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ntenatally Detected Hydronephrosis
my Piepsz, MD, PhD

The strategy of management of children with hydronephrosis has considerably changed as
a result of the development of ultrasound techniques, allowing a prenatal detection.
Hydronephrosis is defined as a dilation of the renal collecting system, and several entirely
different clinical entities can be considered this general heading, whereas early detection
may have a different impact depending on the entity considered. The present work aims to
describe a certain number of these clinical entities, to discuss the strategic options of
management that are proposed, and to evaluate the role of medical imaging, in particular
the radionuclide approach. Congenital ureteropelvic junction anomaly, vesicoureteral re-
flux, posterior urethral valves, and duplex kidney will be successively considered. Multi-
cystic dysplastic kidney disease, although not classified as hydronephrosis, will be men-
tioned because it may be mistaken for hydronephrosis.
Semin Nucl Med 37:249-260 © 2007 Elsevier Inc. All rights reserved.
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he strategy of management of children with hydrone-
phrosis has considerably changed as a result of the de-

elopment of ultrasound techniques, allowing a prenatal de-
ection. Hydronephrosis is defined as a dilation of the renal
ollecting system, and several entirely different clinical enti-
ies, such as posterior urethral valves, megaureter, vesi-
oureteral reflux (VUR), or pelviureteric junction stenosis
an be considered under this general heading. Fetal pelvic
ilation is a frequent abnormality that has been observed in
% to 5% of pregnancies.1-4

Early detection may have a different impact depending on
he entity considered. Although in the times before ultra-
ound time, sepsis and renal failure were the usual signs,
llowing a diagnosis of posterior urethral valves to come too
ate, the relief of obstruction in the very first days of life has
ow considerably improved the functional prognosis.
Being able to detect major VUR before the appearance of

ny clinical symptom suggestive of infection has led the cli-
icians to change their views about the pathogenesis of renal

esions associated to reflux. The concept of first urinary tract
nfection in the early months of life resulting in extensive
rreversible lesions—the big bang theory5—has lost some
redit in favor of congenital structural abnormalities. More-
ver, the functional outcome of dilated reflux in adulthood
robably essentially depends on the initial level of function,
hich can now be accurately evaluated in the very early
eeks of life. Indeed, it has been shown that as many as 56%
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f children having at entry a reflux associated with low glo-
erular filtration rate (GFR) values will develop end-stage

enal disease by 20 years of age.6

In another clinical entity, the pelviureteric junction steno-
is, much debate has resulted from the antenatal detection. It
s clear that the clinician has the possibility of organizing,
rom the beginning on, a close follow-up of both the anatom-
cal aspects and the functional evaluation. If the clinician has
hosen a conservative nonsurgical approach, he or she is now
ble to react rapidly in case of unfavorable evolution and
perate. The drawback of the antenatal detection of this ab-
ormality, discovered in entirely asymptomatic children, has

ed to a non-negligeable number of examinations and/or to
arly surgical interventions which, in a certain number of
ases, might have been unnecessary.

The present work is aimed at describing a certain number
f clinical entities grouped under the general heading of an-
enatally detected hydronephrosis, discussing the strategic
ptions of management that are proposed, and evaluating the
ole of medical imaging, in particular the radionuclide ap-
roach. Congenital ureteropelvic junction anomaly, VUR,
osterior urethral valves, and duplex kidney will be succes-
ively considered. Multicystic dysplastic kidney disease, al-
hough not classified as hydronephrosis, will be mentioned
ecause it may be mistaken for hydronephrosis.

echniques
ltrasound
ntenatal Ultrasound
he introduction of routine fetal ultrasonographic examina-
ion has increased the detection rate of fetal anomalies,
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250 A. Piepsz
hereas the technical developments of ultrasound (US)
quipment have improved the diagnostic accuracy. This has
ed to the discovery of many fetal anomalies, and among
hem, upper renal tract dilation represents one of the largest
roups amenable to neonatal management.7 Fetal renal pelvis
ilation can be an early sonographic sign of fetal hydrone-
hrosis,8 or a marker of other abnormalities such as renal
uplication or VUR, which can, however, not be easily iden-
ified with US during pregnancy.9 Therefore, the patient is
ow presenting to the urologist or pediatric nephrologist
efore the baby is even born, with a presumptive diagnosis
ather than with a symptom.

The majority of authors use the anteroposterior (AP) renal
elvis diameter system for classification of fetal renal pelvis
ilation. An upper limit of 7 mm for the AP diameter in the
hird trimester of gestation has been convincingly validated
s a predictor of renal pathology.1,10 The Society for Fetal
rology system8 has another classification based on caliceal
ilation rather than renal pelvic dilation, but it is deemed to
e less reliable.11

ostnatal Ultrasound
S is the first examination to perform after birth and deter-
ines usually the need for further investigations.12-14 In in-

ants with fetal renal pelvis dilation, the presence of persistent
rinary tract dilation after birth seems to be the most impor-
ant landmark; an AP diameter of 7 mm is the most widely
ccepted upper limit of normal in the literature.15 When
resent, this sonographic abnormality predicts underlying
enal tract pathology in 73% of cases. In contrast, a normal-
ppearing urinary tract on neonatal US examinations has
een related to significant uropathies in only 3% of cases
low-grade primary VUR).16

ntravenous Urography
ntravenous urography has a limited role today in evaluating
eonates and infants.

agnetic Resonance
ompared with intravenous pyelography, magnetic reso-
ance imaging (MRI) has gained progressive acceptance for
he evaluation of the urinary tract in children and the spec-
rum of applications increases steadily.17,18 MRI is more likely
o display very dilated and poorly functioning systems. Com-
ared with US, the coronal images provided by MRI seem to
e particularly helpful. MRI is promising in the estimation of
unctional parameters such as split renal function and excre-
ion, but it still requires technical consensus and extensive
valuation before compete with the isotopic studies.19-21 Lim-
tations of MRI are mainly related to the need of sedation in
nfants and to the accessibility of the equipment.

ystography
icturating cystourethrography (MCUG) remains the gold-

tandard examination for imaging the bladder and the ure-
hra and detecting VUR. It requires catheterization and the
njection of a contrast agent involving ionizing radiation and

arrying a risk of postprocedure urinary tract infection. VUR m
n association with renal pelvis dilation may put the kidney at
isk for pyelonephritic scarring.22 Actually, most recent re-
orts recommend avoiding routine MCUG in patients with
ntenatally diagnosed renal pelvis dilation that have normal
ppearing kidneys on neonatal US examinations23-25 Further-
ore, pediatric nephrologists and urologists are increasing
arental awareness of symptoms of urinary tract infection
nd this could result in prompt self referral of “missed”
ases.25

uclear Medicine Techniques
9mTc Dimercaptosuccinic Acid Scintigraphy
his technique aims to provide visualization of the renal cor-

ex and to detect regional or diffuse impairment, related
ainly to acute pyelonephritis or late sequelae. The details

oncerning the technique itself have been extensively de-
cribed26-28 and several guidelines are now available.29,30

owever, because this review is devoted to antenatal hydro-
ephrosis, some technical points should be raised. The renal
ptake of the tracer, in the very early days of life, is low, and
he acquisition time for obtaining images can be long, with
he risk of getting poor-quality images because of the infant
oving or crying. Because of the small size of the child, zoom

mages are mandatory, with the drawback of increasing the
cquisition time once again. In hydronephrosis, there might
e accumulation of tracer within the collecting system, which
ay be difficult to distinguish from true tubular cell uptake

Fig. 1) and may result in an overestimation of the function of
he hydronephrotic kidney.31 However, the technique can be
seful in these antenatally detected children who are, in most
ases, asymptomatic. Any lesion detected will by definition
e considered as congenital and not related to early infec-
ion.32,33 According to Nguyen and coworkers,33 parenchy-
al defects detected by dimercaptosuccinic acid (DMSA)

cintigraphy often were not identified with renal US.

9mTc MAG3 Renography
uch has been written about the renographic technique,
hich in children has specific characteristics and pitfalls. We

efer to recent overviews on that matter.24,34-39 Let me simply
ummarize here some of these particular points. In infants up
o 6 months of age, physicians should give preference to
racers with high extraction rates, such as 99mTc MAG3 or 123
ippuran. Split function with 99mTc DTPA is not precise in
his age group. The child should be adequately hydrated, but
he need for intravenous fluids is considered unnecessary in
he majority of patients. Similarly, placing a bladder catheter
s an invasive procedure that should be avoided because
pontaneous voiding is the rule in almost all patients having
ndergone a diuretic renogram. A late gravity assisted and
ostmicturition image, properly scaled, is then necessary at
0 to 60 min after tracer injection (Fig. 2). Physicians should
efer to the pediatric guidelines40 for the technical part in-
luding preparation of patient, immobilization, procedure of
ntravenous injection, position on gamma camera, and zoom
t acquisition, adapted to the size of the child. Furosemide
njection together with the tracer (F0) has become more and
ore popular, thus reducing the gamma camera time and the
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Antenatally detected hydronephrosis 251
umber of venipunctures. As far as the final result on drain-
ge is concerned, this technique offers no additional advan-
age compared with the classical F � 20 test.41 However, in
ase of known hydronephrosis, there is no need for a basic
enogram because in almost all cases the diuretic will be
ecessary.
An important pitfall in case of F0 renogram is the shorten-

ng of transit and a time to the maximum of the renogram
Tmax), which may be less than 2 min. The time interval
vailable for calculation of split function should then be
dapted.42 Calculation of split function can be obtained using
ither the integral method and the Patlak-Rutland method.
dentical results obtained with both methods represent a
ood quality control. In young infants with an immature
unction, important divergences between both methods can
e observed,43 often because of the uncertainties in determin-

ng the Patlak fit (Fig. 3). Despite its theoretical advantage of
better correction of the vascular part of the background, the
reference should probably be given, for those immature

Figure 1 A 6-week-old boy with posterior urethral valve, c
In the upper panel, for the evaluation of split function, a D
was chosen because of the patient’s young age, imma
percentage relative function left is 60%, but the precise
lower panel, MAG3 scintigraphy was performed a few w
from the DMSA image, with a relative left function of 7
ephrosis, explaining the misleading DMSA image, sum
system.
idneys, to the integral method because of better counting t
tatistics. Estimation of renal transit on both basic renogram
nd F0 renogram can easily be obtained by means of Tmax,
hich will discriminate in most of the cases between normal,
oderately altered, or extremely altered (continuous ascend-

ng curve) transit.
The deconvolution technique has a theoretical advantage

o allow a more objective assessment of renal transit. The
ractical drawbacks of the deconvolution method have been
reviously underlined28,38 and offer no special advantage for
oth the whole kidney and the cortical transit time. More-
ver, defining the cortical area in young infants is particularly
azardous, and there is no single report in the literature dem-
nstrating the advantage of the technique in the strategy of
ydronephrosis. Output efficiency and normalized residual
ctivity are probably the best quantitative parameters of tran-
it, being more independent of the renal input.44-48 They can
e calculated at the end of the basic or the F0 renogram, at the
nd of a F � 20 test and on the late postmicturition image,
he latter representing the best drainage available. The T1/2 of

omy, bilateral grade IV reflux, altered plasma creatinine.
scintigraphy (performed 4 h after injection of the tracer)
nal function, and altered overall renal function. The
rs of the kidneys are rather difficult to estimate. In the
er. The early 1 to 2 minute image looks clearly different
he late MAG3 images reveal the huge hydro-ureteron-
p true tubular uptake and retention in the collecting
ystost
MSA

ture re
contou
eeks lat
0%. T
ming u
he furosemide curve is traditionally used to estimate the



r
i
c
b
o
o
w
a
s
t
m
a
t

P
T
2
t
c
t
C

b
m
r
a
d
m
n
o
u
i
a
f
m
t
o
n
(

R
D

obviou

252 A. Piepsz
esponse to the diuretic. In case of nonequivocal steep slope,
t excludes any significant problem of drainage. In the other
ases, this parameter is not recommended,40 in particular
ecause the late post erect and postmicturition views will
ften change completely the interpretation of the test. More-
ver, it is remarkable that T1/2 is now applied to F0 test
ithout changing the criteria of interpretation as defined on
F � 20 test. Finally, the main pitfall of the renogram is the

ignificance of a poor drainage. The furosemide test is aimed
o separate the “lazy” collecting systems from the real impair-
ent of urinary flow. Unfortunately, the “reservoir” effect of
dilated cavity may result in a poor drainage, even if the flow

hrough a narrowed junction is rather acceptable.

lasma Sample Clearance
he GFR can now be accurately determined using simplified
- or 1-blood sample plasma clearance methods. Minor con-
roversies related to the technical aspects of these methods
oncern principally some correction factors, the quality con-
rol, the normal values in children.49-57 Normal values for

Figure 2 A 1-year-old boy with left hydronephrosis. MA
semide (F0 test), followed by a late postmicturition ima
scaled on its own maximum, giving the false impress
compared with the 19- to 20-min renogram image. (B) A
postmicturition image. Good left renal drainage is now
r-EDTA clearance have been recently revised and can now M
e expressed as percentile values for all ages between 1
onth and 15 years.58 However, the main problem is the

eluctance of the clinician to apply these methods, despite the
ccuracy and precision, which are greater than with the tra-
itional chemical methods. The easiest and probably the
ost accurate method to determine the absolute single kid-
ey GFR is to combine the split function obtained by means
f MAG3 renogram and the measurement of overall GFR
sing plasma samples.28 Changes in split function values dur-

ng follow-up should be taken with caution, a decrease on the
bnormal side might indeed be the result of an increase of
unctional compensation on the contralateral side, to a nor-
al maturation on that side while no maturation occurs on

he abnormal side, or to a real decrease of the absolute value
n the abnormal side. Determination of absolute single kid-
ey allows to discriminate between these three conditions
Fig. 4).

adioisotopic Cystography
irect RN cystography is based on the same principle as

nography was performed under the injection of furo-
after tracer injection. (A) The postmicturition image is
an almost absence of renal drainage on the left side,
tical window was selected for all images, including the
s.
G3 re
ge, 1 h
ion of
n iden
CUG, and its invasiveness is identical. The bladder is pro-
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Antenatally detected hydronephrosis 253
ressively filled through a bladder catheter and both the fill-
ng phase and the voiding phase are entirely recorded.59 The
ensitivity in detecting reflux is therefore greater than with
CUG. However, the urologist, being familiar with the ra-

iological grading system and the capacity to distinguish di-
ated from nondilated systems, will generally give the prefer-
nce, at least at entry, to the radiological MCUG. Any further
ontrol of a known reflux should theoretically occur by
eans of direct radionuclide technique.
Indirect cystography at the end of a 99mTc MAG3 renogram is

ot feasible in patients younger than 3 years of age. However, it
s not rare that a reflux episode can be detected in infants during
he renogram, either because of a full bladder, or as a conse-

Figure 3 A 2-month-old girl with left hydronephrosis and a
the Rutland-Patlak fit (3 successive determinations of the fi
the Rutland-Patlak plot, whereas the straight lines represen
the fit represents the relative uptake. On the side of the rig
is only one adequate way to determine the fit (identical on t
left kidney (left panel), the plot is very irregular and there is
panel, the fit has been determined strictly on the points betw
fit has been determined on a larger number of points, thus
the fit has been determined, the split function varies betwe
when the entire processing of fitting is visually available fo
child with an immature function and an altered left renal f
uence of a spontaneous micturition. Such a detection may t
pare this young child the aggressive direct cystography, which
ften is planned during conservative follow-up of antenatally
etected hydronephrosis. A sudden increase of activity in the

ate phase of the renogram is indicative of reflux. However,
mages should be carefully checked to exclude any movement
rtifact which could give rise to the same curve pattern.

linical Entities
nd Medical Imaging
ulticystic Dysplastic Kidney Disease

istinguishing hydronephrosis from multicystic dysplas-

eft renal function. Estimation of split function by means of
e same study). The irregular line on each graph represents
st possible fit on the early points of the study. The slope of
ey (right panel), the plot is regularly ascending, and there
aphs of the right panel). On the contrary, on the side of the
ainty about the way to determine the fit. On the left upper
and 2 min after tracer injection. On the 2 lower panels, the
ng better the spread of the Patlak plot. Depending on how

and 32%. This uncertainty (which can only be assessed
server) is related to the poor statistics of the fit in a young
.

ltered l
t on th
t the be
ht kidn
he 3 gr
uncert
een 1

reflecti
en 23%

r the ob
ic kidney disease (MCDK) is essential because the ap-
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254 A. Piepsz
roach of therapy and indications for surgery differ in
ach. Typical MCDK consists of multiple variably sized
ysts in a “bunch-of-grapes” type of cluster, with very little
troma, loss of reniform configuration, and an absence of a
aliceal collecting system. The renal artery and vein usu-
lly are hypoplastic or absent. The ureter may be absent
ut is usually atretic.60 The etiology remains unclear.
any investigators have proposed that obstruction is the

rimary factor involved in the development of dysplasia.61

owever, MCDK secondary to obstruction could not be
imulated in an animal model. Another theory that pre-
ominates is the failure of ureteral bud-metanephros in-
eraction.62 The incidence of MCDK is high, between 1 in
,100 and 1 in 4,300.63 It is one of the most common
auses of abdominal mass in infants. The diagnosis may be
ade as early as 15 weeks of gestation and bilateral cases
ave been reported with a frequency as high as 19% to
4%. Segmental MCKD may appear in horseshoe kidney
nd in single moieties of kidneys with duplicated collect-
ng systems. In 20% to 43% of unilateral MCDKs, con-
ralateral upper or lower urinary tract abnormalities are
ncountered,64 with the most common being contralateral
UR, occurring in 15% to 28% of cases. Contralateral

Figure 4 A 6-month-old boy with right pelviureteric junc
study. (B) Renogram curves. (C) split function (in %)
overall 51Cr-EDTA clearance and 99mTc MAG3 split fun
reveal a much greater function on the right side, sugge
absolute single kidney function changes the interpretati
normal left side. A subsequent control of the ultrasoun
kidney. On the right side, the absolute function is norm
reteropelvic junction stenosis is found in 3% to 12% of k
atients. Confusion between MCDK and hydronephrosis
s essentially in cases with a single predominant cyst. The
atural history of MCDK reveals no association with uri-
ary tract infection. The association with hypertension is
uestionable in most of the cases. Although in a review of
he literature,65 multiple reports of malignancy arising in

CDKs were found to exist, one may question whether
here is truly an increased risk above that of the normal
opulation. As far as treatment is concerned, the high
rade of spontaneous regression of the disease and the low
ate of complications support the conservative manage-
ent of MDCK. However, the patient’s family should be

nformed of the life-long need for regular follow-up.

maging Procedures
ltrasound. Antenatal routine sonography can make the
iagnosis at a mean gestational age of 28 weeks, depend-

ng on severity. The US pattern is characteristic: multiple
oncommunicating cysts of varying size and nonmedial

ocation of the largest cyst, in addition to the absence of
ormal renal parenchyma. The use of US can help the
linician to evaluate the morphology of the contralateral

nosis. (A) Summary of images obtained during a MAG3
solute single kidney function obtained by combining
(mL/min/1.73 m2). Images, curves, and split function
upranormal function in a hydronephrotic kidney. The
he renogram: there is a low function on the apparently
ges confirmed the presence of an abnormal small left
age.
tion ste
and ab
ction

sting s
on of t
d ima
idney and rule out most of the possibly associated anom-
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Antenatally detected hydronephrosis 255
lies.66 Postnatal US may be required to differentiate
CDK from hydronephrosis.

9mTc DMSA Scintigraphy or 99mTc MAG3 Renogra-
hy. Suspicious sonographic findings should be correlated
ith renal scintigraphy findings of an absence of renal func-

ion. On the contrary, the presence of a peripheral ring of
ctivity will suggest the diagnosis of hydronephrosis. MAG3
enography provides the additional information regarding
mpaired drainage. On occasion, renal scintigraphy (either
MSA scintigraphy or MAG3 renogram) may demonstrate a

unctional segment associated with a MCDK in a duplicated
ystem.67 The determination of overall GFR by means of
lood sampling, combined with the scintigraphic study, may
rovide useful information about the contralateral kidney
nd the functional compensation one may expect in case of a
nique normal functioning kidney.68

ystography. Complete evaluation of MCDK also includes
CUG. The reason for that is that “early detection of con-

ralateral VUR is vital to prevent pyelonephritic scarring and
eterioration of renal function in the only functioning renal
nit.”69 Is this reasonable, taking into account the very low
ate of infection occurring in patients with MCKD? Further-
ore, the majority of those cases of contralateral VUR are low

rade with a high rate of spontaneous resolution at 2 years.70

t should be noted that, according to the Multicystic Kidney
egistry, only 15% of the total patients had undergone void-

ng cystourethrography.71

osterior Urethral Valves
ongenital urethral obstruction (posterior urethral values;
UVs) creates a spectrum disease. The timing and degree of
he urethral obstruction as well as the associated anatomy of
he upper tracts are responsible for the range of abnormalities
ound in valve patients. The degree of urethral obstruction is
ariable with the anteroposterior diameter of the urethral
umen, at the level of the valves, measuring from 3 mm to
reater than 1 cm. In the second trimester of fetal life, the
ost common cause of lower urinary tract obstruction in

oys is posterior urethral valves, which are tissue leaflets
anning distally from the prostatic urethra to the external
rinary sphincter. The failure of the bladder to empty during
n extended examination, the presence of abnormal kidneys
nd oligohydramnios must raise the suspicion of posterior
rethral valves.
With fetal bladder outlet obstruction by PUV, high intra-

esical pressures develop and are transmitted to the upper
racts, resulting in ureteral dilation and vesico-ureteral reflux,
rinary stasis, parenchymal compression and damage of re-
al parenchyma that may be primarily abnormal. Those fe-
uses with the most high-grade obstruction often do not sur-
ive in utero. Historically, severe PUVs that remained
ndetected after birth resulted in urinary sepsis, renal failure
nd death in infancy.72 It is therefore clear that ablation of the
rethral obstruction should be performed in the first days of
ife. p
maging
ltrasound. Prenatal pelvic dilation with or without dilated

alices suggests significant pathology. The fetal renal paren-
hyma should be evaluated for thickness and echogenicity,
lthough the findings are not specific. Enlarged fetal bladder
nd thickened bladder wall may be observed in PUV, but
heir diagnostic reliability is questionable. In extreme cases,
n utero rupture has been observed with extravasation of
rine and urinary ascitis. Oligohydramnios is an interesting
ign but is present in only half of the patients in whom PUV
s suspected.

In the postnatal period, all newborn males with a signifi-
ant prenatal hydronephrosis should be evaluated before one
eek of age for possible urethral obstruction. The more se-
ere cases of obstruction will typically show hydroureteron-
phrosis and bladder distension.

ystography. MCUG remains the “gold standard” of PUVs.
n oblique view of the urethra in the voiding phase will show

he elongated and dilated prostatic urethra. The bladder may
ppear trabeculated and high grade reflux is often
emonstrated.

9mTc MAG3 Renography. Renography is not part of the
nitial diagnostic strategy. After the initial newborn period
nd successful bladder drainage, either by valve incision or
esicostomy, long-term urologic care is needed. The role of
enography will be to estimate the relative function of each
idney and the quality of renal drainage some weeks after
arly surgery. Renal deterioration secondary to progressive
ladder dysfunction requires follow-up care, since approxi-
ately one third of patient’s progress to renal insufficiency in

heir lifetimes. Both kidneys can be unequally affected, and
he important changes of split function that can occur during
ollow-up will only be correctly understood by repeating ab-
olute single kidney function measurements, combining split
unction and overall GFR estimation.28

esicoureteral Reflux
UR is the retrograde flow of bladder urine into the upper

racts. We refer for a detailed description of the ureterovesical
unction, pathogenesis of VUR and experimental studies to
odley’s review.73 In clinical practice, VUR describes a com-
on primary disorder of childhood associated with urinary

ract infection and renal scarring, traditionally called “reflux
ephropathy.” The reflux-associated nephropathy can be ac-
uired from reflux of infected bladder urine, or it can be
ongenital. One can distinguish mild forms of VUR with
ormal or mildly dilated ureters and severe VUR into dilated
pper tracts. An abnormal ureterovesical junction may arise
rom maldevelopment or delayed maturity, resulting in so-
alled primary reflux, or it may be distorted by changes in the
ladder wall secondary to other pathology, the so-called sec-
ndary reflux. The distinction has relevance in that there may
e contributing pathology, anatomical abnormalities, that
eed to be identified or treated.
For example, neurogenic bladder and elevated intravesical
ressure may play a major role in the etiology of reflux.
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256 A. Piepsz
ransient infravesical obstruction during fetal development
as been cited to account in part for the predominance of
oys with VUR identified after prenatal hydronephrosis,
ome of whom have urological features reminiscent of poste-
ior urethral valves, such as thickened bladder wall.74 Al-
hough the reflux event most usually disappears during
rowth, the disorder is of clinical concern because of the
orbidity from ascending urinary infection and the risk of
ypertension and progressive functional deterioration of the
idney. It has been shown75,76 that there is a strong associa-
ion between the severity of reflux and the frequency of pye-
onephritis episodes as well as the frequency and extension of
he renal scarring (Fig. 5). However, it is unclear what the
ausal relationships are among VUR, urinary infection, and
he associated nephropathy. Most clinical studies have con-
erned older children with acquired renal scarring, and it is
ow clear that the contribution of congenital nephropathy in
ssociation with VUR has been largely underestimated.

The antenatally detected VUR is by definition asymptom-
tic. Thus, any kind of associated nephropathy detected at
his stage is necessarily congenital, corresponds to some kind
f maldevelopment, and is not related to urinary tract infec-
ion. In young infants, abnormal lower urinary tract function
ften coexists with VUR without any identified neurogenic or
ther causal pathology. The spontaneous resolution of VUR
uring childhood accounts for its greater prevalence among
eonates compared with older children.78 In a screening
tudy of 2,384 healthy normal neonates, VUR was diagnosed
rom MCUG with a prevalence rate of 1.26% after postnatal
rinary tract dilation was detected with US. The indications
or MCUG were moderate or severe hydronephrosis or per-
istent mild hydronephrosis.79 Nevertheless, reflux is the
ause of fetal renal pelvis dilation in 11%16 to 30%80 of cases.
ome authors have made a case for performing MCUG in all
nfants presenting with antenatally detected renal pelvis di-
ation, irrespective of the degree of renal collecting system
ilation on postnatal US.81,82 Nevertheless, a more recent
rospective study demonstrated that a normal-appearing uri-
ary tract on 2 successive postnatal US (5 and 30 days) rarely
oexists with abnormal findings at MCUG.83

The opinion that routine MCUG is not justified seems to be

igure 5 Grade of VUR in relation to extent of renal damage (dis-
rete, mild, moderate, severe) assessed by DMSA scintigraphy. (Re-
rinted with permission from Taylor and Francis.77)
hared by more and more authors.84,85 Furthermore, current l
vidence suggests that only patients with grade IV to V dis-
ase are at high risk of serious adverse outcome and delayed
esolution.25 In contradiction with a widely held belief,86

UR in infants with antenatally diagnosed renal pelvis dila-
ion was found, in a large and prospective study, to be of low
rade in 74% of cases, with a 91% of 2-year spontaneous
esolution.83 US abnormalities were found in 100% of major
eflux and in 79% of lower grade reflux. Dysplasia was the
nly specific US finding in case of major reflux and was
ssociated with low split function. Other US findings were
ot predictive for alteration of split function but, as men-
ioned previously, repeated normal US practically excludes
he presence of severe reflux. MCUG could therefore be lim-
ted to those cases with abnormal US, whereas a more precise
etermination of single kidney function by means of radio-

sotopes would be indicated in cases with major reflux. Fol-
ow-up of single kidney function is particularly indicated in
hose cases with renal dysplasia detected on US, since matu-
ation of function is generally absent.

elviureteric Junction Stenosis
elviureteric junction stenosis occurs in 13% of children with
ntenatally diagnosed renal pelvis dilation16 and is character-
zed by obstruction at the level of the junction between the
enal pelvis and the ureter. The anatomical basis for obstruc-
ion includes intrinsic stenosis/valves or crossing vessels.87

Sonographic diagnosis depends on the demonstration of a
ilated renal pelvis in the absence of any dilation of ureter or
ladder. It should particularly be suspected when moderate
10-15 mm) or severe (�15 mm) dilation is seen in these
ircumstances.88 Prognosis may be poor in bilateral cases
ssociated with oligohydramnios. Postnatal management of
hese children still remains a controversial topic among the
ephrourologic community.89

Expectancy and close follow-up90 have progressively
ained wide acceptance, although the surgical attitude, either
ystematic within the first months of life, or on the basis of
ariable morphological or functional parameters, is still the
resent attitude for many clinicians.91 The degree of hydro-
ephrosis in postnatal period is undoubtedly important to
valuate. Indeed, spontaneous resolution takes place in ap-
roximately 50% of the cases with mild hydronephrosis,
hereas spontaneous resolution is much less frequent in case
f more pronounced hydronephrosis.92 Consequently, no in-
ervention seems to be required in the majority of cases.
owever, in a recent review of the literature,36 it was estab-

ished that 0% to 51% of the cases were operated at study
ntry or at the first evaluation. Approximately 25% under-
ent surgery after a period of observation, without consis-

ency in the criteria of treatment. Decreased split function at
nitial assessment is often used as an absolute indication for
urgery, but this has been questioned in a prospective con-
ervative follow-up.90 Moreover, the overall impression is
hat improvement does not occur when surgery is performed
ecause of initial decreased function. A hydronephrotic kid-
ey with a split function less than 40% may have developed
ike this in utero and no surgical intervention can be expected
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o produce a normal kidney. It remains also unclear whether
he chance of postoperative functional restitution is greater in
he younger age compared with later intervention. The time
nterval between functional deterioration and surgical inter-
ention is generally lacking and might be more important
han age at surgery for the functional outcome39

Can diuretic renography helps in the decision for surgery?
e have already underlined the pitfalls in performing the

est, such as the lack of posterect and postmicturition views.
owever, even if the test is correctly performed, there is no

traight relation between the degree of emptying and the
ndication of surgery, since poor or no emptying can reflect
lmost exclusively a dilated reservoir. Entities such as dilated
UR, obviously not related to obstruction, may reveal a sim-

lar degree of dilation. One can probably reasonably exclude
n obstructive phenomenon in case of good response. Ab-
ence of significant drainage can only be described and quan-
ified and should not be interpreted as representing true ob-
truction. The often observed improvement of drainage after
urgery90,93 is not surprising because, during pyeloplasty,
art of the reservoir has been taken off.
Can we then define obstruction in those patients with ure-

eropelvic stenosis? Stratifying those patients in 2 categories,
he obstructed ones and the nonobstructed ones, is undoubt-
dly too simplistic. Some degree of partial obstruction exists
n all cases but lies in a continuum between slight and much

ore pronounced narrowing of the junction. The main ques-
ion is probably whether or not one can predict deterioration
f function and anatomy at initial evaluation. There are un-
ortunately no solid data demonstrating that the size of the
enal cavity, the initial differential renal function, the level of
elvic pressure, or the response to furosemide can elucidate
he patients who are at risk for deterioration.34 Collecting
ystems with poor compliance and elasticity have been sug-
ested as a risk factor. In case of a moderately dilated pyelum
ith rigid surfaces, the elevated pressure might be directly

ransmitted upwards, resulting in deterioration of renal func-
ion.94 Numerous experimental studies based on animal
odels have been performed to simulate the clinical model of

ntenatally detected ureteropelvic junction stenosis. Cheva-
ier and coworkers95,96 have demonstrated renal atrophy and
poptosis as a consequence of obstruction. The models they
ave created are close to total or subtotal obstruction and do
ot represent what is observed in children. They should
herefore not lead, as suggested by these authors, to a return
o a more systematic surgical approach, as it was the rule
hirty years ago, even in the first months of life. Using the Ulm
nd Miller’s model to create partial obstruction, Josephson
as shown97 long term preservation of renal function and
natomy despite the created obstruction. But again, this
odel might not necessarily mimic the congenital hydrone-
hrosis observed in children.
Biomarkers such as TGF beta-1, monocyte chemoattrac-

ant protein-1, epidermal growth factor, and other cytokins
ave been suggested as potential surrogate endpoints for
easuring the severity of obstruction, the evolution of renal
aldevelopment and injury and the response to medical or
urgical intervention.98 Unfortunately, the present account w
n the different cytokins is too fragmentary to allow to dis-
inguish fancies from sensible facts. Data are lacking concern-
ng an eventual relation between presence of these substances
nd deterioration of renal function. The only evidence pro-
ided is concentration changes of these substances in exper-
mental models, suggesting some relation with the grade of
hronic interstitial nephropathy.99

In summary, ultrasound performed at day 4 and 30 post-
atally will define the grade of hydronephrosis. Once VUR
nd dilated ureter are excluded, pelviureteric junction steno-
is becomes the most probable diagnosis. A MAG3 reno-
raphic study when the patient is approximately 1 month of
ge is indicated in case of significant hydronephrosis and will
stimate the level of renal function and the quality of drain-
ge. In well-selected cases, the use of MRI may offer addi-
ional morphological information, such as the presence of
uge dilation of calices contrasting with a rather noncompli-
nt pelvis, which may constitute an additional factor of risk.
n the absence of predictive factors of further deterioration, a
onservative approach seems reasonable at the price of close
ollow-up. It has indeed been shown that surgery, performed
oon after sudden decrease of function, will result in restora-
ion of function. On the contrary, loss of function will be
rreversible if the acute total or subtotal obstruction compli-
ating the partial chronic obstruction is not rapidly re-
ieved.90

Ultrasound is certainly the instrument of choice to detect
ny significant alteration of pelvic size and should be re-
eated frequently, at least during the first 2 years of life.
enographic control is mandatory in case of significant in-
reases in the ultrasonographic diameter. Early surgery is not
he solution to avoid this kind of complication. Although not
requent, clinical postsurgical complications such as severe
ecurrent infections caused by multiresistant bacteria, leak-
ge, secondary obstructions, or vascular ureteral damage
eading to loss of renal function are not excluded. Random-
zed standardized clinical trials are still missing despite 20
ears of publishing mostly retrospective investigations re-
ated to congenital hydronephrosis. The experience on fol-
ow-up of conservatively treated patients is still limited and is
ot more than 10 to 15 years. However, in the past, when
atients were diagnosed with pelviureteric junction as a re-
ult of symptoms, split function was often acceptable or al-
ost normal, suggesting that the effect of symptoms on func-

ion was relatively modest.100 Long-term follow-up of these
atients is desperately needed to evaluate more precisely the
requency and consequences of clinical symptoms or the oc-
urrence of complications such as severe tubular disease or
tones.

uplex Kidneys
uplication of the renal collecting system is characterized by

he presence of a kidney having 2 pelvic structures with 2
reters that may be completely or partially formed.101 Many
ases have no renal impairment and should be considered as
ormal variants.16 However, a proportion of duplex kidneys

ill be associated with significant pathology, usually attrib-
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258 A. Piepsz
table to the presence of VUR or obstruction. Fetal urinary
ract dilations are related to complicated renal duplication in
.7% of cases.16 VUR usually involves only the lower-pole
reter in 90% of cases. Compared with single-system reflux,
uplex-system VUR tends to be of a higher grade with a high

ncidence of lower pole dysplasia.102,103 A ureterocele con-
ists of a cystic dilation of the intravesical submucosal ureter.
t is 80% of the time associated with the upper pole of a
idney with complete ureteral duplication. Renal tissue asso-
iated with ureters joining ureteroceles frequently is dysplas-
ic, with accompanying hydroureteronephrosis. On occa-
ion, ureteropelvic junction obstruction may be found in the
ower moiety, in association with incomplete duplex sys-
ems.104 In utero, duplex kidneys are highly suspected in the
resence of 2 separate noncommunicating renal pelves, di-

ated ureters, cystic structures within one pole, and echo-
enic cyst in the bladder, representing ureterocele.105

After an infant is born, the classical radiological workup of
bnormal duplex kidneys is based on US and MCUG.106 The
im of US is to confirm the diagnosis, whereas MCUG is
erformed to detect VUR and to evaluate the ureterocele.
RI can be useful in selected difficult cases, allowing a better

efinition of the 2 moieties, the shape of the ureters, and their
ossible ectopic implantation. Isotope studies are mandatory
o determine renal function that remains in the abnormal
enal moiety and the functional compensation in the normal
oiety. Most people agree that the surgical approach to com-
licated duplex systems is largely determined on the pres-
nce or absence of function of the affected renal moiety.106

egardless of the nature of the diseased moiety, however, the
volution of the functioning moiety seems very favorable
hrough time with remarkable stable split renal function
round 40%.102 Renography is indicated in the surgical fol-
ow up of partial nephrectomy. Vascular damage of the re-

aining normal moiety can indeed occur, with major func-
ional consequences.
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