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Introduction
Pelvi-ureteric junction obstruction (PUJO) is
defined as an obstruction to the free flow of urine
from the renal pelvis to the proximal ureter1. It is the
most common cause of obstructive uropathy in the
paediatric age group1,2. Majority with this condition
will have a spontaneous resolution, but 20% will
need some form of intervention due to progression
of the obstruction or associated complications3.
Intervention has evolved from traditional open
surgery to minimally invasive procedures3. In this
literature review we aim to present the aetiopathogenesis, management and new developments
with regard to this common paediatric condition.

spontaneously with diuresis, eponymously known as
Dietl crisis, was the most common presentation of
this condition prior to advances in neonatal
ultrasonography6. Infection in isolated PUJO is
thought to be rare unless associated with
concomitant reflux. High grade vesico-ureteric
reflux can be associated with PUJO in up to 14%4,7.
Theories on aetiology of PUJO can be broadly
classified as intrinsic and extrinsic2,4. The pelviureteric junction (PUJ) is initially formed as a solid
structure which is re-canalized at around 10-12
weeks in utero. The intrinsic theory postulates that
the obstruction is a result of defective recanalization
of this region. This leads to a segment with abnormal
peristalsis due to neuromuscular discontinuity.
Another possibility is the presence of residual valve
like structures which causes obstruction to free flow.
Intrinsic obstruction is considered a functional
obstruction and it is ‘probe patent’, i.e. a probe
passed retrogradely will navigate the obstruction
and reach the renal pelvis8. Lower pole vessels
crossing in front of the PUJ causing narrowing or
kinks, congenital abnormalities of the kidney such
as horseshoe kidney or pelvic kidney and scarring of
the PUJ region due to instrumentation or infection
are some extrinsic causes that may lead to this
condition4. Sometimes, intrinsic and extrinsic
abnormalities may coexist4. In the study done by
Braga et al. who compared antenatally detected
cases of PUJO vs postnatally detected cases,
intrinsic obstruction was the commonest cause for
obstruction in the first group while extrinsic causes
in the form of ureteric kinks predominated in the
latter9.

Epidemiology,
presentation,
and
aetiopathogenesis
The incidence of neonatal hydronephrosis ranges
from 1 in 1000 to 1 in 2000 pregnancies. Majority of
them are transient (48%) or physiologic (15%)
phenomena. PUJO is the commonest pathological
cause and it accounts for 11% of all cases with
neonatal
hydronephrosis4.
A
2:1
male
preponderance has been noted for this condition and
the left kidney is affected in 67% while 10-40% can
have both kidneys being affected2.
Incidentally detected dilated renal pelvis and
proximal ureter on ultrasound scan (USS) is the
commonest mode of presentation of PUJO at the
present time. Advances in neonatal ultrasonography
has increased the numbers of such cases detected2,5.
Painless palpable abdominal mass, renal calculi,
recurrent urinary infections, haematuria, abdominal
pain and hypertension are the other possible
presentations1. Intermittent abdominal pain
coinciding with increased fluid intake and resolving
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The obstruction to free flow of urine at the PUJ leads
to pressure build up in the renal pelvis and as a
response the renal pelvis and the proximal ureter
dilate. With time this pressure reduces as a result of
afferent arteriolar vasoconstriction, drop in renal
blood flow and the glomerular filtration rate (GFR).
Histologically there is tubular dilatation, glomerular
sclerosis, inflammation and fibrosis not only in the
affected kidney but in the opposite kidney as well.
At a molecular level Angiotensin II plays a major
role in renal vasoconstriction and producing the
histological changes that are noted with PUJO2,4.
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criterion used for diagnosing hydronephrosis and in
the 3rd trimester it should be less than 7 mm. Society
of Fetal Urology (SFU) grading of hydronephrosis
(Table 1) is an alternative ultrasound based criterion
for diagnosing and grading the severity of
hydronephrosis4,6. Diagnosis of hydronephrosis in
utero needs further sonographic evaluation to
determine the laterality and the severity of the
hydronephrosis, echogenicity of the kidneys,
presence of hydroureter, status of the contralateral
kidney and the bladder, gender of the fetus and the
amniotic fluid volume11.

Workup
Ultrasound scan (USS) is the initial imaging
modality used for evaluation of the urinary tract and
it has obvious advantages such as availability and
lack of radiation exposure but operator
dependability and lack of functional information are
the main disadvantages10. Most cases with antenatal
hydronephrosis are diagnosed by ultrasound at 1620 weeks of gestation. Twenty-eight weeks is
considered the optimum time for performing
ultrasound to detect fetal urological anomalies11.
Measuring the anteroposterior diameter at the renal
pelvis remains the most common diagnostic

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Table 1: Society of Fetal Urology grading of hydronephrosis
No hydronephrosis
Only the renal pelvis visualized
Few but not all renal calyces visualized in addition to the renal pelvis
All calyces visualized
Similar appearance of the calyces as grade 3, but compared to the normal kidney, the involved
kidney has parenchymal thinning
adequate hydration and urethral catheterization to
minimize errors2,11.

In the neonate whose hydronephrosis was diagnosed
antenatally, USS should be repeated 48 hours after
birth unless there are indications for an immediate
postnatal scan such as bilateral hydronephrosis,
hydronephrosis in a solitary kidney or
oligohydramnios11. Otherwise, a gap of 48 hours is
recommended to avoid a false negative scan as the
newborn becomes relatively dehydrated during this
initial period2. If the postnatal USS is negative for
hydronephrosis, which will be the case in 21-28%, a
repeat scan after 4-6 weeks is recommended4,10.

The typical obstructive pattern on a diuretic
renogram shows normal uptake of the radioisotope
but delayed or no excretion even after administration
of frusemide2,6. When split renal function is
calculated, a value of 40% or less in the affected
kidney is considered significant2,11. Occasionally, a
paradoxical increase in the split function of the
hydronephrotic kidney is seen which is defined as a
split function more than 55% in the presence of a
normal bladder and a normal opposite kidney.
Increase in the nephron mass or increase in renal
blood flow as a response to the obstruction have
been put forward as possible mechanisms leading to
this observation2.

Use of duplex ultrasound to differentiate obstructive
and non-obstructive hydronephrosis, use of
ultrasound elastography to determine the degree of
hydronephrosis and use of 3D ultrasound to assess
the kidney volume are some of the novel
developments in ultrasound used in the evaluation of
the hydronephrotic kidney12. A micturition
cystouretherogram (MCUG) is indicated if
alternative or coexisting pathology is suspected such
as a posterior urethral valve or vesico-ureteric
reflux4,10.

Response to the administered diuretic and the split
renal function are the traditional parameters
evaluated by a diuretic renogram in an obstructed
kidney but a novel parameter termed the Tissue
Transit Time (TTT) that can be evaluated by the
same study is claimed to have a better correlation
with renal function. The TTT increases with the
dropping GFR and with progression of histological
changes associated with PUJO14. Magnetic
resonance urography is an alternative to diuretic
renography and it provides excellent anatomical and
functional details. Lack of availability, need for
sedation and the cost limit the use of this as a routine
investigation but it may become the investigation of
choice in the future4,6. Dynamic pressure flow
studies (Whitaker test) with direct cannulation of the
renal pelvis were used in the past for cases with
equivocal results on radioisotope scans but it is not
recommended at present in children due to its
invasive nature and the need for anaesthesia4,6.

Ultrasonically suspected PUJO needs further
evaluation by Technetium 99m-diethylenetriamine
pentaacetic acid (DTPA) or Technetium 99mmercaptoacetyltriglyine
(MAG3)
diuretic
renography to assess the function of the affected
kidney and to confirm the obstruction to free flow of
urine10. MAG3 is preferred over DTPA as it
provides better information13. It is recommended to
time the diuretic renogram 1-2 months after birth as
the kidneys of the newborn tend to respond poorly
to administered diuretics before this time10. Diuretic
renography is not a perfect investigation and the
study should be done under standard conditions with
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SFU grade 3 and 4 hydronephrosis11. Standard form
of intervention is open Anderson-Hynes
dismembered pyeloplasty11, where the tissue at PUJ
is resected and the ureter spatulated and reanastomosed to the renal pelvis in a watertight
manner. It has a success rate of over 95% in
relieving the obstruction and symptoms. The
anastomosis is usually bridged with a double J stent.
In cases with extrinsic obstruction due to vessels
crossing in front of the PUJ, this procedure
transposes the PUJ away from the culprit vessels6.

Endoluminal ultrasound which uses a fine
ultrasound probe within the ureter is used to
delineate the anatomy around the pelvi-ureteric
region and to determine the optimum site for placing
the endopyelotomy incision6.
Novel biomarkers
Urinary biomarkers that indicate renal injury such as
β2-microglobulin, N-acetyl-β-D-glucosaminidase
and certain growth factors (e.g. epidermal growth
factor, platelet derived growth factor) that are
excreted with urine have been used in the
assessment of the kidney with PUJO, but these
assays are not readily available and they are not in
widespread use at present2,4.

Clear guidelines for management of bilateral PUJO
do not exist. In a study done by Kim et al, which
included a group of children with SFU grade 3 and
4 hydronephrosis affecting bilateral kidneys, initial
intervention was done for the kidney with the higher
grade of hydronephrosis unless the grade was
similar bilaterally, where they considered the kidney
with the lowest split function to prioritize
intervention.
Following
unilateral
surgery,
spontaneous improvement of the contralateral
kidney was noted in some, so the authors
recommended delayed pyeloplasty for the opposite
kidney when both were affected by PUJO17.

Management
Guidelines recommend management decisions to be
based on serial investigations done under the same
conditions at a single institution rather than on a
single investigation11. The aims of intervention are
to prevent deterioration of renal function and to
alleviate symptoms4. All newborns with antenatally
detected hydronephrosis should be started on
antibiotic prophylaxis until vesico-ureteric reflux is
excluded. Trimethoprim in a night dose of 1-2mg/kg
or cephalexin in a night dose of 5mg/kg are
recommended antibiotics4.

With the growing enthusiasm for minimally
invasive surgery, pyeloplasty in children has
progressed from traditional open surgery to
laparoscopic and robot assisted procedures. In a
meta-analysis done by Huang et al, where they
compared open vs laparoscopic pyeloplasty in the
paediatric age group, laparoscopy had similar
outcomes with a shorter hospital stay and less
complications but with more prolonged operative
times. The conclusion of the author was that
laparoscopic pyeloplasty for paediatric PUJO was
feasible and safe especially when performed in high
volume centres by experienced surgeons18.
Enthusiasts claim that robot assisted pyeloplasty in
children is even superior to laparoscopy as it allows
better tissue handling and a precise anastomosis with
a more efficient learning curve19. The main
disadvantage of robot assisted procedures is the
increased cost11.

As only a minority of these conditions will need
intervention, watchful waiting as a management
option seems reasonable and robust evidence
supporting this policy was provided by the landmark
study by Koff and colleagues. They conservatively
followed up a group of neonates with unilateral
hydronephrosis irrespective of the degree of renal
pelvis dilatation or the split renal function. Only 7
out of 104 children ultimately required surgical
intervention for deterioration of renal function
which was defined as more than 10% drop in split
renal function. Following intervention, the functions
of the affected kidneys were restored back to their
pre-deterioration values15. The conclusions of the
authors were that PUJO in children was a relatively
benign condition and watchful waiting was an
appropriate strategy in the majority. They further
stressed the fact that no investigation was able to
predict accurately which kidneys will deteriorate
and which will not; hence frequent re-evaluation
with USS and renography was recommended to
identify increase
in hydronephrosis
and
deterioration of split function, respectively.

The question of whether to stent or not routinely
following pyeloplasty is another area of controversy
and a clear consensus does not exist21,22. Proposed
advantages of using a stent are that it helps to
maintain the alignment of the anastomosis and
minimizes extravasation of urine caused by the
transient obstruction to flow due to surgical oedema.
However, stenting has its own complications such as
increased infection rates, stent migration, strictures
and prolonged hospital stay. Furthermore, a second
general anaesthetic is required for removal of the
stent20,21.

As a result of evidence supporting conservative
management of this condition, currently the policy
is neither aggressive observation nor prompt
intervention16. Intervention is indicated for patients
with symptoms, a split renal function of less than
40%, deterioration of split renal function by more
than 10% on follow-up, increasing AP diameter, or
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Endo-urological management options for PUJO
include balloon dilatation and endopyelotomy via a
retrograde
or
an
antegrade
approach2.
Endopyelotomy involves making a full thickness
incision from within the ureter at the stenosed
segment up to the peri-ureteric and peri-pelvic fat.
The incision is bridged with a double J stent6. A long
term success rate of 80% has been reported
following this procedure, which is less compared to
surgery4. However, a failed endopyelotomy does not
preclude subsequent salvage surgery and it can be
used as a 2nd line option after failed surgery as
well2,4. It has been recommended as the procedure
of choice when there are coexisting renal calculi that
need to be treated and when the patient is unfit for a
prolonged surgical procedure6.
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Follow-up
Following pyeloplasty (open or minimally invasive)
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USS and radioisotope studies, a MCUG (if it was not
done before) and a repeat USS is done at 3 months
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Conclusion
In paediatric PUJO, who needs intervention and
when to intervene are questions that need clear-cut
answers. Developments in urinary biomarkers that
indicate renal injury and imaging modalities such as
MR urography may provide better understanding on
whom to intervene early and who needs long term
follow-up. With accumulating experience on
minimally invasive pyeloplasty, it may become the
gold standard in the near future.
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