA) renal scan
	B.	 Non contrast computed tomography (NCCT)

Q 4. What do these images show?
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•	 DMSA of this patient reveal a differential function of 45% for the right kidney 
with cortical scarring at upper pole.

•	 Non contrast computed tomography (NCCT)—Shows staghorn calculus mea-
sures 5.7 × 4.0 cm (1234 HU), completely occupying the renal pelvis which is 
partly extra renal and mostly intrarenal. The stone has branches which extend 
into all the major calyces and multiple minor calyces of the lower pole.

Q 4. What surgical options are available?
A 4. The staghorn calculus has many forms and at times the term can be used 

rather loosely. The staghorn calculus can vary from a stone in the renal pelvis 
extending into two calyces to an extensively branching pelvicalyceal system packed 
with stones. The renal pelvis can be completely intrarenal or most of it may be 
extrarenal. Considering these variations and in the absence of strict guidelines, fol-
lowing surgical options may be applicable.

	 I.	 ESWL: There are reports of treatment of staghorn stone with ESWL with 
variable outcomes. Majority of the reports document multiple sessions (up 
to 5) with poor stone free rates [42, 43]. Therefore this patient is likely to 
require multiple sessions of ESWL under general anaesthesia with risks of 
unplanned post treatment intervention and emergency visits. A JJ stent 
may need to be placed to prevent such events. These are infective stones 
and therefore any residual fragment left behind carries a high risk of 
regrowth or recurrence. Possible long term risk factors for the developing 
kidney of a child undergoing multiple sessions of ESWL need to be taken 
into consideration [2]. Therefore ESWL is not a favourable option in 
this case.

	 II.	 RIRS: While treating this staghorn stone with RIRS, excessive dust and 
blurred vision will lead to prolonged operating time and a high risk of sepsis. 
It also necessitates the use of UAS with its own inherent risks and the need for 
pre-stenting and post-stenting.

As it is likely to require multiple sessions therefore RIRS alone is not a 
preferred option.

	 III.	 PCNL would be our first choice in this staghorn stone. By using the smaller 
instruments of Mini PCNL the majority of complications including bleeding 
can be minimised. Considering the complexity of the stone an upper pole 
access tract would be preferred enabling clearance of the pelvic stone and the 
majority of the calyceal stones using a semi rigid scope and pneumatic litho-
clast or Ho:YAG laser [44]. However some inaccessible calyces will require 
the use of a flexible nephroscope and Ho:YAG laser. There may be a need of 
more than one or multiple access tracts with some additional risks of compli-
cations including bleeding and blood transfusion. The possibility of more 
than one PCNL session cannot be excluded. However, a stone free rate of 
more than 90% is expected in a single PCNL session.

	 IV.	 Endoscopic Combined intrarenal surgery (ECIRS): This requires two 
operating surgeons; one performing RIRS and the other PCNL and provides 
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a high possibility of complete stone clearance in a single session. It is in effect 
an adjunct to PCNL in order to minimise the number of access tracts which 
would be required if PCNL was used as monotherapy. Similarly it can avoid 
the need for multiple anaesthesia sessions compared with RIRS or PCNL 
used alone. However there is a limited data on ECIRS being used to treat 
staghorn stone in small children [30, 31]. We will prefer ECIRS when PCNL 
alone would require multiple tracts or repeat sessions and where RIRS can be 
performed without prestenting in the same session so that we can avoid both 
a second anaesthesia session and multiple tracts.

	 V.	 Sandwich therapy: A combined approach, primarily a PCNL followed by 
ESWL for residual calculi is a recommended option for staghorn calculus 
[45]. Improvements in PCNL and RIRS equipment, techniques and skills and 
ECIRS have reduced the need for additional ESWL. As mentioned above our 
preferred option will be to make this patient stone free in single session with 
PCNL or ECIRS however any unintended residual fragments ≤1.0 cm will be 
managed by ESWL (Sandwich therapy).

	 VI.	 Laparoscopic/ Robotic assisted Pyelo/nephrolithotomy and combined 
pyeloscopy: It must be recognized that such procedures can be techni-
cally challenging and require a skilled laparoscopic/robotic surgeon. 
However there are reports with stone free rates ranging from 28 to 91% [2, 
32, 33].

	VII.	 Open combined endoscopic pyelolithotomy: The major stone bulk in the 
extrarenal pelvis is easily removed with an open, extended (Gil-Vernet) 
Pyelolithotomy. Following this, those branches of the stone which are in the 
peripheral calyces can be approached and visualized with the help of an 
endoscope/ miniscope and fragmented with the pneumatic lithoclast or 
Ho:YAG laser. Fragments may be retrieved with grasping forceps or 
a basket.

	VIII.	 Anatrophic nephrolithotomy: It is an option which is more invasive and 
with high morbidity. Although it carries the highest chance of complete stone 
clearance in a single surgery and has been the standard treatment in the past. 
In this case it may be replaced by more modern techniques.

With the treatment armamentarium available at present and weighing the 
pros and cons, our preferred option in this case would be PCNL as mono-
therapy. There is more than 90% chance of complete stone clearance in a 
single session with the minimum morbidity.

18.11	 �Case 4

A 12 year old girl presented with history of recurrent left flank colicky pain requir-
ing parenteral analgesia. She has normal renal functions, negative urine culture and 
normal right kidney on USG. The Images given below shows X-ray KUB, USG of 
left kidney and urinary bladder.
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Q 1. What are the findings?
A 1. USG shows Mild hydronephrosis, renal pelvic stone. 1.2 cm, distal ureteric 

stone 7 mm with hydroureter and normal urinary bladder. X-ray KUB shows radi-
opaque shadows in left renal and distal ureteric region.

Q 2. What are the possible surgical options?
A 2.

	 I.	 URS + RIRS
	II.	 URS + PCNL (supine or prone)
	III.	 URS + ESWL (later)

Discussion: As she is suffering with colicky pain and the distal ureteric stone is 
causing obstruction, she requires early surgical intervention.

The distal ureteric stone can be dealt with using either a rigid or flexible uretero-
renoscopy (but preferably rigid) under general anaesthesia and using the pneumatic 
lithoclast or Ho:YAG laser. If the ureteric stone is cleared quickly then one can try 
to proceed for RIRS or PCNL in the same session.

RIRS would be performed preferably with a flexible ureterorenoscope (FLURS). 
As she is a 12 years old girl and the ureter is already dilated above the stone, FLURS 
may be performed without UAS or an access sheath may be placed without pre-
stenting. It may be possible to completely clear both ureteric and renal stones in one 
session.

PCNL: Once the ureteric stone is cleared in reasonable time the other option 
could be to proceed directly to Mini/Micro PCNL preferably in the supine position 
[46] or the patient may be turned prone. Simultaneous PCNL is a little more inva-
sive but can provide complete stone clearance in a single session.

However if the ureteric stone has taken longer time and or UAS is difficult to 
place without UVJ dilatation, then one can leave a JJ stent in place and return on a 
second occasion for the renal calculus by RIRS, PCNL or ESWL.

ESWL: It is the least invasive of all other options. However each session will be 
performed under General anaesthesia or sedoanalgesia (as she is 12  years). The 
stone bulk is 1.2 cm it is possible that multiple sessions will be required for stone 
free status [6, 7].
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18.12	 �Case 5

An 8 year old boy presented with 1.0 cm radiopaque stone in the right distal ureter 
with mild urinary frequency and urgency.

 

Q 1. What is the role of Medical expulsive therapy (MET) in ureteric stones?
A 1. There is abundance of alpha adrenergic receptors in ureteric smooth mus-

cles especially in the distal third. Alpha adrenergic blocker inhibits basal smooth 
muscle tone with no effect on tonic propulsive contraction. Several studies have 
shown the effectiveness of alpha blocker as medical expulsion therapy for distal 
ureteric stone but in some studies no added advantage of MET have been 
observed [47].

Q 1. What are the chances of spontaneous passage of this stone?
A 1. Lower ureteric stones of 0.4–0.5 cm have a >90% chances of spontaneous 

passage. However 10 mm distal ureteric stone has very little chance of spontaneous 
passage and being a male has the added risk of the stone getting stuck in the urethra 
or at the external urethral meatus.

Q 3. What is the role of ESWL in this patient?
A 3. ESWL would need to be performed under GA and the stone may be difficult 

to localize. The results are unpredictable and there is relatively less chance of com-
plete stone clearance than with URS.

Q 4. What is the best treatment option available for this patient?
Ureterorenoscopy and stone fragmentation with pneumatic lithoclast or Ho:YAG 

laser is the best treatment option with >90% chances of complete stone clearance in 
a single session.

Q 5. When is open surgery indicated for a lower ureteric stone?
A 5.

	 I.	 High risk patient precluding multiple anaesthesia.
	II.	 Anatomical condition of the ureter that prevents positioning of ureteroreno-

scope (often a reimplanted ureter).
	III.	 Cases where transurethral instrumentation is not possible or advisable e.g. 

patients with an urethral stricture or bladder neck reconstruction.
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	IV.	 Difficulties in patient positioning for Ureterorenoscopy.
	 V.	 If it is associated with VUJO then open ureterolithotomy and ureteroneocystos-

tomy is recommended.

18.13	 �Case 6

A 10 year old girl presents with a history of repeated abdominal pain and dysuria 
and with the following radiological investigations (IVU, NCCT, DMSA).
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Q 1. What are the findings?
IVU: The scout image shows bilateral radiopaque shadows in renal areas.
The contrast image shows a horseshoe kidney (HSK) with the characteristic fea-

ture of medially directed lower poles and the lower calyces are medial to the ureters. 
There are bilateral obstructing stones in the renal pelves with dilated pelvicalyceal 
systems and more substantial dilatation of the left upper calyx.

NCCT: The lower poles of both moieties are medially placed and fused with 
each other in the midline. The right moiety shows an obstructing calculus of 
1.9 × 0.9 cm in the pelvis and an additional stone 1.3 × 0.7 cm in the lower calyx. 
The left moiety has an obstructing stone in the pelvis measuring 2.4 × 1.2 cm caus-
ing moderate hydronephrosis and another stone of 0.8 × 0.5 cm in the lower calyx.

Q 2. Does a DMSA scan provide added information in this case?

 

A 2. Yes. As shown on the image the right moiety shows good tracer uptake 
(64%) and is well outlined whereas left moiety shows reduced uptake (36%) and is 
faintly outlined particularly at the upper pole which correlates with the IVU and 
NCCT images of reduced parenchyma at the upper pole.

Q 3. What are the principles of managing bilateral renal stones?
A 3. Bilateral renal stones reflect an aggressive disease. In this case, being a 

horseshoe kidney, anatomy and urinary stasis appear to be the predominating fac-
tors. However especially in children the metabolic/genetic, dietary, environmental, 
hereditary /familial risks factors should be taken into consideration. Therefore a 
thorough risk factor analysis should be performed and preventive measures to be 
advised.

For surgical management a minimally invasive procedure is generally recom-
mended in children on account of the high risk of recurrence in bilateral renal stones.
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The treatment option to be decided as per the stone burden, location, pelvicaly-
ceal anatomy, renal status and function of each renal unit.

Q 4. What is your preferred treatment option in this case?
A 4. Bilateral PCNL
Q 5. What specific anatomical considerations are relevant while performing 

PCNL in a horseshoe kidney?
A 5. In considering a horseshoe kidney the orientation of the collecting sys-

tems and the abnormal blood supply should be taken into account. Along with the 
normal renal arteries they often have accessory and aberrant polar and isthmus 
arteries. An important observation is that all blood vessels except some to the 
isthmus enter the kidney from the ventromedial aspect. The dorsal arteries to the 
isthmus are protected by the spine therefore a renal access tract on the dorsal or 
dorsolateral aspect will be away from the major renal vessels. Because most of the 
calyces of the horse shoe kidney point either dorsomedially or dorsolaterally, they 
are in a more favorable position for puncture than those in the normal renal 
unit [2].

The lower pole calyces lie within a coronal plane angled medially and are seldom 
suitable for direct puncture. However the upper pole calyces are more posterior and 
lateral and are often subcostal providing a convenient and relatively safe route for 
PCNL access.

In HSK, the renal pelvis may be more anteriorly placed, length of the PCNL tract 
and or the angulation of the pelvicalyceal system may limit the use of rigid nephro-
scope, necessitating the use of flexible nephroscope or multiple access tracts. 
Flexible nephroscopy may also be required to gain access to the lower medial calyx, 
where the stones are often located. PCNL in a HSK usually takes more operative 
time and there is a higher rate of residual stones [48, 49].

Q 6. What is the role of simultaneous bilateral PCNL in this case?
A 6. In normal renal units there are reports of simultaneous bilateral PCNL in 

selected patients [50]. They propose some advantages like reduced hospital stay and 
single anaesthesia. However, it was found that in most cases, bilateral PCNL was 
associated with higher rate of complications, higher cost, increased morbidity and 
delayed convalescence as compared to unilateral PCNL one at a time [51].

Taking all the evidence together, a simultaneous bilateral approach should be 
selected only in cases with a small stone burden with non-complex anatomy. In any 
event the second side should be done only if the first side is completed in a short 
time with no significant bleeding.

Considering the complex anatomy and stone burden bilateral simultaneous 
PCNL is not an option in this case.

Q 7. What are the other treatment options?
A 7.

	 I.	 ESWL
	II.	 RIRS
	III.	 Laparoscopic pyelolithotomy
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�Discussion
ESWL: The horse shoe kidneys are fused at the lower poles of two moities accross 
the midline. There is high insertion of the ureteropelvic junction and the ureters pass 
over the isthmus anteriorly which results in restricted urinary drainage and long 
drainage time. Thus there may be poor clearance of stone even after an optimal 
calculus fragmentation. Therefore the stone free rates in these patients require mul-
tiple ESWL sessions and clearance rate are even lower than with normal kidneys. 
The residual fragments associated with the stasis and higher risk of infection predis-
poses to early recurrence. It is therefore not really a suitable option in this case 
[52, 53].

RIRS: Apart from the usual limitations of RIRS with a large stone burden in the 
paediatric age group with normal kidneys, there are some additional problems 
related to horseshoe kidneys. The pelvis of the horseshoe kidney is flatter than that 
of normal kidneys and the intrarenal space is narrower which increases the difficulty 
of deflecting and steering the URS inside the kidney. The acutely angled entrance of 
calyces to the renal pelvis causes difficulty in reaching renal stones located in the 
lower pole. Even with the newer generation FLURS the limitation of deflection and 
working angle means that at times it is not possible to relocate a lower calyceal 
stone into a more favourable location. Fragments of lower pole stones do not pass 
with ease and stones in this location were found to be a statistically significant fac-
tor for failure of RIRS in HSK [54]. In HSK the FLURS needs to stay in extreme 
deflective status for relatively long periods and this increases the risk of damage and 
repair cost. The horseshoe kidney is lower than normal with shorter ureteric length 
and the use of UAS risks more damage to the renal pelvis and ureter. There is lim-
ited data of use of RIRS in horse shoe kidney in children [54, 55]. Therefore RIRS 
in this case is not a favourable option.

Laparoscopic/Robotic assisted pyelolithotomy: such a procedure in this case 
will be technically challenging and require a skilled laparoscopic/ robotic surgeon. 
Calyceal stone removal may require use of flexible nephroscope and high power 
Ho:YAG laser through the laparoscopic port. It can be a favourable procedure in 
cases associated with pelviureteric junction obstruction requiring pyeloplasty as 
well [56].

18.14	 �Case 7

An 11 year old boy presented with the complaint of suprapubic pain. On evaluation 
he was found to have normal right kidney but the left kidney was ectopic in the 
pelvis above the urinary bladder as visualized on USG. The left ectopic pelvic kid-
ney was hydronephrotic with an obstructing stone in the renal pelvis and another 
small stone in a calyx. X-ray abdomen shows radiopaque stones in the pelvis.
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Q 1. What further radiological investigation would you like to perform in 
this case?

A.
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	I.	 Contrast Computed Tomography (Urogram): To document vascular and uri-
nary tract anatomy. Right kidney normally located with normal contrast excre-
tion. Left kidney is seen in the region of the left hemipelvis measuring 8.0 cm 
and is malrotated. A partially obstructing stone is seen in the pelvis measuring 
1.9 cm causing mild to moderate hydronephrosis. Another non obstructing stone 
is seen in a calyx. Normal parenchymal enhancement with normal contrast 
excretion.

 

	II.	Dimercaptosuccinic acid (DMSA) Scintigraphy: For more accurate evaluation 
of differential renal function. As the image shows the right kidney is normal in 
position and function (73%). The left kidney is present in the pelvic region and 
has reduced tracer uptake by the cortical tissue (27%) (Note that anterior imag-
ing is necessary for more accurate differentials in such cases).

Q 2. What are the available surgical options?
A 2. The abnormal insertion of the ureter, rotation anomalies and different locali-

sation of the kidney make the management of calculi in an ectopic kidney much 
more challenging for the paediatric urologist. Renal lithiasis in the pelvic kidney 
can be managed by means of open surgery, extracorporeal shock wave lithotripsy 
(ESWL), percutaneous nephrolithotomy (PCNL), laparoscopic assisted PCNL, and 
retrograde intrarenal surgery (RIRS). Classically urolithiasis in the pelvic kidney 
has been managed by open surgery. Considering the increased morbidity of large 
incision, scar and postoperative pain and the advent of MIS has encouraged sur-
geons to utilise the other options.

	 I.	 ESWL in a pelvic kidney is complicated due to surrounding bone and bowel 
thus makes it more difficult to localize the stone. The presence of hydronephro-
sis, high insertion of ureter and accompanying impaired mobility significantly 
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hamper the clearance of stone fragments [57]. In this patient considering the 
stone burden and location, ESWL is likely to be less effective and with chances 
of multiple sessions under anaesthesia. Therefore risk of high failure rate or 
incomplete clearance.

	II.	 RIRS has been attempted to avoid renal puncture. Most of the time it becomes 
technically difficult to negotiate the ureter and pelvicalyceal system of an ecto-
pic malrotated kidney. This results in treatment failure especially with large 
stone burden such as in this case. In this abnormal urinary tract using an UAS 
makes it more complex and less attractive.

	III.	 PCNL: In patients with pelvic kidney conventional ultrasound and fluoroscopic 
guided PCNL is associated with increased risks of bowel injury, intraabdominal 
bleeding and urine leak owing to the presence of surrounding bowel loops, 
mesenteric blood vessels and unpredictable blood supply of an abnormally ori-
ented ectopic pelvic kidney [2]. Hence for such patient Eshghi et al. [58] were 
the first to describe laparoscopic assisted PCNL in which preliminary mobilisa-
tion of the bowel is performed in order to allow for safe renal puncture into the 
appropriate calyx under direct vision and fluoroscopic guidance. This makes 
sure that there is no bowel or vascular injury during the renal puncture. The use 
of Mini PCNL adds a further safety factor and reduces blood loss. A high power 
laser with the dusting technique ensures better clearance than fragmentation or 
use of pneumatic lithoclast as it become cumbersome and at times impossible 
to remove the stone fragments from inaccessible calyces. A nephrostomy tube 
and an abdominal drain are required for urinary drainage and to handle any 
extravasation of urine and blood [59, 60].

Our preferred approach in this case would be a laparoscopic assisted mini PCNL 
utilizing a high power laser through rigid and flexible neprohoscopes.
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Here Are Our Objectives
	1.	 Describe the approach, staging and treatment of renal tumors in children, includ-

ing Wilms tumor, renal cell carcinoma and other more rare kidney tumors.
	2.	 Describe the workup, staging and treatment of testis tumors in both pre and post-

pubertal males.
	3.	 Describe the approach to diagnosis, stage, group and risk assignment, and man-

agement of rhabdomyosarcoma of the genitourinary tract.
	4.	 Describe the approach to diagnosis and common treatments for children with 

bladder tumors.
	5.	 Describe common predisposition syndrome of malignancy of the genitourinary 

tract in children.
	6.	 Describe common late effects of treatment for genitourinary tumors in children 

and how to mitigate these upfront when possible.

19.1	 �Part 1: Kidney Tumors

19.1.1	 �Wilms Tumor

Wilms Tumor (WT), or nephroblastoma, accounts for 85% of all pediatric renal 
tumors, with approximately 500 new cases annually in the United States 
(Table  19.1) [1]. Patients are typically diagnosed between ages 3–5  years, and 
95% of cases are diagnosed in children <10 years of age. African-Americans have 
the highest predisposition to the development of WT, and Asians appear to have 
the lowest risk [2].

Multiple genetic syndromes may predispose children to WT, including Denys 
Drash, Beckwith-Weideman, and Frasier Syndrome [2]. This predisposition is 
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highest (98%) in WT-aniridia (WAGR) syndrome, which involves the presence 
and/or development of WT, aniridia, genital abnormalities and mental retardation. 
Patients with predisposition syndromes and bilateral tumors typically present at 
earlier ages than those without. The involved gene WT1, located on the short arm 
of chromosome 11 (11p), is a tumor suppressor encoding a transcription factor 
involved in embryologic genitourinary development. Homozygous mutations of 
WT1 or coding regions nearby result in the development of WT with high pene-
trance. Studies suggest that screening patients with predisposition syndromes may 
result in diagnosis at an earlier stage, but this data is unclear. While formal recom-
mendations on screening high risk children remain inconclusive, abdominal ultra-
sonography every 3–6 months for the first 7–10 years of life has generally been 
adopted [3].

Patients typically present with a spectrum a palpable abdominal mass, hematu-
ria, hypertension and/or abdominal pain. The initial imaging modality of choice for 
a patient with a suspected intra-abdominal mass is abdominal ultrasound which is 
capable of guiding further cross-sectional imaging [4]. For patients with a solid 
renal mass on ultrasound, staging CT of the chest, abdomen and pelvis with intrave-
nous (iv) contrast in a single setting or CT chest and MRI of the abdomen and pelvis 
with iv contrast is indicated. MRI is the initial imaging modality of choice for bilat-
eral tumors (5–10% of cases) to reduce radiation exposure given anticipated future 
use of repeated cross-sectional imaging in current treatment protocols. Laboratory 
studies should include complete blood count, liver function panel, basic metabolic 
panel, urinalysis and coagulation studies as 4–8% of patients with WT develop 
acquired von Willebrand disease [2].

Pre-operative clinical staging and decisions have significant impacts on treat-
ment strategies, as outlined in Table 19.2. There exists competing diagnosis and 
treatment strategies among two international cooperative working groups. The 
Children’s Oncology Group (COG), responsible for treatment guidelines, tumor 
registries and clinical trials for renal masses in North America, advocate upfront 
surgery with the interpretation of primary unaltered pathology guiding further treat-
ment. The Société Internationale d’Oncologie Pédiatrique (SIOP), the European 
equivalent to COG, alternatively advocates for neoadjuvant chemotherapy for all 
patients with a solid renal mass followed by surgery and then histologic evaluation 
to guide subsequent therapy [2]. The remainder of this chapter will focus on the 
COG guidelines. It is essential to establish early multidisciplinary care with medical 
oncologists familiar with ongoing protocols.

Table 19.1  Incidence of 
pediatric renal tumors

Histology Frequency (%)
WT 85
CMN 5
RCC 4
CCSK 4
RTK 2

Adapted from Denes 2013
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The initial treatment of unilateral, non-syndromic WT is open radical nephrec-
tomy with regional lymphadenectomy. Notably, pre-operative renal mass biopsy 
confers a clinical stage III designation and has adjuvant therapy treatment implica-
tions (Table 19.2). Biopsy is rarely indicated or used in COG protocols due to this 
potential upstaging. Neoadjuvant chemotherapy may be considered in  locally-
advanced, unresectable tumors or those with overwhelming pulmonary or hepatic 
metastases impairing normal function, based on surgeon judgement. Nephron-
sparing surgery (NSS, partial nephrectomy) is reserved for patients with solitary 
kidneys, bilateral (stage V) or syndromic tumors and is often preceded by neoadju-
vant chemotherapy in attempts to improve feasibility of NSS (Fig. 19.1).

Due to poor sensitivity of cross sectional imaging to estimate the local extent of 
disease, emphasis is placed on intra-operative findings to adequately stage the 
patient. Ureteral tumor extension occurs in up to 5% of patients with WT, thus any 

Table 19.2  Therapy and clinical outcomes by Wilms tumor stage

Stage
Incidence 
(%) Criteria Therapy (FH)a,b

4-year survival 
(%FH–%UH)

I 40–45 Confined to 
kidney
Negative margin
No nodal 
involvement

Radical nephrectomy with LN 
samplingc + VA

83–99

II 20 Spread beyond 
kidney
Negative margins
No nodal 
involvement

Radical nephrectomy with LN 
samplingc + VA

81–98

III 20–25 Peritoneal 
implants
Positive margin
Preoperative 
biopsy
Preoperative 
chemotherapy
Intraoperative 
tumor rupture
Nodal 
involvement

Radical nephrectomy with LN 
samplingc + VAD + abdominal 
XRT

72–94

IV 10 Metastatic 
disease

Radical nephrectomy with LN 
samplingc + VAD + abdominal 
and chest XRT

38–86

V 5 Bilateral tumors VA + nephron-sparring surgery 
with LN sampling

55–87

VA vincristine + actinomycin, VAD vincristine + actinomycin + doxorubicin, XRT external beam 
radiation, FH favorable histology, UH unfavorable histology
aChemotherapeutic agent only, not regimen
bWith UH, use doxorubicin and XRT earlier with lower stages and 5 drug chemotherapy if 
diffuse UH
cPreoperative chemo only indicated with unresectable primary tumor/abdominal disease

19  Urologic Tumors
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Fig. 19.1  Recurrent Wilms tumor in a solitary kidney of an 11 year-old female. At age 6, the 
patient presented with stage V disease and underwent neoadjuvant chemotherapy followed by right 
radical nephrectomy and left partial nephrectomy. She developed an 11 cm left lower pole recur-
rence confirmed on MRI (T2-weighted, A-axial, B-coronal). After neoadjuvant VAD chemother-
apy, the tumor measured 5 cm (T2-weighted MRI, C-axial, D-coronal; E-renal ultrasound). She 
underwent open left partial nephrectomy. Pathology showed benign histiocytic proliferation and 
scarring (F-H&E section 100× magnification, insert 1000×). (a) T2 weighted MRI, axial at diag-
nosis. (b) T2 weighted MRI, coronal at diagnosis. (c) T2 weighted MRI, axial after neoadjuvant 
chemotherapy. (d) T2 weighted MRI, coronal after neoadjuvant chemotherapy. (e) renal US, after 
neoadjuvant chemotherapy. (f) H&E section, 100× magnification, insert 1000× magnification
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patient with gross hematuria should undergo cystoscopy with retrograde pyelogra-
phy at the time of extirpative surgery to ensure en-block tumor excision without 
spillage [2]. As with pre-operative renal mass biopsy, non-contiguous intraabdomi-
nal tumor implants or intra-operative tumor spillage confers clinical stage III dis-
ease. All of these situations have each been independently associated with poor 
survival [2]. Standard treatment for all stages of favorable histology WT are out-
lined in Table 19.2.

The most significant histologic factor implicated in prognosis and treatment 
strategy is the finding of anaplasia in poorly differentiated tumors [2]. Loss of het-
erozygosity for both chromosomes 1p and 16q is associated with increased risk of 
relapse and cancer-specific mortality and mandates more aggressive adjuvant che-
motherapy, when identified [2].

Improvements in surgical technique and optimization of chemoradiation proto-
cols have imparted survival advantages exceeding 90% (Table 19.2). Due to favor-
able long-term outcomes, recent efforts have focused on mitigating long term 
morbidity from treatment, including CKD as well as secondary malignancies, car-
diac toxicity and infertility [2].

19.1.2	 �Renal Cell Carcinoma

Renal cell carcinoma (RCC) comprises nearly 4% of pediatric renal masses and is 
the second most common malignant tumor in children. The median age at presenta-
tion is 12.9 years, and RCC is the most common renal mass in children >12 years 
[2, 5]. There does not appear to be a gender or racial predilection. Multiple gene 
mutations have been associated with predisposition syndromes for sub-types of 
RCC (Table  19.3). While most adult tumors are identified incidentally, pediatric 
RCCs commonly present with a palpable abdominal mass or gross hematuria.

Staging and grading systems are the same as those used for adult tumors 
(Table 19.4). Like protocols adopted for WT, complete staging involves CT chest 
and cross-sectional abdominopelvic imaging (CT or MRI). Laboratory evaluation 
incudes complete blood count, comprehensive metabolic panel and urinalysis. 
While NSS and minimally invasive approaches for adult RCC have well character-
ized roles and are stressed in recent guidelines, their role in pediatric RCC is less 
clear. These limitations likely are derived from empiric use of WT COG protocols 
emphasizing open, radical nephrectomy for initial diagnosis and staging for pediat-
ric masses prior to definitive diagnosis. Additionally, this histologic subtype of RCC 
is different from adult RCC, and thus, lymph node metastases is often underrecog-
nized in pre-operative staging imaging (sensitivity 57%) yet identified in 48% of 
clinical stage T1 tumors. As such, lymph node sampling is strongly encouraged in 
patients <40 years of age with a renal mass suspicious for malignancy for both diag-
nostic and therapeutic reasons [2].

Unlike adult tumors where clear cell RCC predominates (75–88%), the most 
common histologic subtype in children is translocation RCC, accounting for nearly 
half of all cases. Translocation tumors are characterized by activating mutations in 
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Table 19.3  Genetic syndromes associated with RCC

Genetic predisposition syndrome Gene Presentation
Von Hippel Lindau VHL (3p) Clear cell RCC

Retinal and CNS hemangioblastomas
Pheochromocytomas
Pancreatic cysts/tumors
Epididymal cystadenomas

Tuberous sclerosis TSC1 or TSC2 AMLs
Clear cell RCC
Seizures
Mental retardation
Facial angiofibromas
Hamartomas

Hereditary papillary RCC MET Low grade type 1 papillary RCC
Birt-Hogg-Dubé FLCN Chromophobe RCC

Fibrofolliculomas
Lung cysts and blebs

Hereditary Leiomyomatosis and 
RCC

FH High grade type 2 papillary RCC
Uterine fibroids at young age

Succinate dehydrogenase RCC SDH Different RCCs
Paragangliomas
Pheochromocytomas

Primary tumor (pT)
T1a Tumor confined to kidney, <4 cm
T1b Tumor confined to kidney, ≥4 cm but <7 cm
T2a Tumor confined to kidney, ≥7 cm but <10 cm
T2b Tumor confined to kidney, ≥10 cm
T3a Tumor extends grossly into renal vein or its 

segmental branches, or tumor invades 
perirenal and/or renal sinus fat but not 
beyond Gerota’s fascia

T3b Spread to infra-diaphragmatic IVC
T3c Spread to supra-diaphragmatic IVC or IVC 

wall invasion
T4 Involvement of ipsilateral adrenal gland or 

invades beyond Gerota’s fascia
Nodal stage
N0 No nodal involvement
N1 Metastatic involvement of regional LN
Metastasis stage
M0 No distant metastases
M1 Distant metastases
Stage groupings
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 or N1 with M0
Stage IV T4 or M1

Table 19.4  American joint 
committee on cancer (AJCC) 
TNM staging for renal cell 
carcinoma (seventh Edition)
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TFE3 on Xp11.2, resulting in constitutive tyrosine kinase activity and downstream 
mammalian target of Rapamycin (mTOR) pathway activation with resultant unreg-
ulated proliferation (a common pathway for RCC development). These tumors con-
fer aggressive phenotypes and are associated with locally advanced or metastatic 
disease in 63% of children [2].

A recent National Cancer Database study attributed a 5-year overall survival of 
71–100% for patients with organ confined disease (pT1–3), 55% for patients with 
nodal involvement and 8% for patients with metastatic disease [6]. While traditional 
targeted therapies (tyrosine kinase and mTOR inhibitors) may be utilized in chil-
dren with advanced disease or adverse histopathologic characteristics, data are lim-
ited on their use in the adjuvant setting for pediatric RCC. The only reported cases 
of survival in widely metastatic translocation RCC involve complete surgical resec-
tion (primary tumor, regional lymph nodes, and metastatic lesions).

19.1.3	 �Other Pediatric Renal Tumors

19.1.3.1	 �Clear Cell Sarcoma of the Kidney
Clear cell sarcoma of the kidney (CCSK) occurs predominantly in children between 1 
and 4 years of age with a 2:1 male predominance [1]. There are no known familial 
predisposition syndromes or cases of bilateral CCSK. Patients typically present with 
a palpable abdominal mass, although 15–60% of children present with pain related to 
skeletal metastases. Imaging and laboratory studies for staging purposes are similar to 
those of RCC and WT and mass characteristics on CT are indistinguishable from WT.

Treatment consists of radical nephrectomy with regional lymph node sampling. 
Adjuvant therapy is commonly instituted and includes radiation and chemotherapy 
(vincristine, doxorubicin, cyclophosphamide and etoposide) [7]. The 5-year overall 
survival is 85–90% despite a high relapse rate in the first 3 years after treatment, 
especially in younger patients. While bone metastases are classically attributed to 
metastatic CCSK, advances in treatment have resulted in metastasis and late recur-
rences most commonly in the brain [2]. Close follow up and surveillance is prudent.

19.1.3.2	 �Rhabdoid Tumor of the Kidney
Rhabdoid tumor of the kidney (RTK) is a rare, aggressive pediatric renal tumor with 
80% of cases occurring in children <2  years of age [1]. The majority of these 
patients exhibit germline mutations in INI-1 on chromosome 22. While hematuria is 
the predominant presenting symptom, symptomatic metastases can occur in up to 
80% of cases [1]. Staging imaging is the same as the other pediatric renal tumors, 
but also includes central nervous system imaging given the predilection of RTK to 
metastasize there. Brain MRI is indicated, especially in children <1 year of age, 
given the high risk of metastatic disease to the brain [2]. Radical nephrectomy with 
lymphadenectomy is the primary treatment modality as RTK is highly resistant to 
chemotherapy and radiation [1]. Overall 4-year survival ranges between 20 and 
36  months, with younger patients exhibiting worse survival than older patients. 
CNS involvement is nearly universally fatal.
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19.1.3.3	 �Congenital Mesoblastic Nephroma
Congenital mesoblastic nephroma (CMN) is the most common renal tumor in 
infants <6 months of age, making CMN the presumed diagnosis for a solid renal 
mass in this age group [1]. CMN is thought to be derived from an abnormal prolif-
eration of nephrogenic mesenchyme during the neonatal period. It is often diag-
nosed prenatally on ultrasound and is associated with polyhydramnios and preterm 
birth [2]. Ultrasound findings characteristically include large, partially cystic masses 
confined to the kidney. Although originally described as a benign tumor, CT scan of 
the chest, abdomen and pelvis should complete staging as there have been cases 
reported of recurrent and/or metastatic disease. Radical nephrectomy is considered 
both diagnostic and therapeutic. Lymph node sampling is indicated for accurate 
staging and since a diagnosis of WT or RCC cannot be excluded. Prognosis is gen-
erally good, especially with surgery within the first 6 months of life. While a follow 
up regimen has not been established, serial abdominal ultrasonography for 2 years 
has generally been advised.

19.1.3.4	 �Renal Medullary Carcinoma
Renal medullary carcinoma is an extremely aggressive RCC variant presenting in 
patients with sickle cell trait or disease, and thus there is a strong African-American 
predominance [1]. The majority of patients present with gross hematuria and/or 
abdominal/flank pain. Over 90% of patients present with advanced disease. 
Complete cross-sectional staging imaging is necessary. Radical nephrectomy is the 
primary treatment modality as medullary carcinoma is unresponsive to chemoradia-
tion. The tumor is, unfortunately, nearly universally fatal, with average survival 
between 4 and 16 months.

19.1.3.5	 �Angiomyolipoma
Angiomyolipoma (AML) derives its name from its three characteristic histologic 
components: blood vessels, muscle and adipose. These vascular tumors are com-
monly seen in patients with Tuberous Sclerosis and often present with spontaneous 
retroperitoneal hemorrhage. Similar to treatment strategies employed in adult AML, 
annual monitoring with ultrasonography or MRI for size and stability is prudent. 
Efforts should be directed towards nephron-sparring management, including selec-
tive arterial embolization, especially in patients with Tuberous Sclerosis who are 
prone to multifocal, recurrent tumors. These patients are at increased risk of devel-
oping RCC [2].

19.1.3.6	 �MCN/CPDN/WT Spectrum
Multilocular cystic nephroma (MCN) and cystic partially differentiated nephroblas-
toma (CPDN) represent a clinicopathologic spectrum of kidney tumors that are 
often indistinguishable from cystic WT in clinical presentation and radiological 
appearance. These tumors commonly present in patients <2 years of age (in contrast 
to WT with highest incidence between ages 3 and 5 years). Surgical excision and 
histologic findings confirm the diagnosis, and radical nephrectomy is considered 
curative. If nephron-sparring approaches are undertaken, frozen section analysis to 
confirm negative margins is indicated [2].
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MCN is classically a tumor with well-defined cysts with septae, and are classi-
fied as CPDN if poorly differentiated tissue or blastemal cells are found in the sep-
tae by pathology. Cystic WT exhibits more solid strictures between the cysts with 
stromal, mesenchymal or epithelial components. MCN and stage I CPDN are con-
sidered benign lesions managed with surveillance only. Patients with stage II CPDN 
are treated with vincristine and actinomycin, similar to stage I–II WT. Cystic WT 
are treated based on stage-dependent WT guidelines (Table 19.2).

19.2	 �Part 2: Testis Tumors

19.2.1	 �Introduction

Prepubertal testis tumors vary significantly from adult testis tumors in pathologic 
distribution, malignant potential and prognosis. Primary testicular tumors in chil-
dren and adolescents are rare, with an estimated incidence is 0.5–2 per 100,000 
children and accounting for 1–2% of all pediatric solid tumors. Pediatric testis 
tumors have a bimodal age distribution with peaks within the first 4 years of life and 
again around age 15 years [8].

Classification of pediatric tumors mirrors that of adults, with tumors divided into 
seminoma, non-seminomatous germ cell tumors (GCT), sex cord-stromal tumors 
(Sertoli cell, Leydig cell, granulosa cell tumors), mixed germ cell/sex cord tumors, 
secondary testicular tumors and parastesticular masses. GCT primarily arise from 
the gonads, but may involve any site along the migration path of primordial germ 
cells to the genital ridge, including the pineal gland, mediastinum, peritoneum, and 
sacrum. While up to 60% of adult tumors exhibit mixed histologic subtypes, pediat-
ric tumors more commonly comprised only one subtype [8]. Testicular GCT are the 
most common malignancy in males between 15 and 35 years and account for 20% 
of all malignancies in this age category and 98% of all testicular tumors overall, 
making this a very important disease to pediatric urologists.

Well defined predisposing risk factors for testicular cancer include personal his-
tory of cryptorchidism as well has personal or family history of testicular cancer. 
Patients with cryptorchidism exhibit a fourfold increased risk of developing GCT, 
with an estimated 10% of cases linked to history of undescended testis. This risk is 
mitigated by prepubertal orchiopexy, but the risk does not return to baseline. 
Additionally, high levels of maternal estrogens, high and low birth weights, neona-
tal jaundice, and disorders of sexual development (DSD) have been implicated in 
the development of testicular GCT. While the majority of prepubertal GCTs are 
sporadic, chromosome 12p polyploidy, deletions in 1p and 6q, as well as abnormali-
ties in chromosomes 2 and 3p have been described.

19.2.2	 �Evaluation

Nearly 90% of testis tumors present as painless testicular masses, and less com-
monly masses are identified on ultrasound obtained for scrotal pain or infection. 
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Hydrocele can accompany testis masses in 15–20% of cases, thus hydroceles should 
be investigated with ultrasonography [8]. Clinical history should focus on identify-
ing risk factors (cryptorchidism, family history, etc.) and should elucidate pubertal 
status as well as the presence or absence of virilization indicative of hormone secret-
ing tumors. Physical examination should attempt to determine the origination of the 
lesion (testicular, parastesticular, epididymis, spermatic cord) as well as closely 
evaluate the contralateral testicle. Complete physical examination should involve 
chest auscultation and assessment for supraclavicular lymphadenopathy.

Clinical suspicion or abnormal examination findings should prompt scrotal ultra-
sonography, which is characterized by nearly 100% sensitivity for detecting intra-
scrotal masses [8]. Scrotal ultrasound has poor specificity to differentiate benign 
and malignant testicular lesions. However, there are key radiographic features that 
hint at common testicular tumors: seminomas are homogenous and hypoechoic, yok 
sac tumors are hypervascular, heterogeneous masses, and teratomas exhibit marked 
heterogeneity owing to cystic/solid tissue components (Fig. 19.2).

a

b c

Fig. 19.2  Ultrasound characteristics of testicular masses. (a) US of paratesticular mass. (b) US 
showing intra-testicular mass suspicious for GCT. (c) US showing classic onion-skin appearance 
of epidermoid cyst
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Prior to any medical or surgical intervention, serum tumor markers must be 
evaluated to guide clinical staging and further imaging. Human chorionic 
gonadotropin-β (hCG) is rarely elevated in prepubertal tumors but can be elevated 
in both seminomatous and non-seminomatous GCTs in adults. α-fetoprotein 
(AFP) has diagnostic, staging and surveillance utility in children and is elevated 
in 92% of yolk sac tumors. Resulting from physiologic fetal yolk sac persistence, 
gastrointestinal and hepatic production of AFP, interpretation of levels in children 
<1 year of age is difficult. AFP typically nadirs at age 8 months. While teratomas 
can secrete AFP, levels rarely exceed 100 ng/mL in children >6 months of age 
harboring teratoma [8]. Lactate dehydrogenase (LDH) is used as a non-specific 
marker of disease burden. In the setting of a testis mass and precocious puberty, a 
hormonal panel consisting serum testosterone, estradiol, inhibin and 17-ketoste-
roid level can aid in establishing the diagnosis of a stromal tumor or congenital 
adrenal hyperplasia.

Further cross-sectional imaging consisting of CT chest, abdomen, and pelvis 
with oral and iv contrast for staging purposes is traditionally deferred until a histo-
logic diagnosis is made, with the exception being patients presenting with markedly 
elevated AFP or symptomatic metastases. Sites of metastasis from most to least 
common are lung, retroperitoneal lymph nodes, liver, and bone [8]. If sedation for 
CT imaging is necessary in young children, this can commonly be coordinated with 
other procedures (orchiectomy, vascular access for chemotherapy, etc.). Additional 
considerations regarding fertility preservation include sperm banking for age-
appropriate males, cryopreservation of testicular tissue, and early referral to an 
oncofertility specialist.

19.2.3	 �Diagnosis and Treatment

Considering the high incidence of benign lesions in children, there has been an 
evolution towards testis-sparring surgery (TSS), especially in prepubertal males. It 
is suggested that all patients undergo ultrasound-facilitated excisional biopsy and 
intra-operative frozen section analysis. However, in the largest series of prepubertal 
testes tumors, 75% of patients were managed with radical orchiectomy [9]. 
Completion radical orchiectomy is performed when malignancy is suggested on 
frozen section [8]. The exception is patients with pathologically elevated pre-
operative AFP who are treated with radical orchiectomy for presumed YST. In post-
pubertal patients, radical orchiectomy is the standard initial treatment. TSS in 
post-pubertal males is controversial and typically implemented in specialized cir-
cumstances (bilateral tumors, tumors in solitary testicle, when a benign tumor sus-
pected, etc.). Pre-operatively, trans-scrotal biopsy is contraindicated and 
automatically portends stage II disease in the COG staging system. It also changes 
the lymphatic drainage of the testicle and can alter spread of disease, which usually 
occurs in a very predictable step-wise fashion. Histologic classification of prepuber-
tal testes tumors, their incidence, histopathologic, and clinical characteristics are 
outlined in Table 19.5 [8, 10, 11].
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Staging of the primary tumor is completed with histologic evaluation of the com-
pletely excised tumor through an inguinal approach (Table 19.6). Pubertal status is 
critical in staging and treatment algorithms for pediatric testes tumors. Prepubertal 
boys are staged and treated using COG protocols (Table 19.7) while post-pubertal 
boys, adolescents and adults are more often staged and risk stratified per the adult 
AJCC TNMS and International Germ Cell Cancer Collaborative Group risk stratifi-
cation systems (Tables 19.7 and 19.8) and therapeutic strategies commonly are 
derived from the adult National Comprehensive Cancer Network (NCCN) guide-
lines. Traditionally, application of pediatric chemotherapeutic regimens to older chil-
dren has resulted in undertreatment and may have contributed to historically poorer 
outcomes in adolescents compared to prepubertal males [11]. Patients with localized 
disease that is completely resected with radical orchiectomy are typically managed 
with surveillance. High risk clinicopathologic features should not result in deviation 
from initial conservative management, as survival rates with salvage treatment are 
excellent and there is considerable morbidity associated with overtreatment and 
cumulative chemotherapeutic toxicity [11]. Chemotherapy is usually first-line in 
patients with metastatic disease, with radiotherapy reserved for seminoma. 
Retroperitoneal lymph node dissection plays a minor role in prepubertal tumors.

Population-based studies have suggested that teratoma is the most common 
benign and YST is the most common malignant testis tumor in a prepubertal boy, 
but discrepancy exists between the two in terms of which is truly the most prevalent 
[8, 10]. Up to 75% of prepubertal testis tumors in several series are benign. In a 
recent National Cancer Data Base study, nearly 10% of reported masses were semi-
nomatous GCTs in patients <12 years of age, and in the absence of formal recom-
mendations for prepubertal seminoma, it seems reasonable to apply adult treatment 
algorithms [9]. Leukemia and lymphoma are the most common metastatic lesions to 
the testes and, along with gonadoblastoma, should be considered with bilateral tes-
ticular lesions. Paratesticular tumors, including benign (leiomyoma, fibroma, 
lipoma, cystadenoma, adenomatoid hemangioma) as well as malignant (leiomyo-
sarcoma, fibrosarcoma, liposarcoma, RMS) histologies are often managed similarly 
to intratesticular lesions, with complete excision via radical orchiectomy followed 
by histology-driven staging and treatment.

19.2.4	 �Prognosis and Surveillance

Malignant prepubertal tumors tend to be less aggressive than their post-pubertal 
counterparts. Prepubertal mature teratoma is typically localized and rarely metasta-
sizes, with immature components conferring more malignant potential. Over 70% 
of prepubertal children with YST present with clinically localized disease, but 
approximately 20% experience relapse. Intratubular germ cell neoplasia (ITGCN) 
is a precursor of malignant germ cell tumors in adults, and it has been linked to 
pospubertal tumors but not prepubertal ones. Embryonal carcinoma is the most 
common pediatric postpubertal histology and commonly presents with metastasis at 
the time of diagnosis [8].
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Table 19.6  American joint committee on cancer (AJCC) TNM staging system for testes cancer 
(seventh ed., 2010)

Stage Extent of disease
Primary tumor (pT)
pTX Primary tumor cannot be assessed
pT0 No evidence of primary tumor
pTis Intratubular germ cell neoplasia (ITGCN)
pT1 Tumor limited to testis and epididymis without lymphovascular invasion; tumor may 

invade into the tunica albuginea but not the tunica vaginalis
pT2 Tumor limited to the testis and epididymis with lymphovascular invasion or with 

involvement of the tunica vaginalis
pT3 Tumor invades the spermatic cord
pT4 Tumor invades the scrotum
Regional lymph nodes (N) clinical
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis with a lymph node mass 2 cm or less in greatest dimension and ≤5 nodes 

positive, none more than 2 cm
N2 Metastasis with a lymph node mass greater than 2 cm but not more than 5 cm in greatest 

dimension; or >5 nodes positive, none more than 5 cm; or evidence of extranodal 
extension

N3 Metastasis with a lymph node measuring >5 cm in greatest dimension
Distant metastasis (M)
M0 No distal metastasis
M1a Nonregional nodal or pulmonary metastasis
M1b Distant metastasis other than M1a
Serum tumor markers (S)
S1 AFP < 1000 ng/ml

hCG < 5000 IU/l
LDH < 1.5 times normal

S2 AFP 1000–10,000 ng/m
hCG 5000–50,000 IU/l
LDH 1.5–10 times normal

S3 AFP > 10,000 ng/ml
hCG > 50,000 IU/l
LDH > 10 times normal

Benign tumors are associated with a 100% survival with no reported cases of 
recurrence or metastasis. Malignant prepubertal tumors are associated with a 5 year 
overall survival between 94 and 100% [10]. There appears to be no difference in 
survival based upon surgical procedure (radical vs. partial orchiectomy) in any of 
the histologic subtypes, so long as the tumor is completely excised [9]. Prepubertal 
stromal tumors treated with TSS exhibit a local recurrence rate of just 3% and can 
be salvaged with completion radical orchiectomy. Patients with a diagnosis of 
malignant testicular tumor require lifelong follow-up consisting of imaging of the 
retroperitoneum, lungs, and physical examination of the contralateral testis 
(Table 19.5). The considerable late effects of chemotherapy and radiotherapy are 
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increasingly evident with improved clinical outcomes. In addition to an increased 
risk of infertility, secondary malignancy, and psychosocial effects, cisplatin-based 
regimens are associated with nephrotoxicity (10% risk of stage III CKD), peripheral 
neuropathy (17%) and hearing loss (20–40%). Bleomycin has been associated with 
a 5% risk of developing pulmonary fibrosis, which is more common in older 
patients.

Table 19.7  Comparison of COG and AJCC staging systems for testicular tumors

Stage AJCC COG
I pT1–4 N0 M0 S0

IA: pT1 N0 M0 S0
IB: pT2–4 N0 M0 S0
IS: pT1–4 N0 M0 S1–3

Tumor limited to testis completely resected by high 
inguinal orchiectomy
No evidence of disease beyond testis
STM negative after appropriate half-life decline
If retroperitoneal LN >2 cm on imaging and normal/
unknown STM, must have negative ipsilateral RPLN 
sampling

II pT1–4 N1–3 M0 S0–1
IIA: pT1–4 N1 M0 S0–1
IIB: pT1–4 N2 M0 S0–1
IIC: pT1–4 N3 M0 S0–1

Microscopic residual disease present in scrotum or 
spermatic cord
STM remain elevated after appropriate half-life 
interval
Tumor rupture or scrotal biopsy prior to orchiectomy

III pT1–4 N1–3 M1 S0–1
IIA: pT1–4 N1–3 M1A S0–1
IIB: pT1–4 N1–3 M0–1B S2
IIC: pT1–4 N1–3 M0–1B S3

RPLN involvement
LN >4 cm by CT are considered metastases (biopsy-
confirmation needed for LN > 2 cm and <4 cm)

IV Distant metastasis

Adapted from Saltzman and Cost, 2018

Table 19.8  International Germ Cell Consensus Classification scheme for the assignment of prog-
nostic category in patients with metastatic GCTs

Prognostic 
category Nonseminoma Seminoma
Good risk • � Testicular or primary retroperitoneal 

tumor
• � Absence of extrapulmonary visceral 

metastases
• � Low STM (TNMS stage S1)

• � Any primary site
• � Any STM
• � Absence of extrapulmonary 

visceral metastases

Intermediate 
risk

• � Testicular or primary retroperitoneal 
tumor

• � Absence of extrapulmonary visceral 
metastases

• � Intermediate STM (TNMS stage S2)

• � Any primary site
• � Any STM
Presence of extrapulmonary 
visceral metastases

Poor risk • � Testicular, primary retroperitoneal, or 
primary mediastinal tumor

• � Presence of extrapulmonary visceral 
metastases

• � High STM (TNMS stage S3)

None
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19.3	 �Part 3: Rhabdomyosarcoma

19.3.1	 �Introduction

Rhabdomyosarcoma (RMS) is a malignant soft tissue tumor of mesenchymal ori-
gin. Approximately 350 cases of RMS are diagnosed in the United States annually, 
making it the third most common solid tumor diagnosed in children. Up to 25% of 
cases arise in the genitourinary tract [12]. The incidence of RMS exhibits male pre-
dominance and a bimodal age distribution, commonly diagnosed from ages <2 years 
and again from 10 to 18 years [13]. While the bladder and prostate are commonly 
involved sites and both portend an unfavorable prognosis, RMS involvement of the 
testes (paratesticular masses), vagina, cervix, uterus and retroperitoneum are associ-
ated with a favorable prognosis (Table 19.9) [14].

The majority of genitourinary RMS is associated with a genetic mutation, with 
several well described predisposing conditions. These include Li-Fraumeni syn-
drome, pleuropulmonary blastoma, neurofibromatosis type I, Costello syndrome, 
Beckwith-Wiedemann syndrome, Noonan syndrome, multiple endocrine neoplasia 
type 2A (MEN 2A), and Gorlin syndrome (Table 19.10) [14].

19.3.2	 �Diagnosis and Evaluation

Genitourinary RMS typically presents with a palpable mass or symptoms related to 
mass effect, including upper urinary tract obstruction, urinary retention, vaginal 
bleeding, hematuria and irritative voiding symptoms [14]. Tumors are commonly 
localized at presentation. Nodal metastases are uncommon and typically involve 
pelvic and retroperitoneal lymph nodes. Paratesticular tumors commonly present as 
painless scrotal masses, and workup is similar to that of a primary testicular tumor. 
Serum tumor markers are indicated with paratesticular masses, especially in cases 
when the origin of the primary tumor is uncertain. Initial workup should include a 
thorough history and physical examination. The initial imaging of choice is pelvic 
ultrasound, which can confirm the presence and origin of solid masses, followed by 
complete staging with contrasted CT or MRI of the chest, abdomen, and pelvis to 
determine resectability (Fig. 19.3).

Table 19.9  Prognostic factors for RMS

Favorable prognosis Unfavorable prognosis
Location Retroperitoneum, vagina, cervix, uterus, 

paratestis
Prostate and bladder

Age 1–9 years <1 or ≥10 years
Histology Embryonal (with variants) Alveolar
Genetic 
alterations

None Translocation of PAX3/PAX2 to 
FOXO1
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Definitive diagnosis is dependent on histologic evaluation. In cases of parates-
ticular tumors, a radical orchiectomy is indicated. While biopsy is contraindicated 
in testicular and paratesticular masses, endoscopic tissue sampling from other geni-
tourinary organs may allow for diagnosis. It is often difficult to determine the site of 
origin, particularly in locally invasive masses. If adequate diagnostic tissue cannot 
be obtained endoscopically, it has been recommended that open transvesical biopsy 
with pelvic and para-aortic lymph node sampling (for staging) be performed. A por-
tion of the biopsy should be reserved for genetic testing and not exposed to 

Table 19.10  Genetic syndromes associated with pediatric RMS

Genetic predisposition 
syndrome (mode of 
transmission)

Mutated 
gene Associated conditions

Cumulative 
incidence of RMS

Li-Fraumeni syndrome (AD) P53 Sarcomas
Breast cancer
Brain tumors
Adrenal carcinoma
Leukemia

15–20%

Pleuropulmonary bastoma DICER1 Carcinoid tumors
Gonadal germ cell and 
stromal tumors
Thyroid carcinomas
Benign eye and nasal 
tumors

Unknown

Neurofibromatosis type I 
(AD)

NF1 Musculoskeletal disorders
Neurofibromas
Mental retardation
Café au lait spots
Lisch nodules of iris

10% (bladder/
prostate 
predominance)

Costello syndrome (AD) HRAS Mental retardation
Unusual facial features
Heart abnormalities
Short stature

7%

Beckwith-Wiedemann 
syndrome (variable)

11p15 Overgrowth features
Abdominal wall defects
Wilms tumor
Hepatoblastoma
Neuroblastoma

Unknown

Noonan syndrome (AD) PTPN11 Facial abnormalities
Short stature
Cardiac abnormalities

Unknown

Multiple endocrine neoplasia 
(MEN) type 2A (AD)

Medullar thyroid 
carcinoma
Pheochromocytoma
Hyperparathyroidism

Unknown

Gorlin syndrome (nevoid-
basal cell carcinoma 
syndrome; AD)

PTCH Overgrowth features
Skeletal abnormalities
Benign and malignant 
tumors

Unknown

AD autosomal dominant
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processing or preservatives. Prompt drainage of urinary tract obstruction is prudent 
to preserve renal function in anticipation of nephrotoxic adjuvant chemotherapy, if 
indicated. Percutaneous approaches to drainage (suprapubic catheter or nephros-
tomy tube placement) are discouraged.

The Intergroup Rhabdomyosarcoma Study Group (IRSG) recognizes two histo-
logic subtypes of RMS: embryonal and alveolar [13]. Embryonal RMS is the most 
common form to involve the bladder and its incidence accounts for up to 90% of 
genitourinary cases [14]. Embryonal RMS is further subdivided into sarcoma botry-
oides (vagina) and spindle cell tumors which commonly involve hollow viscus 
organs (uterus, cervix, bladder) and paratesticular regions, respectively. Botryoid 
tumors have a characteristic polypoid appearance described as a “bunch of grapes.” 
While botryoid RMS predominates in early childhood, alveolar RMS is most com-
mon in adolescents [13].

a

c

d

b

Fig. 19.3  Multiple rhabdomyosarcomas. T2-weighted MRI (A-sagital, B-axial) of a primary 
prostatic RMS extending posteriorly and into the bladder lumen. Primary bladder RMS depicting 
a large mass at the bladder dome (C-ultrasound, D-T1 MRI coronal section). (a) T2 weighted MRI, 
saggital, primary prostatic RMS extending posteriorly and into the bladder lumen (arrow). (b) T2 
weighted MRI, axial, primary prostatic RMS extending posteriorly and into the bladder lumen 
(arrow). (c) US showing primary bladder RMS with lesion at dome (arrow). (d) MRI, coronal, 
primary bladder RMS with mass at bladder dome (arrow)
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Table 19.11  TNM staging and clinical group designation for RMS

Pre-operative COG soft tissue sarcoma committee (COG-STS) TNM clinical staging
Stage I Favorable site, non-metastatic
Stage II Unfavorable site, <5 cm, negative nodes, nonmetastatic
Stage III Unfavorable site, >5 cm or positive nodes, nonmetastatic
Stage IV Any site, metastatic
Intergroup rhabdomyosarcoma study (IRS) post-operative clinical group designation
Group I Localized disease, completely resected
Group II (IIA) grossly resected tumor with microscopic residual disease; (IIB) regional 

disease with involved nodes, completely resected with no microscopic residual 
disease; (IIC) regional disease with involved nodes, grossly resected, but with 
evidence of microscopic residual and/or histologic involvement of the most distal 
regional node in the dissection

Group III Incomplete resection or biopsy with gross residual mass
Group IV Distant metastasis

Favorable site: GU sites other than bladder and prostate; Unfavorable site: GU sites except bladder 
and prostate

19.3.3	 �Treatment

Similar to advances in WT, protocol-driven multimodal treatment modalities have 
improved outcomes for RMS. Current COG recommendations will be outlined in 
this chapter. Recent focus has prioritized organ-preserving surgical approaches to 
limit morbidity from radical extirpative procedures, which historically, were associ-
ated with only modest outcomes [13].

Staging for RMS is complex and multifactorial, incorporating pre-operative 
COG soft tissue sarcoma committee (COG-STS) TNM classification, post-operative 
or post-biopsy clinical group designation (remaining tumor burden), as well as 
patient age and histologic subtype (Table 19.11). These designations culminate into 
a risk stratification system to guide subsequent treatment: low (localized disease), 
intermediate, and high risk (metastatic disease) (Table 19.12). The majority of blad-
der or prostate RMS are unresectable at initial presentation (at least intermediate 
risk). After adequate tissue sampling and diagnosis, patients are treated with appro-
priate risk-stratified definitive chemoradiation (Table 19.12). Upfront, complete sur-
gical resection is the preferred local control strategy, however with many tumors 
and sites this is both impossible and considered to be overly mutilating. In situations 
where an entire tumor can be resected after biopsy but prior to chemotherapy initia-
tion (common with paratestis or vagina, also possible with portions of bladder), 
complete excision is prudent to potentially avoid subsequent radiation for local con-
trol. While radiation is part of COG protocols as a local control strategy after che-
motherapy, Europe utilizes surgery more often and there is continuous debate as to 
the best vs. least morbid local control strategy [15].

Radical cystectomy/cystoprostatectomy (anterior exenteration) with urinary 
diversion (e.g. neobladder, continent urinary diversion, or ileal/colon conduit) is 
typically reserved for patients who have persistent, biopsy-proven disease after che-
motherapy and radiation. Notably, a persistent mass does not always represent 
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viable tumor and close histologic evaluation should guide salvage therapy. While 
bladder preservation is possible in up to 40%, long term morbidity from limited 
bladder capacity and chemoradiation toxicity can be significant.

Non bladder/prostate genitourinary RMS is managed with biopsy/complete 
resection, followed by risk-stratified primary chemotherapy and radiotherapy, if 
indicated. Radiotherapy can be omitted in patients with embryonal histology and 
localized disease that is completely resected prior to chemotherapy initiation. 
Patients with paratesticular RMS are managed with radical inguinal orchiectomy. 
Because >40% of patients with paratesticular RMS present with metastatic disease 
primarily to the retroperitoneum, particularly in old children, all children ≥10 years 
of age with paratesticular RMS should undergo ipsilateral retroperitoneal lymph 
node dissection as they are often understaged by cross-sectional imaging [13].

19.3.4	 �Prognosis

The complexity of RMS group and stage classifications offer tailored treatment 
strategies and are highly prognostic. Histologic predictors of adverse clinical out-
comes include local tumor invasion, tumor size, and histologic subtype. The 5-year 
failure-free survival for patients with localized tumors (low-risk) is approximately 
75% with overall survival approaching 97% [12]. Intermediate-risk tumors histori-
cally confer up to 88% overall survival, while children in the high-risk group (meta-
static disease) have poor prognosis with 5 year survival <50%. Age is an independent 
predictor of prognosis, with age <1 and >10 years significantly worse failure-free 
survival (Table 19.9) [13].

The discovery of oncogene fusions resulting from chromosomal translocation 
offers promising prognostic potential. Beyond histologic classification, RMS 
tumors can be subgrouped into fusion positive or fusion negative based on the 

Table 19.12  Risk group stratification guiding treatment strategies for RMS

Risk group Histology Clinical group Stage Age Treatment
Low Embryonal 

with variants
I, II, III I All VA or VAC 

(concomitant 
radiotherapy if 
residual disease)

Embryonal 
with variants

I, II II, III All

Intermediate Embryonal 
with variants

III II, III All VAC with 
radiotherapy

Embryonal 
with variants

IV IV <10 years

Alveolar I, II, III I, II, 
III

All

High Embryonal 
with variants

IV IV ≥10 years Intensive regimen 
with VAC backbone

Alveolar IV IV All

RMS risk stratification and treatment options, V vincristine, A Actinomycin D, C 
cyclophosphamide
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presence of balanced translocations between PAX3 (chromosome 2) or PAX7 (chro-
mosome 1) with FOXO1 (chromosome 13). These oncogenes confer an aggressive 
phenotype and are evident in about 80% of alveolar RMS (Table 19.9). Recent stud-
ies suggest inferior oncologic outcomes in fusion positive patients, and it likely this 
classification will be incorporated into future risk group stratification [16].

Late effects of aggressive treatment strategies include bladder dysfunction as 
well as significant reproductive and sexual dysfunction [13]. With pelvic radiation 
to growing bones specifically, there is halt of pelvic growth resulting in dispropor-
tionate size and function for patients. Additionally, longitudinal studies suggest that 
survivors of pelvic RMS develop secondary malignancy at a rate six-times higher 
than normal children [17] and long-term surveillance in survivorship clinics has 
been recommended. Advances in proton therapy have resulted in more targeted 
therapy at lower maximum doses, resulting in decreased toxicity to surrounding tis-
sues, but routine use has not yet been fully studied [15] (Fig. 19.3).

19.4	 �Part 4: Bladder Tumors

19.4.1	 �Urothelial Cell Carcinoma

19.4.1.1	 �Introduction
Urothelial cell carcinoma (UC) of the bladder is an uncommon pediatric malig-
nancy. In a recent literature review and case series, there are <150 cases of UC of 
the bladder diagnosed in patients <20 years of age, with only 20 cases reported in 
children <10  years [18]. While several well-defined factors strongly predispose 
adults to UC, including smoking and environmental exposures, the etiology in chil-
dren is less clear and the genetic and epigenetic changes regulating tumorigenesis in 
adults and children are different.

UC in children is typically low grade and low stage with infrequent recurrence 
[19]. Less than 7 cases of high grade UC have been reported in children <18 years 
[20]. Median age at diagnosis is around 12 years of age, with tumors in children <12 
more likely representing bladder RMS.

19.4.1.2	 �Diagnosis and Evaluation
The most common presenting symptoms is hematuria. Unlike adults who are man-
aged with a high index of suspicion and rigorous hematuria protocols, diagnosis if 
often delayed in children [18, 19]. Evaluation starts with a thorough history and 
physical exam, urinalysis, urine culture and renal and bladder ultrasound. 
Ultrasonography is highly sensitive in detecting bladder tumors in children as small 
as 5 mm (Fig. 19.4) [20, 21]. Cystoscopy is warranted for persistent symptoms and 
lack of identifiable cause of hematuria.

Tumors are typically solitary and roughly 75% are at the trigone [18, 20, 21]. 
No further staging imaging is indicated at the time of initial diagnosis. Nearly 
75% of bladder UC in children is non-invasive or minimally invasive at index 
resection.
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19.4.1.3	 �Treatment and Surveillance
Complete visible transurethral resection is both diagnostic and therapeutic. There is 
no defined role for peri-operative or adjuvant intravesical therapy. Pathologic dis-
tinction of grade and depth of invasion is imperative, with stage and grading sys-
tems identical to that of adult UC of the bladder (Tables 19.13 and 19.14). Muscularis 
propria evaluation is mandatory to determine depth of invasion, and repeat resection 
is indicated in its absence from the initial specimen. No additional therapy beyond 
initial, complete resection is typically indicated. Repeat resection is performed with 
high grade or invasive lesions.

The 5-year survival rate for pediatric UC of the bladder is 98%. Deaths from high 
grade, muscle invasive disease are limited to a few case reports [19]. While recur-
rence rates in adults approach 70%, the recurrence rate for low grade Ta or PUNLMP 
lesions in children ranges from 14 to 60% in several studies [18]. Recurrences are 
commonly papilloma or PUNLMP, both of which have no metastatic potential.

Because of low recurrence rates in children, there are no guidelines regarding 
routine surveillance cystoscopy or imaging. Additionally, there are no definitive 

a b

c d

Fig. 19.4  Urothelial carcinoma in 15 year-old male who presented with painless gross hematuria. 
(a) Bladder ultrasonography revealed a 2.0 cm posterior wall bladder mass with internal blood 
flow. (b) Axial section from hematuria protocol CT confirming filling defect in posterior bladder 
wall. (c) Classic papillary appearance of posterior trigone tumor. (d) Histology section exhibiting 
low grade, non-invasive urothelial carcinoma (H&E section 200× magnification, insert 1000×)
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recommendations on upper tract surveillance as contrasted studies (pyelograms or 
CT) expose patients to radiation. Cytology also has a limited role in children with 
sensitivity <40% in low grade lesions [18]. Surveillance protocols should be guided 
by tumor stage and grade at the discretion of the treating urologist, and one may 
employ non-invasive strategies including ultrasonography.

19.4.2	 �Non-Urothelial Bladder Tumors

Longitudinal studies suggesting an increased risk of bladder malignancy in patients 
with history of bladder augmentation led to the general recommendation for annual 
endoscopic screening beginning 5–10 years after reconstruction. In one study of 
153 patients, 7 developed cancer at a median time of 32 years from reconstruction. 
However, more recent reports suggest that it is the congenitally abnormal bladder 
itself, not the augmentation, that portends an increased risk of bladder cancer, and 
that perhaps augmentation is even protective [23]. Patients at greatest risk were 
those with history of tobacco abuse, end-stage renal disease, transplantation, or 
immunosuppression [24]. Given the low incidence of findings and relative invasive-
ness of surveillance cystoscopy, recent recommendations suggest that endoscopy of 
the augmented bladder should be limited to the following criteria: ≥4 symptomatic 
urinary tract infections per year, history of gross hematuria, chronic pain, abnormal 
radiographic studies, or patients 50 years of age with colon augmentations (consis-
tent with current colonoscopy screening recommendations).

WHO grading system for urothelial lesions of the bladder
Non-invasive 
urothelial 
tumors

Urothelial carcinoma in situ (CIS)
Papillary urothelial carcinoma, low grade
Papillary urothelial carcinoma, high grade
Papillary urothelial neoplasm of low 
malignant potential (PUNLMP)
Urothelial papilloma
Inverted urothelial papilloma
Urothelial proliferation of uncertain 
malignant potential (hyperplasia)
Urothelial dysplasia

Invasive 
urothelial 
tumors

Infiltrating urothelial carcinoma with 
divergent differentiation
Nested
Microcystic
Micropapillary
Lymphoepithelioma-lika
Plasmacytoid
Giant cell
Poorly differentiated
Lipid rich
Clear cell tumors of Mullerian type
Tumors arising in a bladder diverticulum

Table 19.13  World 
Health Organization 
classification of bladder 
tumors (2016)
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Primary non-urothelial bladder malignancies are uncommon in children. Patients 
with history of bladder exstrophy are at increased risk of primary bladder adenocar-
cinoma and squamous cell carcinoma. Primary bladder squamous cell carcinoma 
and urachal adenocarcinoma are exceedingly rare in children, limited to few case 
reports.

Benign bladder tumors are also uncommon, and their histologic distinction has 
important treatment and prognosis implications. Inflammatory myofibroblastic 
tumor (IMT) is a spindle cell tumor with myofibroblastic differentiation. IMT asso-
ciated with specific genetic rearrangements have a high risk of recurrence and 

Table 19.14  American joint 
committee on cancer (AJCC) 
TNM Staging for urothelial 
carcinoma of the bladder (sev-
enth Edition)

Primary tumor (pT)
T0 Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Noninvasive papillary carcinoma
Tis Carcinoma in situ
T1 Tumor invades subepithelial 

connective tissue
T2a Tumor invades superficial muscularis 

propria (inner half)
T2b Tumor invade deep muscularis propria 

(outer half)
T3a Tumor invades perivesical tissue 

(microscopic)
T3b Tumor invades perivesical tissue 

(macroscopic)
T4a Tumor invades prostate, uterus, vagina
T4b Tumor invades pelvic wall, abdominal 

wall
Nodal stage
NX Lymph nodes cannot be assessed
N0 No lymph node metastasis
N1 Single regional lymph node metastasis 

in true pelvis
N2 Multiple regional lymph node 

metastases in true pelvis
N3 Lymph node metastasis to common 

iliac lymph nodes
Metastasis stage
M0 No distant metastases
M1 Distant metastases
Stage groupings
Stage I T1 N0 M0
Stage II T2a/T2b N0 M0
Stage III T3a/T3b/T4a N0 M0
Stage IV T4b or N1–3 or M1

Adapted from Humphrey 2016 [22]
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metastasis, but those without these alterations can be treated with a combination of 
NSAIDS and/or surgical excision. Bladder hemangiomas are vascular lesions which 
often present with gross hematuria and are indistinguishable from malignant lesions 
endoscopically. Treatments for hemangiomas include partial cystectomy and laser 
ablation. Nephrogenic adenoma is a benign papillary lesion of the bladder, com-
monly associated with prior bladder surgery, injury or recurrent infections. They are 
histologically characterized by papillary arrangement of cuboidal cells. Treatment 
focuses on limiting inflammatory stimuli, transurethral resection, or fulguration. 
Recurrence is common and follow up is warranted.
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20Pediatric Urologic Trauma

Carter Boyd, Elena Gibson, and Pankaj P. Dangle

Learning Objectives
•	 Identify high grade renal injuries that potentially may need other surgical 

interventions.
•	 Proper imaging to grade the genitourinary trauma to prevent potential 

complications.
•	 Identify key elements of clinical and radiological findings to direct the treatment.
•	 Avoid immediate urethral surgery in posterior urethral distraction defect to pre-

vent complications.
•	 Proper use of surgical instruments to prevent devastating complications such as 

circumcision.

20.1	 �Introduction

The following is a review of pertinent clinical information and surgical manage-
ments regarding pediatric urologic trauma. We review each of the organs of urologic 
trauma by presenting a case scenario, followed by several questions. There is a brief 
review after the questions addressing the answers and other relevant information in 
reference to the case or injury presented.

Genitourinary trauma is second only to central nervous system trauma in pediat-
ric patient at an estimated rate of 3–10%. Most of these injuries are associated with 
other organ injuries; Death is uncommon following genitourinary trauma, though if 
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missed delayed complications are more morbid and with complications. Herein we 
review each organ with pertinent clinical scenario, management (initial, intermedi-
ary and delayed) with supporting evidence of the current practice based on literature 
and guidelines.

20.2	 �Scenario 1

An 8-year-old healthy boy presented to the emergency department (ED) with unilat-
eral flank pain after a fall from a treehouse 15 feet above the ground. The child had 
been resting with ice at home until he reported bright red urinary output to his 
mother who promptly brought him to the ED. Vital signs on admission are 98.6 °F, 
heart rate 79 beats per minute, respiratory rate 20 breaths per minute, and blood 
pressure 114/72. On physical exam, patient appears mildly distressed, left flank 
ecchymosis is visualized. Focused assessment with sonography in trauma (FAST) 
exam is unrevealing.

Question 1: What fact in this patient’s presentation merits further radiologi-
cal workup?

•	 A. Patient age
•	 B. Fall from 15 feet or more
•	 C. Hemodynamic stability
•	 D. Presence of gross hematuria
•	 E. Flank hematoma/ecchymosis

Triphasic CT with delayed imaging of abdomen and pelvis is ordered and image 
is below.

 

Patient is transported from the ED to the floor for conservative management. 
Patient is followed with serial hematocrit/hemoglobin and bed rest. Patient 
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subsequently recovers and is discharged from the hospital. Two weeks later the 
patient presents again to the ED complaining of worsening flank pain and a dis-
tended abdomen. Vitals are now 101.2 °F, heart rate 94 beats per minute, respiratory 
rate 23 breaths per minute, and blood pressure 104/68. WBC is 7.2, hemoglobin is 
12, and BMP is unremarkable.

Question 2: What is the most likely diagnosis?

•	 A. Sepsis
•	 B. Urinoma
•	 C. Renal Vein Thrombosis
•	 D. Retroperitoneal hematoma
•	 E. UTI

20.3	 �Discussion of Scenario 1

Pediatric renal trauma is most frequent site of urogenital trauma, the majority of 
which are secondary to blunt injury [1]. Children have been shown to be more sus-
ceptible to renal injury likely attributable to less protection from the pliable rib cage, 
lower positioning of the kidneys and a less developed abdominal wall and viscera 
for cushioning [2, 3].

The CT (Computed tomography) images shown demonstrate an example of 
Grade 4 Renal Trauma (AAST grading system). By definition, Grade 4 Renal 
Trauma involves a laceration which extends into the collecting system with evi-
dence of urinary extravasation. Viability of the renal fragments is not considered in 
the definition. Grade 4 lesions also demonstrate injury to the principle renal vessels 
but demonstrate a confined hemorrhage. Grades 1–3 renal injuries are treated con-
servatively, whereas Grades 4–5 management depend more on the clinical picture.

While a conservative approach is the preferred initial modality for Grade 4–5 
injury, however specific instances merit acute or subacute interventions. The goal of 
conservative management for renal trauma including high grade; has been demon-
strated to avoid unnecessary surgery, decrease the rate of post-traumatic nephrecto-
mies, and preserve renal function [4, 5]. Conservative management entails bed rest, 
continual hemodynamic assessment, serial hemoglobin monitoring, and prophylac-
tic antibiotics.

Indications for imaging depend on the nature of the traumatic injury. All pene-
trating abdominal injuries merit advanced imaging workup most commonly accom-
plished with a triphasic CT scan of the abdomen and pelvis. Blunt abdominal trauma 
has relative indications for imaging which are similar in children and adults. Cases 
of gross hematuria require imaging as do cases presenting with microscopic hema-
turia (>50 RBC/hpf) in the context of low systolic blood pressures (<90 mm Hg) 
though AUA (American Urological Association) guidelines suggest that children 
typically do not present with hypovolemic shock [6]. Blunt abdominal trauma from 
high speed accidents, deceleration injuries, and falls from 10  feet or more also 
necessitate radiologic workup. Finally, traumatic injuries associated with ribs, 
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spine, pelvic, or femur fractures pose high risk to the genitourinary tract and merit 
workup [6, 7].

With conservative management, it is essential to remain vigilant for potential 
complications that may develop. Urinary extravasation can lead to the development 
of a urinoma, with a classical triad of fever, worsening flank pain, and abdominal 
distension one to 2 weeks following the initial presentation. There is evidence to 
suggest that early stent placement may be merited in cases of blunt renal trauma that 
fail to demonstrate contrast material in the ipsilateral ureter. In cases where contrast 
is not visualized, these patients often go on to need stent placement and thus can be 
done prophylactically [8]. For diagnosis, repeat CT scan with delayed imaging is 
required, particularly to look for persistent urine extravasation. Treatment includes 
stenting or drainage [2, 8].

Patients requiring multiple blood transfusions are also a red flag and merit inter-
vention either in the form of an open exploration or angioembolization [2]. Specific 
indications for endoscopic or angiographic intervention include hemodynamic 
instability, continued need for blood transfusions, persistent gross hematuria 72 h 
after initial presentation, non-resolving fever or ileus for greater than 72 h, or wors-
ening flank pain.

Renal exploration has absolute indications. These include hemodynamic insta-
bility due to large volume renal bleeding, expanding or pulsatile retroperitoneal 
hematoma, in ability to stop persistent or delayed hemorrhage by selective vascular 
embolization. In each of these cases, the most frequent result is nephrectomy [6, 7].

Follow up should include blood pressure and urinalysis assessment at 6 and 
12 weeks to assess for the development of hypertension and persistent microscopic 
hematuria. Grade 3 injuries and above merit follow-up with renal imaging 3 months 
after the trauma. For Grade 3 injuries that have viable fragments, ultrasound is suf-
ficient. Grade 3 injuries with devitalized fragments, Grade 4, and Grade 5 injuries 
require either CT or MRI.

Special considerations for future activity should also be given to patients with 
renal trauma, particularly those who have a solitary kidney (either congenitally or 
secondary to a nephrectomy) or underlying renal malformation [9]. Special concern 
is given to children wanting to participate in contact sports as they are the third lead-
ing cause of renal trauma in the pediatric population [10].The American Association 
of Pediatrics states that children with only one kidney require special consideration 
for contact and collision sports, and in making their recommendations physicians 
should consider remaining kidney anatomy, position, and probable compliance with 
correct protective equipment [10, 11].

20.4	 �Scenario 2

A 12-year-old girl is brought to the nearest pediatric hospital following a pedestrian 
versus motor vehicle collision. Patient is stabilized in the trauma bay after initial 
Glasgow Coma Scale was 12. Imaging revealed lumbar vertebral ruptures at the 
L1–L3 levels, and CT nephrogram was normal though the ureters could not be 
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visualized. Patient begins to complain of diffuse back and flank pain at this time. 
There is no evidence of gross or microscopic hematuria. Patient received proper 
neurologic and orthopedic surgical care 2 days after initial entry for vertebral injury 
and is recovering in the hospital.

On post-operative day 1 following back surgery, patient develops a fever peaking 
at 100.7 °F. No clear etiology is detected. On the subsequent day, the patient com-
plains of worsening unilateral left sided flank pain and abdominal distention with 
fever spiking to 101.3 °F.

Question 1: What is the most appropriate next step?

•	 A. Blood culture followed by broad spectrum antibiotics
•	 B. Ultrasound
•	 C. Work for infection including Chest X-Ray, urine analysis
•	 D. Urgent exploration
•	 E. Contrast CT Scan

Repeat imaging is performed. The radiology report denotes changes consistent 
with post-operative orthopedic intervention in the lumbar region, inability to visual-
ize the ureter on the left side, medial extravasation of contrast in the region of the 
left kidney. No other abnormalities are identified.

Question 2: What is the most likely diagnosis and next step in management?

•	 A. Grade 4 Renal Trauma
•	 B. Postoperative abscess
•	 C. Ureteropelvic junction disruption
•	 D. Obstructing ureteral calculi
•	 E. Ureteral stricture

20.5	 �Discussion

Ureteropelvic junction (UPJ) disruption is a rare complication of blunt abdominal 
trauma [12]. UPJ disruption most commonly occurs secondary to blunt abdominal 
trauma in deceleration injuries including falls from 10  feet or greater or due to 
pedestrian versus motor vehicles collisions creating excessive trunk hyperexten-
sion. These insults avulse or weaken the attachment of the ureter to the kidney [10, 
13]. The most common injury is a complete avulsion of the UPJ where no attach-
ment remains to the kidney. Partial UPJ disruptions are also possible and the man-
agement can be less invasive. Avulsion injuries necessitate surgical repair, while 
some incomplete UPJ disruptions can be managed with stenting [13].

UPJ disruption can be overlooked as it typically occurs in major trauma where 
there are other associated significant injuries warranting more timely attention [14]. 
Delay in diagnosis is reported to occur in more than 50% of patients and can be 
delayed more than 36 h [10]. Diagnosis may also be missed as hematuria is not 
always present to indicate a urologic workup [13]. Delays in diagnosis can occur for 
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up to 12 weeks after the inciting trauma and have been demonstrated to increase the 
rate of nephrectomy [10, 15]. Thus, it is important to consider UPJ disruption as a 
diagnosis in pediatric blunt abdominal trauma [12].

When UPJ disruption is not actively pursued as a potential diagnosis, it is fre-
quently discovered in the work up of other abnormalities with unclear etiology. 
Common symptoms precipitating work up and discovery of UPJ disruption include 
fever, sepsis, ileus, flank pain [10]. Radiographic findings described in these cases 
are classic for UPJ disruption and help distinguish it from other types of blunt renal 
trauma. Diagnosis of traumatic UPJ disruption can be established with atriphasic 
CT scan with delayed images [10, 13].Three findings commonly visualized in UPJ 
disruptions are maintained renal parenchyma with no evidence of laceration, medial 
extravasation of contrast in the perinephric area, and inability to locate the distal 
ureter on the side of the insult [10, 13].

Definitive treatment of UPJ disruption demands surgical repair. Ideally, surgical 
repair would be completed on the primary exploratory laparotomy performed after 
the presentation of the trauma. If identified immediately upon presentation or within 
the first 5 days of presentation, optimal anastomotic repair can be done with the use 
of a stent to achieve a patent anastomosis and placement of a nephrostomy tube for 
drainage [10, 15, 16]. In cases where the diagnosis is made later than 5 days, patients 
are given a temporizing nephrostomy tube and allowed to stabilize for several weeks 
before surgical repair is performed [10]. Delayed diagnosis may require more sig-
nificant reconstruction and reimplantation of the ureter, and it may present more 
technical difficulties due to associated scarring from urine leak [10, 15, 16].

20.6	 �Scenario 3

A 9 year old girl a restrained passenger presents to the emergency department fol-
lowing a motor vehicle accident. Vitals on admission are 97.7  °F, heart rate 104 
beats per minute, respiratory rate 22 breaths per minute, and blood pressure 104/56. 
Glasgow Coma Scale was 10 on arrival. Initial evaluation of patient identifies sev-
eral right upper extremity abrasions and contusions, right rib fractures, and numer-
ous lower extremity lacerations. Patient appears uncomfortable and complains of 
lower abdominal pain and distention. Patient has been unable to void since presenta-
tion. Further work up with cystography reveals imaging concerning for concomitant 
injury to the bladder. The patient is prepared for surgical exploration of the injury. 
Surgical exploration reveals an intraperitoneal injury at the dome of the bladder and 
the patient undergoes primary repair.

Question 1: What is management required in this child that would not be neces-
sarily needed in an adult with a similar injury?

•	 A. Immediate post-operative voiding cystourethragram
•	 B. Suprapubic catheter placement
•	 C. Perivesical drain placement
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•	 D. Cystogram 2 weeks after surgery
•	 E. Transurethral catheter drainage

Shortly after, a 10-year-old girl presents with a similar injury. Patient has a pelvic 
fracture and evidence of gross hematuria. Imaging reveals a tear drop sign and an 
extraperitoneal bladder injury at the bladder neck is diagnosed.

 

Image reprinted with permission from Elsevier from “Urinary-cutaneous Fistulae 
Following Conservative Management of Extraperitoneal Bladder Ruptures”, by 
N. Johnsen et al., Urology, 109. Copyright November 2017 by Elsevier.

Question 2: Special consideration should be given to which of the following 
injuries in this particular case?

•	 A. Pelvic Hematoma
•	 B. Pelvic Urinoma
•	 C. Concomitant Vaginal injury
•	 D. Bladder neck injury
•	 E. Concomitant Rectal injury

Situated in the confines of the protective pelvis, bladder trauma requires high 
stress injury. While 80% of bladder trauma occurs in the setting of a pelvic fracture, 
bladder trauma occurs only in 10% of pelvic fractures [10, 17]. Because of this, 
bladder injuries are associated with approximately a 20% mortality rate and severe 
multi-organ trauma [18]. Extraperitoneal bladder injuries are about twice as com-
mon as intraperitoneal bladder injuries, though they can occur together [18]. The 
mechanism of extraperitoneal injury typically is due to osseous penetration of the 
bladder from fragments from fractured bones readily detected by the extravasation 
of contrast [10, 19]. Intraperitoneal injury is more commonly due to blunt abdomi-
nal trauma compressing a distended bladder and rupturing the weak dome of the 
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bladder [19]. Intraperitoneal bladder injuries radiologically appear as fluid in the 
abdomen [10].

Clinical symptoms suspicious for bladder injury include abdominal pain, supra-
pubic pain, hematuria, and difficulty voiding [17]. Presence of these symptoms 
merit diagnostic workup with cystogram and close monitoring [17, 20].

Extraperitoneal injuries can be treated with simple large bore urethral catheter 
placement but suprapubic catheter is often still preferred due to risk of stricture 
particularly in pediatric males [10, 21]. However, surgical management is merited 
with the presence of a bony spicule or a fragment in the bladder, bladder neck 
involvement, or pelvic fracture [10]. Postoperatively continue 7–10 days of bladder 
drainage with a follow up cystogram to ensure adequate healing [10].

As distinguished in the first question of the case, according to guideline state-
ments, following open surgical repair of intraperitoneal bladder injuries in the pedi-
atric population, a suprapubic catheter is required [22]. A cystogram should be 
obtained after 7–10 days of catheter drainage prior to catheter removal [10].

The second case emphasizes the importance of investigating other complications 
of pelvic fractures and bladder neck injuries. Bladder neck involvement of bladder 
injuries is much more common in children than adults [10]. Any bladder neck injury 
necessitates rectal, vaginal, and urethral workup for coexisting trauma and may 
require immediate primary repair [23, 24]. Injuries to the bladder neck can be dev-
astating and lead to high morbidity and incontinence requiring extensive future uro-
logic workup [25].

While treatment depends on the classification of the injury, generally repair of 
the pediatric bladder has been demonstrated to improve survival [26] and has been 
shown to decrease immediate and long-term complication risks [10]. All patients 
should be placed on broad spectrum antibiotic upon presentation until the removal 
of catheters [10].

20.7	 �Urethral Injury

Scenario 1: A 10-year-old male is brought to the Emergency Department after 
being hit by a motor vehicle while riding a scooter. On presentation, he is alert, 
oriented and complains of abdominal pain. Blood pressure is 101/68, HR 154 beats 
per minute, pulse oximetry 100% on room air, and respiratory rate of 30 breaths per 
minute. Physical exam reveals an atraumatic head with no signs of cardiorespiratory 
distress. Abdominal exam reveals mild distention with tenderness in the lower quad-
rants. Imaging of his chest, head and spine do not reveal any acute injuries. CT 
Abdomen/pelvis reveals a stable fracture of his right pubic rami, left iliac wing, and 
sacrum. The fractures do not require fixation at this time. Patient is unable to void 
and retrograde urethrogram is completed.

	1.	 What portion of the urethra would most likely be injured in this case?
•	 a. Bulbous
•	 b. Membranous
•	 c. Prostatic
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•	 d. Penile
•	 e. Bladder neck

A retrograde urethrogram (RUG) is completed and the findings are demon-
strated below an arrow and arrowhead defining the areas of contrast extravasa-
tion (Fig. 20.1):

	2.	 Given these imaging findings, what would the Goldman classification for this 
injury be?
•	 a. Grade I
•	 b. Grade II
•	 c. Grade III
•	 d. Grade IV
•	 e. Grade V

	3.	 A complete transection of the posterior urethra is identified on imaging. What is 
the recommended management of this acute urethral injury?
•	 a. Immediate anastomotic urethroplasty
•	 b. Suprapubic catheterization and delayed anastomotic urethroplasty
•	 c. Endoscopic realignment
•	 d. Per urethral catheter placement
•	 e. B &C

20.8	 �Discussion

Q1: Given this patient’s mechanism of injury and pelvic fracture findings, he most 
likely injured his posterior urethra, and posterior injuries most commonly involve 
injuries to the membranous urethra [27]. Anatomically, the posterior urethra includes 

Fig. 20.1  Image from 
RUG with white arrow and 
arrowhead defining areas 
of contrast extravasation. 
(Reprinted with permission 
from Springer Nature from 
“Lower male genitourinary 
trauma: a pictorial review”, 
by B. Lehnert et al., 
Emergency Radiology, 21 
[1], pp. 67–74. Copyright 
2014 by Springer Nature)
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the prostatic and membranous portions of the urethra and the urogenital diaphragm 
while the anterior urethra includes the bulbous and penile portions of the urethra [6]. 
Urethral injuries are similarly categorized into anterior and posterior urethral inju-
ries. Anterior urethral injuries most often result in damage to the bulbous urethra 
from straddle injuries such as direct trauma to the perineum from handlebars or 
kicks when anterior forces compress the bulbous urethra against the pubic symphy-
sis [27, 28]. On the other hand, posterior urethral injuries are associated with blunt 
trauma and pelvic fractures. One study of posterior urethral disruptions in children 
found 71% were the result of a vehicle-pedestrian accident [29].

Q2: The image in this case reveals extravasation of contrast from the posterior 
urethra with extravasation of contrast above (white arrowhead) and below (white 
arrow) the urogenital diaphragm. By definition, this would be a Type III urethral 
injury, which is more likely to occur than type I and type II injuries [30]. Based on 
anatomic findings from retrograde urethrograms, the Goldman Classification [31] 
divides urethral, bladder neck and bladder injuries into five categories. The first 
three categories represent subtypes of posterior urethral injuries:

•	 Type I: Posterior urethra is intact but stretched resulting in superior movement 
of the prostate and the neck of the bladder. No contrast extravasation is visualized.

•	 Type II: Partial or complete urethral rupture above the urogenital diaphragm 
with extravasation of contrast-agent above an intact diaphragm.

•	 Type III: Partial or complete posterior urethral rupture with disruption of the 
urogenital diaphragm and bulbous urethra. Extravasation is seen within the 
extraperitoneal and intraperitoneal pelvis.

Anterior urethral, bladder neck, and bladder base, and anterior urethral injuries 
are classified as Type IV and Type V injuries [30].

•	 Type IV: Bladder neck injury extending into the urethra with extravasation of 
contrast surrounding the bladder neck.

•	 Type IVa: Bladder base injury with periurethral extravasation.
•	 Type V: Partial or complete anterior urethral injury.

Q3: Initial management of posterior urethral injuries remains controversial and 
options include primary endoscopic realignment, primary repair with end-to-end 
anastomosis, and suprapubic cystostomy (SC) placement with delayed anastomotic 
urethroplasty (DAU) [32]. However, primary anastomosis is only recommended in 
the setting of a concomitant bladder neck or rectal injury, as it has been associated 
with very high rates of incontinence and erectile dysfunction [6]. Ideally, manage-
ment should divert urine immediately while reducing the development of poten-
tially morbid long-term effects including stricture, incontinence and sexual 
dysfunction. DAU for posterior urethral injury has success rates of 75–92% reported 
in pediatric populations [27]. DAU can be performed using a perineal or perineal 
with partial pubectomy approach with similar success noted in the literature 
(Table  20.1). Although some studies describe worse outcomes with primary 
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realignment of a posterior urethral injury in adults [34], long-term research has 
identified similar rates of adverse outcomes such as stricture and incontinence when 
initial management options are compared among pediatric patients (Table  20.2). 
However, most of the research on this subject is observational and includes small 
numbers of patients. Therefore, depending on the injury, appropriate initial manage-
ment of posterior urethral injuries may include initial placement of a suprapubic 
tube or primary realignment followed by a delayed repair 3–6 months after the ini-
tial injury [27].

Scenario 2: A 12-year-old boy is brought to the Emergency Department by his 
family. Two hours before presentation, he had a bicycle accident, resulting in a 
straddle-type blunt injury to his perineum from the handlebars. On presentation, his 

Table 20.1  Delayed correction

Study N Primary Success N (%)
Posterior injury
Voelzke [27] 18 16 (90)
 � Perineal 13 12
 � Perineal/partial Pubectomy 5 4
Koraitim [33] 65 60 (92)
 � Perineal 42 39
 � Transpubic 23 21
Podesta [29] 49 44 (90)
 � Perineal 28 23
 � Perineal/partial pubectomy 21 21
Anterior injury
Voelzke [27] 8 7 (88)
 � Anastomotic 5 4
 � Ventral only Buccal mucosa graft 3 3

Table 20.2  Reported rates of complications in Pediatric Patients following Posterior Urethral 
Injury Management

Study Stricture Incontinence
Erectile 
Dysfunction

Podesta [29]
 � SC then DAU (n = 35) 4 5 2
 � Primary realignment then DAU (n = 14) 1 4 1
Onen [35]
 � Primary Realingment (n = 22) 5 4 5
 � Immediate repair (n = 8) 2 1 1
 � Delayed repair (n = 16) 4 3 3
Nerli [36]
 � SC then DAU (n = 10) 10 0 NA
 � Primary realignment (n = 12) (endoscopic 

n = 7 and open n = 5)
6 0 NA

SC Suprapubic cystostomy, DAU Delayed anastomotic urethroplasty
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vital signs are all within normal limits there is a small amount of bright red blood at 
the urethral meatus and a scrotal hematoma is present.

	1.	 What is the most appropriate next step?
•	 a. Placement of a urinary catheter
•	 b. Suprapubic tube placement
•	 c. Retrograde urethrogram
•	 d. Urethroscopy
•	 e. CT Abdomen/pelvis with contrast

	2.	 A partial tear of the anterior urethra is identified (Grade V) is identified. What is 
the next best step for management?
•	 a. Blind placement of a urinary catheter
•	 b. Placement of suprapubic catheter with delayed anastomotic urethroplasty
•	 c. Guided placement of a urethral catheter with follow-up pericathe-

ter study
•	 d. Surgical repair

20.9	 �Discussion

Q1: This patient presents blood at the urethral meatus and a scrotal hematoma, two 
findings highly suggestive of an acute urethral injury. The classic triad of an acute 
urethral injury includes (1) blood at the meatus/vaginal introitus (2) perineal/penile 
hematoma and (3) inability to void. If there is no evidence of blood at the meatus or 
a hematoma, a urethral injury is less likely; however, up to 20% of urethral injuries 
among male patients and 30% among females can be missed initially [37]. The 
diagnostic workup of urethral injuries frequently begins with a retrograde urethro-
gram. However, injuries in female patients are usually first suggested by findings on 
a CT such as perivesical hematoma, peri vesical hematoma around bladder 
neck,disruption at the level of the bladder neck, and given the short length of the 
female urethra, a cystoscopy/vaginoscopy can be used for diagnostic confirma-
tion [37].

Q2: As this patient has a partial anterior urethral tear with no significant penile 
hematoma, management should include insertion of a urethral catheter with a fol-
low-up pericatheter study in 2 weeks. Immediate repair is recommended in pene-
trating trauma to the anterior urethra [6], and among stable patients, it is 
recommended to avoid blind placement of a urinary catheter. However, blind place-
ment may be attempted in critically ill patients with caution for any resistance and 
care to avoid balloon inflation until urine returns [37]. Unfortunately, there is lim-
ited data on outcomes following anterior urethral injuries in pediatric patients 
[27, 28].

Scenario 3: A 10-day-old male infant underwent circumcision completed with a 
Mogen clamp under anesthesia. After completing the procedure, partial amputation 
of the glans penis was noted with an oblique injury noted on examination.
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	1.	 What should be done with regard to the amputation at this time?
•	 a. Preserve amputated tissue by wrapping in saline soaked gauze and 

placing in bag immersed in cold water. Immediately take to OR for 
reimplantation

•	 b. Preserve amputated tissue and wrap penis in compressive bandage, wait for 
healing before reconstruction is attempted

•	 c. Wrap in compressive bandage and attempt reconstruction with buccal 
mucosa in 1–3 months

•	 d. Wrap in compressive bandage and attempt reconstruction with buccal 
mucosa immediately

	2.	 What should be done to prevent urethral injury?
•	 a. If patient is able to void, urethral injury is unlikely. No management is 

necessary
•	 b. Place a urethral stent for at least 1 week
•	 c. Place a urinary catheter for 48 h
•	 d. Suprapubic catheter placement

Discussion: Although uncommon, glans amputation is a morbid potential com-
plication of circumcision [38–40]. Circumcision clamp techniques, including the 
Mogen, Gomco and Plastibell clamps, have become popular given the convenience 
of the procedures [38, 41]. As most partial amputation injuries of the glans penis 
occur in an oblique pattern, the injury is believed to be the result of incomplete 
release of the balano-preputial adhesions around the frenulum [38, 40, 41]. To avoid 
this complication, providers should aim to ensure complete release of the mucosa 
from the glans before placing a circumcision clamp.

Q1: Successful reimplantation of a partially amputated glans penis has been suc-
cessfully reported up to 8 h after removal [38].If immediate reimplantation is not 
possible or the original tissue is not available, reconstruction can be performed with 
a buccal mucosa graft after the initial injury has healed [38].

Q2: Circumcisions can lead to significant urethral injury leading to subsequent 
development of urethrocutaneous fistulas and urethral stenosis. Although meatal 
stenosis can occur as a complication of an uncomplicated circumcision [42], it is 
much more common in the setting of a partial glans amputation [38]. Therefore, a 
ureteral stent should be placed for at least 7 days to prevent significant stenosis.

20.9.1	 �Genital Trauma

Scenario 1: An 11-year-old male is brought to the Emergency Department following 
a high-speed bike injury. Patient sustained a “straddle injury” by striking his 
perineum and scrotum on bike frame during the crash. On presentation, he is alert, 
and complains of significant abdominal pain. Vital signs are within normal limits 
and no signs of cardiorespiratory distress or neurologic abnormalities are noted on 
exam. Genital exam reveals tenderness with mild swelling. Imaging reveals a left 
pubic rami fracture and patient is able to void without difficulty. A urinary catheter 
is placed without difficulty, and the patient is admitted to the hospital.
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	1.	 What is the next best step in management?
•	 a. Retrograde urethrogram
•	 b. Doppler ultrasound of the testes
•	 c. CT Scan of Abdomen and Pelvis
•	 d. Abdominal Ultrasound

24 h after admission, he began reporting increasing left scrotal pain and “dark” 
urine. A repeat ultrasound of the L testicle is seen below (Fig. 20.2):

a

b

Fig. 20.2  Grey scale 
ultrasound with 
longitudinal (a) and 
transverse (b) left scrotum 
showing heterogeneous 
testicular echogenicity (T), 
irregular testicular contour 
(arrows) and hematocele 
(H). Tunica albuginea was 
not identified with 
certainty on imaging and 
doppler imaging is not 
shown but revealed absent 
flow. (Reprinted with 
permission from Springer 
Nature from “Sonography 
of pediatric blunt scrotal 
trauma: what the pediatric 
urologist wants to know”, 
by L. Fenton et al., 
Pediatric Radiology, 46 
[7], p. 1054. Copyright 
2016 by Springer Nature)
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	2.	 What is the next best step in the management of this patient?
•	 a. Immediate exploration
•	 b. Conservative Management
•	 c. Repeat US in 48 h
•	 d. Antibiotics

20.10	 �Discussion

Q1: Genital trauma accounts for a significant number of pediatric emergency care 
visits [43]. Direct blunt trauma to the scrotum often results in scrotal and testicular 
hematomas or concerningly, testicular rupture [44]. An ultrasound with doppler 
should be completed on both testes for comparison to identify complications requir-
ing surgical intervention including testicular torsion, rupture and dislocation [45].

Q2: Ultrasound findings concerning for testicular rupture include loss of tunica 
continuity, testicular shape and heterogeneous testicular echotexture [6, 46].Given 
the ultrasound findings and the expanding hematoma in the L testis, this patient 
should be taken to the operating room for surgical exploration with debridement and 
tunica albuginea closure [6]. Early surgical intervention in the setting of scrotal 
trauma is associated with improved short- and long-term outcomes for patients [45].
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21Functional Voiding Disorders

Anka Nieuwhof-Leppink and Prasad Godbole

Learning Objectives
•	 Understand the micturition cycle and the functions of the bladder
•	 Appropriate history taking and examination for functional voiding disorders
•	 Investigations for functional voiding disorders
•	 Understand the treatment for various functional voiding disorders

21.1	 �Case 1

Lisa an 8 years old girl presents to your outpatient clinic with a history of urinary 
incontinence during the day and recurrent lower urinary tract infections.

Situation at first intake:

•	 Incontinence during the day
•	 Urinary tract infections
•	 Nocturnal enuresis

Question 1: What other information would you like to know from the 
history?

Answer 1: Medical history

•	 Very wet during the day and night

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_21&domain=pdf
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•	 Voiding frequency: 5 times a day
•	 Defecation 3 times a week
•	 BSC; 2–3
•	 Fecal incontinence; 1 times a week
•	 Urge complaints
•	 Fluid intake: 1 liter a day
•	 Wetting at night, uses diapers

Question 2; The frequency volume chart (bladder/bowel diary) is as shown 
as is the dysfunctional voiding scoring system. What further investigations 
would you like to consider?
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Lisa)
Questionnaire
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Answer 2:
Uroflowmetry
Renal and bladder ultrasound with postvoid residual

Uroflow Summary

Uroflow Stop
100

25

0

0

Maximum flow:
Average flow:
Voiding time:
Flow time:
Time to peak flow:
Voided volume:
Flow at 2 seconds:
Accelerations:

24.1
15.9
4.2
4.2
1.6

66.9
20.0
11.6

ml/s
ml/s
sec
sec
sec
ml
ml/s
ml/s/s

600

Volume
ml

Flow
ml/s

v v v
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Postvoid Ultrasound (Normal kidneys)
Question 3
What is your impression of the uroflometry and renal ultrasound?
Answer
Lisa seems to have a functional small capacity bladder with urge incontinence 

based on the dysfunctional voiding scoring system. Ultrasound suggests faecal 
loading (constipation meets Rome IV criteria) and significant post void residual.

Question 4
What would be the next steps?
Answer 4

•	 Start standard urotherapy: explanation and instructions about normal bowel and 
bladder behavior

•	 Treat constipation; Laxatives (macrogol 2 × 2gr) and toilet sit for 3 months to 
guarantee daily bowel movement

Question 5:
After 3 months treatment of constipation the clinical situation is as follows:

•	 No fecal incontinence
•	 BSC 3–4
•	 Daily bowel movements.
•	 US: Rectum diameter 2.6 cm, PVR 10 ml
•	 Still daily wet accidents
•	 MF 6
•	 Still Urge complaints, holding maneuvers
•	 FI: 1000 ml
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•	 Flow pattern: Tower shape, Max flow 26  ml/s and voiding time 11  s, vol-
ume 180 ml

•	 Enuresis

What would be the next steps?
Answer 5:

•	 Start anti cholinergic: Oxybutynin 2 × 2.5 mg
•	 Continuing laxatives,
•	 Start intensive urotherapy program;

bladder training program, focused on learning to react adequately on bladder signals 
(learns how to void, when to void and how often to void).

•	 Biofeedback session by real-time uroflowmetry and EMG,
•	 During 3  months, frequently contact/support provided by the nurse/

urotherapists

21.2	 �Case 2

Lennart is an 8 year old boy with daytime urinary incontinence every day and 
voiding frequency of 6–7 times per day. He has urgency and does holding 
manoeuvres. He opens his bowels 5 times a week, Bristol Stool Chart 4. He has 
faecal incontinence up to twice a day. His fluid intake is 1500 ml/day. He also 
had nocturnal enuresis which has improved with enuresis alarm. He has never 
had any medication. Clinical examination is normal. His uroflometry and 
ultrasound are shown below:

Flowmetry
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Question 1
What kind of incontinence is this? What is your interpretation of the 

ultrasound?
Answer 1:

•	 Daytime incontinence and enuresis based on OAB, thick bladder-wall (>6 mm), 
constipation, No further anatomical or neurological issues.

•	 Attention: In light of the thick walled bladder, one must consider infravesical 
obstruction

•	 Constipation: meets Rome IV criteria

Question 2
What would be next step?
Answer 2:

•	 Start standard urotherapy: explanation and instructions about normal bowel and 
bladder behavior

•	 Treat constipation; Laxatives (macrogol 2  ×  2gr) and regular toileting for 
3 months to guarantee daily bowel movement

•	 Start anti cholinergics 2 × 2.5 mg oxybutinin

Treatment Results
After 3 months treatment of standard urotherapy. He puts a lot of efforts in his 

training and his clinical picture is as follows:

•	 No fecal incontinence, Bristol stool chart 3–4 and daily bowel movements
•	 US: Rectum diameter 1.5 cm, PVR 15 ml
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•	 Still daily wetting accidents and urgency
•	 Voiding frequency 6/day
•	 Flow pattern: staccato bell-shaped, Max flow 35 ml/s and voiding time 25 s, vol-

ume 180 ml
•	 Nocturia

Question 3
What would the next investigation?
Answer 3:
Video urodynamics
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Question 4: What is your interpretation of the VUD?
Answer 4:
Bladder capacity +/− 180  cc, stable filling up to 150  cc (PQmax:67  cm H2 

Qmax:17.6 ml/s with open bladder neck (without reaction of the detrusor), then 
terminal over activity, voiding without consent with high pressure and relatively low 
flow, relaxed pelvic floor during voiding, constriction proximal urethra.

Question 5
What surgical intervention would you consider?
Answer 5
Cystoscopy +/− relief of infravesical obstruction (if any)
Question 6
The boy went for cystoscopy and had resection of Posterior urethral valves 

(eponymously called Moorman’s ring or Cobb’s collar). 3 months following this, 
his symptoms improved. What further follow up is necessary?

Answer 6

•	 Regular urology follow up with renal ultrasound scans, uroflows and videouro-
dynamics if evidence of bladder decompensation or if reconstructive surgery 
contemplated

•	 Functional radionuclide imaging for renal function
•	 Long term nephrological follow up

21.3	 �Case 3

Alexander is an 8 year old boy who presents with urinary incontinence every 
day with urgency. He is dry during the school day. He voids between 7 and 10 
times a day with a maximum voided volume of 240  ml. His fluid intake is 
1500 ml/day. He also has faecal soling Bristol Stool Chart 3. He is on Macrogol 
and Methylphenidate. After starting methylphenidate he was dry for 1 week. 
His ultrasound and uroflowmetry is shown below:
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Question 1: What further history would you like to know
Answer 1:
Psychological-social history
Dyslexia, IQ Verbal 118, performal 97
School results: concentration is low, results are fine
Brother is known with ADHD
Family: Father, mother, brother
Social: social contacts normal
Bullying and abuse: none
Question 2
What kind of incontinence is this?
Answer 2

•	 Daytime incontinence based on urgency and concentration problems. High flow 
rate, No further anatomical or neurological issues.

Question 3
How do you explain that he has been dry for 1  week after starting 

methylphenidate?
Answer 3

•	 Because of his concentration problems (ADHD) it is even more difficult to rec-
ognize the signals from his bladder. With methylphenidate his concentration 
improved and he is temporally able to react adequately on his bladder signals, but 
can’t keep up. With therapy, he can learn to inhibit urgency complaints and to 
stay dry.

Question 4
What would be next steps?

•	 Start urotherapy: explanation and instructions about normal bowel and bladder 
behavior

•	 Start Intensive bladder training program, focused on learning to react adequately 
on bladder signals (learns how to void, when to void and how often to void).

•	 With biofeedback session by real-time uroflowmetry and EMG,
•	 During 3 months, frequently contact/support provided by the nurse/urotherapist
•	 Start anti cholinergics 2 × 2.5 mg oxybutynin and review in 3–4 months
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21.4	 �Case 4

Charlotte 11 years old with daytime urge incontinence and giggle incontinence. 
She voids approximately 8 times a day with voided volumes varying between 
50 and 200 ml per void. She has had recurrent cystitis and is on prophylactic 
antibiotics. Her bowels are open every 3  days, Bristol Stool Chart 1–3. 
Neurological examination is normal and the external genital examination 
shows a narrow meatus. Her urinary stream is deflected anteriorly with spray-
ing. A perineal ultrasound demonstrates her inability to contract the pelvic 
floor muscle on coughing and a urethral length of 2 cm.

Her US and uroflowmetry with EMG is shown below
Charlotte US and flow
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Question 1
What kind of incontinence is this?
Answer 1:
Daytime incontinence based on small bladder volume, UTI’s and Anteriorly 

deflected urinary stream
Question 2
What would be next step?
Answer 2:
Cystoscopy and meatotomy to correct the direction of the urinary stream.
Question 3
Results after cystoscopy: She was able to relax during voiding, but still has 

daytime wetting once a day. What would your next treatment plan be?
Answer 3:

•	 bladder training program, focused on learning to react adequately on bladder 
signals (learns how to void, when to void and how often to void).

•	 With biofeedback session by real-time uroflowmetry and EMG,
•	 During 3 months, frequently contact/support provided by the nurse/urotherapist

Treatment Results urotherapy
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After 4 months treatment with urotherapy. She was dry and happy
Author comment
Functioning voiding disorders are common and can be challenging to manage. 

Treatment strategies include a detailed history, clinical examination and appropriate 
investigations including bladder/bowel diary, uroflowmetry and renal ultrasound 
with post void residuals. For those children without organic pathology accounting 
for their symptoms, urotherapy, managing constipation, anticholinergics and most 
importantly psychological support from nurse specialists remains key. A checklist 
for evaluation is given below

Symptoms Present?
Examination Anatomical

Neurological
UTI’s Yes/no
Urgency Normal

Imperative /urge
Urge incontinence
Urge on postponement

Bladder volume Small (60% ebc)
Normal
Large (>150% ebc)

MF <4
5–7
>7

Voiding behavior Postponement
Urgency

Incontinence Yes/no
Wetting accidents 1/week.,

2–5/week
6–7/week

Wet during physical activity Stress Y/N
Giggle Y/N

Enuresis Yes/no
Straining Yes/no
PVR: >20 ml Yes/no
Constipation Yes/no
Rectum diameter >3 cm
Fecal incontinence Yes/no
Bristol stool score 1–7
Flow pattern Bell shape

Tower
Staccato,
Obstructive

A. Nieuwhof-Leppink and P. Godbole



467

21.5	 �Algorithm for Diagnostic Evaluation and Diagnosis 
of Children with Lower Urinary Tract Symptoms

Diagnostics and diagnoses

Voiding history
physical examination

urinalyars

Additional anomalies?

no

Urine sample and
culture

Uroflow

Bowel function

Ultrasound abdomen

abnormal

Suspect obstruction

Constipation

Renal anomaly
Rectum diameter

>3,5cm

Bladder volume residu

treat

treat

treat

treat

At least 2 uroflows with consitent pattem and ultrasound control
Normal or normalised bowel functionUrine
Clean urine sample and negative culture

Consider
Urodynamic Study

Enough information for start therapy?

Individualized
treatmenteventuallyl

endChoose diagnosis

Hypoactive Bladder Dysfunctional voiding Overactive bladder

yes
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22Neurogenic Bladder

Kyle O. Rove and Christopher S. Cooper

Learning Objectives
•	 Learn about the etiology of neurogenic bladder and common underlying disor-

ders that gives rise to the condition.
•	 Understand the clinical management of a newborn with possible neurogenic 

bladder and differing strategies used by urologists.
•	 Discover nuances of formal urodynamic testing used in the assessment of patients 

with neurogenic bladder.
•	 Learn how surgery is used to reconstruct the urinary tract, aid with storage at low 

pressures, maintain adequate drainage and enhance continence.
•	 Understand the sexuality and reproductive health concerns of patients with neu-

rogenic bladder and concomitant conditions that cause it.

22.1	 �Introduction and Definition

Neurogenic bladder non-specifically implies an abnormality of detrusor innervation 
causing dysfunction of the bladder. Nervous system injury may be congenital or 
acquired, peripheral or central, isolated or syndromic. The primary functions of the 
bladder are to store and empty urine through coordinated activity of the detrusor 
muscle and urinary sphincter, and dysregulation may result in leakage of urine, 
elevated pressures (storage or voiding), or inefficient emptying. Patients with 
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neurogenic bladder are at risk for progressive injury to the urinary tract, including 
the kidneys. Appropriate attention and management are crucial to avoiding chronic 
kidney disease, achieving dryness, and improving quality of life.

22.2	 �Etiology

Case
A 41 year old grava-2-para-2 female presents to clinic at 30 weeks gestation with 
ultrasound findings of open myelomeningocele. What counseling would you provide 
regarding how common this diagnosis is and its underlying causes?

Spina bifida remains the most common cause of congenital neurogenic bladder 
in children. The worldwide incidence of spina bifida varies from 1.2 to 124.1 per 
10,000 births [1]. The incidence has been decreasing over the last two decades 
owing to public health awareness of prenatal folic acid requirements [2–4]. The 
most severe form of neural tube defect is myelomeningocele and accounts for 90% 
of spina bifida cases, while lipomyelomeningocele or meningocele are less com-
mon. Other related causes of neurogenic bladder include closed and occult forms of 
neural tube defects such as tethered spinal cord, intradural lipoma, and intraspinal 
cysts. Spina bifida occulta represents the mildest form of spinal dysraphism, char-
acterized by incomplete formation of the posterior spinous process and can be found 
in up to 15% of the population. It is not associated with neurologic dysfunction and 
is often an incidental finding.

One of the biggest risk factors for the development of neural tube defects is 
maternal low folate intake prenatally or dysregulated folate metabolic [5]. The first 
few weeks of gestation comprise the critical period of neuralation (closure of the 
neural tube from cephalad to caudad). Given this, adequate levels of folic acid are 
necessary, and supplementation of folic acid should start at least 2 months prior to 
planned pregnancies. In 1992, the United States recommended childbearing age 
women consume 400 mcg folic acid daily [6, 7]. Most developed countries now 
mandate folate supplementation in grain products, contributing to marked declines 
in the incidence of this disorder [8, 9]. Other risk factors that have been implicated 
in neural tube defects include maternal obesity, diabetes mellitus, and advanced 
maternal age (≥35 years old).

Other changes seen over the last 70 years include a marked improvement in sur-
vival of infants born with myelodysplasia [10, 11]. From 1956 to 1960, fewer than 
20% of infants survived beyond 24 months of age. By the mid-1970s, survival rates 
increased to over 50%, and currently >90% of these infants will survive with the 
majority living into adulthood. Crucial advances over the years account for these 
dramatic changes. The ventriculoperitoneal (VP) shunt was introduced in the 1950s 
and changes how we care for those patients with Chiari malformation and hydro-
cephalus [12]. Lapides introduced the concept of clean intermittent catheterization 
in 1972, followed by the recognition of the need for proactively managing patients 
with an intravesical leak pressure over 40 cm of H2O further improving outcomes 
[13, 14].
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Prenatal recognition in now increasingly common with widespread use of screen-
ing ultrasounds. This has led to increased elective termination of the fetus with 
myelodysplasia [15, 16].

Although spina bifida is a common underlying cause of congentical forms of 
neurogenic bladder, other causes exist and include partial or complete sacral agen-
esis (caudal regression syndrome) and anorectal malformations. Acquired neuro-
genic bladder may occur after spinal cord trauma, tumors, extensive pelvic surgery, 
spinal cord infarction, transverse myelitis, and developmental syndromes such as 
cerebral palsy. Finally, idiopathic neurogenic bladder (non-neurogenic neurogenic 
bladder or Hinman’s syndrome) is also encountered by urologists, and is character-
ized by long-standing dysfunction of the bladder, urinary retention and incontinence 
at presentation without neurological findings on exam or imaging studies.

22.3	 �Pathophysiology

Case
A 3 month old male with lumbosacral myelomeningocele present for initial urologic 
consultation with his parents. They are interested in knowing more about how the 
nerves in the spinal column have been disrupted and the implications for lower 
extremity, bowel, and bladder function.

Vertebral anomalies most commonly identified are in the lumbosacral spine, 
accounting for 50% of cases. Lumbar vertebral anomalies occur in 28% and tho-
racic anomalies account for the remaining 20%. Importantly, the bony level defect 
does not predict neurologic function or sensory level or bladder function.

The lower urinary tract functions to store and evacuate urine. The spine and 
brainstem coordinate these function. The hypogastric nerve fibers emanating from 
the lumbar region supply detrusor muscle sympathetics and urethral smooth mus-
cle. Parasympathetic innervation of the detrusor occurs via pelvic nerves emanating 
out of the sacral spine. Pudendal nerve fibers travel from the sacral region and inner-
vate the striated external urethral sphincter. The neural pathophysiology can be bro-
ken down into upper motor neuron and lower motor neuron lesions. The upper 
motor neuron lesions typically lead to an overactive bladder with no control of the 
sphincter. Contractions of an overactive bladder against a dyssynergic sphincter can 
lead to a thick-walled, hypertrophied bladder. Conversely a lower motor neuron 
lesion will lead to an acontractile, flaccid detrusor and some denervation of the 
external sphincter leading to urinary incontinence. Patients with these lesions usu-
ally have a small smooth-walled bladder. Because of spinal reflex pathways, lesions 
below the level of T6 may have some features of upper motor neuron lesion and 
some features of lower motor neuron lesions.

Arnold-Chiari malformation occurs in 85% of patients with meningomyelocele, 
in which the cerebellar tonsils herniate through the foramen magnum. Obstruction 
of the fourth ventricle then prevents the cerebrospinal fluid from entering the sub-
arachnoid space around the brain and spinal cord leading to hydrocephalus. 
Ventricular peritoneal shunt has been key to prolonging survival in these patients.
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22.4	 �Prenatal Intervention

Case
A G1P0 35 year old female presents at 20 weeks gestation with findings on prenatal 
ultrasound of open lumbar myelomeningocele of the fetus. She has read about pre-
natal intervention and seeks more information about the risks and benefits with 
regards to urinary function.

Surgical interventions on the growing fetus has become a reality in the last 
decade [17]. A prospective, randomized trial examined fetal intervention and repair 
of the meningomyelocele and subsequent clinical outcomes [18]. Called the MOMS 
trial, analysis of 158 randomized patients showed postnatal VP shunts were needed 
less often and suggested improvements in lower extremity function at 12 and 
30 months age compared to patients who did not undergo fetal intervention. Bladder 
function, however, did not appear to be improved on urodynamics and need for 
intermittent catheterization did not change [19]. Fetal surgery interventions have 
been noted to increase the risk of preterm delivery and uterine dehiscence. More 
recent information suggests there might be a slight decrease in the need for clean 
intermittent catheterization and an increased ability to void spontaneously in chil-
dren that had open neural tube defects closed prenatally although longer follow-up 
is needed.

22.5	 �Newborn Evaluation and Management

In order to minimize trauma to exposed neural tissues, cesarean section is recom-
mended as the method of delivery for children with myelomeningocele. Initial man-
agement should involve a multidisciplinary team of neonatal intensivists, 
neurosurgery, urology, and orthopedic surgery. Spinal closure is recommended 
within the first 24 h of life to minimize the risk of meningitis.

No formal guidelines or recommendations currently exist for the urologic man-
agement of these patients. Many centers have transitioned from a reactionary 
approach to one motivated in trying to prevent any adverse changes in the upper and 
lower urinary tracts. This proactive strategy begins with placement of an indwelling 
bladder catheter after birth and initiation of clean intermittent catheterization in all 
children once they are cleared by the neurosurgery team to lay supine. Baseline 
postnatal renal and bladder ultrasound after 24–48 h and serum creatinine or cys-
tatin c is also obtained. Once discharged, a voiding cystourethrogram or video uro-
dynamic study is performed around 3  months to assess bladder capacity, filling 
pressures, compliance, presence of bladder overactivity, sphincteric function, and 
leak point pressures. Additionally the test will determine if there is vesicoureteral 
reflux and assess bladder neck configuration (open versus closed).

For patients with more subtle neural tube defects (spina bifida occulta), sugges-
tive physical examination findings may include prominent sacral dimple, sacral 
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mass, asymmetric gluteal cleft, posterior hair tuft, skin tag or hemangioma over the 
lower spine. These infants can be evaluated in the first 2–3 months of life with a 
spinal ultrasound to look for signs of tethered cord suggesting clinically important 
pathology. After this period, calcification of the spine makes ultrasound imaging 
less effective. The gold standard to rule out pathology is an MRI.

For patients who do not void spontaneously, intermittent catheterization is begun. 
For voiding patients, there are two strategies of clinical management. As noted 
above with the proactive approach, all children are started on intermittent catheter-
ization and anticholinergics. The benefit of this approach is that parents and patients 
are accustomed to catheterization and avoids introduction at later ages. The other 
method of management after birth is close observation and with this approach the 
physician holds off on the initiation of anticholinergics and intermittent catheteriza-
tion and follows these children frequently with renal and bladder ultrasounds as 
well as periodic urodynamic studies and only introduce catheterization and/or anti-
cholinergics as needed. Patients eligible for this observation group should have safe 
bladder parameters on urodynamic studies. Patients with bladder parameters that 
would suggest the need to begin intermittent catheterization and possibly anticho-
linergics include a noncompliant high-pressure bladder or significant detrusor 
sphincter dyssynergia or high-grade of vesicoureteral reflux. In addition, indications 
to begin intermittent catheterization and anticholinergics include the development 
of hydronephrosis, worsening parameters on urodynamics, or recurrent urinary tract 
infections.

Proponents of early catheterization note that 80–90% of patients with meningo-
myelocele will have neurogenic bladder dysfunction and require catheterization at 
some point. The child and family incorporate intermittent catheterization into rou-
tine cares which may decrease problems with later acceptance of intermittent cath-
eterization. While there is not great evidence at this time to support (or refute) 
proactive ‘prophylactic’ early intermittent catheterization and institution of anticho-
linergic therapy, it is hoped that it may prevent the need for subsequent bladder 
augmentation. Providers who select observation note that this decreases the burden 
on caregivers and introduces less bacteria into the urinary tract, avoiding some of 
the complexities of managing patients with asymptomatic bacteria and misidentifi-
cation of urinary tract infections by other providers.

Asymptomatic bacteriuria is present in approximately 70% of patients who inter-
mittently catheterize. Symptomatic urinary tract infections occur in <30%. Research 
has demonstrated that increasing the frequency of intermittent catheterization is 
associated with decreasing urinary tract infections. This may reduce stasis of urine, 
which can create an environment in which microorganisms have an increased 
chance to multiply and attach to the urothelium. Distinguishing between asymptom-
atic bacteruria and a urinary tract infection can be difficult to convey to caregivers 
and inexperienced providers. In general, providers ought to minimize the use of 
antibiotics wherever possible, as overuse leads to increased bacterial resistance and 
complicates future therapy.
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22.6	 �Video Urodynamics

Case
A 6 year old male with history of resected sacrococcygeal teratoma is referred for 
urodynamics after recent issues with intermittent urinary retention and a urinary 
tract infection.

Urodynamics is a test of bladder and sphincteric function. It involves placement 
of a pressure-transducing catheter in the bladder and rectum [20]. If the patient has a 
vesicostomy, a balloon catheter should be used to occlude it during the test. For 
patients with colostomy or ileostomy, the rectal catheter can be placed in these struc-
tures to facilitate measuring abdominal pressures. Additionally, the vagina can be 
used to measure abdominal pressure. The bladder fill rate must be run at variable 
rates in pediatric patients because of different bladder capacities. The rate is typically 
10% of the estimated bladder capacity per minute [21]. A patient’s estimated bladder 
capacity is (age in years +2) × 30 ml [22]. During filling, the pressure in the bladder 
is recorded (Pves). By subtracting abdominal pressure (Pves − Pabd) from bladder pres-
sure, the contribution of the detrusor muscle can be calculated (Pdet). Sphincteric 
function is recorded with electromyography (typically patch electrodes). Fluoroscopic 
imaging can be used during the test to provide the video component which demon-
strates bladder morphology, diverticulae, stones, trabeculations, vesicoureteral 
reflux, and bladder neck configuration (open versus closed) [23]. Recent studies have 
demonstrated that interpretation of urodynamics can be very subjective leading to 
significant intra- and inter-observer variations and interpretations [24, 25].

A healthy bladder should remain quiescent during filling with pressures less than 
15 cm H2O. During voiding, the detrusor muscle contracts after relaxation of the 
external sphincter allowing the bladder to empty. Post-void residual is routinely 
measured through urodynamic catheter drainage at the end of the study. During the 
filling, the following measurements are noted: maximum pressure (>40 cm H2O is 
felt to be unsafe), presence of incontinence and associated pressure during the leak-
age (detrusor leak point pressures or DLPP > 40 cm H2O are felt to be unsafe), 
compliance (volume over pressure, <20 ml/cm H2O is abnormal) [13]. If the patient 
can void, providers look for evidence of detrusor-sphincter dyssynergia in addition 
to measuring voided volume, post-void residual, flow rate, flow curve appearance 
(bell-shaped, staccato, intermittent, flat) [26].

For patients with a dyssynergic sphincter, 70% will have subsequent urinary tract 
deterioration, including the development of hydronephrosis within 3 years. These 
patients with worrisome bladder parameters (detrusor sphincter dyssynergia, detru-
sor overactivity, elevated detrusor leak point pressures and elevated absolute filling 
pressures) should have escalation of bladder and urinary tract cares.

In 2016, a protocol was developed and published by the CDC National Spina 
Bifida Patient Registry establishing how often centers (21 total centers across the 
United States as of 2018) should perform various urologic testing and follow up in 
spina bifida patients [27]. At the moment, this is purely a research protocol to test 
thresholds and frequency for testing to detect clinically important changes. The 
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protocol states that baseline studies be obtained around 3 months, and these are done 
again at ages 1, 2, and 3. In the presence of vesicoureteral reflux or a “hostile” blad-
der, formal urodynamics will be repeated every year up to age 5. In the future, this 
protocol will hopefully help clinicians determine appropriate testing frequencies.

Urodynamics can be used to guide patients in how often clean intermittent cath-
eterization should be performed. For example, in patients who experience loss of 
compliance or increased absolute pressures near the end of filling, increasing the 
frequency of catheterization at home will help maintain filling pressures in the safe 
range, avoiding risk of upper tract changes like hydronephrosis or kidney injury. In 
general, patients are asked to adjust the frequency of catheterization so that the vol-
ume obtained is routinely held at a storage pressure <40 cm H2O.

As with early treatment options, there are two predominant schools of thought 
regarding how frequently to perform urodynamics on patients with spina bifida: 
annual testing or limited testing in response to changes in clinical status (e.g., new 
urinary tract infections, new or worsening urinary leakage, new or worsening upper 
tract dilation). Limited testing is not preferred by some because hydronephrosis is 
not a sensitive early indicator of changing lower tract function [28]. Proponents of 
this minimalist approach argue it is more cost effective and not solely predicated on 
hydronephrosis but all relevant clinical factors. Furthermore, annual testing itself 
may not provide great sensitivity and the number of studies required to be done to 
detect a meaningful change in one patient (that would result in a change in clinical 
management) may be cost prohibitive. Most agree regular follow up is key to ensur-
ing safe upper tracts, avoiding long-term deleterious changes to the urinary tract, 
and minimizing risk of urinary tract infection. At the time of this writing, a simple 
hand-held device for home use that measures bladder pressure and attaches to the 
end of any catheter has been developed and is being tested at the University of Iowa 
(Cooper CS et al.). The hope is that this device will aid in monitoring the dynamic 
changes occurring in the neurogenic bladder and help improve management.

22.7	 �Tethered Spinal Cord

Case
A neurosurgeon refers a 5 year old male with concerns for tethered cord requesting 
a urologic evaluation prior to surgical intervention.

Tethered spinal cord is an evolving clinical entity that challenges neurosurgeons 
and urologists alike. In recent years, debate continues as to who should have surgery 
and who can be safely observed. Some of this complexity arises because 60% of the 
time, patients will have a normal urodynamic study as an infant. By 3 years of age, 
only 20% have a completely normal urodynamics result, however often, the abnor-
mal findings are non-specific. Treatment in infancy with de-tethering of the spinal 
cord has improved outcome. In general children with a tethered spinal cord have a 
much better prognosis than those with meningomyelocele. Although deterioration 
is uncommon after surgery, 25% of children will have re-tethering of the spinal cord 
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so these children also require continuous monitoring and follow-up. Studies have 
examined urodynamic outcomes before and after de-tethering for patients with teth-
ered cord from occult spinal dysraphism and re-tethering after myelomeningocele 
closure [29–31]. Because of mixed results and the low intra- and inter-rater reliabil-
ity of urodynamics testing, results should be interpreted with caution.

22.8	 �Appendicovesicostomy

Case
An 8 year old female with sacral agenesis performs clean intermittent catheteriza-
tion. On urodynamics, her bladder capacity is 280 ml, she has minimal detrusor 
overactivity, no vesicoureteral reflux, and maximum detrusor pressure of 15  cm 
H2O.  She and her parents are interested in increased independence with 
catheterization.

Appendicovesicostomy has been a significant step forward for patients with neu-
rogenic bladder who either cannot tolerate catheterization per urethra or who desire 
greater independence or continence. This technique or principle was first described 
by Paul Mitrofanoff, and requires the appendix (or other tubularized bowel) be dis-
connected from the gastrointestinal tract and connected to the bladder and skin 
allowing for intermittent catheterization to empty the bladder [32]. It permits 
increased independence by many patients. By itself, it is durable and allows patients 
to achieve continence in high numbers. About 15% of patients will develop stenosis 
over a 5-year time frame, which requires surgical revision typically at the skin stoma.

If an appendix is not available (removed in prior surgery, lumen is not patent, or 
it is planned to be used as another channel such as appendicocecostomy), alterna-
tives include a straight, spiral, or double ileovesicostomy or colovesicostomy (also 
known as Monti or Yang-Monti channels named eponymously) [33, 34]. These 
channels involve selected a piece of ileum or sigmoid colon and reconfiguring them 
into a tube. False passages are less common with appendicovesicostomies than 
other techniques. Double ileovesicostomy (two independent tubularized segments 
of ileum sewn together end to end), for example, have the highest complications 
with catheterization (false passage, diverticulum, stenosis) [35].

22.9	 �Nocturnal Catheterization

Patients who perform intermittent catheterization do not usually catheterize at night, 
as this can be burdensome realizing that nighttime for most patients is the longest 
interval between catheterizations. In some patients, this can lead to high-pressure 
storage scenarios with poor downstream consequences for kidneys and bladder. 
Koff reported nighttime catheterization for children with a history of posterior ure-
thral valves and borderline bladder pressures, and he demonstrated these patients 
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subsequently had improved hydronephrosis, fewer urinary tract infections, less 
incontinence, and increased bladder capacity [36]. Similar improvements have been 
demonstrated in children with neurogenic bladder by either leaving an indwelling 
catheter overnight or having the patient undergo catheterization at night [37].

22.10	 �Vesicoureteral Reflux

As many as 20% of patients with neurogenic bladder will have vesicoureteral reflux 
[38]. About half resolve the reflux once they are started on intermittent catheteriza-
tion and anticholinergic medication. In most patients, reflux in this setting is felt to 
represent secondary reflux from hostile bladder dynamics. By improving these 
dynamics, the reflux may improve or resolve. If reflux persists and the patient is 
having recurrent urinary tract infections, ureteral reimplantation does have a high 
success rate but can be challenging in patients with long-standing neurogenic blad-
der (thick-walled, fibrotic bladders). Endoscopic sub-ureteric bulking agents have a 
lower success rate of 60–70%. Ureteral obstruction is a risk following ureteral reim-
plantation into a poorly-compliant bladder, stressing how important medical (and 
surgical) management of the bladder is prior to treating reflux. In some cases, 
patients may require cutaneous vesicostomy or bladder augmentation to reduce 
pressures and aid with reflux resolution.

22.11	 �Continence

Although there is poor correlation between level of lesion and clinical outcomes, 
continence outcomes are better for children with certain types of lesions: tethered 
spinal cord, sacral myelomeningocele, or lipomeningocele. Continence may be 
achieved or improved with medical management options discussed above, includ-
ing clean intermittent catheterization, anticholinergics, alpha sympathomimetics, 
intradetrusor botulinum toxin injection, or beta 3 agonists.

Oxybutynin, an anticholinergic medication used to treat detrusor overactivity 
and neurogenic bladder is the only FDA approved medication for children for this 
indication. It competitively binds the M2 and M3 acetylcholine receptors in the 
bladder. It can be dispensed in liquid, oral and transdermal forms. The oral form 
comes in both immediate-release tablets (dosing every 8 or 12 h) and extended-
release capsules (once daily dosing with potentially fewer side effects from slow 
release pharmacokinetics). Common side effects of this class of medications include 
facial flushing, heat intolerance, dry mouth, confusion, and constipation. Of note, 
anticholinergic use has been associated with increased risk of dementia in the 
elderly, but has not been studied long-term in children [39].

Botulinum a toxin is produced by Clostridium botulinum, and when injected into 
the detrusor, the toxin cleaves SNAP-25, a SNARE protein required for fusion of 
vesicles in the presynaptic neuron which release acetylcholine into the 
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neuromuscular junction. Without release of acetylcholine, no action potential is 
delivered to the postsynaptic membrane and the muscle does not contract. The com-
mon dosage used by pediatric urologists is 10 international units (IU) per kg up to 
2–300 IU [40]. It is not currently FDA approved in children with neurogenic blad-
der, but it has been shown to be safe and efficacious in multiple studies of both 
children and adults with neurogenic bladder. Patients should be prepared to self-
catheterize if they are not already because of risk of urinary retention. If efficacious 
for a patient, it can be re-dosed every as soon as every 3 months, but is typically 
re-injected every 6–12 months. Effects are monitored by clinical history or urody-
namics. In one study of myelomeningocele patients, 73% of patients treated with 
botox were dry between catheterizations 4 months later, 88% had symptom improve-
ment, and 73% improvement in reflux (if present) [41]. Systemic side effects are 
very rare. Urinary tract infections is a risk factor from instrumentation.

A number of surgical procedures have been described to reduce or eliminate 
leakage of urine in patients with neurogenic bladder. These operations are aimed at 
increasing resistance at the bladder outlet. When considering these surgeries, 
patients should be motivated to self-catheterize because access via the native urethra 
becomes more difficult. All patients should have preoperative evaluation that include 
upper tract imaging as well as video urodynamics to assess bladder capacity, ideally 
with the bladder outlet occluded. Surgeons should also consider bladder compliance 
and detrusor overactivity as these can continue to alter bladder dynamics in the 
future and should be planned for as necessary. To this end, increasing the outlet 
resistance should only be undertaking in a “safe” bladder otherwise bladder aug-
mentation should be strongly considered at the time of bladder outlet procedure.

Surgical continence procedures can be grouped into those that increased the 
length of the urethra, narrow the opening of the bladder neck, compress the bladder 
neck or urethra with a bulking agent, placement of a urethral or bladder neck sling, 
implantation of an artificial urinary sphincter, or closure of the bladder neck. Bladder 
neck closure is considered a second line continence operation, and at least for these 
authors, is usually only considered and doneafter failure of other first line surgical 
options. One difficulty in interpreting the literature regarding success rates from 
these options is the significantly different definitions of continence used by authors, 
limiting comparisons. Furthermore, many studies suffer from small numbers, single 
center or single surgeon outcomes and render interpretation challenging. Bulking 
agents have been shown to have poor long-term outcomes. Bladder neck reconstruc-
tions or slings can increase the risk of bladder stones (as many as 40% in 5 years) 
with one third of these patients developing a recurrent stone.

In situations of persistent incontinence following an initial surgical procedure, 
the operation may be repeated or an injection of a bulking agent may be attempted. 
In these situations, success has been reported at a rate of 25% with 1 or 2 injections. 
As noted above the bladder neck closure is an alternative, second-line option to 
consider. Finally, a continent catheterizable reservoir or incontinent diversion (ileal 
conduit) are other long-term options that may deliver desired continence and long-
term solution.
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22.12	 �Bladder Augmentation

Case
A 7 year old, wheelchair-bound male with lumbar spina bifida has been followed 
with urodynamics and most recently noted to have markedly reduced compliance 
and increased filling pressures despite being on oxybutynin and having tried intra-
detrusor botox.

Patients with small bladder capacity, high absolute filling pressures (Pves > 40 cm 
H2O), elevated detrusor leak point pressures (>35 cm H2O), or poor compliance (< 
10 ml/cm H2O) may need to consider bladder augmentation. These patients often 
have upper tract changes like hydronephrosis, hydroureteronephrosis, or secondary 
vesicoureteral reflux. Bladder augmentation (also called cystoplasty, ileocysto-
plasty, or enterocystoplasty) is usually performed with a segment of ileum or sig-
moid colon. The segment is detubularized and may be reconfigured. It is then 
attached to the bladder which is opened widely either with a transverse or longitu-
dinal cystotomy. This results in an increase in bladder capacity and improved com-
pliance. By lowering pressure, it may help with secondary vesicoureteral reflux as 
well. It is most frequently needed in those with thoracic and lumbar meningomyelo-
cele. The rates are lower in those with sacral and lipomeningocele and is only rarely 
needed in those with a tethered spinal cord.

Most recently, there has been ongoing work to improve short-term patient out-
comes after these surgeries, which typically leave patients in the hospital for 
7–10 days on average [42, 43]. Colleagues at Children’s Hospital Colorado adapted 
Enhanced Recovery After Surgery protocols from adult patients undergoing radical 
cystectomy for these patients to focus on consistently delivering care shown to 
improve outcomes throughout the pre-, intra- and postoperative phases of care [44]. 
The protocol focuses on minimizing nil per os times, omitting nasogastric tubes, 
minimizing opioids, favoring regional anesthetics [45] and scheduled non-opioid 
pain medications, and mobilization out of bed by the day after surgery. By consis-
tently practicing in this manner, length of stay dropped from 8 to 5.4  days and 
complications per patient improved from 2.1 to 1.3 (p = 0.035). This pilot study 
demonstrated that this complex procedure could be made safer and allow patients to 
leave the hospital sooner without increasing the risk of visit to the emergency room, 
re-operation or re-admission. A larger multicenter trial is currently ongoing to deter-
mine if these results can be replicated at other centers [46].

The long-term complications of augmentation cystoplasty are not insignificant, 
and approximately one third of patients will require an additional operation at a 
mean of 13 years following the initial augmentation [47]. The metabolic complica-
tions that can occur include acid-base alterations and subsequent changes in bone 
metabolism. When ileum or colon is used, expect an increased risk of hyperchlore-
mic hypokalemic metabolic acidosis. If terminal ileum is used as part of the recon-
struction, patients are at risk of vitamin B12 deficiency, as this bowel segment 
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contains essential receptors for intrinsic factor-bound B12. Cystoplasty patients are 
at increased risk for asymptomatic bacteruria, recurrent urinary tract infections as 
well as bladder stone formation. Up to 5% of bladder augmentation patients may 
suffer a bladder perforation at some point during their life with significant risk of 
mortality. Clincians should have a high index of suspicion in bladder augmentation 
patients who present with abdominal pain and fever. A CT cystogram appears to be 
more sensitive than a standard fluoroscopic cystogram. If a fluoroscopic cystogram 
is performed, oblique and lateral views are key to ensure complete visualization of 
the bladder full of contrast. Posterior leaks may be missed with typical anterior-
posterior views. Similarly, about 5% of augmenation patients will experience bowel 
obstruction within 15 years of their operation.

Bladder cancer risk after augmentation has been estimated to occur in between 1 
and 4% of patients [48]. Higuchi et al. compared the rates of bladder cancer in a 
database of neurogenic bladder patients who were and were not augmented [49]. Of 
153 ileal and colonic bladder augmentation patients matched to similarly aged con-
trols without augmentation, there was no difference in the rates of bladder cancer (7 
augmented patients [4.6%] vs. 4 controls [2.6%], p = 0.54). Similarly, the authors 
noted no differences between the groups in terms of age at diagnosis (51 vs. 
49.5 years), stage (3.4 vs. 3.8), mortality rate (71 vs. 100%) or median survival (18 
vs. 17 months). A follow up systematic review of the literature published in 2017 
searched for publications that included patients with spina bifida and bladder cancer 
[50]. The authors found 28 articles with 50 patients, with an additional 2 patients 
from institutional databases. Median age of diagnosis was 41 years (ranging from 
13 to 73 years), and 71% presented with stage III or IV bladder cancer. Overall 
survival was low at 1 and 2 years (48.5 and 31.5%, respectively). On analysis of 
overall survival, comparison of patients with and without bladder augmentation 
favored patients with bladder augmentation in those who develop bladder cancer 
(overall survival at 2  years was 61.4 vs. 14.5%, p  =  0.009). Secondary analysis 
removed patients with gastric augmentation, and these differences disappeared. 
Importantly, these results do not reflect the risk of developing bladder cancer, but 
rather showed that bladder augmentation does not worsen cancer outcomes com-
pared to other spina bifida patients with longstanding neurogenic bladder who also 
develop bladder cancer.

Bladder cancer in patients with neurogenic bladder often cause atypical or non-
specific symptoms making early diagnoisis difficult. For a time, cystoscopy and 
cytology were advocated beginning 10 years after augmentation or urinary diver-
sion. However, data from Higuchi and Husmann et  al. demonstrated that of 250 
cystoscopies, only 4 suspicious lesions were found and none identified cancer after 
biopsy [51]. Based on the rarity of bladder cancer in this population, routine screen-
ing was not cost effective. This same group published an algorithm that new pain, 
gross hematuria, 4 or more UTIs in a single year, or new onset of urinary inconti-
nence should prompt further investigation with strong consideration of urine cul-
ture, cross-sectional imaging with and without contrast and endoscopy [52]. In the 
absence of these symptoms, patients should be seen annually and evaluated with 
serum creatinine or cystitis C, serum electrolytes, B12 levels, and urinalysis with 
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microscopy. If there is gross hematuria ≥50 RBCs/HPF, patients should addition-
ally be considered for renal bladder ultrasound. Often these patients with bladder 
cancer will have hematuria but it is be attributed to trauma from catheterization.

Because of the significant complications associated with bladder augmentation, 
work has been done to develop biological scaffolds that are purpose made for the 
individual [53]. At present there are no large clinical studies demonstrating efficacy 
of these techniques, but they hold promise for the future in eliminating some of the 
current described complications with bladder augmentation using intestine.

22.13	 �Transition to Puberty in Adulthood

Case
A 17 year old female with history of bladder augmentation, appendicovesicostomy 
for spina bifida presents with her parents and increasing concerns about non-
compliance with intermittent catheterization.

Patients with congenital anomalies like neurogenic bladder with mental faculties 
and ability must be prepared to take charge of their own health care as they get older. 
There are studies of adolescents and young adults that show these patients are at risk 
for reduced compliance with self-cares [54]. 2/3 of adult neurogenic bladder patients 
do not seek regular urologic follow-up. 1/2 of those on intermittent catheterization 
stop intermittent catheterization in defiance of medical advice. Sometimes, we find 
young men using a catheter that is too small which can increase the risk of urethral 
injury, prolong drainage time and thus increase risk of noncompliance. Poor com-
pliance increases risk of upper tract changes. Before the introduction of intermittent 
catheterization by Lapides, few would live into adulthood. Now, patients with neu-
rogenic bladders are more likely to die from nonneurologic causes such as pulmo-
nary embolism, infection or shunt failure [55]. Given the risks of these sequelae are 
not insignificant, these patients continue to require multispecialty healthcare 
throughout their lives.

22.14	 �Sexuality and Reproductive Health

In females with spina bifida, menarche has been reported to start earlier than the 
general population [56]. Early puberty in the general population has been estimated 
at 0.6% whereas it may occur as often as 12% in girls with spina bifida. These 
patients are at increased risk of uterine prolapse. Finally, these patients also report 
using less birth control when sexually active.

Female spina bifida patients who become pregnant have unique anatomic and 
surgical considerations, particularly if she has a history of prior urinary tract recon-
structive operations. Each patient should be evaluated by a multidisciplinary team 
including obstetrician-gynecologist, urologist and other providers. In one recent 
case series, 17 women with spina bifida had 29 total pregnancies [57]. 23 (79%) 

22  Neurogenic Bladder



482

resulted in live offspring. No offspring had spina bifida, but 3 (13%) were born with 
other malformations. About 50% of patients required cesarean sections with post-
partum complications that required prolonged hospitalization. Still, 37% of vaginal 
delivery mothers had postpartum complications. No problems were encountered 
specifically with ventriculoperitoneal shunts in patients who had them.

Males with spina bifida may experience erectile dysfunction to varying degrees. 
In one study of 40 male patients over 18 years age, each filled out the International 
Index of Erectile Function (IIEF) questionnaire [58]. Of the 16 patient who had had 
sexual intercourse during the previous month, 4 had no ED, 3 had mild, 4 mild to 
moderate, and 5 severe dysfunction. Another study of outcomes in men found the 
level of the spinal lesion (at least in patients with spina bifida) had no relation to 
erectile function, and testosterone levels were normally distributed in those 
tested [59].

One-quarter to one-third of meningomyelocele adolescent and young adults 
between 14 and 23 years age report having had sexual encounters [60]. This is more 
common in women than men. Most desired increased discussions of sexuality with 
providers. Providers have also expressed increased desire for better training in how 
to approach patients with these concerns [61]. Only 50% report satisfaction with sex 
life. Those male patients with neurologic lesions at S1 or lower are more likely to 
have normal sexual function.

It is important to note that a large fraction (up to 30%) of patients with spina 
bifida also report unwanted sexual attention. These patients may be vulnerable 
because they may depend on others for their urologic care, have few external rela-
tionships by which to report such activity [60].

22.15	 �Conclusions

Neurogenic bladder is a complex medical condition that is life-long and requires 
regular monitoring. Management can range from simple lifestyle changes to medi-
cines to surgical reconstruction. Each patient should be evaluated and managed with 
the ultimate goals including kidney and bladder function preservation and conti-
nence as well as sexual and reproductive function as desired.

Funding  No sources identified.
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23Disorders of Sex Development

Prasad Godbole and Neil Wright

Learning Objectives
•	 Understand the development of male and female internal and external genitalia
•	 Identify the different forms of disorders of sex development
•	 Understand the investigations of disorders of sex development
•	 Understand the principles of treatment of different forms of disorders of sex 

development including genital surgery

23.1	 �Scenario 1

You are called to the neonatal unit to see a newborn with appearances of the genita-
lia as shown below (Figs. 23.1 and 23.2):

23.1.1	 �Picture of CAH

23.1.1.1	 �Question 1
What specific points do you wish to address in the clinical examination in this case 
and of newborns with DSD in general?

23.1.1.2	 �Answer 1
The main question to be answered is if this is a overvirilised female (46XX DSD) 
or undervirilised male 46XY DSD).
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Gonads: Documentation of palpable gonads is important; although ovotestes 
have been reported to descend completely into the bottom of labioscrotal folds, in 
most patients, only testicular material descends fully. If examination reveals palpa-
ble inguinal gonads, diagnoses of a gonadal female, and pure gonadal dysgenesis 
can be eliminated. Bilateral impalpable gonads, even in an apparently fully virilized 
infant, should raise the possibility of a severely virilized 46, XX DSD patient with 
for example CAH.

Phallus: Note the size and degree of differentiation of the phallus, since varia-
tions may represent clitoromegaly or hypospadias.

Labioscrotal folds: Labioscrotal folds may be separated or folds may be fused 
at the midline, giving an appearance of a scrotum. Labioscrotal folds with increased 
pigmentation suggest the possibility of increased corticotropin levels as part of CAH.

Urethral opening: Note the position of the urethral meatus and the number of 
openings on the perineum. This requires elevating the phallus to get a good view of 
the perineal openings.

In classical CAH in a virilzed female, no gonads will be palpable and there will 
be a single urogenital sinus. Depending on the degree of virilisation there will be 

Fig. 23.1  External appearances of overvirilised 46XX female in CAH
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hypertrophy and rugosity of the labioscrotal folds and hypertrophy of the phallus. If 
a gonad/s is palpable, this suggests a male karyotype with hypospadias which could 
be idiopathic, due to partial androgen insensitivity or a rarer testosterone biosyn-
thetic defect. If a gonad is palpable on one side and impalpable on the contralateral 
side, one must consider a mixed gonadal dysgenesis.

As the classic type can be salt wasting, careful attention to the weight and state 
of hydration is important.

23.1.1.3	 �Question 2
Assuming neither gonads are palpable, what is the most likely diagnosis in the 
above case?

23.1.1.4	 �Answer 2
46XX DSD: Congenital adrenal hyperplasia.

23.1.1.5	 �Question 3
What investigations would assist in making the diagnosis?

Fig. 23.2  External appearances of overvirilised 46XX female in CAH

23  Disorders of Sex Development



490

23.1.1.6	 �Answer 3
Karyotype; The expected karyotype would be 46XX.

Endocrine investigations: The most common form (classic) is characterised by 
mutations in the 21-hydroxylase (21OH) enzyme, which normally converts 17-OHP 
to 11-dexoycortisol and progesterone to deoxycorticosterone. Loss of this enzyme 
activity results in the redirection of this pathway leading to an increase in andro-
gens. To fully differentiate between the various enzymatic defects potentially caus-
ing CAH, clinicians should ideally send samples for measurement of 17-OHP, 
cortisol, 11-deoxycortisol, dehydroepiandrosterone, androstenedione and testoster-
one. Renin and aldosterone may be helpful to assess salt wasting. A urinary steroid 
profile if available is also a valuable investigation. Due to interference from placen-
tal and maternal hormones these investigations can’t be sent until 48–72 h of age.

Pelvic ultrasound to identify presence of Mullerian structures.
A simple urine dip for protein and blood should be done in case of rare condi-

tions like Denys-Drash.
Until the diagnosis is confirmed, the neonates’ sex should not be registered.

23.1.1.7	 �Question 4
What would be your management of this baby with CAH?

23.1.1.8	 �Answer 4

Immediate
	1.	 Resuscitation with attention to fluid and electrolyte balance and weight
	2.	 Steroids; hydrocortisone and fludrocortisone and sodium chloride supplements 

under guidance of a paediatric endocrinologist once appropriate investions have 
been sent.

	3.	 IV fluids as required in the newborn period.

Subsequent
	1.	 Endocrine management: Treatment can include the use of hydrocortisone, 

fludrocortisone and sodium chloride replacement; however treatment will depend 
on the sex, age, duration (short, long term and stress dosing), pregnancy status 
and type of CAH. Care should also be taken to avoid under and over-replacement 
of steroids.

	2.	 Surgical management: EUA, cystovaginoscopy at around 6–12 months of age 
with or without a genitogram. This will give a better understanding of the length 
of the common channel if early surgery is being considered, although this is 
controversial and is discussed below.

23.1.2	 �Further Surgical Management

23.1.2.1	 �Surgical Controversies in CAH Surgery and DSD Surgery 
in General

Increasingly there has become a reluctance for early surgical intervention to improve 
the external appearances of the genitalia in CAH. Previously this used to involve 
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feminising genitoplasty with reduction in the size of the clitoris (reduction, reces-
sion or cavernous body sparing) and recreating the labioscrotal folds. The timing of 
vaginal reconstruction has been debated between reconstruction in early infancy to 
delayed vaginal reconstruction after puberty.

Increasingly, the principle of shared decision making (SDM) between parents 
and the clinicians has been advocated with a further extension of this shared deci-
sion making involving the child when they are old enough to participate in the deci-
sion making. Parents can make decisions under the SDM principle in the best 
interests of their child but opponents of this view cite the lack of autonomy of the 
child in making their own decisions. Certainly in some countries including the UK, 
widespread media attention to the topic of genital surgery in DSD has led to many 
healthcare providers putting a moratorium on such surgery.

Hence it is vitally important that parents receive full psychological support as 
part of an MDT while these issues are discussed and managed on a case by case basis.

23.1.2.2	 �Surgical Management for the Vagina
The timing of surgery for the vagina remains controversial. Opponents of early 
vaginal reconstruction consider this not to be required for functional reasons at this 
age along with the potential for complications requiring further surgical interven-
tions. In the authors’ practice, vaginal reconstruction is delayed until the peripuber-
tal age. At this point a further evaluation of the common channel jointly with an 
adolescent gynaecologist by a cystovaginoscopy is carried out. Where there is no 
impedance to menstrual flow, depending on the length of the common channel and 
as per the wishes of the girl, the surgery can be differed to a later date. If there is 
impedance to menstrual flow, this will require earlier surgery. Any surgery should 
be undertaken by either a paediatric or adolescent urologist/urogynaecologist with 
experience in such surgery. The aim of the surgery for the vagina is for the entrance 
to the vagina to be on the perineum to enable intercourse and the use of tampons.

23.1.3	 �Scenario 2

A 6 month old infant girl presents with an irreducible right inguinal hernia. At surgi-
cal exploration a testicle like structure is seen within the hernia sac.

23.1.3.1	 �Question 1
What would be your surgical intervention?

23.1.3.2	 �Answer 1
As the child has been consented for a hernia repair, this would be the most appropri-
ate course of action in the first instance. The gonad should be returned to the abdo-
men and after the procedure the parents should be counselled regarding the findings 
and the need for further investigations.

23.1.3.3	 �Question 2
What would be your subsequent investigations?

23  Disorders of Sex Development
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23.1.3.4	 �Answer 2
Endocrine: Karyotype. Depending on the age of the child, LH, FSH, DHEAS, 
Androstenedione and Testosterone. In some cases this may require an HCG test. 
Consider sending genetics for Androgen receptor mutations or a DSD gene panel as 
these are becoming more widely available.

Imaging: pelvic ultrasound to identify presence or absence of any Mullerian 
structures.

Surgery: laparoscopy to identify the nature of the gonads on either side and 
biopsy of the gonads to ascertain the gonadal sex. If the diagnosis is a complete 
androgen insensitivity, then a perineal examination will demonstrate a small vaginal 
pit as the distal vagina is not influenced by the secretion of AMH by the testis.

23.1.3.5	 �Question 3
What is the likely differential diagnosis?

23.1.3.6	 �Answer 3
Complete Androgen Insensitivity Syndrome.

Mixed Gonadal Dysgenesis.
Ovotesticular DSD.

23.1.3.7	 �Question 4
How would you manage this infant if the Karyotype is 46XY?

23.1.3.8	 �Answer 4
In this situation the phenotype is female. Attention should therefore be paid to the 
karyotype and the gonadal sex.

If the karyotype shows a Y chromosome, a full discussion needs to be undertaken 
with the family with psychological and genetic counselling as part of an MDT. The 
sex of rearing will be female in cases of CAIS and the future management would be 
for the child to function as a female both psychologically and anatomically. 
Managing the gonads and the timing thereof should also be discussed. It is generally 
agreed that the testes should be retained until puberty and then bilateral gonadec-
tomy performed. The postponement of gonadectomy until at least puberty allows 
spontaneous pubertal development thanks to oestradiol deriving from the peripheral 
aromatization of testosterone produced by the retained testes. Input regarding vagi-
nal reconstruction should be obtained from a urogynaecologist experienced in sur-
gery for DSD and this can be delayed until the peripubertal age when the child can 
be part of the shared decision making process.

HRT is mandatory after bilateral gonadectomy and should be undertaken in con-
sultation with an endocrinologist. This is to induce pubertal development or main-
tain secondary sexual characteristics. The classic HRT for CAIS patients is based on 
oestrogen therapy, and there are a number of consensus recommendations as to dose 
and route (oral or transdermal), for example the BSPED guidelines. As the child 
gets older, regular psychological counselling is essential.
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23.1.4	 �Scenario 3

A 15 year old girl presents with primary amenorrhoea.

23.1.4.1	 �Question 1
What investigations would you do to make a diagnosis?

23.1.4.2	 �Answer 1
History: a good history of any coexistent disease or any weight changes.

Clinical examination: Height, weight, blood pressure, secondary sexual charac-
teristics include any palpable gonads.

Endocrine investigations: Serum electrolytes, FSH, LH, TSH, T4, oestradiol, 
androstenedione, testosterone.

Imaging: Pelvic ultrasound looking for mullerian structures. Absent Mullerian 
structures along with raised gonadotrophins with or without breast bud development 
should prompt the need for a karyotype.

An algorithm for the management of primary amenorrhoea is shown below.

Primary Amenorrhoea

Breast Development?
Normal

Uterus Ultrasound

Absent

46XY - AlS
46XX - Disorders of Mullerian devpt

Gonadal Dysgenesis

46XX – Ovarian Failure
45X – Turner Syndrome
46XY – Swyer Syndrome

- PCOS
- Outlow obstruction

Present

Delayed

FSH

Low or
normal High

Hypogonadotrophic hypogonadism
Hypothalamic amenorrhoea

 

From: Society for Endocrinology UK guidance on the initial evaluation of an 
infant or an adolescent with a suspected disorder of sex development (Revised 2015).
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LH to the measurement of FSH is advisable although FSH measurement alone 
can give the answer in the majority of cases. One has to also bear in mind that the 
primary amenorrhoea may be reflective of delayed pubertal development.

23.1.4.3	 �Question 2
The karyotype is 46XY with no Mullerian structures on US and palpable gonads 
bilaterally in the groin. Discuss current thoughts of management of the gonads 
and why?

In CAIS, the risk of Germ cell tumours (GCT) is considered low and related to 
age. The estimated risk of gonadal tumors (eg gonadoblastoma) in CAIS gonads is 
about 0.8–22%. The reports of malignant GCTs before puberty in CAIS are very 
rare. After puberty, the risk is low, but not negligible. Hence most clinicians would 
recommend gonadectromy after puberty after completion of breast development.

However some patients may wish to retain their gonads. In these patients regular 
monitoring with ultrasonography is recommended. If the gonads are intra-abdominal 
an MRI may be more helpful for monitoring.

23.1.4.4	 �Question 3
What are the options for vaginal reconstruction?

23.1.4.5	 �Answer 3
Non surgical dilatation only, may be accomplished in many cases, by self dilatation 
of the vaginal pit.

Surgical: McIndoe, Vechietti procedures.
Intestinal transplantation.
Any approach should be discussed with the patient, their families in an MDT 

setting along with an appropriately experienced urogynaecologist/adolescent 
urologist.

23.1.5	 �Scenario 4

A newborn male infant presents with a proximal hypospadias and a unilateral pal-
pable descended testis and a contralateral impalpable testis. His karyotype is 46XY 
with normal urinary steroid profile. At 9 months of age he undergoes a laparoscopy 
for his impalpable testis and first stage hypospadias repair. At laparoscopy a streak 
gonad with appearances like an ovary and a hemiuterus with a rudimentary fallo-
pian tube are seen on the side of the impalpable gonad.

23.1.5.1	 �Question 1
What is the most likely diagnosis?

23.1.5.2	 �Answer 1
This is most likely to be a sex chromosome DSD mixed gonadal dysgenesis. In most 
cases, this is due to a 45XO/46XY mosaicism. However if this is not a mosaicism, 
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then this would come under the 46XY DSD category—partial gonadal dysgenesis 
or ovotesticular DSD.

23.1.5.3	 �Question 2
What investigations would you consider?

A karyotype should be undertaken with a microarray to ascertain mosaicism.
The endocrinological evaluation of 46, XY DSD infants includes assessment of 

testicular function by basal measurements of LH, FSH, inhibin B, anti-Mullerian 
hormone (AMH) and steroids.

23.1.5.4	 �Question 3
The karyotype is 46XY. What would be your management of the phallus?

23.1.5.5	 �Answer 3
In this case, either a single or 2 stage hypospadias repair would be the recom-
mended option.

23.1.5.6	 �Question 4
What would be your management of the intraabdominal gonad and rudimentary 
mullerian structures?

23.1.5.7	 �Answer 4
Because of the high risk of gonadoblastoma (30%), one would recommend biopsy 
prior to gonadectomy unless frozen section could be examined in theatre to confirm 
the presence of ovarian stroma. If the Y chromosome is present in the gonadal 
biopsy, the option is to undertake an early gonadectomy. Removal of the Mullerian 
structures can be undertaken at the same time. In the absence of Y chromosome in 
the streak gonad, removal of the gonad and/or the mullerian structures is dependant 
on the parental/child wishes.

Because of the usually dysgenetic contralateral descended testicle, annual sur-
veillance should be undertaken with the possibility of a testicular biopsy at puberty. 
Hormone replacement may be necessary in the run up to puberty.
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Learning Objectives
•	 Describe approaches for examination of the genitalia in a prepubertal 

female patient
•	 Identify etiologies and understand treatment options for pediatric vulvar 

conditions
•	 Discuss genital changes that occur at puberty and vulvovaginal concerns  in 

adolescents
•	 Recognize hymenal and vaginal anomalies and describe surgical techniques for 

management

24.1	 �Pediatric Gynecology

The most common gynecological conditions in childhood involve the lower genital 
tract and are usually diagnosed with a careful history and examination of the exter-
nal genitalia. The prepubertal genital exam can be challenging and the goal is to 
obtain information without causing trauma. Before starting the examination, it is 
important to discuss the nature of the exam and reassure both the patient and care-
givers that the examination will only be visual inspection of the external genitalia. 
There are several positions that allow adequate visualization of the external genita-
lia. “Frog-leg” or “butterfly” is often used which can be done with the child on the 
exam table or a caregiver’s lap. Alternate positions are prone or lateral decubitus 
with knees to chest. In either of these positions, visualization of the genitalia is 
enhanced with labial traction by grasping the bilateral labia majora with the thumb 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54020-3_24&domain=pdf
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and forefinger and gently pulling laterally and downward or alternatively, placing 
gentle downward traction on the buttocks [1].

Complete examination of the external genitalia includes evaluation of pubic hair, 
clitoris, prepuce, labia majora, labia minora, urethra, hymen, and anus. Due to the 
absence of estrogen, prepubertal labia majora are flat, labia minora are thin, hymen 
is thin, and the vagina is atrophic with a basic pH. The shape of the hymen should 
be noted and accurately describe [1, 2]. There are several hymenal configurations 
with the most common shapes being crescentic and annular in the prepubertal girl. 
Occasionally, a congenital anomaly of the hymen (septate, microperforate, imperfo-
rate) is detected on prepubertal exam which typically does not require surgical inter-
vention until adolescence. See Fig.  24.1. Hymenal notches and bumps can be 
present and should not prompt evaluation of sexual abuse without associated history 
or parental concern. In a study of 147 prepubertal girls selected for non-abuse, 51% 
were noted to have hymenal irregularities [3]. The exception to this is the finding of 

CrescenticAnnular Septate

ImperforateCribiformMicroperforate

Fig. 24.1  Hymenal anomalies
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deep notches or complete transection in the posterior portion of the hymen which is 
concerning for vaginal penetration [4].

Exam under anesthesia and vaginoscopy may be indicated when office examina-
tion in insufficient. In cooperative patients with narrow-caliber hysteroscopes, vagi-
noscopy can be done in the office setting. In most cases, vaginoscopy is done in the 
operating room with a pediatric cystoscope and saline as distending medium. To 
facilitate distension, the introitus should be occluded by gently pinching the labia 
majora closed [5].

24.2	 �Vulvovaginitis

Vulvovaginitis is one of the most common gynecological concerns in prepubertal 
girls and in most cases the etiology is non-specific [6]. Young girls are susceptible 
to vulvovaginal issues due to unestrogenized and alkaline vaginal mucosa, lack of 
labial fat pads and pubic hair that protect the vulva, poor hygiene, and proximity of 
the vulva to the rectum. Additionally, genital tissues are easily irritated by harsh 
soaps, chemicals, and clothing [7, 8]. Genital complaints in the prepubertal child 
include discomfort, vulvar redness, itching, vaginal discharge, dysuria and less 
commonly vaginal bleeding which occurs from mucosal irritation with skin break-
down. All patients with vulvovaginal complaints should be screened for abuse [6].

Prior studies have identified an infectious etiology in 20–36% of vulvovagini-
tis cases [6, 9]. Isolated bacteria are often enteric or respiratory in origin such as 
group A β-haemolytic streptococcus, Haemopholius influenza, Klebsiella pneu-
moniae, Shigella flexnori, Staphylococcus aureus, Escherichia coli, Enterococcus 
faecalis [8–10]. In toilet trained prepubertal girls without risk factors (diabetes, 
immunosuppressed state, or recent use of antibiotics), yeast is rarely the cause of 
vulvovaginitis. This is because a non-estrogenized atrophic vagina has a high vagi-
nal pH which does not allow growth of Candida [6, 10, 11].

Vulvovaginitis can be diagnosed by history and examination of the external geni-
talia. Treatment for non-specific vulvovaginitis includes avoidance of any potential 
irritants and hygiene measures outlined in Box 24.1. Mild to moderate symptoms 
can be also be treated with cool compresses to the vulva and a non-medicated emol-
lient such as Aquaphor (Beiersdorf Inc., Hamburg, Germany) and A&D (Schering-
Plough Healthcare Products, Inc., Memphis, TN, USA). Patients that have failed 
conservative management may benefit from a course of topical steroids or oral anti-
biotics [12].

Those with bacterial vulvovaginitis tend to have marked vulvar erythema and 
more visible discharge [6]. If infection is suspected or discharge is visible at the 
introitus, an aerobic culture can be collected. In general, intravaginal specimens 
should not be obtained in the outpatient setting, unless a small moistened calgi swab 
is used. Amoxicillin is often used for bacterial vulvovaginitis since skin flora and 
respiratory pathogens are commonly implicated. Azithromycin or trimethroprim/
sulfamethoxazole are options when gastrointestinal flora are isolated or sus-
pected [12].
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A vaginal foreign body can cause vulvovaginitis and typically presents with 
purulent, malodorous, and blood tinged discharge [8]. The most common item 
found is tissue paper but other items such as coins, beads, and small toys can also be 
recovered. In cooperative patients, vaginal irrigation can be used to expel tissue 
paper. Otherwise, vaginoscopy if often indicated to evaluate for and remove foreign 
bodies [13].

24.3	 �Labial Adhesions

Labial adhesions or agglutination occurs when the labia minora become adherent in 
the midline. This occurs most commonly between ages 3  months and 3  years in 
response to estrogen deficiency and local inflammation [14]. Inflammation from poor 
hygiene, infection, or vulvar trauma can cause agglutination by denuding of the muco-
sal surface of the labia which then stick together. Patients with labial adhesions are 
often asymptomatic, though can present discomfort, an abnormal urine stream, post 
void dribbling, and urinary tract infections. Diagnosis can be made with history and 
examination of the genitalia. The adhesion typically appears as a grey line (raphe) and 
can be the entire length of the labia or just a small portion [15]. See Fig. 24.2.

Many cases of labial adhesions resolve spontaneously. In patients that are asymp-
tomatic, expectant management or use of a non-medicated emollient is a reasonable 
option. In cases where the adhesion is significant or causing symptoms, an estrogen 
based cream or steroid cream is often needed. When prescribed, a small (pea-sized) 
amount of estrogen cream is applied to the adhesion once to twice daily with gentle 
traction for at least 2 weeks and usually no more than 6 weeks [15]. Estrogen cream 
results in resolution of the adhesion in 50–90% of cases and is most successful 
when the adhesion is thin and translucent [16, 17]. The most common side effects 
include local irritation, vulvar pigmentation, and rarely pubertal changes. Patients 
should be assessed for breast budding with treatment and especially with repeat 
courses of topical estrogen [15]. Topical steroids, such as betamethasone 0.05% 
ointment, are an alternative to estrogen cream and are typically prescribed twice 
daily for 4–6 weeks [15, 18].

Fig. 24.2  Labial 
adhesions
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Manual separation of the labia without a topical anesthetic or sedation should be 
avoided due to associated pain and potential trauma caused to the child. Surgical 
separation in the operating room is only recommended in rare cases when the adhe-
sion is very thick and topical treatment has failed. A lubricated Q-tip applied with 
tension to the raphe is usually sufficient to separate the adhesion. Occasionally, 
sharp dissection is needed.

Recurrence of labial adhesions is common. Regardless of treatment modality, a 
non-medicated emollient should be applied daily after separation to prevent recur-
rence. Good vulvar hygiene in an effort to prevent vulvar irritation should be 
reviewed with caregivers. See Box 24.1.

24.4	 �Lichen Sclerosus

Lichen sclerosus is a chronic inflammatory condition affecting the anogenital skin. 
Though it is most common in post-menopausal women, up to 15% of cases arise in 
childhood with a reported incidence of 1 in 900 girls [19, 20]. The pathogenesis of 
lichen sclerosus is likely multifactorial, but it is generally considered an autoimmune 
condition that peaks at times of low estrogen [20, 21]. Symptoms include intense 
vulvar itching, soreness, dysuria, pain with defecation, and sometimes genital bleed-
ing. Examination findings are characteristic and most notable for thin and hypopig-
mented skin in a classic “figure of 8” distribution around the vulvar and anus. 
Subepithelial hemorrhages (blood blisters), ecchymosis, and fissures can also be pres-
ent. In late stages, scarring can lead to loss of vulvar architecture including resorption 
of labia minora, buried clitoris, and introital narrowing [19, 21, 22]. See Fig. 24.3.

In prepubertal girls, vulvar biopsy is rarely indicated and the diagnosis of lichen 
sclerosus is made on history and physical exam only. On average, it takes 1–2 years 
after onset of symptoms before the correct diagnosis of LS is made, and infection, 
trauma, and/or sexual abuse are often first suspected [23]. For clinicians who are 

Box 24.1 General Recommendations for Hygiene and Self-Care for the Vulva 
and Vagina
•	 Change diapers frequently and avoid irritants on the skin.
•	 If toilet trained, wear only plain white, cotton underpants.
•	 Use unscented detergent and avoid fabric softeners or any extra cleaning or 

“freshening” products.
•	 Wear a nightgown for sleeping. It’s OK to sleep without underwear
•	 Avoid tights, one-piece leotards, tight jeans, or leggings.
•	 Take a bath every day and use clean, warm water only. No soap, vinegar or 

baking soda is needed.
•	 Gently pat the genital area dry.
•	 Don’t use bubble bath or perfumed soap.
•	 Always wipe from front to back after bowel movements
•	 Change out of wet swimsuits and sweaty exercise clothes.
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unfamiliar with prepubertal lichen sclerosus, the clinical findings of genital bruising 
and bleeding can be confused with genital trauma and worrisome for abuse [20, 24]. 
The diagnosis of lichen sclerosus, as with any vulvar complaint in a prepubertal girl, 
should not prevent appropriate abuse screening.

The goals of treatment for lichen sclerosus are to provide symptom relief and pre-
vent genital scarring. Acute symptoms are typically treated with high-potency steroids 
such as clobetasol propionate or betamethasone valerate [19]. A suggested regimen is 
topical clobetasol propionate 0.05% applied twice daily for two weeks, followed by 
daily application for two weeks, tapered to a lower-potency agent, such as triamcino-
lone acetonide 0.1% applied twice daily for two weeks followed by daily application 
for two weeks. Lichen sclerosus tends to be recurrent and often requires repeat courses 
of topical steroids. Physicians should monitor for thinning of the vulvar skin and 
superimposed bacterial or yeast infections, which can result from prolonged use of 
high-potency topical steroids [25]. Vulvar hygiene is important for symptom control 
and should be reviewed with the patient and caregivers. See Box 24.1.

Fig. 24.3  Pediatric Lichen Sclerosus depicting vulvar hypopigementation, fissures, and subepi-
thelial hemorrhages. (Reference: Boms, S., Gambichler, T., Freitag, M. et  al. BMC Dermatol 
(2004) 4: 14. https://doi.org/10.1186/1471-5945-4-14)
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24.5	 �Adolescent Gynecology

The anatomy and physiology of the reproductive system changes with endoge-
nous estrogen production during puberty. Most adolescents follow up a predict-
able pubertal course that usually begins with breast budding around the age of 
10. Pubic hair, body odor, and axillary hair results primarily from adrenal andro-
gens and typically lags behind breast development. The major landmark of 
puberty is menarche which typically occurs 2–3  years after breast budding 
between 12 and 13 years of age [26]. Vaginal tissue changes in response to estro-
gen and becomes thickened and rugated. The hymen during puberty is redundant 
and in most cases can stretch without difficulty. Vaginal secretions are common 
and discharge that is clear or cloudy without an associated odor, itch, or burn is 
often physiologic. Changes to the external genitalia also occur during puberty 
and include thickening of the labia majora and enlargement of the labia minora 
to adult size. The labia minora are varied in size, shape, and color and asymmetry 
is not uncommon.

24.6	 �Labial Hypertrophy

There is no consensus for the definition of labial hypertrophy and few original stud-
ies attempt to define labia minora size. In the current literature, the typical width of 
the labia minora range from 3 to 50 mm in adult women [27]. When teen girls pres-
ent with concerns about labial appearance, the provider should educate about nor-
mal variation and provide reassurance. Resources such as the The Labia Library 
(www.labialibrary.org.au) and Great Wall of Vagina (www.greatwallofvagina.co.uk) 
can be used to illustrate normal differences. Surgical intervention for cosmetic pur-
poses should not be offered to patients <18 years old [27, 28].

In some cases, patients may present with functional concerns due to enlarged 
labia including irritation, pain, pulling with activity, difficulties with menstrual 
hygiene, and interference during sexual activity. Comfort measures and supportive 
care should be recommended first and include supportive garments, avoidance of 
soaps or gels to the vulva, a non-medicated emollient, and arrangement of labia 
minora during activity and sports [28].

Though there is an increasing awareness of external genitalia and request for 
labiaplasty, criteria for surgical intervention have not been established. Labiaplasty 
in patients less than 18 years of age should only be considered in girls with signifi-
cant and persistent functional symptoms. Laws and regulations must also be consid-
ered prior to surgery; for example medically unnecessary genital surgery in minors 
is a violation of US federal law. In adolescents particularly, it is also important to 
assess the maturity of the teen and determine if she has ability to make a decision 
independent of peer and family pressures [25].

There are a variety of different surgical techniques described for labiaplasty 
including de-epitheliazation, excision or amputation of the free edge, central wedge 
excision, inferior wedge excision, W-shaped excision, and Z-plasty with excision 
and wedge techniques being the most commonly described [29]. See Fig. 24.4. With 
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Fig. 24.4  Labial 
hypertrophy before and 
after wedge resection
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any method, sensation may be altered due to removal of skin with many nerve end-
ings. The most common complications are hematoma, wound dehiscence, discom-
fort, visible scarring, need for repeat surgery [27, 29].

24.7	 �Non Sexual Genital Ulcers

Acute genital ulcers in non-sexually active young girls have been attributed to a 
variety of causes including idiopathic aphthosis, post viral or infectious aphthosis, 
Bechet’s disease, inflammatory bowel disease, drug reaction, and trauma. Patients 
typically present with intense vulvar pain from ulcerations on the inner mucosal 
surface of the labia minora which can be associated with difficulty urinating. Many 
patients have prodromal symptoms or report a recent history of febrile illness and 
symptoms typically last 10–14  days. Although Ebstein Barr Virus is commonly 
cited as an infectious etiology, the majority of cases are idiopathic [30, 31].

The goals of treatment are to provide pain relief and prevent super-imposed 
infection. Supportive care and comfort measures include sitz baths, topical anes-
thetics, oral analgesics, and efforts to minimize voiding discomfort such as voiding 
with legs apart or in the bathtub. Occasionally patients are admitted to the hospital 
for pain management and require placement of a foley catheter. Recurrence is com-
mon and seen in 30–35% of patients, although duration of symptoms is usually 
shorter and ulcers are smaller [30, 31]

24.8	 �Hymenal Anomalies

Congenital abnormalities of the hymen are either occlusive (imperforate hymen) or 
subocclusive (septate, microperforate, cribiform hymen). See Fig. 24.1. A septate 
hymen is the most common hymenal anomaly with an estimated prevalence of 0.7% 
[32]. This typically presents during adolescence with difficulty inserting or remov-
ing tampons. Diagnosis can be made with history and physical examination only. 
When evaluating the external genitalia, outward and lateral traction of the labia 
majora may be sufficient enough to open the vestibule and reveal hymenal anatomy. 
If not obvious with inspection, a lubricated Q tip can be used to delineate the bor-
ders of the hymen and identify a septum if present. Resection of the hymenal sep-
tum is usually performed in the operating room, however can also be offered in the 
outpatient setting with an injectable anesthetic. After removing the septum, mucosal 
edges should be reapproximated with 3-0 or 4-0 vicryl. Removal of the septum 
allows use of tampons for menstrual hygiene and penetrative vaginal intercourse.

An imperforate hymen is less common occurring in 1/2000 girls. This is an 
obstructive anomaly that presents with primary amenorrhea and cyclic pelvic pain, 
increasing in severity due to worsening hematometrocolpos. If the vagina is very 
distended, the patient may also complain of urinary retention and constipation. On 
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examination of the vulva, no hymenal opening is present and a flesh colored or blu-
ish bulge is seen at the introitus. See Fig. 24.5. If the obstruction has been present 
for some time, an abdominal mass from the hematometrocolpos will be present. A 
rectal exam is generally well tolerated and can aid in diagnosis. With an imperforate 
hymen, a vaginal bulge is palpated throughout the rectum. If the diagnosis is unclear 
or a more complex anomaly like vaginal agenesis or transverse vaginal septum is 
suspected, MRI should be performed for further evaluation. An imperforate hymen 
is treated surgically with hymenectomy. Hymenal tissue is excised in a cruciate or 
circular fashion to create a patent vaginal opening and obstructed menstrual blood 
is evacuated with suction. The mucosal edges are then reapproximated with 3-0 or 
4-0 vicryl using interrupted stitches. Post operative dilation is not necessary since 
the risk of reobstruction is minimal [33]. If surgical services are not available, then 
menstrual suppression should be initiated with a combined estrogen and progestin 
hormonal contraception (pill or patch used continuously) or a progestin only pill 
such as Norethindrone Acetate.

24.9	 �Longitudinal Vaginal Septum

A longitudinal vaginal septum or duplicated vagina results from failed fusion of the 
distal mullerian ducts. Patients can be asymptomatic or present with painful inter-
course and difficulty using tampons, specifically continued menstrual bleeding 
because the tampon is placed in only one of the hemi-vaginas. A longitudinal 

Fig. 24.5  Imperfo
rate hymen
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vaginal septum may be complete from the level of the cervix to the introitus or par-
tial. See Fig.  24.6. It is typically diagnosed with pelvic exam and palpated on 
bimanual exam. A uterine anomaly is present in up 87% of cases, which should be 
evaluated with pelvic imaging [34]. Septum resection should be considered in 
patients that are symptomatic or those considering pregnancy. Although there are 
reports of successful vaginal delivery with a longitudinal vaginal septum, there is 
also risk of laceration or vaginal dystocia [35]. During surgical resection, the mid-
line septum is removed completely with care to avoid injury to the cervix. The vagi-
nal mucosa on either end of the septum is then reapproximated with a delayed 
absorbable suture [34]. Alternatively, a bipolar cutting forceps can be used to 
remove the septum [36].

24.10	 �Obstructed Hemi-Vagina and Ipsilateral Renal 
Anomalies (OHVIRA)

An obstructed hemi-vagina occurs with a partially formed vaginal septum and may 
be associated with ipsilateral renal agenesis or renal anomalies. See Fig. 24.7. Most 
patients with OHVIRA have complete uterine duplication. Patients typically present 
with worsening dysmenorrhea not responsive to oral pain medications or hormonal 
suppression of periods. With a chronic obstruction, an abdominal mass may be pal-
pated from a large hematometrocolpos. If digital vaginal exam is performed, then a 
lateral bulge is often palpated in the vagina. Pelvic imaging with MRI confirms the 
diagnosis OHVIRA [37].

Fig. 24.6  Didelphys uterus 
with complete longitudinal 
vaginal septum
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Resection of the obstructing vaginal septum provides definitive surgical treat-
ment. Typically the septum is incised at a low point and old menstrual blood is 
evacuated. If the septum is thick or margins are unclear, a spinal needle can be 
inserted to help locate the obstructed vagina and guide the excision. All septal tissue 
should be excised with care not to injury nearby structures. Often times, the 
obstructed cervix is dilated making edges difficult to delineate. The vaginal mucosa 
is then re-approximated circumferentially with interrupted stitches [38]. With a 
thick septum, risk of stenosis and re-obstruction increases and surgical techniques 
such as a “Z-plasty” in conjunction with a vaginal stent or post-operative dilation 
might be considered. Occasionally, hemi-hysterectomy may be indicated [39].

24.11	 �Vaginal Agenesis

Mullerian agenesis, also referred to as Mayer-Rokitansky-Kuster-Hauser Syndrome 
(MRKH) or vaginal agenesis results from incomplete development of the mullerian 
ducts and occurs in approximately 1 in 4,500–5,000 females [40]. Patients typically 
present with normal pubertal development and primary amenorrhea. External geni-
talia appear typical with normal hymenal fringe. If a single digit exam is tolerated, 
the distal vagina will palpate short without any identifiable cervix. If digital exam is 
not tolerated, a lubricated Q-tip can be used to confirm an underdeveloped vagina 
[34]. Pelvic imaging with ultrasound or MRI will confirm mullerian agenesis and 
rule out obstructive anomalies which can present similarly. Some patients with 

Fig. 24.7  Didelphys 
uterus with obstructed 
hemi vagina and 
hematocolpos

V. I. Alaniz



509

mullerian agenesis have rudimentary mullerian remnants and laparoscopic removal 
of these remnants may be indicated if active endometrium is present or if the patient 
has cyclic abdominal pain. Work up should include a testosterone and karyotype to 
differentiate mullerian agenesis from Androgen Insensitivity Syndrome (AIS). 
Evaluation for associated congenital anomalies, especially skeletal and urologic, is 
necessary [41].

The diagnosis of mullerian agenesis and loss of fertility is difficult for patients 
and families. Emotions range from fear, isolation, depression and all patients should 
be offered counseling and connected to support groups. Fertility options should be 
discussed with patients and generally include adoption and assisted reproduction 
with use of a gestational carrier [34]. Live births have been reported from uterine 
transplantation, however this is only available on a research protocol at few centers. 
Vaginal creation should only be considered when the patient is emotionally ready 
and expresses a desire for treatment [41]. Dilation is an appropriate first line 
approach and is successful in creating a functional vagina in 90–95% of motivated 
patients [42, 43]. Depending on the frequency and duration of treatment, it usually 
takes 4–11 months to create a functional vagina. Surgical vaginoplasty is alternative 
for some patients, especially those that fail dilation. Various techniques exist includ-
ing surgically assisted dilation and vaginoplasty with bowel, skin, oral mucosa, or 
peritoneum grafts. With any procedure, post operative dilation or penetrative inter-
course is needed to maintain length and prevent stenosis [34]
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