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ABSTRACT

Widespread antenatal screening has resulted in increased detection of anomalies of the kidneys and urinary tract. The present
guidelines update the recommendations published in 2000. Antenatal hydronephrosis (ANH) is transient and resolves by the
third trimester in almost one-half cases. The presence of oligohydramnios and additional renal or extrarenal anomalies suggests
significant pathology. All patients with ANH should undergo postnatal ultrasonography; the intensity of subsequent evaluation
depends on anteroposterior diameter (APD) of the renal pelvis and/or Society for Fetal Urology (SFU) grading. Patients with
postnatal APD exceeding 10 mm and/or SFU grade 3-4 should be screened for upper or lower urinary tract obstruction and
vesicoureteric reflux (VUR). Infants with VUR should receive antibiotic prophylaxis through the first year of life, and their parents
counseled regarding the risk of urinary tract infections. The management of patients with pelviureteric junction or vesicoureteric
junction obstruction depends on clinical features and results of sequential ultrasonography and radionuclide renography. Surgery
is considered in patients with increasing renal pelvic APD and/or an obstructed renogram with differential renal function < 35-40%
or its subsequent decline. Further studies are necessary to clarify the role of prenatal intervention, frequency of follow-up
investigations and indications for surgery in these patients.

Key words: Pelviureteric junction obstruction, posterior urethral valves, renography, vesicoureteric reflux

Introduction

Ultrasound screening during pregnancy has resulted in
increasing recognition of fetal hydronephrosis. Depending
on diagnostic criteria and gestation, the prevalence
of antenatally detected hydronephrosis (ANH) ranges
from 0.6 to 5.4%."% The condition is bilateral in
17-54% and additional abnormalities are occasionally
associated.”! The outcome of ANH depends on the
underlying etiology [Table 1].11% Although ANH resolves by
birth or during infancy in 41-88% patients”*!!! urological
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abnormalities requiring intervention are identified in
4.1-15.4%'68121 and rates of vesicoureteric reflux (VUR)
and urinary tract infections (UTI) are several-fold
higher.[”%31 It is important to distinguish infants with
significant illness that require long-term follow-up or
surgery, from those with transient hydronephrosis and
minimum need for invasive investigations.

Guidelines from the Indian Society of Pediatric Nephrology
(ISPN) on management of ANH were published in 2000.#
During the last decade, there is better understanding
regarding its often benign natural history and risk

Table 1: Differential diagnosis of antenatally detected
hydronephrosis
Etiology

All cases (%)

Transient hydronephrosis 41-88
Pelviureteric junction obstruction 10-30
Vesicoureteric reflux 10-20
Vesicoureteric junction obstruction, megaureter 5-10
Multicystic dysplastic kidney 4-6
Duplex kidneys (+ureterocele) 2-7
Posterior urethral valves 1-2
Others: Urethral atresia, urogenital sinus, prune Uncommon

belly syndrome, tumors

With permission, Nguyen HT, et al. The Society for fetal urology consensus
statement on the evaluation and management of antenatal hydronephrosis. J
Pediatr Urol 2010;6:212-311"
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factors for postnatal pathology. Recommendations from
other expert groups, including the Society for Fetal
Urology (SFU) have been published.%!*! This document
revises the ISPN guidelines and has been simultaneously
published in the February 2013 issue of the Indian
Pediatrics.

Materials and Methods

Aliterature search of PubMed, EMBASE and the Cochrane
Library databases from 1990-2011 was performed for
research articles on children with ANH. The findings were
presented to an invited group of pediatric nephrologists,
surgeons and radiologists, and an expert each from fetal
medicine and nuclear medicine on 6 January 2012 in New
Delhi. Based on the strength and consistency of evidence,
the studies were rated from A to D as follows:

A. Systematic review, well designed randomized
controlled trials (RCT) or diagnostic studies without
significant limitations

B. RCT or diagnostic studies with methodological
limitations; consistent evidence from observational
studies

C. Small cohorts or case control studies; case series

D. Expert opinion; case reports

Subsequently, each guideline was assigned one of two
levels of recommendation, based on assessment of relative
benefit versus harm.

Level 1. Recommendation applicable to most subjects,
based on consistent information confirming benefit over
harm or vice versa.

Level 2. Suggestion or option based on equivocal or
insufficient evidence and with unclear balance of benefit
over harm, which may require modification when
managing a patient.

The manuscript was circulated to participants of the
meeting and to additional experts of the ISPN for
approval. Important terms used in this document are
described in Textbox 1.11%171 Table 2 lists salient differences
between the present and previous recommendations.™#

Antenatal Evaluation and Monitoring

Guideline 1: Diagnosis and grading of antenatal

hydronephrosis

a. We recommend that ANH be diagnosed and its
severity graded based on anteroposterior diameter
(APD) of the fetal renal pelvis (1B).

b. ANH is present if the APD is >4 mm in second
trimester and =7 mm in the third trimester.

While the renal pelvic APD [Figure 1] varies with

gestation, maternal hydration and bladder distension, it
is an objective parameter with small intraobserver and
interobserver variation.!*8! ANH is present if fetal renal
APD is >4 mm in the second trimester and >7 mm in third

Textbox 1: Important definitions

Isolated hydronephrosis: Hydronephrosis without ureteric and/or
bladder abnormalities

Bilateral hydronephrosis: Hydronephrosis involving both kidneys; or
hydronephrosis in solitary kidney

APD: Anteroposterior diameter of the fetal or neonatal renal pelvis,
assessed as shown in Figure 1

Soft signs: Subtle abnormalities on ultrasound [Table 3] that affect
10-20% normal fetuses; little significance in isolation; resolve with
advancing gestation or after birth

Oligohydramnios: Amniotic fluid volume less than 500 ml, as
indicated by the absence of pockets of fluid greater than 2 cm on
ultrasound or amniotic fluid index below 5-6

Suspected lower urinary tract obstruction: Bilateral
hydroureteronephrosis associated with dilated thick walled
bladder that fails to empty, dilated posterior urethra, and/or
oligohydramnios

Table 2: Important revisions in the document

Guidelines rated, as recommendations or suggestions, based on
quality and strength of evidence

Hydronephrosis defined and graded using renal pelvic
anteroposterior diameter (APD) in antenatal period; and APD or
Society of Fetal Urology grade during postnatal evaluation

Need for serial antenatal ultrasonography, including one ultrasound
in the third trimester ultrasound emphasized

Limitations of fetal intervention discussed

Micturating cystourethrography and diuretic renography limited to
infants with higher grades of hydronephrosis and/or dilated ureter (s)
Threshold for pyeloplasty revised to include patients with obstructed
drainage on diuretic renography and differential function below 40%
or decline in relative function

Antibiotic prophylaxis limited to infants with suspected or proven
vesicoureteric reflux

Limitations in recommendations for practice highlighted

i
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Figure 1: Line diagram to measure fetal renal pelvic anteroposterior
diameter. The APD is measured in the transverse axial image of the
renal pelvis at level of the renal hilum. Antenatal ultrasound at 38-weeks
showing right-sided hydronephrosis in transverse view (+---+): 11.9 mm.
Anteroposterior diameter of the kidney (x---x): 28.8 mm
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trimester.!' Hydronephrosis is further graded as mild,
moderate, or severe [Table 3]. A cross-sectional study
shows that the upper limit for normal renal APD during late
gestation is 7 mm.['”) An APD cutoff >7 mm at 18-weeks
or later distinguishes fetuses with postnatal reflux or
obstruction from those without significant pathology. 2!
Renal APD thresholds of 5 mm and 8-10 mm in the second
and third trimester, respectively were 100% sensitive in
predicting the need for postnatal surgery,??! compared
with a study where third trimester threshold of 10 mm
missed 25% cases of pelviureteric junction obstruction
and 50% cases of VUR.I! Others also propose that fetal
renal APD greater than 4-5 mm in the second trimester
and 7 mm in third trimester is abnormal.!®2%251 While
lower cut-offs for defining hydronephrosis increase the
sensitivity for detecting anomalies, it reduces specificity.

In a systematic analysis on 25 studies, Sidhu et al., showed
that isolated ANH resolved or stabilized in 98% patients with
APD < 12 mm as compared with 51% with larger APD.?®! In
another meta-analysis on 1308 neonates from 17 studies, Lee
et al., found that the risk of postnatal pathology increased with
the degree of antenatal pelvic dilatation, from 11.9% for mild,
45.1% for moderate, and 88.3% for severe hydronephrosis.”
The relationship was maintained for patients with pelviureteric
junction obstruction or posterior urethral valves, but not
for VUR and vesicoureteric junction obstruction. Other
studies confirm that the severity of hydronephrosis
correlates positively with postnatal hydronephrosis, need
for surgery and risk of UTI, and negatively with spontaneous
resolution.[>7:232527.281 While fetuses with minimal pelvic
dilatation (5-9 mm) have low risk of postnatal pathology; >3
APD> 15 mm at any gestation represents severe hydronephrosis
and requires close follow-up.#2223:2531-33]

Guideline 2: Additional prenatal evaluation

a. If ANHis detected, we recommend that the ultrasound
at 16-20 weeks gestation also include evaluation for
lower urinary tract obstruction, renal dysplasia, and
extrarenal structural malformations (1C).

b. We recommend that fetuses with ANH, and a major
structural anomaly or additional soft sign(s) be
referred to an obstetric unit with facilities for genetic
counseling and prenatal testing (1C).

All fetuses with ANH should undergo detailed
ultrasonography. The two signs that are useful in
the diagnosis of lower urinary tract obstruction are
oligohydramnios®™¥ and thick-walled or dilated bladder!®>+"
[Table 3]. Other signs that predict postnatal pathology or
need for surgery include bilateral hydroureteronephrosis,
dilated posterior urethra, perinephric urinoma**! and
progressive calyceal, 234441 or ureteric dilatation. 4041
Features suggesting renal dysplasia and impaired renal

function include abnormally large or small kidneys,
oligohydramnios, %4471 parenchymal thinning,™!
cysts,** and increased echogenicity. 3435152

Antenatal ultrasonography, in conjunction with maternal
age and first or second trimester blood screen, helps
determine the risk of chromosomal disorders and need
for karyotyping.©®*5* The likelihood of aneuploidy in
fetuses with isolated ANH is low™>” and karyotyping
is not necessary. The risk of aneuploidy is increased in
fetuses with ANH and a major structural anomaly®8>7
or with one or more additional soft signs!*®°>3! [Table 4].
Patients with these features require referral to a center
with facilities for prenatal diagnosis and counseling. The
decision regarding invasive testing is individualized,
based on potential benefits and risks, and should occur
at an appropriate time.

Guideline 3: Antenatal monitoring

a. In fetuses with unilateral hydronephrosis, we
recommend that at least one follow-up ultrasound
be performed in the third trimester (1B).

b. We suggest that fetuses with bilateral hydronephrosis
be monitored frequently (2C). The frequency of
monitoring varies from 4 to 6 weeks, depending on
gestation at which ANH was detected, its severity and
presence of oligohydramnios.

Table 3: Classification of antenatal hydronephrosis,
based on renal pelvic anteroposterior diameter!'”

Classification Renal pelvic anteroposterior
diameter, APD

Second trimester Third trimester

Mild 4-6 mm 7-9 mm
Moderate 7-10 mm 10-15 mm
Severe >10 mm >15 mm

APD: Anteroposterior diameter

Table 4: Additional parameters evaluated on antenatal

ultrasonography

Renal abnormalities
Oligohydramnios

Dilated or thick-walled bladder
Calyceal dilatation Ureteral dilatation
Perinephric urinoma Keyhole sign
Loss of renal parenchyma, as suggested by: (i) cortical thinning,
(i) poor corticomedullary differentiation, (iii) increased renal
echogenicity and/or (iv) renal cysts

Systemic abnormalities
Major systemic structural anomaly, e.g., cardiovascular,
neurological, gastrointestinal, skeletal system
Soft signs
Increased nuchal translucency
Absent nasal bone

Echogenic focus in the heart*
Shortened long bones
(humerus, femur)
Echogenic bowel Choroid plexus cyst
Hydronephrosis Ventriculomegaly
*Limited significance of echogenic cardiac focus in Indian patients
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The gestation at which hydronephrosis is detected
and its course on sequential ultrasound scans has
prognostic value.[?1:3260-621 Almost 80% of fetuses
diagnosed in the second trimester show resolution or
improvement of findings'®?32 with low likelihood of
postnatal sequelae.*32! Patients with persistence or
worsening hydronephrosis in the third trimester show
higher rates of postnatal pathology and require close
follow-up.*6:21.2332621 Sajram et al., found that 88% cases
with mild ANH resolved in utero or neonatal period,
while one in three neonates with moderate to severe
hydronephrosis persisting in the third trimester required
postnatal surgery.[® Hence, an ultrasound in the third
trimester is valuable for identifying fetuses that require
postnatal evaluation and follow-up.

The risk of in utero worsening is higher for bilateral
than for unilateral disease.!®® While a recent report
suggests that patients with mild to moderate isolated
bilateral hydronephrosis have a favorable outcome,!®!
close follow-up is necessary since a proportion may show
progression or require surgery."*%! Although there are
limited studies that address frequency of monitoring,”?
we suggest that fetal imaging be repeated every 4-6
weeks depending on severity of hydronephrosis,
gestation and presence of oligohydramnios. Fetuses with
findings suggestive of lower urinary tract obstruction
(bilateral hydroureteronephrosis, dilated bladder and
oligohydramnios) might require even more frequent
monitoring.

Guideline 4: Fetal intervention

a. We suggest that diagnostic and therapeutic
interventions be considered for fetuses with suspected
lower urinary tract obstruction and oligohydramnios
only at specialized centers, following one-to-one
counseling (2A).

b. Termination of pregnancy is not recommended in
fetuses with unilateral or bilateral ANH, except in
presence of extrarenal life threatening abnormality
(1D).

If antenatal ultrasonography shows evidence of
lower urinary tract obstruction (e.g., bilateral
hydroureteronephrosis, dilated bladder, oligohydramnios),
parents should be referred to specialized centers for
counseling regarding prenatal diagnostic and therapeutic
interventions. The predominant cause for lower urinary
tract obstruction is posterior urethral valves in male
fetuses. Fetal vesicocentesis, done on two or more
occasions, allows estimation of urinary electrolytes,
B2 microglobulin, and osmolality that predict renal
maturity and function.%+%! Decreasing levels of sodium

(<100 mEq/1), calcium (<8 mg/dl), osmolarity (<200
mOsm/1), B2 microglobulin (<4 mg/1), and protein (<20
mg/dl) identify fetuses that are likely to benefit from
therapeutic interventions.!”! In fetuses with suspected
lower urinary obstruction and favorable indices, parents
should be counseled regarding the role of vesicoamniotic
shunting or in utero endoscopic ablation of valves. 10686

The benefits of such intervention, usually performed
during mid-second trimester, are equivocal. Meta-analyses
show that prenatal bladder drainage, by vesicoamniotic
shunt, improves perinatal survival in fetuses with severe
obstruction, with benefits chiefly in those with poor
predicted prognosis.”’>’1 There is no evidence that this
intervention improves long term renal outcome or reduces
mortality in fetuses with less severe disease.[657273
Moreover, vesicocentesis and other interventions carry
considerable risk of fetal loss, chorioamnionitis, and
preterm labor. While current evidence is insufficient,
ongoing trials shall provide clarity on the efficacy and
safety of these procedures.!”

Pregnancy in fetuses with unilateral or bilateral ANH
should proceed to term, except if complicated by severe
oligohydramnios or major structural anomalies. Early
delivery is not indicated, and carries risks of prematurity
and low birth weight.

Postnatal Evaluation and Management

Guideline 5: Timing of initial ultrasound

a. We recommend that all newborns with history of ANH
should have postnatal ultrasound examination within
the first week of life (1B).

b. Inneonates with suspected posterior urethral valves,
oligohydramnios or severe bilateral hydronephrosis,
ultrasonography should be performed within 24-48
h of birth (1C).

c. Inall other cases, the ultrasound should be performed
preferably within 3-7 days, or before hospital
discharge (1C).

All newborns with a history of ANH, including
those in whom it had resolved prenatally, should
undergo postnatal evaluation.!!*2° Reports suggest
that hydronephrosis that has resolved postnatally does
not merit prolonged follow-up and has satisfactory
outcome.”>7® In a cohort of 130 infants with ANH
and normal postnatal ultrasound, followed for 2 years
without prophylaxis, the outcome was satisfactory
without progression of hydronephrosis or occurrence of
UTL."® Patients with persistent postnatal hydronephrosis
require additional evaluation, the intensity of which is
determined by the severity of findings."->71% A systematic
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review of 31 studies concluded that the risk of postnatal
pathology was 10.8% in infants with a normal postnatal
ultrasound, compared to 54.7% in those with persisting
hydronephrosis.l'!! In another study, the negative
predictive value of a normal postnatal ultrasound for
UTI was 98.9%.77 Nepple et al., showed that VUR
was twice as likely to resolve in patients with normal
postnatal ultrasound compared with those with abnormal
findings.[”®

It is emphasized that an ultrasound in the first few days
of life underestimates the degree of pelvic dilatation due
to dehydration and a relatively low urine output.[7%
Despite this limitation, an early ultrasound, within
24-48 h of birth, is necessary in neonates with suspected
lower urinary tract obstruction, oligohydramnios and
bilateral severe hydronephrosis or severe hydronephrosis
in a solitary kidney."'% In others, the first ultrasound
examination should ideally be delayed until the end
of first week. Since there is a risk that a proportion of
patients might be lost to follow-up,®!! we propose that
neonates with unilateral or mild to moderate bilateral
hydronephrosis be screened by ultrasonography prior to
hospital discharge.

Guideline 6: Diagnosis and grading of postnatal

hydronephrosis

a. Werecommend that assessment of severity of postnatal
hydronephrosis be based on the classification
proposed by SFU or anteroposterior diameter of the
renal pelvis (1B).

b. We suggest that ultrasonography should include
evaluation for calyceal or ureteric dilation, cortical
cysts and enhanced renal echogenicity, and bladder
wall abnormalities (2D).

Common classifications for diagnosis and grading of
postnatal hydronephrosis are those based on measurement
of renal pelvic APD"828 and that proposed by the SFU.84
The latter assesses renal pelvic fullness, dilatation of major
and minor calyces and cortical thickness [Figure 2]. Neonatal
hydronephrosis is defined as SFU grade > 1 or renal APD >
7 mm. There are limited studies that have compared SFU
and APD based classification systems. A systematic review
concluded that 98% patients with SFU grade 1-2 or APD
<12 mm resolved, compared with 51% with APD >12 mm
or SFU 3-4.12°1 A retrospective review showed correlation
between APD <10 mm in late third trimester and SFU grade
<2 on postnatal ultrasonography.?!

Grading the severity of hydronephrosis enables
identification of infants that require close follow-up.
Multiple studies suggest that mild isolated unilateral
or bilateral hydronephrosis with APD <9-11 mm is a

frequent finding, which is unlikely to be associated with
obstruction and has favorable prognosis.[7:31:63889 In a
systematic review, Paserotti et al., showed that the risk of
postnatal pathology increased progressively from 29.6%
with mild postnatal hydronephrosis to 96.3% in severe
hydronephrosis.''!! Results of a meta-analysis showed
that isolated ANH was five times more likely to stabilize
if associated with SFU grade 1-2 or APD <12 mm than
with SFU grade 3-4 or APD >12 mm."?® In a retrospective
review, Chertin found that SFU grade 3-4 were associated
with high odds for surgery.[*™

Ultrasonography should include evaluation for calyceal
or ureteric dilation, cortical cysts and echogenicity,
bladder wall abnormalities, ureterocele and bladder
emptying.?2! The presence of calyceal and/or ureteric
dilatation has high (87-96%) specificity but low sensitivity
(37-54%) for detecting grade III-V VUR.! Increased
parenchymal echogenicity, loss of corticomedullary
differentiation and presence of cortical cysts on postnatal
ultrasound predict impaired renal function or dysplasia
in patients with pelviureteric obstruction and posterior
urethral valves.+7]

Guideline 7: Postnatal monitoring

a. We recommend that neonates with normal ultrasound
examination in the first week of life should undergo
a repeat study at 4-6 weeks (1C).

b. We recommend that infants with isolated mild
unilateral or bilateral hydronephrosis (APD < 10 mm
or SFU grade 1-2) should be followed by sequential
ultrasound alone, for resolution or progression of
findings (1C).

A single ultrasound in the first week of life might not
detect all abnormalities of the kidneys or urinary tract,
due to low urine flow secondary to dehydration and low
glomerular filtration rate (GFR). An ultrasound at 6 weeks
is more sensitive and specific for obstruction, than that
in the first week of life.®® All newborns with a normal
ultrasound at first week, therefore, require a repeat study
at 4-6 weeks.!' The presence of two normal postnatal
renal ultrasounds excludes presence of significant renal
disease including dilating VUR.[2%%

The frequency of subsequent monitoring in patients with
persistent postnatal hydronephrosis depends on its severity,
and includes evaluation for increasing pelvicalyceal
or ureteric dilatation and cortical thinning. A repeat
ultrasound may show late worsening or recurrence of
hydronephrosis in 1-5% patients.>1%! Since progression
might occur in the first 2-years of life, and occasionally
until 5-6 years,"! follow-up studies are scheduled at 3-6
months, and then 6-12 monthly until resolution.!*%
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Transverse view

Long axis view

Figure 2: Postnatal ultrasounds depicting the different grades of hydronephrosis according to the Society of Fetal Urology classification. Grade 1: Slight
separation of the central renal echo complex. Grade 2: Renal pelvis is further dilated and a single or a few calyces may be visualized. Grade 3: Renal
pelvis is dilated and there are fluid filled calyces throughout the kidney, but renal parenchyma is of normal thickness. Grade 4: As grade 3, but renal

parenchyma over the calyces is thinned

Most patients with mild hydronephrosis (SFU grade 1-2;
renal APD < 10 mm) do not have significant obstruction and
maintain kidney function on the long-term. The intensity
of evaluation for milder grades of hydronephrosis has
therefore declined.[13195] Recent cohorts with unilateral
or bilateral hydronephrosis with APD up to 10 mm!%! or
15 mm*1%7] have been followed successfully, relying on
clinical features, ultrasonography and counseling parents

for surveillance for UTI. Hydronephrosis resolves in most
such patients during the first 2-years of life, and radiologic
investigations or antibiotic prophylaxis is usually not
necessary. The policy to follow these neonates with
sequential ultrasonography to monitor for resolution of
hydronephrosis therefore seems satisfactory.

Various experts propose that infants with renal APD
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exceeding 10 mm or SFU grade 3-4 at onset require close
follow-up.:10:16.108.1091 Eyaluation of the upper and/or
lower urinary tract is limited to these patients and those
showing increasing dilatation of renal pelvis, calyces or
ureter, or thinning of cortical parenchyma.!:93-96

Guideline 8: Micturating cystourethrogram

a. We recommend that a micturating cystourethrogram
(MCU) be performed in patients with unilateral or
bilateral hydronephrosis with renal pelvic APD > 10
mm, SFU grade 3-4 or ureteric dilatation (1B).

b. We recommend that MCU be performed early, within
24-72 h of life, in patients with suspected lower
urinary tract obstruction (1D). In other cases, the
procedure should be done at 4-6 weeks of age.

c. We recommend MCU for infants with antenatally
detected hydronephrosis who develop a urinary tract
infection (1C).

Lower urinary tract obstruction (most commonly posterior
urethral valves in boys; occasionally bilateral ureteroceles)
is an important cause of ANH and requires prompt
management. Ultrasonographic findings of posterior
urethral valves are: (i) bilateral hydroureteronephrosis, (ii)
dilated, thick-walled bladder that fails to empty, and (iii)
dilated posterior urethra. Since these patients are at risk
for progressive kidney disease and recurrent UTI, an early
MCU (within 1-3 days of life) enables prompts intervention.

VUR is present in 8-38% patients with unilateral or
bilateral ANH, as compared with < 1% in the general
population.”:11%1111 While there is increased risk of UTI,
there is lack of evidence that antibiotic prophylaxis
in patients with mild VUR confers clinical benefit.[!%
Multiple studies and a systematic review suggest that
the severity of ANH does not correlate with the grade
of reflux,”-?>11% and that patients with VUR may have
normal postnatal ultrasound.[!’?3931141 However, renal
pelvic APD exceeding 10-11 mm is useful in identifying
patients with severe VUR.[%8:115-116]

We recommend that MCU be restricted to infants with
moderate to severe hydronephrosis (SFU grade 3-4, or
renal APD >10 mm), dilated ureter(s), or bladder or
urethral abnormalities. Although evidence for timing
is lacking, the procedure is performed at 4-6 weeks of
age, unless lower urinary tract obstruction is suspected
(see above). MCU is also required in patients with
history of milder grades of ANH who show worsening
hydronephrosis, progressive parenchymal thinning or
occurrence of UTL.''7) Physicians should be aware that
this investigation is associated with risks of UTI!®! and
exposure to radiation.[!*]

Guideline 9: Diuretic renography

a. We recommend that infants with moderate to severe
unilateral or bilateral hydronephrosis (SFU grade 3-4,
APD >10 mm) who do not show VUR should undergo
diuretic renography (1C).

b. We suggest that infants with hydronephrosis and
dilated ureter(s) and no evidence of VUR undergo
diuretic renography (2C).

c. The preferred radiopharmaceuticals are
*9mTc-mercaptoacetyltriglycine (*°®Tc-MAG3),
29mTc-ethylenedicysteine (°°®"Tc-EC) or
29mTe-diethylenetriaminepentaacetic acid (DTPA)
(2D). The differential function is estimated and
renogram curve inspected for pattern of drainage.

d. We suggest that diuretic renography be performed
after 6-8 weeks of age (2D). The procedure may be
repeated after 3-6 months in infants where ultrasound
shows worsening of pelvicalyceal dilatation (2D).

Pelviureteric junction obstruction should be considered
in infants with hydronephrosis, where dilating VUR
is excluded. The likelihood of detecting obstruction is
considerably higher in patients with SFU grade 4 or
renal APD exceeding 20-30 mm."?>2¢ The possibility
of vesicoureteric junction obstruction or megaureter is
considered in patients with hydronephrosis and dilated
ureter where MCU is normal. Patients with VUR and
worsening hydronephrosis also require evaluation for
pelviureteric junction obstruction, since the two may
coexist in 7-18% patients. 2%

Diuretic renography allows differentiation between
obstructive and non-obstructive hydronephrosis and
estimating relative renal function.™?" Radiopharmaceuticals
such as ?“"technetium mercaptoacetyltriglycine
(**Tc-MAG3) or ethylenedicysteine (°*®Tc-EC) are
preferred, since they show greater renal extraction
and higher kidney to background ratio compared to
diethylenetriaminepentaacetic acid (°**Tc-DTPA).[122124]
However, DTPA is inexpensive and widely available.

Since immaturity of renal function results in reduced
radiotracer uptake, renography is done at 6-8 weeks of
life but may be performed earlier in patients with severe
hydronephrosis and cortical thinning. Textbox 2 lists
guidelines for renography.2:125! Intravenous hydration
and bladder catheterization are not necessary,!2%126.127]
the latter indicated in patients with poor bladder
emptying on late films (neurogenic bladder), severe
bilateral reflux or megaureters. A normal renogram
curve is characterized by an early peak (2-5 min),
rapidly descending phase and almost complete renal
emptying by 20 min. Drainage is influenced by state
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Textbox 2: Renal diuretic scan for patients with
antenatal hydronephrosis
Pre-requisites
Ensure hydration. Oral hydration suffices; administer an additional
feed prior to study
Bladder catheterization
Catheterization is not necessary, except in patients with suspected
bladder abnormality or post micturition films showing persistent
contrast in bladder
Radiopharmaceutical
“mTechnetium mercaptoacetyltriglycine (*"Tc-MAG3)
or ethylenedicysteine (**"Tc-EC) preferred to
diethylenetriaminepentaacetic acid (*"Tc-DTPA)
Dose
9mTc-MAGS: 1.9 MBq per kg body weight (minimum 15 MBq)
9mTc-DTPA: 3.7 MBq per kg body weight (minimum 20 MBq)
9mTe-EC: 50-100 MBq
Lower dose in impaired renal function
Diuretic
Frusemide 1 mg/kg IV
Timing: Simultaneously with radiopharmaceutical (F0); alternatively
given 20 min following (F+20) or 15 min prior (F-15)
Position
Supine first 20 min; erect position if clearance delayed
Acquisition
Differential renal function assessed at 1-2 min after administration
of radiopharmaceutical
Renogram curve inspected at 20 min
Post micturition films taken 50-60 min after tracer injection
Interpretation
A curve that shows an early peak (2-5 min) followed by complete
emptying, either spontaneously, after frusemide, or on late post
micturition film, excludes obstruction
An obstructive pattern is a curve that rises continuously over
20 min or appears as a plateau, despite frusemide and post
micturition

of hydration, and composite and differential kidney
function.™21:1271 The presence of satisfactory drainage
spontaneously, or following IV frusemide and micturition
excludes significant obstruction. An obstructive pattern
is defined by an ascending or plateau phase over 20 min,
that fails to empty following diuretic administration
and on post-micturition views.25127] Differential renal
function is estimated; values between 45% and 55% are
considered normal."?%121 An initial differential function
below 35-40% in the kidney with obstructed drainage
signifies impaired function."*®! Other features that suggest
obstruction include ipsilateral supranormal differential
renal function (>55%)[!3%:132 and prolonged time to clear
50% of the radionuclide (t, ;> 20 min). 133!

Many patients require repeat renography, when change in
differential function and drainage pattern is compared.[3”
The timing of the repeat procedure is not defined, and varies
with patient age, initial renal function and persistence or
worsening of ultrasonographic findings. The tracer used
for the first renogram and timing of diuretic administration
should be similar during serial evaluations.

Guideline 10: Indications for surgery

a. We recommend that infants with lower urinary tract
obstruction be immediately referred to a surgeon for
appropriate intervention (1C).

b. We suggest that surgery be considered in patients
with obstructed hydronephrosis, and either reduced
differential renal function or its worsening on repeat
evaluation (2C).

c. We suggest that surgery be considered in patients
with bilateral hydronephrosis or hydronephrosis in
solitary kidney showing worsening dilatation and
deterioration of function (2D).

Infants with posterior urethral valves require early
urethral catheterization, correction of electrolyte
abnormalities, treatment for possible complications and
referral for surgical intervention.'* Cystoscopic ablation
of the urethral valves is recommended.[!%>13¢]

While most experts suggest that pyeloplasty be considered
in patients showing obstructed drainage and differential
function below 40%,137-13% others propose surgery at
differential function below 35%,14%! or an obstructed
renogram with prolonged t, , > 20 min.!"*!

Conservative management is appropriate for infants
with an obstructive pattern on diuretic renography
and differential function exceeding 40%.1% Serial
ultrasonography is recommended®!#? and repeat
renography done if there is persistent or progressive
hydronephrosis or parenchymal thinning."#3144 A reduction
of differential renal function by more than 5-10%
correlates with declining renal function, and the need for
pyeloplasty.t3%14%1 Other indications for surgery include
presence of pain, palpable renal lump or recurrent febrile
UTL."7 The presence of large APD exceeding 20-30 mm
predicts the need for surgery in 50-55% patients,. [13%-146-148]
Surgery allows preservation of renal function in the
majority; predictors of unsatisfactory outcome include
baseline differential function <30%"#! and renal APD
>50 mm with dilated calyces.!*%

Few reports describe the management of neonates with
bilateral severe hydronephrosis secondary to pelviureteric
junction obstruction. While in unilateral hydronephrosis,
the affected kidney is compared with normal, in bilateral
hydronephrosis the function of both kidneys is potentially
at risk. Careful follow-up with serial ultrasonography
and radionuclide studies for worsening hydronephrosis
and declining differential function and estimated GFR
is recommended. While case series underscore the need
for early intervention, % patients with mild to moderate
hydronephrosis have successfully been managed
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conservatively.[*>!] Most surgeons prefer to operate first
on the kidney that is more severely affected.[1>2153

Guideline 11: Antibiotic prophylaxis

a. We recommend that parents of all infants with
antenatal or postnatal hydronephrosis be counseled
regarding the risk of urinary tract infections and need
for prompt management (1B).

b. We recommend that infants with postnatally
confirmed moderate or severe hydronephrosis (SFU
3-4; renal APD > 10 mm) or dilated ureter receive
antibiotic prophylaxis while awaiting evaluation (1C).

c. Werecommend that all patients detected to have VUR
receive antibiotic prophylaxis through the first year
of life (1B).

Infants with ANH, including where hydronephrosis has
resolved postnatally, have an increased risk of UTL 7154
Walsh et al., retrospectively estimated that the relative
risk of developing pyelonephritis in these infants was
11.8 (95% confidence interval 6.8-20.5).1"3 The rates of
UTI have varied, based on severity of hydronephrosis,
duration of follow-up and antibiotic use. Infections were
reported in 1.6-7.2% infants with ANH administered
antibiotic prophylaxis®8%1*4 and 3.9-10% of those not
receiving prophylaxis.t®7:6398.1541 In patients with isolated
hydronephrosis (postnatal renal pelvic APD 5-15 mm)
followed without prophylaxis, the frequency of UTI was
similar in patients with bilateral (9%) or unilateral (10%)
disease.[®® Parents should be counseled regarding the
increased risk of UTI, and the need for prompt diagnosis
and treatment.

Coelho et al., reported that infants with postnatal renal
pelvic APD of 10 mm or more have significantly increased
risk of infections (relative risk 2.6, 95% confidence
interval 1.2-5.8) compared with those with mild
hydronephrosis.n%! Other studies have confirmed this
finding!®>1155! and suggest that most UTI occur within the
first 6 months of life.[**! While a significant proportion
of infections occur in the context of underlying VUR,
other risk factors include ureteric dilatation*>1>®! and
underlying obstruction.>>!”! In a recent meta-analysis
including 3876 infants, it was demonstrated that neonates
with high grade hydronephrosis receiving antibiotic
prophylaxis have a significantly lower rate of UTT when
compared to untreated neonates (14.6% versus 28.9%;
P <0.01), while the rates of UTI were low for neonates
with low grade hydronephrosis, regardless of status
of antibiotic prophylaxis (2.2% on prophylaxis versus
2.8% without).">® Thus, only 7 patients with high-grade
hydronephrosis are required to be treated with antibiotic
prophylaxis in order to prevent one UTI.

Patients with moderate or severe hydronephrosis and/or
dilated ureter should receive antibiotic prophylaxis while
awaiting investigations. Since the risk of UTI is low
with mild hydronephrosis, antibiotic prophylaxis is not
necessary in these infants.[®63!

The efficacy of antibiotic prophylaxis in preventing
UTI in patients with VUR has been questioned.!>>-161
While awaiting results of further studies, the ISPN
currently recommends that infants with VUR should
receive antibiotic prophylaxis, the duration determined
by the grade of reflux and occurrence of breakthrough
infections.'*? The American Urological Association also
recommends that antibiotic prophylaxis be given to
infants with VUR grade III-V that is identified through
screening.!'% They further suggest that, although
evidence is limited, infants with lower grades of VUR
(grade I-II) may also receive prophylaxis. In view of
difficulties of detecting UTI in infancy and risks of renal
scarring,'%*l we recommend antibiotic prophylaxis for all
infants with VUR detected through screening. Antibiotics
that are preferred include cephalexin (10 mg/kg/d)
during the first 3 months of life, and cotrimoxazole (1-2
mg/kg/d) or nitrofurantoin (1 mg/kg/d) later.

In absence of prospective controlled studies, there
is variability in practice regarding use of antibiotics
in children with moderate to severe obstructive
hydronephrosis.l*4 The rates of UTI were 0-4.3% in
studies on patients with severe hydronephrosis due to
pelviureteric junction obstruction or megaureter, managed
without prophylaxis.[**>1%! Madden et al., showed that
the rates of UTI were similar at 14% and 16% in infants
followed with or without prophylaxis, respectively.[1%
Other studies show that 19-36.2% of patients with
moderate or severe obstructive hydronephrosis have
UTIL.1571%8] Further studies are necessary to determine
the benefit of antibiotic prophylaxis in patients with
obstructive hydronephrosis.

Risk of radiation exposure

Radiocontrast and radionuclide studies are associated
with considerable risk of radiation exposure. The
exposure following these studies is several-fold higher
than a chest radiograph.!*671%1 Recent findings from a
large cohort of patients undergoing repeated CT scans
show that cumulative doses of 50-60 mGy (equivalent to
50-60 mSv of X-ray radiation) were associated with 3-fold
increased risk of leukemia and brain cancer.!'”” Physicians
should be aware of the risks associated with these
investigations [Table 5].[12169.17L172] Repeat radionuclide
and radiocontrast studies should be done only if these
are likely to provide clinically relevant information that
cannot be obtained by ultrasonography. Intravenous
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Antenatal Hydronephrosis

Bilateral severe
hydronephrosis

Unilateral
hydronephrosis

Systemic malformation,
additional soft sign

Ultrasound Serial antenatal ultrasound
in third trimester every 2-6 wk

Refer to
specialized center

Postnatal ultrasound
at 3-7 days

Postnatal ultrasound

Figure 3: Prenatal monitoring in patients with antenatally detected
hydronephrosis. All fetuses with ANH should undergo at least one
ultrasound in third trimester, and its severity is graded according to
renal pelvic anteroposterior diameter [Table 3]. Fetuses with bilateral
hydronephrosis need monitoring through pregnancy, the frequency of
which depends on severity of findings and presence of oligohydramnios.
Those with oligohydramnios or other systemic abnormalities should be
referred to specialized centers. While all newborns with antenatally detected
hydronephrosis should undergo ultrasonography in the first week of
life, those with suspected bladder obstruction should undergo postnatal
ultrasonography within 48 hr of birth

Postnatal ultrasound
Initial scan in first week; repeat at 4-6 weeks

T

No hydronephrosis Mild hydronephrosis Moderate, severe hydronephrosis
SFU grade 0 (without ureteric dilation) SFU grade 3-4; APD >10 mm
APD <7 mm SFU grade 1-2/APD 7-10mm | | iid hydronephrosis with ureteric dilatation

v
Micturating cystourethrography

[No vesicoureteric reflux | [ Vesicoureteric reflux | [ Cower urinary fract
l obstruction
Diuretic renography l

Antibiotic Refer for Surgery
Not obstructed prophylaxis

Ultrasound ¢3-6 months until
resolution®

No intervention*

Monitor by ultrasound until resolution*

Surgery if differential function <40% or declines on follow up |

Figure 4: Postnatal evaluation in patients with antenatal hydronephrosis.
A postnatal ultrasound is recommended at 3-7 days except in suspected
lower urinary tract obstruction, where it is done earlier. Postnatal
hydronephrosis is classified using Society of Fetal Urology grade or
renal pelvic anteroposterior diameter (APD). Infants with normal findings
should undergo a repeat study at 4-6 weeks. Patients with isolated mild
hydronephrosis (unilateral or bilateral) should be followed with sequential
ultrasounds, at 3- and 6-months, followed by 6-12 monthly until resolution;
those with worsening hydronephrosis require closer evaluation. Patients
with higher grades of hydronephrosis or dilated ureter (s) are screened
for underlying obstruction or VUR. Diuretic renography is useful in
detecting pelviureteric junction or vesicoureteric junction obstruction and
determining the need for surgery. *Parents of infants with hydronephrosis
should be counseled regarding the risk of urinary tract infections

urography should not be used as an alternative to
radionuclide scans. Magnetic resonance urography
provides useful information, but is not freely available,
requires sedation, and is associated with risks in patients
with impaired renal function.

Table 5: Dose exposure associated with radiographic
procedures

Investigation Mean dose equivalent, Equivalent
mSv (range) number
of chest
X rays
Chest X-ray (PA film) 0.02 (0.007-0.05) 1
X-ray abdomen 0.7 (0.04-1.1) 35
X-ray lumbar spine 1.5(0.5-1.8) 75
Intravenous urography 3.0 (0.7-3.7) 150
Head CT (adult) 2(0.9-4) 100
Abdominal CT (adult) 8 (3.5-25) 400
MCU (conventional) 0.5-3.2 25-160
MCU (pulsed fluoroscopic) 0.24 (0.1-1.21) 3-15
Radiopharmaceuticals Effective Dose Equivalent
dose equivalent*, number
(mSv/mBq) mSv of chest
X rays
%mTc DTPA (newborn) 0.037 0.36-0.89 18-45
%mTc DTPA (5-year-old) 0.0092 0.50-0.82 25-40
%“mTc MAG3 (newborn) 0.049 0.17-0.41 8-20
%mTc MAG3 (5-year-old) 0.012 0.23-0.38 11-20
%mTc DMSA (newborn) 0.082 0.40-0.98 20-50
%mTc DMSA (5-year-old) 0.020 0.54-0.90 27-45

mSv: Millisieverts, PA: Posteroanterior, CT: Computed tomography,

MCU: Micturating cystourethrogram, DTPA: Diethylenetriaminepentaacetic
acid, DMSA Dimercaptosuccinic acid, MAG3 mercaptoacetyltriglycine,

99MT¢ technetium 99m, *Vary according to the activity schedule (surface area
or body weight) used. Radiation dose is measured as ionizing energy absorbed
per unit of mass, where 1 Gray (Gy)=1 joule per kilogram. The biological effect
of irradiation is expressed as an equivalent dose in sieverts (Sv) or millisieverts
(mSv), such that, for X-ray radiation, 1 mSv=1 mGy

Conclusions

Figures 3 and 4 summarize the guidelines for management
of patients with ANH. While a significant proportion
have transient hydronephrosis that resolves in utero or
postnatally, neonates with persistent hydronephrosis
require follow-up. All neonates with hydronephrosis
should undergo urinalysis, measurement of blood
pressure, and estimation of serum creatinine. Infants
with moderate to severe hydronephrosis are screened for
urinary tract obstruction or VUR. The initial evaluation
aims to detect patients with bladder obstruction, which
requires prompt intervention. Decisions regarding
surgical intervention, in other patients with obstructive
hydronephrosis, depend on a combination of clinical
and laboratory features, and results of sequential
ultrasonography and diuretic renography.
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