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Abstract Objective: For neonates with antenatally diagnosed primary ureteropelvic junction
(UPJ)-type hydronephrosis, to attempt to clarify and refine criteria for establishing optimal
follow-up and treatment guidelines.
Patients and methods: A total of 162 newborns (228 hydronephrotic kidneys) with this condi-
tion were prospectively followed and treated by the same surgeon in 2001e2005 for a mean of
53 (13e72) months. Ultrasonography and diuretic renogram were used for diagnosis and follow
up, and Onen’s grading system to determine degree of hydronephrosis.
Results: On first postnatal ultrasound, the severity of hydronephrosis was grade 1 in 152
kidneys (surgery, 0%), 2 in 41 (surgery, 19.5%), 3 in 19 (surgery, 42.1%), and 4 in 16 kidneys
(surgery, 93.8%). All the grade 1 cases resolved spontaneously without renal deterioration
(renal function >40%). Renal function ranged between 7% and 34% in grade 4 patients. Overall,
201 hydronephrotic kidneys (88.2%) resolved spontaneously, while 27 (11.8%) required
pyeloplasty because of evidence of obstructive injury, including increased hydronephrosis in
14/27 (6/27 had less than 10% decrease in renal function), greater than 10% decrease of renal
function in 9/27, and greater than 10% decrease of renal function as well as increased hydro-
nephrosis in 4/27 patients (15%).
Conclusion: In most cases, neonatal hydronephrosis is a relatively benign condition that can be
followed safely by an initial non-operative approach unless there is evidence of obstructive in-
jury. A follow-up protocol that permits early identification of a limited number of kidneys that
may develop signs of obstruction and require pyeloplasty is crucial for a favorable outcome in
patients with primary UPJ-type hydronephrosis. Onen’s hydronephrosis grading system prom-
ises an easier and more appropriate follow up and timely treatment for children with this con-
dition. A sufficient follow-up interval, especially during the first 3 years of life, is essential to
help prevent permanent loss of renal function in kidneys that do develop signs of obstruction.
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Introduction

Although early diagnosis and treatment of patients with
hydronephrosis are now possible because of increased
technical improvement of prenatal diagnosis during the
last two decades, the distinction between urinary tract
obstruction and urinary dilatation still remains a challenging
problem [1e4]. The controversy regarding management of
neonatal hydronephrosis has shifted significantly toward
an initial non-operative approach due to the fact that the
majority of cases are benign and resolve spontaneously
[1e3,5e7]. There is a significant correlation between the
severity of hydronephrosis and prognosis [2,5,8e12], but
there is still controversy surrounding the treatment of se-
vere hydronephrosis. In addition, the indications for and
timing of surgery for severe newborn hydronephrosis are
still debated, and disagreement exists over the ability of
different diagnostic tests to define obstruction accurately
or predict which kidney will benefit from surgical interven-
tion. Experience of neonates with antenatally diagnosed
primary ureteropelvic junction (UPJ)-type hydronephrosis
is reported here, in an attempt to clarify and refine the cri-
teria for establishing optimal follow-up and treatment
guidelines.

Patients and methods

The study population comprised 162 neonates (228 hydro-
nephrotic kidneys) with primary UPJ-type hydronephrosis
initially diagnosed in utero who were prospectively fol-
lowed by the same surgeon between January 2001 and
December 2005 for a mean of 53 months (range 13e72).
Patients were excluded from the study if they had ipsilat-
eral or contralateral reflux, duplex system, fused kidney,
solitary kidney, ureteral dilatation, or anatomical or
neuropathic abnormality of the lower urinary tract. The
antenatal diagnosis of almost all the grade 1 hydronephrosis
patients and the vast majority of the other hydronephrosis
patients was made by the perinatology department at the
author’s institution. Of the limited number of patients
who were antenatally diagnosed at other institutions and
referred to this pediatric urological clinic postnatally, the
majority had, in fact, been seen antenatally here. Hydro-
nephrotic patients were evaluated postnatally when an-
tero-posterior (AP) diameter of renal pelvis was greater
than 7 mm at the last prenatal follow up.

All patients underwent initial and periodic assessment of
hydronephrosis using ultrasound and diuretic renography.
As hydronephrosis increases during bladder filling and
voiding, ultrasounds were performed when the bladder
was empty. No bladder was catheterized for emptying, due
to the invasiveness of this procedure. In patients with full
bladder, ultrasound was delayed until voiding; therefore,
a spontaneously empty bladder was assessed for each
patient. The first postnatal ultrasound was performed on
day 4e7 of life to establish a baseline degree of hydro-
nephrosis. Ultrasound was used to evaluate the degree of
hydronephrosis, which was graded according to Onen’s
system (Fig. 1) [13]. Technetium 99m-DTPA or technetium
99m-MAG3 was used as diuretic renogram. Renography
was performed 4e6 weeks after birth to establish baseline
differential renal function. A bladder catheter was used
in all patients and individual differential renal function
measurements were obtained with assessment of isotope
washout after diuresis. Half-time was not used as a tool
in the treatment of these patients due to its inaccuracy in
assessing obstruction in neonatal hydronephrosis [2,5].

Figure 1 Onen’s hydronephrosis grading system [13].
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Surgical intervention was performed only if urinary
obstruction developed and produced evidence of renal
deterioration, which was defined as a decrease in individual
kidney differential function (greater than 10%), worsening
of hydronephrosis on ultrasound, and/or presence of
symptoms (UTI, pain). Surgical indication based on ultra-
sonographic findings and Onen’s alternative hydronephrosis
grading system was progression of hydronephrosis from
grade 1, 2 to grade 3 with some degree of renal function
deterioration, grade 3 to grade 4, persistence of grade 4
hydronephrosis, or presence of symptoms. Dismembered
pyeloplasty was undertaken using the same technique by
the same surgeon in all patients when indicated.

The follow-up and treatment protocol is shown in
Table 1. It was attempted to follow a protocol during the
first 3 years of life that based the interval between initial
and subsequent diagnostic tests on renal function in the hy-
dronephrotic kidney and the severity and persistence of
hydronephrosis on serial ultrasounds. In bilateral hydro-
nephrotic kidneys, the percentage function of the worst
functioning kidney and the severity of hydronephrosis on ul-
trasound were used to determine the timing of follow-up
studies. Differential renal function was measured in each
kidney in each pair, and the difference in the percentage
function between the kidneys was used to assess and com-
pare subsequent changes in differential function of each
with time in bilateral cases. Blood creatinine level was
measured to define the global kidney function in all bilat-
eral cases.

VCUG was done only when there was clinical and/or
ultrasonographic evidence or suspicion of VUR or infraves-
ical obstruction as described previously [14]. It was per-
formed on such clinical findings as UTI despite prophylaxis,
history of voiding difficulty and bladder distention, or such
ultrasonographic findings as bilateral hydronephrosis in
a boy, ureteral dilatation and any pathological finding in
the bladder.

Each patient was maintained on prophylactic antibiotics
for the first year of life or until there was significant
improvement in hydronephrosis. The result of the last
ultrasonogram and diuretic renogram was used to deter-
mine the final follow-up status, and medical records of all
patients along with all radiographic studies were reviewed.

Results

Of the 162 neonates with primary UPJ-type hydronephrosis,
114 were boys and 48 were girls. Overall, 66 (40.7%) had
bilateral, 65 (40%) left-sided, and 31 (19.1%) right-sided
hydronephrosis. The initial degree of hydronephrosis based
on ultrasound, surgical treatment rate and renal functions
based on renal scintigraphy are illustrated in Table 2. Many
of the patients had bilateral grade 1 hydronephrosis, possi-
bly due to the fact that they were observed and followed at
this institution by two experienced perinatologists from the
beginning of the pregnancy. Of the 228 hydronephrotic
kidneys, 201 (88.2%) resolved spontaneously with non-oper-
ative follow up, while 27 (11.8%) required pyeloplasty be-
cause of evidence of obstructive injury, including
increased hydronephrosis in 14/27 (26% of these patients
also had less than 10% decrease in renal function), greater
than 10% decrease of renal function in 9/27, and greater
than 10% decrease of renal function as well as increased
hydronephrosis in 4/27 patients (15%). The mean age for
pyeloplasty was 5.6 months (range 1e21 months) in 25
patients, but this operation was performed at 38 and
73 months in the other two patients. Maximum ultrasono-
gram improvement usually occurred within the first year
after pyeloplasty. The requirement of pyeloplasty was
Table 1 Our treatment and follow-up protocol for primary UPJ-type hydronephrosis cases according to Onen’s hydronephrosis
grading system [13]

� Grade 1:

e Follow up with serial ultrasound only is sufficient (1 monthe3 monthse1 yeare2 years of age)
e No need for prophylactic antibiotic
e No need for renal scintigraphy
e No need for more study if hydronephrosis does not increase until 2 years of age. Follow up for development of urinary
symptoms (UTI, pain) is enough
� Grade 2:

e Follow up with ultrasound plus renal scintigraphy (1 monthe3 monthse6 monthse1 yeare2 yearse3 yearse5 years of age)
e Antibacterial prophylaxis may be beneficial
e Renal scintigraphy at every other control as far as renal function >35%

� Grade 3:

e Close follow up with ultrasound plus renal scintigraphy (1 montheevery 3 months until 3 years of ageeevery 6 months
until 3 years of age)
e Antibacterial prophylaxis is necessary
e Renal scintigraphy at every other control as far as renal function >35%
e Surgical (pyeloplasty) indications: increase in hydronephrosis, >10% decrease in renal function, presence of symptoms,
persistence of grade 3 after 3 year follow up
� Grade 4:

e Early intervention, after short period of follow up, is safer for preservation of renal function. Kidney function may not
be measured accurately with this severity of hydronephrosis. This is particularly true for bilateral cases. Delay in prompt
treatment may cause irreversible renal deterioration
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Table 2 Degree of hydronephrosis according to Onen’s grading system, therapeutic approach, and initial/final renal functions
in 228 hydronephrotic kidneys

Degree of
hydronephrosis

Total
(n)

Conservative
(n)

Pyeloplasty
(n)

Initial DRF*
mean (range)

Final DRF
mean (range)

Grade 1 152 152 0 (0%) 48 (44e49) 48 (45e49)
Grade 2 41 33 8 (19.5%) 43 (40e48) 46 (42e48)
Grade 3 19 11 8 (42.1%) 38 (18e43) 41 (30e46)
Grade 4 16 1 15 (93.8%) 26 (7e34) 35 (9e41)

Overall 228 201 27 (11.8%) 40 (7e49) 43 (9e49)

*DRF Z differential renal function.
found to be higher as the degree of hydronephrosis
increased. Of the 14 patients who underwent pyeloplasty
due to increased hydronephrosis, two had persistent grade
3 hydronephrosis and underwent pyeloplasty due to devel-
opment of UTI at the age of 38 and 73 months. Additionally,
UTI developed in two of the grade 4 hydronephrosis cases
prior to pyeloplasty.

Of the 49 significantly hydronephrotic (grade 2e4)
kidneys that were treated non-operatively, initial diuretic
renogram washout half-time was greater than 30 min in 10
(20.4%), 20e30 min in 16 (32.7%) and less than 20 min in 23
(46.9%). After resolution or improvement of hydronephro-
sis, half-time was greater than 30 min in four (8.2%), 20e
30 min in 10 (20.4%) and less than 20 min in 35 (71.4%). Ini-
tial diuretic renogram washout half-time in 27 patients who
underwent pyeloplasty was more than 30 min in 23 (85.2%),
20e30 min in three (11.1%) and less than 20 min in one
(3.7%). In the postoperative period, half-time value was
greater than 30 min in three (11.1%), 20e30 min in seven
(25.9%) and less than 20 min in 17 (62.9%).

Global renal function measured by serum creatinine was
normal in all patients who had bilateral hydronephrosis.
Mean follow up required for the hydronephrotic kidney to
achieve maximum ultrasound improvement or resolve was
14 months (range 2e38) in the non-operative group of pa-
tients. Mean interval after pyeloplasty for the hydroneph-
rotic kidney to achieve maximum ultrasound improvement
was 11 months (range 4e27).

All of the grade 1 hydronephrosis cases resolved spon-
taneously without renal deterioration (renal function
>40%) (Table 1). Renal function ranged between 7% and
34% in grade 4 patients. The follow up, treatment and out-
come of grade 3 and 4 patients differed depending on renal
parenchymal loss and renal deterioration. After a mean fol-
low up of 53 months, significant renal deterioration (renal
function less than 10%) was observed in three patients.
Of these three grade 4 hydronephrosis patients, one renal
function of 7% prior to pyeloplasty, and one was lost to fol-
low up during the neonatal period before taking diuretic re-
nography and did not undergo pyeloplasty. The third neonate
had intrarenal pelvic configuration and underwent pyelo-
plasty at the age of 1 month with renal function of 13%.

Discussion

The therapeutic approach for primary UPJ-type hydro-
nephrosis is currently determined according to severity of
hydronephrosis on ultrasound, kidney function on renal
scintigraphy, unilaterality or bilaterality of hydronephrosis,
and the presence of symptoms [2,5e10,12e19]. In the
literature, the indication for pyeloplasty was found to be
increased hydronephrosis on ultrasound in 60% of patients,
decreased kidney function on renal scintigraphy in 15%,
increased hydronephrosis and decreased kidney function
in 20%, and presence of symptoms (UTI, pain) in 5% of pa-
tients [2,5,6,8,9,16,17,20]. In the present series, the surgi-
cal indication was increased hydronephrosis in 52% of
patients, decreased renal function in 33%, and increased
hydronephrosis and decreased function in 15% of patients.
Hafez et al. [21] clearly demonstrated the diagnostic value
of ultrasound examination in the follow up of these pa-
tients. It has been shown that progression of hydronephro-
sis on two consecutive ultrasound scans is associated with
deterioration of renal function, and this has been used as
an indication for surgery [7,19,21]. Dhillon [8] suggested
that ultrasonography is the most useful imaging modality
for identifying the population at risk of surgery. Therefore,
some authors have used ultrasound as a main diagnostic
tool during the follow up of hydronephrosis [14,21]. Renal
function tests that are presently available are inaccurate
in infancy, and kidney immaturity may lead to a mistaken in-
terpretation during the preoperative evaluation [2,5,6,14].
Recommendations for follow up of hydronephrotic children
are summarized in Table 1. Measurement of the degree of
hydronephrosis by ultrasound has proved to be the most
useful tool for distinguishing the group that need close fol-
low up from those who need minimal imaging. Therefore,
a well constructed hydronephrosis grading system, based
on ultrasonographic findings itself, may be sufficient and
safe for follow up of the majority of hydronephrosis cases.
Neither the Society for Fetal Urology (SFU) grading system
nor the measurement of AP diameter of the renal pelvis is
the gold standard in determining the severity of hydroneph-
rosis; they both may fail to determine accurately the sever-
ity of hydronephrosis in some cases, particularly in those
patients with intrarenal pelvis configuration or SFU-4 hydro-
nephrosis [13,15]. Onen’s hydronephrosis grading system,
as used in the present study, seems to be a better choice;
it promises an easier and more appropriate follow-up and
timely treatment for children with primary UPJ-type hydro-
nephrosis, and does not have the disadvantages of SFU
[13,15]. The inability of diuretic renogram washout to diag-
nose obstruction or predict future behavior of hydronephro-
sis in the infant was noteworthy in this series. In addition,
use of differential renal function to provide a definition
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of obstructive injury in neonates with hydronephrosis re-
quires clarification. This is true particularly for bilateral hy-
dronephrosis, because there is no normal control and the
function of both kidneys is potentially at risk. Renal scintig-
raphy, which is an invasive study, should be necessary only
for follow up of patients with caliceal dilatation (�grade 2
according to Onen’s grading system), and pre/postopera-
tive evaluation in those who undergo pyeloplasty.

Different approaches have been reported regarding the
treatment and follow up of antenatally diagnosed primary
UPJ-type hydronephrosis [1,2,5,6,8,9,13,19] (Table 3).
Many pediatric urologists manage the vast majority of these
patients by a non-operative approach, reserving surgical
treatment only for patients with increased hydronephrosis,
deterioration of kidney function or clinical symptoms
[1e5,13,14]. The natural history of fetal hydronephrosis,
the optimal time for surgical treatment, and the ability to
define which kidney will benefit from surgery and which
children will have deterioration in kidney function while
on surveillance are still controversial issues. The crucial
problem in non-operative management of such patients is
to distinguish between children in whom renal function
will be maintained and those in whom it will deteriorate.
The majority of antenatally diagnosed hydronephrosis cases
are benign and resolve spontaneously without significant
renal deterioration [1,2,5e8,10,12,13,18,21]. In contrast
to these publications, more than 50% of patients with hy-
dronephrosis underwent pyeloplasty due to renal function
deterioration in a recent series of Chertin et al. [19]. The
incidence of pyeloplasty differs from study to study de-
pending on the severity, and unilaterality or bilaterality
of hydronephrosis [1,2,5,6,8,13]. This considerable differ-
ence is mainly due to protocol construction rather than a re-
flection of the natural history of hydronephrosis. Some
recommend conservative follow up initially in all hydro-
nephrosis cases regardless of the severity of hydronephrosis
and renal function [1,2,5,6], while others follow those pa-
tients with renal function greater than 40% [8,9,11,22]. In
the present series, only 12% of patients displayed evidence
of obstruction and required pyeloplasty during follow up. In
the majority of the remaining 88% of cases, hydronephrosis
improved or resolved spontaneously during the first 3 years
of life. These findings indicate that many newborns with hy-
dronephrosis can be safely treated non-operatively and
that obstruction occurs in only a small number of such
patients.

The preservation or improvement of kidney function or
its recover after pyeloplasty is a major issue in the
treatment and follow up of patients with hydronephrosis.
There is still great controversy regarding surgical indica-
tions for these patients in the literature [2,6,8e
10,14,17,19,22]. Although there is general agreement that
increased hydronephrosis or decreased renal function is
an acceptable indication for pyeloplasty in such patients,
the degree of either continues to be debated. The decision
to intervene surgically in the present series was based en-
tirely on serial measurements and depended on subsequent
changes. Pyeloplasty was performed when there was evi-
dence of obstruction, defined as worsening hydronephrosis,
decreased renal function (greater than 10%), and/or pres-
ence of symptoms. There is a significant correlation be-
tween the severity of hydronephrosis and prognosis
[2,5,8e12]. It was observed that infants who presented
with the most severe degree of hydronephrosis and greatest
impairment in renal function were more likely to have ob-
struction and require pyeloplasty, but these findings were
not diagnostic or predictive for an individual patient. Signif-
icant obstruction that occurred but remained untreated for
long periods unfortunately produced permanent loss of re-
nal function that in many cases was not recoverable despite
successful pyeloplasty [3,7,9,11,17e19,22e26]. In the ma-
jority of these studies, preoperative renography was used
at 6e8-month intervals [7,17,22,24]. It has been suggested
that when the interval between diagnostic tests was no lon-
ger than 3 months during the first 2 years, the risk of devel-
oping permanent loss of renal function was negligible [1,2].
Taken together, these studies indicate that if the interval
between renographies is too large there may be permanent
loss of renal function. On the other hand, Koff’s approach
may, in the end, prove more invasive and less well accepted
by parents than a successful pyeloplasty [6], because lack
of compliance with follow-up program is common, and
this may jeopardize kidney function when using decreasing
renal function [22]. In addition, there are no long-term fol-
low-up data available from childhood to adulthood, and
such a frequent and relatively invasive follow up for
a long period may not be possible in clinical practice, par-
ticularly in developing countries where close follow up with
appropriate studies is not available. Potential compliance
with the invasive close follow-up schedule should be con-
sidered when using expectant management for persistent
severe hydronephrosis.

The majority of grade 4 (according to Onen’s system)
patients have an AP diameter greater than 50 mm and have
no visual renal parenchyma; renal function may not be
measured accurately with this degree of severity of hydro-
nephrosis. This is particularly true for bilateral cases. The
duration of severe hydronephrosis is also important. There-
fore, in patients with persistent grade 4 hydronephrosis,
early surgical intervention after a short period of follow
up might be safer than long, non-operative, unnecessarily
invasive and costly follow up. Surgical decision in children
with persistence of grade 3 hydronephrosis according to
Onen’s grading system until 3 years of age is controversial.
There is a small group of children with AP diameter of
20e50 mm, good function and no symptoms who should
be managed conservatively until at least 2e3 years of age
[8]. By this time, most of those who are obstructed will
have been detected, and there will also be some in whom
the dilatation will have spontaneously resolved. This will
leave even fewer children who could either be offered pye-
loplasty to avoid long-term imaging or be managed conser-
vatively, recognizing that this may continue into adult life
[8]. Gonzales and Schimke [9] use surgical therapy in pa-
tients with SFU-3 or 4 hydronephrosis that does not improve
beyond the second year of life. They prefer to operate be-
fore there is loss of function, even at the risk of operating
on a few infants who might have remained stable, because
the long-term outcome of those who remain dilated is un-
known and follow up in some environments is not always
reliable [9]. Dhillon has suggested that severe calyceal
dilatation generally correlates with decrease in function
and may be considered an indication for early repair. In
a large series, Chertin et al. [19] found that SFU grade
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Onen [10,13]

Onen’s grading system
Ultrasound: Onen’s grading system
degree, longitudinal diameter of the
kidneys, contralateral renal growth
Renal scintigraphy: renal function
Grade 1: only ultrasound

Grade �2: ultrasound plus renal
scintigraphy
Grade 1: 1 monthe3 monthse1 yeare
2 years of age

Grade 2: 1 monthe3 monthse

6 monthse1 yeare2 yearse3 yearse

5 years of age
Grade 3: 1 montheevery 3 months
until 1 year of ageeevery 6 months
until 3 years of age

Grade 4: Early intervention after a
short period of follow up
Grade �3 hydronephrosis

Renal function >30%

Grade 4 hydronephrosis

>10% decrease in renal function

Renal function <30% (twice)
Persistent grade 3 after 3 years’
follow up
Presence of symptoms
Grade 2: 19.5%
Grade 3: 42.1%
Grade 4: 93.8%

Few cases
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Table 3 Different approaches to diagnosis, follow up and treatment of primary UPJ-type hydronephrosis in several large serie

Dhillon [8] Koff et al. [1,2,5]

Degree of hydronephrosis APDRP, caliceal dilatation SFU grading system
Follow-up studies and parameters Ultrasound: APDRP, caliceal

dilatation
Ultrasound: SFU degree, longitudinal
diameter of the kidneys,
contralateral renal growth

Renal scintigraphy: renal function Renal scintigraphy: renal function
Follow-up protocol Ultrasound and renal scintigraphy

in all degrees of hydronephrosis
Ultrasound and renal scintigraphy in
all degree of hydronephrosis cases

Follow-up timing APDRP < 20 mm: 1 monthe

3 monthse1 yeare2 yearse5 yearse

10 years of age

DRF > 40%: every 3 months

DRF Z 30e40%: every 2 months

APDRP Z 20e50 mm: 1 monthe

3 monthse6 monthse1 yeareevery
year until 5 years of agee7 yearse

10 years

DRF Z 20e30%: every month

DRF < 20%: every 2 weeks

Non-operative treatment according
to severity of hydronephrosis

APDRP < 50 mm in unilateral
hydronephrosis

In all degrees of hydronephrosis,
always conservative initially

APDRP < 20 mm in bilateral
hydronephrosis

Non-operative treatment according
to renal function

Renal function > 40% In all values of renal function, always
conservative initially

Indications for surgical treatment APDRP > 50 mm in unilateral
hydronephrosis

Worsening in SFU-4 hydronephrosis

APDRP > 20 mm in bilateral
hydronephrosis or solitary kidney

>10% decrease in renal function

Renal function <40%
Presence of symptoms

Incidence of surgical treatment APDRP Z 15e30 mm: 38% Unilateral SFU-3: 5.4%
APDRP Z 30e50 mm: 75% Bilateral SFU-3: 10.5%
APDRP >50 mm: 100% Unilateral SFU-4: 41.7%

Bilateral SFU-4: 57.9%
Postoperative renal deterioration Few cases None

APDRP Z antero-posterior diameter of renal pelvis, SFU Z Society of Fetal Urology, DRF Z differential renal function.
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3e4 hydronephrosis is a significant independent predictive
factor for surgery. Although they do not recommend routine
pyeloplasty in every patient with such hydronephrosis, they
suggest that in these patients early pyeloplasty should be
considered to avoid costly follow up that will end at some
stage in almost all cases with pyeloplasty because of renal
function deterioration [19]. The serious consequences for
renal function of not complying with invasive close follow
up can be avoided by surgery if the patient is not compliant
and risks renal functional deterioration. In the present
study, pyeloplasty was not performed in patients with per-
sistent grade 3 hydronephrosis for 3 years alone. Two such
patients developed UTI and thus required pyeloplasty. Pa-
tients are followed prospectively from the antenatal period
and their natural history observed before birth. None of the
patients with persistent grade 3 hydronephrosis by 3 years
of age resolved spontaneously during the follow-up period.
It can be stated that most grade 3 hydronephrosis cases
that persist for more than 3 years are not likely to resolve
spontaneously. Surgical therapy in patients with persistent
grade 3 hydronephrosis according to Onen’s grading
system by 3 years may be safer and less invasive than a close
and invasive follow up for a long period possibly until
adulthood.

The recommendations for the exact length of non-
operative or postoperative follow up are still controversial
[2,6,8,9,17,19,24,27,28]. It has been suggested that it is
unlikely that newborns whose hydronephrosis resolves or
improves during the first decade of life will have symptom-
atic hydronephrosis later in life [2]. Long-term follow up
can be planned accordingly. Long-term results of several
large series have shown that, if the patients demonstrated
good drainage and improved hydronephrosis on early post-
operative studies, recurrence of obstruction or renal func-
tion deterioration is unlikely and long-term follow up may
be abandoned [19,27,28]. The present results confirm
that there exists a critical period for children with hydro-
nephrosis, the first 3 years of life, when obstruction is
most likely to become evident, as all but two of our pa-
tients required surgery before 3 years of age. This rein-
forces the caveat to pediatric urologists that they must
be vigilant in ensuring careful follow up during this time
to prevent obstruction existing unrecognized for too long
and thereby causing irreversible renal damage. Recommen-
dations for follow up and treatment of primary UPJ-type
hydronephrosis according to Onen’s grading system are
summarized in Table 1. The present data indicate that
the risk of developing permanent loss of renal function is
negligible when this type of schedule is followed. Follow
up for about 3 years with serial ultrasound and renal scin-
tigraphy is recommended in patients undergoing pyelo-
plasty. It is reasonable to take the first postoperative
ultrasound 1 month after pyeloplasty, but one should not
expect significant resolution of hydronephrosis at this
stage; no worsening or some degree of improvement in
hydronephrosis compared to preoperative degree is what
should be expected. Although improvement of the excre-
tory curve of the renogram generally is observed within
3 months and often precedes any visible improvement in
the dilatation [29], Chertin et al. [7] found that 36 of 44
children operated because of deterioration in renal func-
tion regained their initial level of kidney function
6e12 months after surgery. Similarly, Dhillon [8] has
suggested that a formal estimate of GFR after 1 year of
age should be standard practice in children undergoing sur-
gery by 3 months of age. A second follow up with ultrasound
as well as renal scintigraphy between 6 and 12 months after
surgery is appropriate, because significant improvement in
kidney function may take 6e12 months. In patients whose
hydronephrosis improves significantly without renal func-
tional decrease after pyeloplasty, follow up with annual ul-
trasound alone for 2 years is beneficial.

Conclusions

Neonatal hydronephrosis appears to be a relatively benign
condition that can be followed safely in most cases by an
initial non-operative approach unless there is evidence of
obstructive injury. An appropriate follow-up protocol that
permits early identification of a limited number of kidneys
that may develop signs of obstruction and require pyelo-
plasty is crucial for a favorable outcome in patients with
primary UPJ-type hydronephrosis. Onen’s hydronephrosis
grading system seems to be an appropriate grading of
choice; it promises an easier and more appropriate follow
up and timely treatment for children with primary UPJ-type
hydronephrosis. Ensuring a sufficient follow-up interval,
especially during the first 3 years of life, is essential to help
prevent permanent loss of renal function in kidneys that do
develop signs of obstruction. The questions of which kidney
will benefit from surgery and which patients should be fol-
lowed up expectantly remain unanswered, and there are
still no definitive criteria for this clarification.
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